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ABSTRACT 

The invention provides diagnostic and therapeutic targets for 
pulmonary disease, in particular, fibrotic lung disease. The 
inventors have found that a genetic variant MUC5B gene is 
associated with increased expression of the gene, increased 
risk of developing a pulmonary disease, and an improved 
prognosis and Survival among those developing the pulmo 
nary disease. 
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METHODS AND COMPOSITIONS FORRISK 
PREDICTION, DIAGNOSIS, PROGNOSIS, 
AND TREATMENT OF PULMONARY 

DISORDERS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Application No. 61/298.473, filed Jan. 26, 2010, U.S. Provi 
sional Application No. 61/298.814, filed Jan. 27, 2010, U.S. 
Provisional Application No. 61/323,238, filed Apr. 12, 2010, 
and U.S. Provisional Application No. 61/323,760, filed Apr. 
13, 2010, the disclosures of which are incorporated herein in 
their entireties. 

STATEMENT AS TO RIGHTS TO INVENTIONS 
MADE UNDER FEDERALLY SPONSORED 

RESEARCH AND DEVELOPMENT 

0002 The present invention was supported at least in part 
by government funding from the NIH Intramural Research 
Program of the National Inst. of Environmental Health Sci 
ences (Grant No. Z01-ES101947) and the National Heart, 
Lung, and Blood Inst. (Grant Nos. U01-HL067467, R01 
HL095393, R01-HL097163, P01-HL092870, and RC2 
HL101715). The government has certain rights in the inven 
tion. 

BACKGROUND OF THE INVENTION 

0003 Pulmonary fibrosis disorders are a growing concern 
in human and non-human populations. Pulmonary fibrosis is 
associated with a number of complex disorders (e.g., Her 
man-Pudlak Syndrome, tuberous sclerosis, neurofibromato 
sis, and dyskeratosis congenital). Idiopathic interstitial pneu 
monia (IIP) represents a class of chronic pulmonary fibrotic 
disorder characterized by progressive scarring of the alveolar 
interstitium leading to severe dyspnea, hypoxemia, and death. 
Idiopathic pulmonary fibrosis (IPF) is the most common type 
of IIP and currently has the highest mortality. Despite being 
an area of intensive research, the etiology of IPF is largely 
unknown. Familial clustering of IPF and differential suscep 
tibility of individuals to fibrogenic dusts has implicated 
genetics in the development of this disorder. Genetic variants 
in the telomerase reverse transcriptase (TERT), surfactant 
protein A1, and Surfactant protein C genes have been impli 
cated in development of familial interstitial pneumonia (FIP). 
However, these mutations only account for a small percentage 
of FIP cases. Familial association with IPF is 5-20%, and 
inheritance appears to be autosomal. The efficacy of current 
treatments, such as fibrogenic agents, is variable, indicating a 
need for more individualized treatment. 

0004. Mucins represent a family of glycoproteins associ 
ated with mucosal epithelia. Mucins can be associated with 
the cell membrane or secreted, and typically form a compo 
nent of mucus. Abnormal expression or mutations in these 
proteins have been associated with adenocarcinomas, as well 
as pulmonary disorders such as asthma and bronchitis. 
0005. The present inventors have found that genetic vari 
ants of the MUC5B gene are associated with pulmonary 
disease, and can provide a useful tool for prognosing the 
course of disease and determining a course of treatment. In 
addition, the increased level of MUC5B expression that 
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results from the disclosed genetic variants provides a novel 
therapeutic target for pulmonary diseases such as IIP, IPF, and 
FIP. 

BRIEF SUMMARY OF THE INVENTION 

0006. Accordingly, in some embodiments, the invention 
provides methods and compositions for diagnosis, risk pre 
diction, and determining the course of pulmonary disease. 
The invention further provides personalized methods of treat 
ment for pulmonary diseases. 
0007. In some embodiments, the invention provides meth 
ods of determining whether a Subject has or is at risk of 
developing a pulmonary disease, said method comprising 
determining (detecting) whether a subject expresses an 
elevated MUC5B RNA level or an elevated MUC5B protein 
level relative to a standard (e.g., normal) control, wherein the 
presence of said elevated MUC5B RNA level or said elevated 
MUC5B protein level indicates said subject has or is at risk of 
developing a pulmonary disease. In some embodiments, the 
pulmonary disease is an interstitial lung disease, e.g., a 
fibrotic interstitial lung disease, such as idiopathic pulmonary 
fibrosis or familial interstitial pneumonia. 
0008. The level of MUC5B RNA or protein can be deter 
mined using an in vitro assay or in vivo imaging assay. In 
some embodiments, said elevated MUC5B protein level or 
said elevated MUC5B RNA level is determined from a bio 
logical sample from the Subject, e.g., a pulmonary tissue or 
bodily fluid of said subject. The bodily fluid can be, e.g., 
whole blood, plasma, serum, urine, sputum, saliva, a bron 
choalveolar lavage sample, or exhaled breath condensate. In 
Some embodiments, the sample is further processed, e.g., to 
separate cellular components or Subcellular components. For 
example, the determining can further comprises separating 
cells from the remaining sample, or isolating exosomes or 
subcellular vesicles. 
0009. In some embodiments, the method further com 
prises administering a treatment to the Subject, e.g., a pulmo 
nary disease treatment, or interstitial lung disease treatment. 
In some embodiments, the treatment is a mucolytic agent. In 
some embodiments, the treatment is a MUC5B antagonist. In 
Some embodiments, the method further comprises determin 
ing a second MUC5B RNA level or MUC5B protein level 
after administering said treatment and comparing said second 
level to the level observed before administering said treat 
ment. 

0010. In some embodiments, the expression level of at 
least one additional pulmonary disease marker is determined 
and compared to a standard control. For example, the at least 
one additional pulmonary disease marker can be selected 
from the group consisting of Surfactant Protein A, Surfactant 
Protein D, KL-6/MUC1, CC16, CK-19, Ca 19-9, SLX, MCP 
1, MIP-1a, ITAC, glutathione, type III procollagen peptide, 
sIL-2R, ACE, neopterin, beta-glucuronidase, LDH, CCL-18, 
CCL-2, CXCL12, MMP7, and osteopontin. An aberrant 
expression level of the pulmonary disease marker indicates 
that the Subject has or is at risk of developing a pulmonary 
disease. In some embodiments, the aberrant expression is 
elevated relative to a normal control. In some embodiments, 
the aberrant expression is reduced relative to a normal con 
trol. In some embodiments, the method comprises determin 
ing whether the genome of the Subject comprises a genetic 
variant of the at least one additional pulmonary disease 
marker selected from the group consisting of Surfactant Pro 
tein A2, Surfactant Protein B, Surfactant Protein C, TERC, 
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TERT, IL-1RN, IL-1C., IL-1 B, TNF, Lymphotoxin C, TNF 
RII, IL-10, IL-6, IL-12, IFNY, TGFB, CR1, ACE, IL-8, 
CXCR1, CXCR2, MUC1 (KL6), and MUC5AC, wherein the 
presence of a genetic variant of the at least one additional 
pulmonary disease marker is indicative that the Subject has or 
is at risk of developing a pulmonary disease. In some embodi 
ments, the method does not comprise determining whether 
the genome of the Subject comprises a genetic variant of 
MUCSAC. 

0011. In some embodiments, the standard control is 
obtained from normal, non-diseased sample. In some 
embodiments, the standard control is from a different indi 
vidual or pool of individuals. In some embodiments, the 
standard control is a standard obtained from a population of 
individuals that do not have a pulmonary disease. In some 
embodiments, the standard control is obtained from the same 
individual, e.g., obtained at a different time, e.g., prior to 
exposure to an airway stressor. Typically, when detecting or 
determining the expression level of a given RNA or protein 
(e.g., MUC5B), the same RNA or protein is detected in the 
standard control. However, in some embodiments, a different 
RNA or protein can be detected and the ratio used to deter 
mine whether the RNA or protein level from the subject is 
elevated. Moreover, in some embodiments, the method can 
comprise comparison to a positive control, e.g., from a known 
pulmonary disease sample, or a sample from a known indi 
vidual or pool of individuals that carry a genetic variant 
MUC5B gene or have elevated MUC5B expression. 
0012. In some embodiments, the invention provides meth 
ods of determining whether a Subject has or is at risk of 
developing a pulmonary disease, said method comprising 
detecting (determining) whether a genome of a Subject com 
prises a genetic variant MUC5B gene, wherein the presence 
of said genetic variant MUC5B gene indicates said subject 
has or is at risk of developing a pulmonary disease. In some 
embodiments, the pulmonary disease is an interstitial lung 
disease, e.g., a fibrotic interstitial lung disease. Such as idio 
pathic pulmonary fibrosis or familial interstitial pneumonia. 
0013. In some embodiments, the genetic variant MUC5B 
gene in said subject results in elevated expression of MUC5B 
RNA or MUC5B protein. In some embodiments, the subject 
is homozygous for said genetic variant MUC5B gene. In 
Some embodiments, the Subject is heterozygous for said 
genetic variant MUC5B gene. In some embodiments, the 
subject lacks the genetic variant MUC5B gene. In some 
embodiments, the genetic variant MUC5B gene is a genetic 
variant regulatory region MUC5B gene, e.g., a genetic variant 
promoter MUC5B gene. In some embodiments, the genetic 
variant MUC5B gene has a single nucleotide polymorphism 
(SNP). In some embodiments, the SNP is selected from the 
group consisting of single nucleotide polymorphism is 
rs2672792, rs72636989, MUC5B-Prm1, rs2672794, 
rs35705950, MUC5B-Prm2, rs11042491, rs2735726, 
rs868902, MUC5B-Prm3, MUC5B-Prm4, MUC5B-Prm5, 
rs868903, MUC5B-Prm6, rs385455, rs385454, MUC5B 
Prm7, rs7115457, rs7118568 rs56235854 and rs2735738. In 
some embodiments, the presence of more than one SNP is 
determined. In some embodiments, the SNP is rs35705950. 
0014. In some embodiments, the genetic variant MUC5B 
gene comprises a first single nucleotide polymorphism (SNP) 
and a second SNP. In some embodiments, the first SNP is 
present within a first DNA strand and said second SNP is 
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present within a second DNA strand. In some embodiments, 
the first and second SNP are present within the same DNA 
Strand. 
0015. In some embodiments, the determining comprises 
use of at least one sequence selected from the group consist 
ing of SEQID NOS:20-53 to determine whether the genome 
of the Subject comprises a genetic variant MUC5B gene, e.g., 
by using an appropriate nucleic acid assay to detect the vari 
ant nucleotide in the selected sequence. For example, the 
determining can comprise use of one or more of the sequences 
of SEQID NOS:20-53 in an RT-PCR, array hybridization, or 
other appropriate SNP detection method as described herein. 
In some embodiments, the determining comprises (i) contact 
ing a sample from the Subject with a nucleic acid probehaving 
at least 10 contiguous nucleotides of at least one of the 
sequences selected from SEQID NOS:20-53, or its comple 
ment, wherein said 10 contiguous nucleotides span the 
genetic variant nucleotide (i.e., the position of the SNP shown 
for each sequence), and (ii) determining whether the nucleic 
acid probe hybridizes to a nucleic acid in the sample. In some 
embodiments, the at least one sequence includes SEQ ID 
NO:24, wherein the presence of a Tat position 28 of SEQID 
NO:24 indicates a genetic variant MUC5B gene, and that the 
subject has or will have an attenuated form of the pulmonary 
disease. The presence of a Gat position 28 of SEQID NO:24 
indicates that the subject has or will have a more severe form 
of the pulmonary disease (e.g., where the Subject is homozy 
gous for G at position 28, or lacking a genetic variant pro 
moter MUC5B gene). 
0016. In some embodiments, the method further com 
prises determining whether said individual expresses an 
elevated MUC5B RNA level or an elevated MUC5B protein 
level relative to a standard control, wherein the presence of 
said elevated MUC5B RNA level or said elevated MUCSB 
protein level further indicates said subject has or is at risk of 
developing a pulmonary disease. Said step of determining can 
be carried out as discussed above. 
0017. In some embodiments, the method does not com 
prise determining whether the individual expresses an 
elevated level of MUC5AC RNA or protein. In some embodi 
ments, the method does not comprise determining whether 
said individual expresses an elevated level of a second RNA 
or protein other than a MUC5B RNA or protein. In some 
embodiments, the method does not comprise determining 
whether said individual expresses an elevated level of a sec 
ond RNA or protein other than a MUC5B RNA or protein, 
unless said second RNA or protein is a MUC5AC RNA or 
protein. 
0018. In some embodiments, the method further com 
prises administering a treatment to the Subject, e.g., a pulmo 
nary disease treatment, or interstitial lung disease treatment. 
In some embodiments, the treatment is a mucolytic agent. In 
some embodiments, the treatment is a MUC5B antagonist, 
e.g., small molecule that inhibits MUC5B production or 
activity. In some embodiments, the method further comprises 
determining a second MUC5B RNA level or MUC5B protein 
level after administering said treatment and comparing said 
second level to the level observed before administering said 
treatment. 

0019. In some embodiments, the method further com 
prises determining whether the genome of the Subject com 
prises at least one additional genetic variant pulmonary dis 
ease marker gene. In some embodiments, the at least one 
additional pulmonary disease marker can be selected from the 
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group consisting of Surfactant Protein A2, Surfactant Protein 
B, Surfactant Protein C, TERC, TERT, IL-1RN, IL-1C., 
IL-1 B, TNF, Lymphotoxin a, TNF-RII, IL-10, IL-6, IL-12, 
IFNY, TGFB, CR1, ACE, IL-8, CXCR1, CXCR2, MUC1 
(KL6), or MUC5AC. The presence of an additional genetic 
variant pulmonary disease marker gene can indicate that the 
Subject is at risk of or has a pulmonary disease. 
0020. In some embodiments, the presence of the genetic 
variant MUC5B gene indicates that the subject has an attenu 
ated form of the pulmonary disease. That is, the subject will 
have a reduced severity of symptoms, more gradual loss of 
lung function, or increased Survival compared to the normal, 
non-attenuated form of the pulmonary disease, i.e., compared 
to the pulmonary disease as it occurs in an individual that does 
not have a genetic variant MUC5B gene. 
0021. Thus, in some embodiments, the invention provides 
methods of prognosing a pulmonary disease in a patient, said 
method comprising determining whether a genome of a Sub 
ject comprises a genetic variant MUC5B gene, wherein the 
presence of said genetic variant MUC5B gene indicates an 
attenuated form of said pulmonary disease in said patient 
relative to the absence of said genetic variant MUC5B gene. 
The absence of a genetic variant MUC5B gene can indicate 
that the patient has a more aggressive form of said pulmonary 
disease. In some embodiments, the pulmonary disease is an 
interstitial lung disease, e.g., a fibrotic interstitial lung dis 
ease, such as idiopathic pulmonary fibrosis or familial inter 
stitial pneumonia. Said genetic variant MUC5B gene can be 
as described above. 

0022. In some embodiments, the method further com 
prises setting a course of treatment for the Subject, e.g., based 
on the presence of a genetic variant MUC5B gene in the 
Subject. For example, the presence of a genetic variant 
MUC5B gene, or the level of MUC5B gene expression, can 
be determined in the subject, a treatment administered to the 
Subject, and the progress of the Subject monitored, e.g., by 
monitoring MUC5B expression over time or other pulmonary 
diagnostic indicators, and determining whether further treat 
ment is necessary. Thus, in some embodiments, the method 
further comprises administering pulmonary disease treat 
ment oran interstitial lung disease treatment to the Subject. In 
Some embodiments, the method further comprises determin 
ing whether the genome of the Subject comprises a genetic 
variant MUC5B gene, wherein the presence of a genetic 
variant MUC5B gene indicates an attenuated form of said 
interstitial lung disease in said Subject. 
0023. In some embodiments, the invention provides meth 
ods of determining whether a pulmonary disease is progress 
ing in pulmonary disease patient, said method comprising: (i) 
determining a first level of MUC5B RNA or first level of 
MUC5B protein in said patient at a first time point; (ii) deter 
mining a second level of MUC5B RNA or second level of 
MUC5B protein in said patient at a second time point; and 
(iii) comparing the second level of MUC5B RNA to the first 
level of MUC5B RNA or comparing the second level of 
MUC5B protein to the first level of MUC5B protein, wherein 
if the second level of MUC5B RNA is greater than the first 
level of MUC5B RNA or if the first level of MUC5B protein 
is greater than the first level of MUC5B protein, the pulmo 
nary disease is progressing in the patient. In some embodi 
ments, the pulmonary disease is an interstitial lung disease, 
e.g., a fibrotic interstitial lung disease, Such as idiopathic 
pulmonary fibrosis or familial interstitial pneumonia. 
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0024. In some embodiments, the method further com 
prises determining the rate of progression based on said com 
paring. That is, an rapid increase in MUC5B expression in a 
short time is correlated with more rapid progression of the 
pulmonary disease. In some embodiments, said determining 
said first level of MUC5B RNA or first level of MUC5B 
protein and said second level of MUC5B RNA or second level 
of MUC5B protein comprises normalizing said first level of 
MUC5B RNA or first level of MUC5B protein and said 
Second level of MUC5B RNA or second level of MUC5B 
protein to a level of RNA or protein expressed from a standard 
gene in said interstitial lung disease patient, e.g., GAPDH, 
beta-actin, HPRT1, beta-tubulin, or beta-20 microglobulin. 
0025. In some embodiments, the invention provides meth 
ods of treating, preventing, or ameliorating a pulmonary dis 
ease in a Subject in need thereof, the method comprising 
administering to said patient an effective amount of a 
MUC5B antagonist, wherein said antagonist reduces the 
expression of the MUC5B gene or reduces the activity of the 
MUC5B protein as compared to the expression or activity in 
the absence of said MUC5B antagonist, thereby treating, 
preventing, or ameliorating the pulmonary disease in the Sub 
ject. In some embodiments, the MUC5B antagonist is a 
nucleic acid, e.g., apRNA, siRNA, orantisense sequence, and 
reduces expression of the MUC5B gene. In some embodi 
ments, the MUC5B antagonist is a small molecule, e.g., that 
reduces translation of MUC5B mRNA or packaging or activ 
ity of the MUC5B protein. In some embodiments, the 
MUC5Bantagonist is selected from the group consisting of: 
a MUC5B antibody or MUC5B-binding fragment thereof, a 
MUC5B-binding aptamer, and a mucolytic agent. In some 
embodiments, the MUC5B antagonist nucleic acid is capable 
of hybridizing to at least a 10-nucleotide contiguous sequence 
of a MUC5B encoding target nucleic acid sequence. In some 
embodiments, the method further comprises monitoring the 
subject, e.g., by determining the level of MUC5B RNA or 
protein before and after said administering, or at one or more 
time points after said administering. Thus, in Some embodi 
ments, the method of treatment includes a step of determining 
whether the genome of the Subject comprises a genetic variant 
MUC5B gene, and/or a step of determining whether the sub 
ject has an elevated level of MUC5B RNA or protein, as 
described herein. 

0026. In some embodiments, the invention provides meth 
ods of identifying a candidate pulmonary disease treatment 
compound, said method comprising: (i) contacting a test 
compound with a MUC5B protein; (ii) allowing said test 
compound to inhibit the activity of said MUC5B protein; and 
(iii) selecting the test compound that inhibits the activity of 
said MUC5B protein, thereby identifying a candidate pulmo 
nary disease treatment compound. In some embodiments, the 
method is carried out in Vivo, e.g., in an animal model for 
pulmonary disease. In some embodiments, the method is 
carried out in vitro. 

0027. In some embodiments, the invention provides meth 
ods of identifying a candidate pulmonary disease treatment 
compound, said method comprising: (i) contacting a test 
compound with a MUC5B secreting cell; (ii) allowing said 
test compound to inhibit secretion of MUC5B protein from 
said MUC5B secreting cell; and (iii) selecting the test com 
pound that inhibits secretion of MUC5B protein from said 
MUC5B secreting cell, thereby identifying a candidate pull 
monary disease treatment compound. In some embodiments, 
said MUC5B secreting cell is in vitro. In some embodiments, 
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said MUC5B secreting cell forms part of a pulmonary tissue. 
In Some embodiments, said pulmonary tissue forms part of an 
organism, i.e., the method is carried out in vivo. In some 
embodiments, the organism is a mammal, e.g., an animal 
model or a human. 
0028. The invention further provides kits, e.g., for deter 
mining whether a Subject expresses an elevated level of 
MUC5B RNA or MUC5B protein, or carries a genetic variant 
MUC5B gene. In some embodiments, the kit comprises (a) a 
MUC5B binding agent capable of binding to a substance 
selected from the group consisting of (i) a genetic variant 
MUC5B gene sequence; (ii) a MUC5B RNA or fragment 
thereof; and (iii) a MUC5B protein or fragment thereof, and 
(b) a detecting reagent or a detecting apparatus capable of 
indicating binding of said MUC5B binding agent to said 
substance. In some embodiments, the MUC5B binding agent 
is labeled, e.g., with a fluorescent label or radioisotope. In 
Some embodiments, the kit further comprises a sample col 
lection device for collecting a sample from the Subject. In 
some embodiments, the MUC5B binding agent binds a 
genetic variant MUC5B gene in the promoter region. In some 
embodiments, the kit further comprises at least one control 
sample, e.g., a non-variant MUC5B gene sequence or a 
sample from a normal, non-disease control. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029 FIG. 1 represents a flow chart related to the genetic 
study design described herein. 
0030 FIG.2 represents a Multipoint LOD scoregraphs for 
whole genome screen (88.4 markers with an average inter 
marker distance of 4.2 centimorgans (CM)) in 82 families 
with two or more cases of IIP. 
0031 FIG. 3 illustrates pair-wise linkage disequilibrium 
(LD) plot for SNPs significantly associated with IPF or FIP by 
allelic association test in genetic screen of lung-expressed 
gel-forming mucins. LD values displayed are calculated by 
the r2 statistic for the mucin genetic screen IPF subjects 
(n=492). Multi-colored graphic about the plot indicates the 
approximate location of these SNPs within the gel-forming 
mucin region. The highly significant MUC5B promoter SNP 
(rs35705950) and the corresponding pairwise LD values are 
highlighted in red. Intergenic region is abbreviated as Int, and 
the MUC5B Promoter is abbreviated as Pr. LD patterns were 
qualitatively similar in the controls although in most 
instances the LD was weaker among controls. 
0032 FIGS. 4A-4C represent illustrations of MUC5B 
gene expression in IPF (N=33) and unaffected subjects 
(N=47) stratified by MUC5B promoter SNP (rs35705950) 
genotype and Smoking status. A. MUC5B gene expression 
among unaffected and IPF subjects colored coded based on 
whether Subjects are wildtype (darkgrey) or heterozygous for 
the MUC5B promoter SNP (light grey). B. Comparison of 
MUC5B expression in unaffected subjects, among unaffected 
Smokers only, and among unaffected non-Smokers only, by 
MUC5B promoter SNP genotype. C. Comparison of MUC5B 
expression in all IPF subjects, among IPF smokers only, and 
among IPF non-smokers only, by MUC5B promoter SNP 
genotype. Lines represent group medians and the expression 
of MUC5B is determined relative to GAPDH expression 
0033 FIGS. 5A-5C represent MUC5B immunohis 
tochemistry of unaffected and IPF tissue. Tissue sections 
stained for MUC5B distribution in both the unaffected and 
IPF lung show strong specific cytoplasmic staining within 
secretory columnar cells of the bronchi and larger proximal 
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bronchioles (FIG. 5A). In subjects with IPF, regions of dense 
accumulation of MUC5B were observed in areas of micro 
scopic honeycombing and involved patchy staining of the 
metaplastic epithelia lining the honeycomb cysts (FIG. 5B), 
as well as the mucus plugs within the cysts (FIG.5C). 

DETAILED DESCRIPTION OF THE INVENTION 

0034. The invention provides novel methods and compo 
sitions for diagnosing and predicting the severity of pulmo 
nary disease, and a novel therapeutic target for ameliorating 
pulmonary disease. The inventors have found that individuals 
carrying genetic variants of the MUC5B gene that have 
elevated expression of the gene have an increased likelihood 
of developing a pulmonary disease, e.g., an interstitial lung 
disease Such as fibrotic interstitial lung disease, idiopathic 
pulmonary fibrosis, familial interstitial pneumonia, etc. The 
presence of some genetic variations in the MUC5B gene, 
while increasing the likelihood of a pulmonary disease, are 
indicative of an attenuated form of the disease, e.g., a more 
gradual progression of symptoms and improved survival. 

I. DEFINITIONS 

99 &g 0035. The terms “pulmonary disease.” “pulmonary disor 
der.” “lung disease, etc. are used interchangeably herein. The 
term is used to broadly refer to lung disorders characterized 
by difficulty breathing, coughing, airway discomfort and 
inflammation, increased mucus, and/or pulmonary fibrosis. 
0036 Mucins are a family of high molecular weight, 
heavily glycosylated proteins (glycoproteins) produced by 
mammalian epithelia. Secreted, gel-forming mucins form a 
component of mucus. Typically, the N- and C-terminal ends 
of mucin proteins are lightly glycosylated, but rich in di 
Sulfide bond-forming cysteine residues. 
0037. Mucin 5b (MUC5B) is a gel-forming mucin 
expressed in airway epithelial tissue. Additional gel-forming 
mucins, MUC2, MUC5AC, and MUC6, have been mapped to 
the same chromosomal region on human chromosome 11. 
MUC5B is further characterized in Desseyn et al. (1996).J. 
Biol. Chen. 273:30157-64. 

0038. The term “genetic variant, in the context of a par 
ticular gene, refers a gene with a variant (e.g., non-standard or 
abnormal) nucleic acid sequence. The gene includes coding 
and non-coding sequences. Such as regulatory regions. 
Genetic variants include mutations and polymorphic 
sequences. Thus, the genetic variant may affect the expres 
sion or activity of the gene or gene product. The genetic 
variant may be an insertion of one or more nucleotides, dele 
tion of one or more nucleotides, or a Substitution of one or 
more nucleotides. A single nucleotide polymorphism (SNP) 
is an example of a genetic variant. 
0039. The term “genetic variant MUC5B gene” refers to a 
MUC5B genetic variant (a MUC5B gene with a genetic varia 
tion as described above). The term “genetic variant promoter 
MUC5B gene' refers to a variation that is specifically in the 
promoter region of the MUC5B gene. Similarly, “genetic 
variant regulatory region MUC5B gene' and “genetic variant 
intronic MUC5B gene' localize the variation within the 
MUC5B gene. An example of a genetic variant MUC5B gene 
is rs35705950, which includes a SNP in the promoter region. 
0040. An “airway mucosal sample' can be obtained using 
methods known in the art, e.g., a bronchial epithelial brush as 
described herein. Additional methods include endobronchial 
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biopsy, bronchial wash, bronchoalveolar lavage, whole lung 
lavage, transendoscopic biopsy, and transtracheal wash. 
0041. The terms “subject,” “patient,” “individual,” etc. are 
not intended to be limiting and can be generally interchanged. 
That is, an individual described as a “patient” does not nec 
essarily have a given disease, but may be merely seeking 
medical advice. 

0042. A "control sample or value refers to a sample that 
serves as a reference, usually a known reference, for compari 
son to a test sample. For example, a test sample can be taken 
from a patient Suspected of having a given pulmonary disease 
and compared to samples from a known pulmonary disease 
patient, known genetic variant MUC5B carrier, or a known 
normal (non-disease) individual. A control can also represent 
an average value gathered from a population of similar indi 
viduals, e.g., pulmonary disease patients or healthy individu 
als with a similar medical background, same age, weight, etc. 
A control value can also be obtained from the same indi 
vidual, e.g., from an earlier-obtained sample, prior to disease, 
or prior to treatment. One of skill will recognize that controls 
can be designed for assessment of any number of parameters. 
0043. One of skill in the art will understand which controls 
are valuable in a given situation and be able to analyze data 
based on comparisons to control values. Controls are also 
valuable for determining the significance of data. For 
example, if values for a given parameter are widely variant in 
controls, variation in test samples will not be considered as 
significant. 
0044 As used herein, the terms “pharmaceutically' 
acceptable is used synonymously with physiologically 
acceptable and pharmacologically acceptable. A pharmaceu 
tical composition will generally comprise agents for buffer 
ing and preservation in storage, and can include buffers and 
carriers for appropriate delivery, depending on the route of 
administration. 

0045. The terms “dose' and “dosage' are used inter 
changeably herein. A dose refers to the amount of active 
ingredient given to an individual at each administration. For 
the present invention, the dose will generally refer to the 
amount of pulmonary disease treatment, anti-inflammatory 
agent, or MUC5B antagonist. The dose will vary depending 
on a number of factors, including the range of normal doses 
for a given therapy, frequency of administration; size and 
tolerance of the individual; severity of the condition; risk of 
side effects; and the route of administration. One of skill will 
recognize that the dose can be modified depending on the 
above factors or based on therapeutic progress. The term 
“dosage form' refers to the particular format of the pharma 
ceutical, and depends on the route of administration. For 
example, a dosage form can be in a liquid form for nebuliza 
tion, e.g., for inhalants, in a tablet or liquid, e.g., for oral 
delivery, or a saline Solution, e.g., for injection. 
0046. As used herein, the terms “treat' and “prevent are 
not intended to be absolute terms. Treatment can refer to any 
delay in onset, reduction in the frequency or severity of symp 
toms, amelioration of symptoms, improvement in patient 
comfort and/or respiratory function, etc. The effect of treat 
ment can be compared to an individual or pool of individuals 
not receiving a given treatment, or to the same patient prior to, 
or after cessation of treatment. 
0047. The term “prevent refers to a decrease in the occur 
rence of pulmonary disease symptoms in a patient. As indi 
cated above, the prevention may be complete (no detectable 
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symptoms) or partial. Such that fewer symptoms are observed 
than would likely occur absent treatment. 
0048. The term “therapeutically effective amount as 
used herein, refers to that amount of the therapeutic agent 
sufficient to ameliorate the disorder, as described above. For 
example, for the given parameter, a therapeutically effective 
amount will show an increase or decrease of at least 5%, 10%, 
15%, 20%, 25%, 40%, 50%, 60%, 75%, 80%, 90%, or at least 
100%. Therapeutic efficacy can also be expressed as “-fold' 
increase or decrease. For example, a therapeutically effective 
amount can have at least a 1.2-fold, 1.5-fold, 2-fold, 5-fold, or 
more effect over a control. 
0049. The term “diagnosis” refers to a relative probability 
that a pulmonary disease is present in the Subject. Similarly, 
the term “prognosis” refers to a relative probability that a 
certain future outcome may occur in the Subject. For example, 
in the context of the present invention, prognosis can refer to 
the likelihood that an individual will develop a pulmonary 
disease, or the likely severity of the disease (e.g., severity of 
symptoms, rate of functional decline, Survival, etc.). The 
terms are not intended to be absolute, as will be appreciated 
by any one of skill in the field of medical diagnostics. 
0050. The terms “correlating and “associated in refer 
ence to determination of a pulmonary disease risk factor, 
refers to comparing the presence or amount of the risk factor 
(e.g., dysregulation or genetic variation in a mucingene) in an 
individual to its presence or amount in persons known to 
Suffer from, or known to be at risk of the pulmonary disease, 
or in persons known to be free of pulmonary disease, and 
assigning an increased or decreased probability of having/ 
developing the pulmonary disease to an individual based on 
the assay result(s). 
0051. “Nucleic acid” or “oligonucleotide' or “polynucle 
otide' or grammatical equivalents used herein means at least 
two nucleotides covalently linked together. Oligonucleotides 
are typically from about 5, 6,7,8,9, 10, 12, 15, 25, 30, 40, 50 
or more nucleotides in length, up to about 100 nucleotides in 
length. Nucleic acids and polynucleotides are a polymers of 
any length, including longer lengths, e.g., 200, 300, 500, 
1000, 2000, 3000, 5000, 7000, 10,000, etc. A nucleic acid of 
the present invention will generally contain phosphodiester 
bonds, although in Some cases, nucleic acid analogs are 
included that may have alternate backbones, comprising, e.g., 
phosphoramidate, phosphorothioate, phosphorodithioate, or 
O-methylphophoroamidite linkages (see Eckstein, Oligo 
nucleotides and Analogues: A Practical Approach, Oxford 
University Press); and peptide nucleic acid backbones and 
linkages. Other analog nucleic acids include those with posi 
tive backbones; non-ionic backbones, and non-ribose back 
bones, including those described in U.S. Pat. Nos. 5.235,033 
and 5,034,506, and Chapters 6 and 7, ASC Symposium Series 
580, Carbohydrate Modifications in Antisense Research, 
Sanghui & Cook, eds. Nucleic acids containing one or more 
carbocyclic Sugars are also included within one definition of 
nucleic acids. Modifications of the ribose-phosphate back 
bone may be done for a variety of reasons, e.g., to increase the 
stability and half-life of such molecules in physiological envi 
ronments or as probes on a biochip. Mixtures of naturally 
occurring nucleic acids and analogs can be made; alterna 
tively, mixtures of different nucleic acid analogs, and mix 
tures of naturally occurring nucleic acids and analogs may be 
made. 

0052. The terms “identical” or percent “identity,” in the 
context of two or more nucleic acids (e.g., genomic sequences 
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or subsequences, such as shown in SEQ ID NOS:20-53, or 
coding sequences) or polypeptide sequences, refer to two or 
more sequences or Subsequences that are the same or have a 
specified percentage of amino acid residues or nucleotides 
that are the same (i.e., 50%, 55%, 60%. 65%, 70%, 75%, 
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, 99%, or more identity over a specified region), when 
compared and aligned for maximum correspondence over a 
comparison window, or designated region as measured using 
one of the following sequence comparison algorithms or by 
manual alignment and visual inspection. Such sequences are 
then said to be “substantially identical.” This definition also 
refers to the compliment of a test sequence. Optionally, the 
identity exists over a region that is at least about 10 to about 
100, about 20 to about 75, about 30 to about 50 amino acids or 
nucleotides in length. 
0053 An example of algorithms suitable for determining 
percent sequence identity and sequence similarity are the 
BLAST and BLAST 2.0 algorithms, which are described in 
Altschul et al., Nuc. Acids Res. 25:3389-3402 (1977) and 
Altschulet al., J. Mol. Biol. 215:403-410 (1990), respectively. 
As will be appreciated by one of skill in the art, the software 
for performing BLAST analyses is publicly available through 
the website of the National Center for Biotechnology Infor 
mation (ncbi.nlm.nih.gov). 
0054) The terms “polypeptide,” “peptide' and “protein' 
are used interchangeably hereinto refer to a polymer of amino 
acid residues. The terms apply to amino acid polymers in 
which one or more amino acid residue is an artificial chemical 
mimetic of a corresponding naturally occurring amino acid, 
as well as to naturally occurring amino acid polymers, those 
containing modified residues, and non-naturally occurring 
amino acid polymer. 
0055. The term "amino acid refers to naturally occurring 
and synthetic amino acids, as well as amino acid analogs and 
amino acid mimetics that function similarly to the naturally 
occurring amino acids. Naturally occurring amino acids are 
those encoded by the genetic code, as well as those amino 
acids that are later modified, e.g., hydroxyproline, Y-carboxy 
glutamate, and O-phosphoserine. Amino acid analogs refers 
to compounds that have the same basic chemical structure as 
a naturally occurring amino acid, e.g., an O. carbon that is 
bound to a hydrogen, a carboxyl group, an amino group, and 
an R group, e.g., homoserine, norleucine, methionine Sulfox 
ide, methionine methyl Sulfonium. Such analogs may have 
modified R groups (e.g., norleucine) or modified peptide 
backbones, but retain the same basic chemical structure as a 
naturally occurring amino acid. Amino acid mimetics refers 
to chemical compounds that have a structure that is different 
from the general chemical structure of an amino acid, but that 
functions similarly to a naturally occurring amino acid. 
0056 Amino acids may be referred to herein by either 
their commonly known three letter symbols or by the one 
letter symbols recommended by the IUPAC-IUB Biochemi 
cal Nomenclature Commission. Nucleotides, likewise, may 
be referred to by their commonly accepted single-letter codes. 
0057. “Conservatively modified variants' applies to both 
amino acid and nucleic acid sequences. With respect to par 
ticular nucleic acid sequences, conservatively modified Vari 
ants refers to those nucleic acids which encode identical or 
essentially identical amino acid sequences, or where the 
nucleic acid does not encode an amino acid sequence, to 
essentially identical or associated, e.g., naturally contiguous, 
sequences. Because of the degeneracy of the genetic code, a 
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large number of functionally identical nucleic acids encode 
most proteins. For instance, the codons GCA, GCC, GCG and 
GCU all encode the amino acid alanine. Thus, at every posi 
tion where analanine is specified by a codon, the codon can be 
altered to another of the corresponding codons described 
without altering the encoded polypeptide. Such nucleic acid 
variations are “silent variations.” which are one species of 
conservatively modified variations. Every nucleic acid 
sequence herein which encodes a polypeptide also describes 
silent variations of the nucleic acid. One of skill will recog 
nize that in certain contexts each codon in a nucleic acid 
(except AUG, which is ordinarily the only codon for methion 
ine, and TGG, which is ordinarily the only codon for tryp 
tophan) can be modified to yield a functionally identical 
molecule. Accordingly, often silent variations of a nucleic 
acid which encodes a polypeptide is implicit in a described 
sequence with respect to the expression product, but not with 
respect to actual probe sequences. 
0.058 As to amino acid sequences, one of skill will recog 
nize that individual substitutions, deletions or additions to a 
nucleic acid, peptide, polypeptide, or protein sequence which 
alters, adds or deletes a single amino acid or a small percent 
age of amino acids in the encoded sequence is a “conserva 
tively modified variant' where the alteration results in the 
Substitution of an amino acid with a chemically similar amino 
acid. Conservative substitution tables providing functionally 
similar amino acids are well known in the art. Such conser 
vatively modified variants are in addition to and do not 
exclude polymorphic variants, interspecies homologs, and 
alleles of the invention. typically conservative substitutions 
for one another: 1) Alanine (A), Glycine (G); 2) Aspartic acid 
(D), Glutamic acid (E); 3) Asparagine (N), Glutamine (Q); 4) 
Arginine (R), Lysine (K); 5) Isoleucine (I), Leucine (L), 
Methionine (M), Valine (V); 6) Phenylalanine (F), Tyrosine 
(Y), Tryptophan (W); 7) Serine (S), Threonine (T); and 8) 
Cysteine (C), Methionine (M) (see, e.g., Creighton, Proteins 
(1984)). 
0059. A “label” or a “detectable moiety” is a composition 
detectable by spectroscopic, photochemical, biochemical, 
immunochemical, chemical, or other physical means. For 
example, useful labels include P. fluorescent dyes, electron 
dense reagents, enzymes (e.g., as commonly used in an 
ELISA), biotin, digoxigenin, or haptens and proteins or other 
entities which can be made detectable, e.g., by incorporating 
a radiolabel into a peptide or antibody specifically reactive 
with a target peptide. Any method known in the art for con 
jugating an antibody to the label may be employed, e.g., using 
methods described in Hermanson, Bioconjugate Techniques 
1996, Academic Press, Inc., San Diego. 
0060 A“labeled nucleic acid probe or oligonucleotide' is 
one that is bound, either covalently, through a linker or a 
chemical bond, or noncovalently, through ionic, Van der 
Waals, electrostatic, or hydrogenbonds to a label such that the 
presence of the probe may be detected by detecting the pres 
ence of the label bound to the probe. Alternatively, method 
using high affinity interactions may achieve the same results 
where one of a pair of binding partners binds to the other, e.g., 
biotin, streptavidin. 
0061 The phrase “selectively (or specifically) hybridizes 
to refers to the binding, duplexing, or hybridizing of a mol 
ecule only to a particular nucleotide sequence with a higher 
affinity, e.g., under more Stringent conditions, than to other 
nucleotide sequences (e.g., total cellular or library DNA or 
RNA). One of skill in the art will appreciate that specific 
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hybridization between nucleotides usually relies on Watson 
Crick pair bonding between complementary nucleotide 
Sequences. 
0062. The term “probe' or “primer', as used herein, is 
defined to be one or more nucleic acid fragments whose 
specific hybridization to a sample can be detected. A probe or 
primer can be of any length depending on the particular 
technique it will be used for. For example, PCR primers are 
generally between 10 and 40 nucleotides in length, while 
nucleic acid probes for, e.g., a Southern blot, can be more than 
a hundred nucleotides in length. The probe may be unlabeled 
or labeled as described below so that its binding to the target 
or sample can be detected. The probe can be produced from a 
Source of nucleic acids from one or more particular (prese 
lected) portions of a chromosome, e.g., one or more clones, an 
isolated whole chromosome or chromosome fragment, or a 
collection of polymerase chain reaction (PCR) amplification 
products. The length and complexity of the nucleic acid fixed 
onto the target element is not critical to the invention. One of 
skill can adjust these factors to provide optimum hybridiza 
tion and signal production for a given hybridization proce 
dure, and to provide the required resolution among different 
genes or genomic locations. 
0063. The probe may also be isolated nucleic acids immo 
bilized on a solid Surface (e.g., nitrocellulose, glass, quartz, 
fused silica slides), as in an array. In some embodiments, the 
probe may be a member of an array of nucleic acids as 
described, for instance, in WO96/17958. Techniques capable 
of producing high density arrays can also be used for this 
purpose (see, e.g., Fodor (1991) Science 767-773: Johnston 
(1998) Curr. Biol. 8: R171-R174: Schummer (1997) Biotech 
niques 23: 1087-1092: Kern (1997) Biotechniques 23: 120 
124; U.S. Pat. No. 5,143,854). One of skill will recognize that 
the precise sequence of the particular probes described herein 
can be modified to a certain degree to produce probes that are 
“substantially identical to the disclosed probes, but retain the 
ability to specifically bind to (i.e., hybridize specifically to) 
the same targets or samples as the probe from which they were 
derived. Such modifications are specifically covered by ref 
erence to the individual probes described herein. 
0064 Antibody refers to a polypeptide comprising a 
framework region from an immunoglobulin gene or frag 
ments thereof that specifically binds and recognizes an anti 
gen, e.g., a specific bacterial antigen. Typically, the “variable 
region' contains the antigen-binding region of the antibody 
(or its functional equivalent) and is most critical in specificity 
and affinity of binding. See Paul, Fundamental Immunology 
(2003). 
0065. An exemplary immunoglobulin (antibody) struc 

tural unit comprises a tetramer. Each tetramer is composed of 
two identical pairs of polypeptide chains, each pair having 
one “light” (about 25kD)andone “heavy” chain (about 50-70 
kD). The N-terminus of each chain defines a variable region 
of about 100 to 110 or more amino acids primarily respon 
sible for antigen recognition. The terms variable light chain 
(V) and variable heavy chain (V) refer to these light and 
heavy chains respectively. 
0066 Antibodies can exist as intact immunoglobulins or 
as any of a number of well-characterized fragments that 
include specific antigen-binding activity. Such fragments can 
be produced by digestion with various peptidases. Pepsin 
digests an antibody below the disulfide linkages in the hinge 
region to produce F(ab)', a dimer of Fab which itself is a light 
chain joined to V-C1 by a disulfide bond. The F(ab)' may 
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be reduced under mild conditions to break the disulfide link 
age in the hinge region, thereby converting the F(ab)' dimer 
into an Fab' monomer. The Fab' monomer is essentially Fab 
with part of the hinge region (see Fundamental Immunology 
(Paul ed., 3d ed. 1993). While various antibody fragments are 
defined in terms of the digestion of an intact antibody, one of 
skill will appreciate that such fragments may be synthesized 
de novo either chemically or by using recombinant DNA 
methodology. Thus, the term antibody, as used herein, also 
includes antibody fragments either produced by the modifi 
cation of whole antibodies, or those synthesized de novo 
using recombinant DNA methodologies (e.g., single chain 
FV) or those identified using phage display libraries (see, e.g., 
McCafferty et al., Nature 348:552-554 (1990)). 

II. MUCINS 

0067. There are several gel-forming mucins including, but 
not limited to, MUC6, MUC2, MUC5AC, and MUC5B. 
These proteins are large filamentous and highly O-glycosy 
lated. 

III. PULMONARY DISEASES 

0068. The pulmonary diseases contemplated herein can 
include any pulmonary disorders, lung fibrosis diseases, 
interstitial lung diseases, idiopathic interstitial pneumonias 
(IIP), idiopathic pulmonary fibrosis, familial interstitial pneu 
monia (FIP), acute respiratory distress syndrome (ARDS). 
scleroderma lung disease, Sarcoidosis, Beryllium disease, 
rheumatoid arthritis associated lung disorder, collagen vas 
cular associated lung disorder, cigarette Smoke associated 
lung disorders, Sjögren's syndrome, mixed connective tissue 
disease, nonspecific interstitial pneumonitis (NSIP), etc. 
0069 Pulmonary fibrotic conditions, e.g., interstitial lung 
diseases (ILD) are characterized by shortness of breath, 
chronic coughing, fatigue and weakness, loss of appetite, and 
rapid weight loss. Pulmonary fibrosis is commonly linked to 
interstitial lung diseases (e.g., autoimmune disorders, viral 
infections or other microscopic injuries), but can be idio 
pathic. Fibrosis involves exchange of normal lung tissue with 
fibrotic tissue (scar tissue) that leads to reduced oxygen 
capacity. 
0070 Idiopathic interstitial pneumonias (IIP) are a subset 
of diffuse interstitial lung diseases of unknown etiology (the 
term "idiopathic' indicates unknown origin). IIPs are char 
acterized by expansion of the interstitial compartment (i.e., 
that portion of the lung parenchyma Sandwiched between the 
epithelial and endothelial basement membranes) with an 
infiltrate of inflammatory cells. The inflammatory infiltrate is 
sometimes accompanied by fibrosis, either in the form of 
abnormal collagen deposition or proliferation of fibroblasts 
capable of collagen synthesis. 
0071 Idiopathic Pulmonary Fibrosis (IPF) occurs in thou 
sands of people worldwide with a doubling of prevalence over 
the past 10 years. Onset of IPF occurs around 50 to 70 years 
of age and starts with progressive shortness of breath and 
hypoxemia. IPF median survival is around 3-5 years and is to 
date untreatable. The etiology and pathogenesis of the con 
dition is not well understood. About 5-20 percent of all cases 
of IPF have a family history and inheritance appears to be 
autosomal dominant. 
0072 Additional fibrotic pulmonary diseases include 
Acute Interstitial Pneumonia (AIP), Respiratory Bronchioli 
tis-associated Interstitial Lung Disease (RBILD). Desquama 
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tive Interstitial Pneumonia (DIP), Non-Specific Interstitial 
Pneumonia (NSIP), Bronchiolitis obliterans, with Organizing 
Pneumonia (BOOP). 
0073 AIP is a rapidly progressive and histologically dis 

tinct form of interstitial pneumonia. The pathological pattern 
is an organizing form of diffuse alveolar damage (DAD) that 
is also found in acute respiratory distress syndrome (ARDS) 
and other acute interstitial pneumonias of known causes (see 
Clinical Atlas of Interstitial Lung Disease (2006 ed.) pp 
61-63). 
0074 RBILD is characterized by inflammatory lesions of 
the respiratory bronchioles in cigarette Smokers. The histo 
logic appearance of RBILD is characterized by the accumu 
lation of pigmented macrophages within the respiratory bron 
chioles and the Surrounding airspaces, variably, peribronchial 
fibrotic alveolar septal thickening, and minimal associated 
mural inflammation (see Wells et al. (2003) Sem Respir: Crit. 
Care Med. Vol. 24). 
0075 DIP is a rare interstitial lung disease characterized 
by the accumulation of macrophages in large numbers in the 
alveolar spaces associated with interstitial inflammation and/ 
or fibrosis. The macrophages frequently contain light brown 
pigment. Lymphoid nodules are common, as is a sparse but 
distinct eosinophil infiltrate. DIP is most common in smokers 
(see Tazelaar et al. (Sep. 21, 2010) Histopathology). 
0076 NSIP is characterized pathologically by uniform 

interstitial inflammation and fibrosis appearing over a short 
period of time. NSIP differs from other interstitial lung dis 
eases in that it has a generally good prognosis. In addition, the 
temporal uniformity of the parenchymal changes seen in 
NSIP contrasts greatly with the temporal heterogeneity of 
usual interstitial pneumonia (see Coche et al. (2001) Brit J 
Radiol 74:189). 
0077 BOOP, unlike NSIP can be fatal within days of first 
acute symptoms. It is characterized by rapid onset of acute 
respiratory distress syndrome; therefore, clinically, rapidly 
progressive BOOP can be indistinguishable from acute inter 
Stitial pneumonia. Histological features include clusters of 
mononuclear inflammatory cells that form granulation tissue 
and plug the distal airways and alveolar spaces. These plugs 
of granulation tissue may form polyps that migrate within the 
alveolar ducts or may be focally attached to the wall (see 
White & Ruth-Saad (2007) Crit. Care Nurse 27:53). 
0078. Further details about the characteristics and thera 
pies available for these diseases can be found, e.g., on the 
website of the American Lung Association at lungusa.org/ 
lung-disease/pulmonary-fibrosis. 
0079 Diagnostic indicators of pulmonary disorders 
include biopsy (e.g., VATS or Surgical lung biopsy), high 
resolution computed tomography (HRTC) or breathing met 
rics, such as forced expiratory volume (FEV1), vital capacity 
(VC), forced vital capacity (FVC), and FEV1/FVC. 
0080 Additional disorders associated with MUC5B 
expression and/or SNPs associated with MUC5B (e.g. SNP 
rs35705950) can include, but are not limited to, mucous 
secretion disorders, cancers (e.g. ovarian, breast lung, pan 
creatic etc.), eye disease, colitis, and cirrhosis of the liver. 

IV. METHODS OF DIAGNOSIS AND 
PROGNOSIS 

0081 Methods for detecting and identifying nucleic acids 
and proteins and interactions between such molecules involve 
conventional molecular biology, microbiology, and recombi 
nant DNA techniques within the skill of the art. Such tech 
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niques are explained fully in the literature (see, e.g., Sam 
brook, Fritsch & Maniatis, Molecular Cloning: A Laboratory 
Manual, Second Edition 1989, Cold Spring Harbor Labora 
tory Press, Cold Spring Harbor, N.Y.; Animal Cell Culture, R. 
I. Freshney, ed., 1986). 
I0082 A. Biological Samples 
I0083. For detection of a genetic variant using genomic 
DNA, a biological sample can be obtained from nearly any 
tissue. One of skill in the art will understand that a blood 
sample or a cheek Swab is expected to carry the same genetic 
sequence information as a lung cell. For detection of a given 
expression level, pulmonary tissue samples and other biologi 
cal fluids are typically used. 
I0084 Biological samples can include a pulmonary 
mucosal sample or biological fluid such as blood or blood 
components (plasma, serum), sputum, mucus, urine, saliva, 
etc. 

I0085. A pulmonary mucosal sample can be obtained using 
methods known in the art, e.g., a bronchial epithelial brush or 
exhaled breath condensate. Additional methods include bron 
chial biopsy, bronchial wash, bronchoalveolar lavage, whole 
lung lavage, transendoscopic biopsy, translaryngoscopic 
catheter, and transtracheal wash. A review of commonly used 
techniques, including comparisons and safety issues, is pro 
vided in Busse et al. (2005) Am J Respir Crit Care Med 
172:807-816. 
I0086 For lavage techniques, a bronchoscope can be 
inserted to the desired level of the airway. A small volume of 
sterile, physiologically acceptable fluid (e.g., buffered saline) 
is released, and immediately aspirated. The wash material 
contains cells from the mucosa and upper epithelia (Riise et 
al. (1996) Eur Resp.J 9:1665). 
I0087. For use of a bronchial epithelial brush, a sterile, 
non-irritating (e.g., nylon) cytology brush can be used. Mul 
tiple brushings can be taken to ensure representative sam 
pling. The brush is then agitated in physiologically acceptable 
fluid, and the cells and debris separated using routine methods 
(Riise et al. (1992) Eur Resp.J 5:382). 
I0088 Cellular components can be isolated using methods 
known in the art, e.g., centrifugation. Similarly, Subcellular 
components (e.g., exosomes or vesicles) can be isolated using 
known methods or commercial separation products (available 
from BioCat, System Bio, Bioscientific, etc.). An exemplary 
method is described e.g., by Thery et al. (2006) Current Prot. 
Cell Biol. 
0089. B. Detection of Genetic Variants 
0090 The inventors have found that genetic variations in 
the mucin genes are associated with pulmonary diseases. 
These genetic variations can be found in any part of the gene, 
e.g., in the regulatory regions, introns, or exons. Relevant 
genetic variations may also be found the intergene regions, 
e.g., in sequences between mucin genes. Insertions, Substitu 
tions, and deletions are included in genetic variants. Single 
nucleotide polymorphisms (SNPs) are exemplary genetic 
variants. 
0091. In particular, 14 independent SNPs are associated 
with pulmonary disorders (e.g. FIP or IPF). The studies dis 
closed herein demonstrate that presence of one or more of 
these SNPs associated with MUC5B can lead to predisposi 
tion to a pulmonary disorder. In addition, in Some embodi 
ments, if present, some of these SNPs are related to a tran 
Scription factor binding site. The transcription factor binding 
site can effect modulation of MUC5B expression, for 
example E2F3 loss, and HOXA9 and PAX-2 generation. 
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0092. The invention thus provides methods for assessing 
the presence or absence of SNPs in a sample from a subject 
Suspected of having or developing a pulmonary disorder (e.g., 
because of family history). In certain embodiments, one or 
more SNPs are screened in one or more samples from a 
subject. The SNPs can be associated with one or more genes, 
e.g., one or more MUC genes or other genes associated with 
mucous secretion. In some embodiments, a MUC gene asso 
ciated SNP is associated with MUC5B and/or another MUC 
gene, such as MUC5AC or MUC1. SNPs contemplated for 
diagnostic, treatment, or prognosis can include SNPs found 
within a MUC gene and/or within a regulatory or promoter 
region associated with a MUC gene. For example, one or 
more SNPs can include, but are not limited to, detection of the 
SNPs of MUC5B shown in Table 4 (SEQ ID NOs:20-53), 
e.g., SNP rs35705950 (SEQ ID NO:24), alone or in combi 
nation with other genetic variations or SNPs and/or other 
diagnostic or prognostic methods. 
0093 Methods for detecting genetic variants such as a 
SNP are known in the art, e.g., Southern or Northern blot, 
nucleotide array, amplification methods, etc. Primers or 
probes are designed to hybridize to a target sequence. For 
example, genomic DNA can be screened for the presence of 
an identified genetic element of using a probe based upon one 
or more sequences, e.g., using a probe with Substantial iden 
tity to a subsequence of the MUC5B gene, such as one of the 
subsequences shown in Table 4 (SEQID NOS: 20-53). Exem 
plary human MUC5B genomic sequences that can be used for 
reference and probe and primer design are found at GenBank 
Accession Nos. AF107890.1 and AJ004862.1. Expressed 
RNA can also be screened, but may not include all relevant 
genetic variations. Various degrees of stringency of hybrid 
ization may be employed in the assay. As the conditions for 
hybridization become more stringent, there must be a greater 
degree of complementarity between the probe and the target 
for duplex formation to occur. Thus, high Stringency condi 
tions are typically used for detecting a SNP. 
0094 Thus, in some embodiments, a genetic variant 
MUC5B gene in a subject is detected by contacting a nucleic 
acid in a sample from the Subject with a probe having Sub 
stantial identity to a subsequence of the MUC5B gene, and 
determining whether the nucleic acid indicates that the sub 
ject has a genetic variant MUC5B gene. In some cases, the 
sample can be processed prior to amplification, e.g., to sepa 
rate genomic DNA from other sample components. In some 
cases, the probe has at least 90,92,94,95,96,98,99, or 100% 
identity to the MUC5B gene subsequence. Typically, the 
probe is between 10-500 nucleotides in length, e.g., 10-100, 
10-40, 10-20, 20-100, 100-400, etc. In the case of detecting a 
SNP, the probe can be even shorter, e.g., 8-20 nucleotides in 
length. In some cases, the MUC5B gene sequence to be 
detected includes at least 8 contiguous nucleotides, e.g., at 
least 10, 15, 20, 25, 30, 35 or more contiguous nucleotides of 
one of the sequences shown in SEQID NOS:20-53. In some 
embodiments, the sequence to be detected includes 8 contigu 
ous nucleotides, e.g., at least 10, 15, 20, 25, 30, 35 or more 
contiguous nucleotides of SEQID NO:24. In some aspects, 
the contiguous nucleotides include nucleotide 28 of SEQID 
NO:24. 

0095. The degree of stringency can be controlled by tem 
perature, ionic strength, pH and/or the presence of a partially 
denaturing solvent such as formamide. For example, the strin 
gency of hybridization is conveniently varied by changing the 
concentration of formamide within the range up to and about 
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50%. The degree of complementarity (sequence identity) 
required for detectable binding will vary in accordance with 
the stringency of the hybridization medium and/or wash 
medium. In certain embodiments, in particular for detection 
of a particular SNP, the degree of complementarity is about 
100 percent. In other embodiments, sequence variations can 
result in <100% complementarity, <90% complimentarity 
probes, <80% complimentarity probes, etc., in particular, in a 
sequence that does not involve a SNP. In some examples, e.g., 
detection of species homologs, primers may be compensated 
for by reducing the stringency of the hybridization and/or 
wash medium. 

0096 High stringency conditions for nucleic acid hybrid 
ization are well known in the art. For example, conditions 
may comprise low salt and/or high temperature conditions, 
such as provided by about 0.02 M to about 0.15 M NaCl at 
temperatures of about 50° C. to about 70°C. Other exemplary 
conditions are disclosed in the following Examples. It is 
understood that the temperature and ionic strength of a 
desired Stringency are determined in part by the length of the 
particular nucleic acid(s), the length and nucleotide content of 
the target sequence(s), the charge composition of the nucleic 
acid(s), and by the presence or concentration of formamide, 
tetramethylammonium chloride or other solvent(s) in a 
hybridization mixture. Nucleic acids can be completely 
complementary to a target sequence or exhibit one or more 
mismatches. 

0097. Nucleic acids of interest (e.g., nucleic acids com 
prising, or comprised within, SEQID NOS:20-53) can also be 
amplified using a variety of known amplification techniques. 
For instance, polymerase chain reaction (PCR) technology 
may be used to amplify target sequences (e.g., genetic vari 
ants) directly from DNA, RNA, or cDNA. In some embodi 
ments, a stretch of nucleic acids is amplified using primers on 
either side of a targeted genetic variation, and the amplifica 
tion product is then sequenced to detect the targeted genetic 
Variation (using, e.g., Sanger sequencing. Pyrosequencing, 
Nextgen R sequencing technologies). For example, the prim 
ers can be designed to hybridize to either side of the upstream 
regulatory region of the MUC5B gene, and the intervening 
sequence determined to detect a SNP in the promoter region. 
In some embodiments, one of the primers can be designed to 
hybridize to the targeted genetic variant. In some cases, a 
genetic variant nucleotide can be identified using RT-PCR, 
e.g., using labeled nucleotide monomers. In this way, the 
identity of the nucleotide at a given position can be detected 
as it is added to the polymerizing nucleic acid. The Scor 
pionTM system is a commercially available example of this 
technology. 
0098. Thus, in some embodiments, a genetic variant 
MUC5B gene in a subject is detected by amplifying a nucleic 
acid in a sample from the Subject to form an amplification 
product, and determining whether the amplification product 
indicates a genetic variant MUC5B gene. In some cases, the 
sample can be processed prior to amplification, e.g., to sepa 
rate genomic DNA from other sample components. In some 
cases, amplifying comprises contacting the sample with 
amplification primers having substantial identity to MUC5B 
genomic subsequences, e.g., at least 90.92, 94.95, 96, 98.99, 
or 100% identity. Typically, the sequence to be amplified is 
between 30-1000 nucleotides in length, e.g., 50-500, 50-400, 
100-400, 50-200, 100-300, etc. In some cases, the sequence to 
be amplified or detected includes at least 8 contiguous nucle 
otides, e.g., at least 10, 15, 20, 25, 30, 35 or more contiguous 
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nucleotides of one of the sequences shown in SEQID NOs: 
20-53. In some embodiments, the sequence to be amplified or 
detected includes 8 contiguous nucleotides, e.g., at least 10, 
15, 20, 25, 30, 35 or more contiguous nucleotides of SEQID 
NO:24. In some aspects, the contiguous nucleotides include 
nucleotide 28 of SEQID NO:24. 
0099 Amplification techniques can also be useful for 
cloning nucleic acid sequences, to make nucleic acids to use 
as probes for detecting the presence of a target nucleic acid in 
samples, for nucleic acid sequencing, for control samples, or 
for other purposes. Probes and primers are also readily avail 
able from commercial sources, e.g., from Invitrogen, 
Clonetech, etc. 
0100 C. Detection of Expression Levels 
0101 Expression of a given gene, e.g., MUC5B or another 
mucin, pulmonary disease marker, or standard (control), is 
typically detected by detecting the amount of RNA (e.g., 
mRNA) or protein. Sample levels can be compared to a con 
trol level. 
0102 Methods for detecting RNA are largely cumulative 
with the nucleic acid detection assays described above. RNA 
to be detected can include mRNA. In some embodiments, a 
reverse transcriptase reaction is carried out and the targeted 
sequence is then amplified using standard PCR. Quantitative 
PCR (qPCR) or real time PCR (RT-PCR) is useful for deter 
mining relative expression levels, when compared to a con 
trol. Quantitative PCR techniques and platforms are known in 
the art, and commercially available (see, e.g., the qPCRSym 
posium website, available at qpersymposium.com). Nucleic 
acid arrays are also useful for detecting nucleic acid expres 
Sion. Customizable arrays are available from, e.g., Affimatrix. 
An exemplary human MUC5B mRNA sequence, e.g., for 
probe and primer design, can be found at GenBank Accession 
No AFO866041. 

0103 Protein levels can be detected using antibodies or 
antibody fragments specific for that protein, natural ligands, 
Small molecules, aptamers, etc. An exemplary human 
MUC5B sequence, e.g., for screening a targeting agent, can 
be found at UniProt Accession No. 000446. 
0104 Antibody based techniques are known in the art, and 
described, e.g., in Harlow & Lane (1988) Antibodies: A Labo 
ratory Manual and Harlow (1998) Using Antibodies. A Labo 
ratory Manual; Wild, The Immunoassay Handbook, 3d edi 
tion (2005) and Law, Immunoassay: A Practical Guide 
(1996). The assay can be directed to detection of a molecular 
target (e.g., protein or antigen), or a cell, tissue, biological 
sample, liquid sample or Surface Suspected of carrying an 
antibody or antibody target. 
0105. A non-exhaustive list of immunoassays includes: 
competitive and non-competitive formats, enzyme linked 
immunosorption assays (ELISA), microspot assays, Western 
blots, gel filtration and chromatography, immunochromatog 
raphy, immunohistochemistry, flow cytometry or fluores 
cence activated cell sorting (FACS), microarrays, and more. 
Such techniques can also be used in situ, ex vivo, or in vivo, 
e.g., for diagnostic imaging. 
010.6 Aptamers are nucleic acids that are designed to bind 
to a wide variety of targets in a non-Watson Crick manner. An 
aptamer can thus be used to detect or otherwise target nearly 
any molecule of interest, including a pulmonary disease asso 
ciated protein. Methods of constructing and determining the 
binding characteristics of aptamers are well known in the art. 
For example, such techniques are described in U.S. Pat. Nos. 
5,582,981, 5,595,877 and 5,637,459. Aptamers are typically 
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at least 5 nucleotides, 10, 20, 30 or 40 nucleotides in length, 
and can be composed of modified nucleic acids to improve 
stability. Flanking sequences can be added for structural sta 
bility, e.g., to form 3-dimensional structures in the aptamer. 
0107 Protein detection agents described herein can also 
be used as a treatment and/or diagnosis of pulmonary disease 
or predictor of disease progression, e.g., propensity for Sur 
vival, in a subject having or Suspected of developing a pull 
monary disorder. In certain embodiments, MUC5B antibod 
ies can be used to assess MUC5B protein levels in a subject 
having or Suspected of developing a pulmonary disorder. It is 
contemplated herein that antibodies or antibody fragments 
may be used to modulate MUC5B production in a subject 
having or Suspected of developing a pulmonary disease. In 
certain embodiments, one or more agents capable of modu 
lating MUC5B may be used to treat a subject having or 
Suspected of developing a pulmonary disorder. One or more 
antibodies or antibody fragments may be generated to detect 
one or more of the SNPs disclosed herein by any method 
known in the art. 
0108. In certain embodiments, MUC5B diagnostic tests 
may include, but are not limited to, alone or in combination, 
analysis of rs35705950 SNP in MUC5B gene, MUC5B 
mRNA levels, and/or MUC5B protein levels. 
0109) D. Additional Pulmonary Disease Markers 
0110. The above methods of detection can be applied to 
additional pulmonary disease markers. That is, the expression 
level or presence of genetic variants of at least one additional 
pulmonary disease marker gene can be determined, or the 
activity of the marker protein can be determined, and com 
pared to a standard control for the pulmonary disease marker. 
The examination of additional pulmonary disease markers 
can be used to confirm a diagnosis of pulmonary disease, 
monitor disease progression, or determine the efficacy of a 
course of treatment in a Subject. 
0111. In some cases, pulmonary disease is indicated by an 
increased number of lymphocytes, e.g., CD4+CD28-cells 
(Moeller et al. (2009) Am. J. Resp. Crit Care. Med. 179:588: 
Gilani (2010) PLoS One 5:e8959). 
0112 Genetic variations in the following genes are asso 
ciated with pulmonary disease: Surfactant Protein A2, Sur 
factant Protein B, Surfactant Protein C, TERC, TERT, 
IL-1RN, IL-1C, IL-1 B, TNF, Lymphotoxin C, TNF-RII, 
IL-10, IL-6, IL-12, IFNY, TGFB, CR1, ACE, IL-8, CXCR1, 
CXCR2, MUC1 (KL6), or MUC5AC. Thus, the invention 
further includes methods of determining whether the genome 
of a subject comprises a genetic variant of at least one gene 
selected from these genes. The presence of a genetic variant 
indicates that the Subject has or is at risk of developing pull 
monary disease. Said determining can optionally be com 
bined with determining whether the genome of the subject 
comprises a genetic variant MUC5B gene, or determining 
whether the subject has an elevated level of MUC5B RNA or 
protein to confirm or strengthen the diagnosis or prognosis. 
0113. Abnormal expression in the following genes can 
also be indicative of pulmonary disease: Surfactant Protein A, 
Surfactant Protein D, KL-6/MUC1, CC16, CK-19, Ca 19-9., 
SLX, MCP-1, MIP-1a, ITAC, glutathione, type III procol 
lagen peptide, SIL-2R, ACE, neopterin, beta-glucuronidase, 
LDH, CCL-18, CCL-2, CXCL12, MMP7, and osteopontin. 
Thus, the expression of one of these genes can be detected and 
compared to a control, wherein an abnormal expression level 
indicates that the Subject has or is at risk of developing pull 
monary disease. Said determining can optionally be com 
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bined with determining whether the genome of the subject 
comprises a genetic variant MUC5B gene, or determining 
whether the subject has an elevated level of MUC5B RNA or 
protein to confirm or strengthen the diagnosis or prognosis. 
0114 
0115 The detection methods described hereincan be used 
for diagnosis, prognosis, risk prediction, determining a 
course of treatment, monitoring therapeutic efficacy, and 
monitoring disease progression. One of skill will appreciate 
that each of the detection methods can be used alone or in 
combination. 

0116 For example, the presence of a genetic variant 
MUC5B gene can be determined in a subject suspected of 
having or at risk of developing a pulmonary disorder. In the 
event that a genetic variant MUC5B gene is observed, the 
Subject can optionally undergo further testing, e.g., to deter 
mine the level of MUC5B gene expression, or detect a genetic 
variant form of at least one additional pulmonary disease 
marker. The subject can be prescribed a course of treatment 
based on the results of one or more tests. Such treatment can 
include administration of a MUC5B antagonist, or a standard 
pulmonary disease treatment Such as a mucolytic drug. The 
expression level of the MUC5B gene can be detected again 
after treatment, or periodically during the course of treatment, 
to determine the therapeutic efficacy of the treatment. For 
example, if a pulmonary disease treatment is prescribed for 
periodic administration (e.g., daily, twice-daily, weekly, etc.), 
the MUC5B gene expression level can be monitored periodi 
cally thereafter (e.g., monthly). 
0117 The detection methods of the invention can be used 
to determine if the subject has an attenuated form of the 
pulmonary disease. The inventors have shown that individu 
als carrying the rs35705950 genetic variant MUC5B gene 
have a better pulmonary disease prognosis than individuals 
that do not carry a genetic variant MUC5B gene. Thus, deter 
mination of whether an individual carries the genetic variant 
MUC5B gene can be used to design a course of treatment for 
the individual. 

E. Indications 

V. METHODS OF TREATMENT 

0118 
0119) A number of pulmonary disease treatments are 
available for addressing airway inflammation and/or excess 
mucus secretion. These include agents that can be roughly 
categorized, e.g., as mucolytic agents, mucoregulatory 
agents, mucokinetic agents, and expectorants (see, e.g., Bal 
samo et al. (2010) Eur: Respir: Rev. 19:127-33), though there 
is some overlap in the categories. Such agents are useful for 
treating the pulmonary diseases described herein, e.g., as part 
of a course of treatment and monitoring, or after detection of 
elevated MUC5B RNA or protein, or detection of a genetic 
variant MUC5B gene. 
0120 Mucolytic drugs are those that decrease mucus vis 
cosity, either by depolymerizing mucin glycoproteins or 
depolymerizing DNA and F-actin polymer networks. The 
first mode of action can be particularly useful for addressing 
excess MUC5B. Exemplary mucolytics include N-acetylcys 
teine, N-acy Stelyn, erdoseine, dornase alfa, thymosin beta4, 
dextran, pulmozyme, heparin, and bronchiotol (inhaled man 
nose). 
0121 Mucoregulators are those agents that regulate 
mucus secretion, or interfere with the DNA/F-actin network. 

A. Pulmonary Disease Treatments 
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Examples of mucoregulators include, e.g., carbocysteine, 
anticholoinergic agents, glucocorticoids, and macrollide anti 
biotics. 

0.122 Mucokinetic agents increase mucus clearance by 
acting on the cilia lining the airway. Examplary mucokinetic 
agents include, e.g., bronchodilators, Surfactants, and 
ambroXol. 

I0123 Expectorants are agents that induce discharge of 
mucus from the airway or respiratory tract. Some examples 
include hypertonic saline, guaifenesin, dornase/pulmozyme, 
and bronchiotol (inhaled mannose). 
0.124. The pulmonary disease treatment, Such as the agents 
described above, can be used alone, sequentially, or in com 
bination according to the methods described herein. In some 
embodiments, a pulmonary disease treatment is used in com 
bination with a more targeted inhibitor of MUC5B expres 
S1O. 

(0.125 B. MUC5B Antagonists 
0.126 The results disclosed herein indicate that elevated 
expression of the MUC5B gene is associated with pulmonary 
disease. The invention thus includes methods and composi 
tions for inhibiting the expression, secretion, and/or activity 
of MUC5B. Exemplary inhibitors include siRNA and anti 
sense, pRNA (promoter-associated RNA, see, e.g., Schmitz 
et al. (2010) Genes Dev. 24:2264-69), MUC5B-specific anti 
bodies and fragments thereof, and MUC5B-specific aptam 
ers. In some embodiments, MUC5B activity can be inhibited 
or MUC5B clearance can be increased, e.g., using mucolytic 
agents, glycosylation inhibitors, or inhibitors of protein 
secretion. The terms “inhibitor and “antagonist' and like 
terms are used synonymously herein. 
I0127 Thus, a nucleotide sequence that specifically inter 
feres with expression of the MUC5B gene at the transcrip 
tional or translational level can be used to treat or prevent 
pulmonary disease. This approach may utilize, for example, 
siRNA and/or antisense oligonucleotides to block transcrip 
tion or translation of a specific mRNA (e.g., a genetic variant 
RNA), either by inducing degradation of the mRNA with a 
siRNA or by masking the mRNA with an antisense nucleic 
acid. In some embodiments, the siRNA or antisense construct 
does not significantly block expression of other mucin genes. 
I0128. Double stranded siRNA that corresponds to the 
MUC5B gene can be used to silence the transcription and/or 
translation by inducing degradation of MUC5B mRNA tran 
Scripts, and thus treat or prevent pulmonary disease (e.g., 
pulmonary disease associated with genetic variant MUC5B). 
The siRNA is typically about 5 to about 100 nucleotides in 
length, more typically about 10 to about 50 nucleotides in 
length, most typically about 15 to about 30 nucleotides in 
length. siRNA molecules and methods of generating them are 
described in, e.g., Bass, 2001, Nature, 411,428-429; Elbashir 
et al., 2001, Nature, 411, 494-498; WO 00/44895; WO 
01/36646; WO99/32619; WO00/01846; WO 01/29058: WO 
99/07409; and WO 00/44914. A DNA molecule that tran 
scribes dsRNA or siRNA (for instance, as a hairpin duplex) 
also provides RNAi. DNA molecules for transcribing dsRNA 
are disclosed in U.S. Pat. No. 6,573,099, and in U.S. Patent 
Application Publication Nos. 2002/0160393 and 2003/ 
0027783, and Tuschl and Borkhardt, Molecular Interven 
tions, 2:158 (2002). For example, dsRNA oligonucleotides 
that specifically hybridize to the MUC5B nucleic acid 
sequences described herein can be used in the methods of the 
present invention. A decrease in the severity of pulmonary 
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disease symptoms in comparison to symptoms detected in the 
absence of the interfering RNA can be used to monitor the 
efficacy of the siRNA 
0129. Antisense oligonucleotides that specifically hybrid 
ize to nucleic acid sequences encoding MUC5B polypeptides 
can also be used to silence transcription and/or translation, 
and thus treat or prevent pulmonary disease. For example, 
antisense oligonucleotides that specifically hybridize to a 
MUC5B polynucleotide sequence can be used. A decrease in 
the severity of pulmonary disease symptoms in comparisonto 
symptoms detected in the absence of the antisense nucleic 
acids can be used to monitor the efficacy of the antisense 
nucleic acids. 
0130 Antisense nucleic acids are DNA or RNA molecules 
that are complementary to at least a portion of a specific 
mRNA molecule (see, e.g., Weintraub, Scientific American, 
262:40 (1990)). Typically, synthetic antisense oligonucle 
otides are generally between 15 and 25 bases in length. Anti 
sense nucleic acids may comprise naturally occurring nucle 
otides or modified nucleotides such as, e.g., 
phosphorothioate, methylphosphonate, and -anomeric Sugar 
phosphate, backbone-modified nucleotides. 
0131. In the cell, the antisense nucleic acids hybridize to 
the corresponding mRNA, forming a double-stranded mol 
ecule. The antisense nucleic acids, interfere with the transla 
tion of the mRNA, since the cell will not translate a mRNA 
that is double-stranded. Antisense oligomers of about 15 
nucleotides are preferred, since they are easily synthesized 
and are less likely to cause problems than larger molecules 
when introduced into the target nucleotide mutant producing 
cell. The use of antisense methods to inhibit the in vitro 
translation of genes is well known in the art (Marcus-Sakura, 
Anal. Biochem., 172:289, (1988)). Less commonly, antisense 
molecules which bind directly to the DNA may be used. 
0132) siRNA and antisense can be delivered to the subject 
using any means known in the art, including by injection, 
inhalation, or oral ingestion. Another Suitable delivery system 
is a colloidal dispersion system such as, for example, macro 
molecule complexes, nanocapsules, microspheres, beads, 
and lipid-based systems including oil-in-water emulsions, 
micelles, mixed micelles, and liposomes. The preferred col 
loidal system of this invention is a liposome. Liposomes are 
artificial membrane vesicles which are useful as delivery 
vehicles in vitro and in vivo. Nucleic acids, including RNA 
and DNA within liposomes and be delivered to cells in a 
biologically active form (Fraley, et al., Trends Biochem. Sci., 
6:77, 1981). Liposomes can be targeted to specific cell types 
or tissues using any means known in the art. 
0133. The invention also provides antibodies that specifi 
cally bind to MUC5B protein. Such antibodies can be used to 
sequester secreted MUC5B, e.g., to prevent gel-forming 
activity and formation of excess mucus. 
0134. An antibody that specifically detects MUC5B, and 
not other mucin proteins, can be isolated using standard tech 
niques described herein. The protein sequences for MUC5B 
in a number of species, e.g., humans, non-human primates, 
rats, dogs, cats, horses, bovines, etc., are publically available. 
0135 Monoclonal antibodies are obtained by various 
techniques familiar to those skilled in the art. Briefly, spleen 
cells from an animal immunized with a desired antigen are 
immortalized, commonly by fusion with a myeloma cell (see, 
for example, Kohler & Milstein, Eur: J. Immunol. 6: 511-519 
(1976)). Alternative methods of immortalization include 
transformation with Epstein Barr Virus, oncogenes, or retro 
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viruses, or other methods well known in the art. Colonies 
arising from single immortalized cells are screened for pro 
duction of antibodies of the desired specificity and affinity for 
the antigen, and yield of the monoclonal antibodies produced 
by Such cells may be enhanced by various techniques, includ 
ing injection into the peritoneal cavity of a vertebrate host. 
Alternatively, one may isolate DNA sequences which encode 
a monoclonal antibody or a binding fragment thereof by 
screening a DNA library from human B cells according to the 
general protocol outlined by Huse et al., Science 246: 1275 
1281 (1989). 
0.136 Monoclonal antibodies are collected and titered 
against the MUC5B in an immunoassay, for example, a solid 
phase immunoassay with the immunogen immobilized on a 
solid support. Monoclonal antibodies will usually bind with a 
K of at least about 0.1 mM, more usually at least about 1 uM, 
and can often be designed to bind with a K of 1 nM or less. 
0.137 The immunoglobulins, including MUC5B-binding 
fragments and derivatives thereof, can be produced readily by 
a variety of recombinant DNA techniques, including by 
expression in transfected cells (e.g., immortalized eukaryotic 
cells, such as myeloma or hybridoma cells) or in mice, rats, 
rabbits, or other vertebrate capable of producing antibodies 
by well known methods. Suitable source cells for the DNA 
sequences and host cells for immunoglobulin expression and 
secretion can be obtained from a number of Sources, such as 
the American Type Culture Collection (Catalogue of Cell 
Lines and Hybridomas, Fifth edition (1985) Rockville, Md.). 
0.138. In some embodiments, the antibody is a humanized 
antibody, i.e., an antibody that retains the reactivity of a 
non-human antibody while being less immunogenic in 
humans. This can be achieved, for instance, by retaining the 
non-human CDR regions that are specific for MUC5B, and 
replacing the remaining parts of the antibody with their 
human counterparts. See, e.g., Morrison et al., PNAS USA, 
81:6851-6855 (1984); Morrison and Oi, Adv. Immunol., 
44:65-92 (1988); Verhoeyen et al., Science, 239:1534-1536 
(1988); Padlan, Molec. Immun., 28:489-498 (1991); Padlan, 
Molec. Immun., 31(3):169-217 (1994). Techniques for 
humanizing antibodies are well known in the art and are 
described in e.g., U.S. Pat. Nos. 4,816,567: 5,530,101; 5,859, 
205; 5,585,089; 5,693,761; 5,693,762; 5,777,085; 6,180.370; 
6,210,671; and 6,329,511; WO 87/02671; EP Patent Appli 
cation 0173494; Jones et al. (1986) Nature 321:522; and 
Verhoyen et al. (1988) Science 239:1534. Humanized anti 
bodies are further described in, e.g., Winter and Milstein 
(1991) Nature 349:293. For example, polynucleotides com 
prising a first sequence coding for humanized immunoglobu 
lin framework regions and a second sequence set coding for 
the desired immunoglobulin complementarity determining 
regions can be produced synthetically or by combining 
appropriate cDNA and genomic DNA segments. Human con 
stant region DNA sequences can be isolated in accordance 
with well known procedures from a variety of human cells. 
(0.139. The activity of MUC5B protein can be inhibited, or 
the clearance of MUC5B can be increased, using mucolytic 
agents that breakup mucus and proteolyze mucins. Mucolytic 
agents are described herein. Additional inhibitors of MUC5B 
protein include glycosylation inhibitors and inhibitors of pro 
tein secretion from epithelial cells. An exemplary glycosyla 
tion inhibitor includes benzyl-O N-acetyl-D-galactosamine 
(specific for O-glycans) and. Additional inhibitors of protein 
glycosylation are disclosed, e.g., in Jacob (1995) Curr. Opin. 
Structural Biol. 5:605-11 and Patsos et al. 2005 Biochen Soc. 
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Trans. 33:721-23. Secretion inhibitors include Brefeldin A, 
colchicine, and Small molecules such as that disclosed in 
Stockwell (2006) Nat. Chem. Biol. 2:7-8. MUC5B activity 
can also be modulated by targeting the MARCKS protein 
(Adler et al. (2000) Chest 117: Supp 1 266S-267S). 
0140 C. Methods of Identifying MUC5B Antagonists 
0141. The invention further provides methods for identi 
fying additional antagonists of MUC5B expression, secre 
tion, and/or activity. Methods for screening for antagonists 
can involve measuring the ability of the potential antagonists 
to reduce an identifiable MUC5B activity or compete for 
binding with a known binding agent (e.g., MUC5B-specific 
antibody). For example, candidate agents can be screened for 
their ability to reduce MUC5B gel formation, reduce MUC5B 
secretion, reduce MUC5B glycosylation, etc. 
0142. The screening methods of the invention can be per 
formed as in vitro or cell-based assays. Cell based assays can 
be performed in any cells in which MUC5B is expressed, 
either endogenously or through recombinant methods. Cell 
based assays may involve whole cells or cell fractions con 
taining MUC5B to screen for agent binding or modulation of 
MUC5B activity by the agent. Suitable cell-based assays are 
described in, e.g., DePaola et al., Annals of Biomedical Engi 
neering 29: 1-9 (2001). 
0143 Agents that are initially identified as inhibiting 
MUC5B can be further tested to validate the apparent activity. 
Preferably such studies are conducted with suitable cell 
based or animal models of pulmonary disease. The basic 
format of such methods involves administering a lead com 
pound identified during an initial screen to an animal that 
serves as a model and then determining if in fact the pulmo 
nary disease is ameliorated. The animal models utilized in 
validation studies generally are mammals of any kind. Spe 
cific examples of suitable animals include, but are not limited 
to, primates (e.g., chimpanzees, monkeys, and the like) and 
rodents (e.g., mice, rats, guinea pigs, rabbits, and the like). 
0144. The agents tested as potential antagonists of 
MUC5B can be any small chemical compound, or a biologi 
cal entity, such as a polypeptide, Sugar, nucleic acid or lipid. 
Alternatively, modulators can be genetically altered versions 
of MUC5B, e.g., forms that are not glycosylated. Essentially 
any chemical compound can be used as a potential modulator 
or ligand in the assays of the invention, although most often 
compounds that can be dissolved in aqueous or organic (espe 
cially DMSO-based) solutions are used. The assays are 
designed to Screenlarge chemical libraries by automating the 
assay steps and providing compounds from any convenient 
Source to assays, which are typically run in parallel (e.g., in 
microtiter formats on microtiter plates in robotic assays). 
0145. In one embodiment, high throughput screening 
methods involve providing a combinatorial chemical or pep 
tide library containing a large number of potential therapeutic 
compounds (potential modulator or ligand compounds). Such 
“combinatorial chemical libraries' or “ligand libraries' are 
then screened in one or more assays, as described herein, to 
identify those library members (particular chemical species 
or Subclasses) that display a desired characteristic activity. 
The compounds thus identified can serve as conventional 
“lead compounds” or can themselves be used as potential or 
actual therapeutics. 
0146 A combinatorial chemical library is a collection of 
diverse chemical compounds generated by either chemical 
synthesis or biological synthesis, by combining a number of 
chemical “building blocks” Such as reagents. For example, a 
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linear combinatorial chemical library Such as a polypeptide 
library is formed by combining a set of chemical building 
blocks (amino acids) in every possible way for a given com 
pound length (i.e., the number of amino acids in a polypeptide 
compound). Millions of chemical compounds can be synthe 
sized through Such combinatorial mixing of chemical build 
ing blocks. 
0147 Preparation and screening of combinatorial chemi 
cal libraries is well known to those of skill in the art. Such 
combinatorial chemical libraries include, but are not limited 
to, peptide libraries (see, e.g., U.S. Pat. No. 5,010, 175, Furka, 
Int. J. Pept. Prot. Res. 37:487-493 (1991) and Houghton et al., 
Nature 354:84-88 (1991)). Other chemistries for generating 
chemical diversity libraries can also be used. Such chemis 
tries include, but are not limited to: peptoids (e.g., PCT Pub 
lication No. WO 91/19735), encoded peptides (e.g., PCT 
Publication WO93/20242), random bio-oligomers (e.g., PCT 
Publication No. WO92/00091), benzodiazepines (e.g., U.S. 
Pat. No. 5.288,514), diversomers such as hydantoins, benzo 
diazepines and dipeptides (Hobbs et al., Proc. Nat. Acad. Sci. 
USA 90:6909-6913 (1993)), vinylogous polypeptides (Hagi 
hara et al., J. Amer: Chem. Soc. 114:6568 (1992)), nonpeptidal 
peptidomimetics with glucose scaffolding (Hirschmann et 
al., J. Amer: Chem. Soc. 114:9217-9218 (1992)), analogous 
organic syntheses of small compound libraries (Chen et al., J. 
Amer: Chem. Soc. 116:2661 (1994)), oligocarbamates (Cho et 
al., Science 261: 1303 (1993)), and/or peptidyl phosphonates 
(Campbell et al., J. Org. Chem. 59:658 (1994)), nucleic acid 
libraries (see Ausubel, Berger and Sambrook, all Supra), pep 
tide nucleic acid libraries (see, e.g., U.S. Pat. No. 5,539,083), 
antibody libraries (see, e.g., Vaughn et al., Nature Biotech 
nology, 14(3):309-314 (1996) and PCT/US96/10287), carbo 
hydrate libraries (see, e.g., Liang et al., Science, 274: 1520 
1522 (1996) and U.S. Pat. No. 5,593.853), small organic 
molecule libraries (see, e.g., benzodiazepines, Baum C&EN, 
January 18, page 33 (1993); isoprenoids, U.S. Pat. No. 5,569, 
588; thiazolidinones and metathiazanones, U.S. Pat. No. 
5,549,974; pyrrolidines, U.S. Pat. Nos. 5,525,735 and 5,519, 
134; morpholino compounds, U.S. Pat. No. 5,506,337; ben 
Zodiazepines, and U.S. Pat. No. 5,288,514). 
0148 
014.9 The compositions disclosed herein can be adminis 
tered by any means known in the art. For example, composi 
tions may include administration to a subject intravenously, 
intradermally, intraarterially, intraperitoneally, intralesion 
ally, intracranially, intraarticularly, intraprostatically, intra 
pleurally, intratracheally, intranasally, intravitreally, intrav 
aginally, intrarectally, topically, intratumorally, 
intramuscularly, intrathecally, Subcutaneously, Subconjuncti 
val, intravesicularly, mucosally, intrapericardially, intraum 
bilically, intraocularly, orally, locally, by inhalation, by injec 
tion, by infusion, by continuous infusion, by localized 
perfusion, via a catheter, via a lavage, in a creme, or in a lipid 
composition. Administration can be local, e.g., to the pulmo 
nary mucosa, or systemic. 
0150 Solutions of the active compounds as free base or 
pharmacologically acceptable salt can be prepared in water 
Suitably mixed with a surfactant, Such as hydroxypropylcel 
lulose. Dispersions can also be prepared in glycerol, liquid 
polyethylene glycols, and mixtures thereof and in oils. Under 
ordinary conditions of storage and use, these preparations can 
contain a preservative to prevent the growth of microorgan 
1SS. 

D. Pharmaceutical Compositions 
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0151 Pharmaceutical compositions can be delivered via 
intranasal or inhalable solutions or sprays, aerosols or inhal 
ants. Nasal Solutions can be acqueous Solutions designed to be 
administered to the nasal passages in drops or sprayS. Nasal 
Solutions can be prepared so that they are similar in many 
respects to nasal Secretions. Thus, the aqueous nasal Solutions 
usually are isotonic and slightly buffered to maintain a pH of 
5.5 to 6.5. In addition, antimicrobial preservatives, similar to 
those used in ophthalmic preparations, and appropriate drug 
stabilizers, if required, may be included in the formulation. 
Various commercial nasal preparations are known and can 
include, for example, antibiotics and antihistamines. 
0152 Oral formulations can include excipients as, for 
example, pharmaceutical grades of mannitol, lactose, starch, 
magnesium Stearate, sodium saccharine, cellulose, magne 
sium carbonate and the like. These compositions take the 
form of solutions, Suspensions, tablets, pills, capsules, Sus 
tained release formulations or powders. In some embodi 
ments, oral pharmaceutical compositions will comprise an 
inert diluent or assimilable edible carrier, or they may be 
enclosed in hard or Soft shell gelatin capsule, or they may be 
compressed into tablets, or they may be incorporated directly 
with the food of the diet. For oral therapeutic administration, 
the active compounds may be incorporated with excipients 
and used in the form of ingestible tablets, buccal tablets, 
troches, capsules, elixirs, Suspensions, syrups, wafers, and 
the like. Such compositions and preparations should contain 
at least 0.1% of active compound. The percentage of the 
compositions and preparations may, of course, be varied and 
may conveniently be between about 2 to about 75% of the 
weight of the unit, or preferably between 25-60%. The 
amount of active compounds in Such compositions is such 
that a Suitable dosage can be obtained 
0153. For parenteral administration in an aqueous solu 

tion, for example, the solution should be suitably buffered and 
the liquid diluent first rendered isotonic with sufficient saline 
or glucose. Aqueous solutions, in particular, sterile aqueous 
media, are especially suitable for intravenous, intramuscular, 
Subcutaneous and intraperitoneal administration. For 
example, one dosage could be dissolved in 1 ml of isotonic 
NaCl solution and either added to 1000 ml of hypodermocly 
sis fluid or injected at the proposed site of infusion 
0154 Sterile injectable solutions can be prepared by 
incorporating the active compounds or constructs in the 
required amount in the appropriate solvent followed by fil 
tered sterilization. Generally, dispersions are prepared by 
incorporating the various sterilized active ingredients into a 
sterile vehicle which contains the basic dispersion medium. 
Vacuum-drying and freeze-drying techniques, which yield a 
powder of the active ingredient plus any additional desired 
ingredients, can be used to prepare sterile powders for recon 
stitution of sterile injectable solutions. The preparation of 
more, or highly, concentrated Solutions for direct injection is 
also contemplated. DMSO can be used as solvent for 
extremely rapid penetration, delivering high concentrations 
of the active agents to a small area. 
(O155 E. Treatment Regimes 
0156 The invention provides methods of treating, pre 
venting, and/or ameliorating a pulmonary disorder in a Sub 
ject in need thereof, optionally based on the diagnostic and 
predictive methods described herein. The course of treatment 
is best determined on an individual basis depending on the 
particular characteristics of the subject and the type of treat 
ment selected. The treatment, such as those disclosed herein, 
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can be administered to the Subject on a daily, twice daily, 
bi-weekly, monthly or any applicable basis that is therapeu 
tically effective. The treatment can be administered alone or 
in combination with any other treatment disclosed herein or 
known in the art. The additional treatment can be adminis 
tered simultaneously with the first treatment, at a different 
time, or on an entirely different therapeutic schedule (e.g., the 
first treatment can be daily, while the additional treatment is 
weekly). 
0157 Administration of a composition for ameliorating 
the pulmonary disease, e.g., by treating elevated expression 
of the MUC5B gene, can be a systemic or localized admin 
istration. For example, treating a Subject having a pulmonary 
disorder can include administering an inhalable or intranasal 
form of anti-MUC5B agent (MUC5B antagonist) on a daily 
basis or otherwise regular schedule. In some embodiments, 
the treatment is only on an as-needed basis, e.g., upon appear 
ance of pulmonary disease symptoms. 

VI. KITS 

0158. The invention provides kits for detection of pulmo 
nary disease markers in a Subject. The kit can be for personal 
use or provided to medical professionals. The kit can be a kit 
for diagnosing or prognosing a pulmonary disorder, or for 
monitoring the progression of disease or the efficacy of treat 
ment. 

0159. In some embodiments, the kit includes components 
for assessing MUC5B gene expression comprising, e.g., a 
nucleic acid capable of detecting MUC5B RNA or a MUC5B 
protein binding agent, optionally labeled. One of skill will 
appreciate that MUC5B gene expression can be determined 
by measuring MUC5B RNA or protein. The kit can further 
include assay containers (tubes), buffers, or enzymes neces 
sary for carrying out the detection assay. 
0160. In some embodiments, the kit includes components 
for determining whether the genome of the Subject carries a 
genetic variant MUC5B gene, e.g., a nucleic acid that specifi 
cally hybridizes to a genetic variant MUC5B gene sequence. 
Other components in a kit can include, DNA sequencing 
assay components, Taqman R genotyping assay components, 
Meta Analysis, one or more detection system(s), one or more 
control samples or a combination thereof. Kits can further 
include one or more agents where at least one of the agents is 
capable of associating with SNP rs35705950. 
0.161. In some embodiments, the kit includes components 
to examine more than one pulmonary disease marker. For 
example, the kit can include marker detection agents, such as 
marker specific primers or probes attached to an addressable 
array. Exemplary markers include SNPs in the MUC5B 
genes, or genetic variants in other genes, e.g., Surfactant 
Protein A2, Surfactant Protein B, Surfactant Protein C, 
TERC, TERT, IL-1RN, IL-1C, IL-1 B, TNF, Lymphotoxin C, 
TNF-RII, IL-10, IL-6, IL-12, IFNY, TGFB, CR1, ACE, IL-8, 
CXCR1 or CXCR2. In some embodiments, the expression 
level of the markers is detected instead of or in addition to the 
genetic sequence. In this case, useful pulmonary disease 
markers with aberrant expression include: Surfactant Protein 
A, Surfactant Protein D, KL-6/MUC1, CC16, CK-19, Ca 
19-9, SLX, MCP-1, MIP-1a, ITAC, glutathione, type III pro 
collagen peptide, SIL-2R, ACE, neopterin, beta-glucu 
ronidase, LDH, CCL-18, CCL-2, CXCL12, MMP7, and 
osteopontin. Additional pulmonary disease markers can 
include the other MUC genes, e.g., MUC2, MUC5AC, and 
MUC6. 
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0162 The kit will generally include at least one vial, test 
tube, flask, bottle, Syringe or other container means, into 
which the testing agent, can be suitably reacted or aliquoted. 
Kits can also include components for comparing results such 
as a suitable control sample, for example a positive and/or 
negative control. The kit can also include a collection device 
for collecting and/or holding the sample from the subject. The 
collection device can include a sterile swab or needle (for 
collecting blood), and/or a sterile tube (e.g., for holding the 
swab or a bodily fluid sample). 
0163 The following discussion of the invention is for the 
purposes of illustration and description, and is not intended to 
limit the invention to the form or forms disclosed herein. 
0164. Although the description of the invention has 
included description of one or more embodiments and certain 
variations and modifications, other variations and modifica 
tions are within the scope of the invention, e.g., as may be 
within the skill and knowledge of those in the art, after under 
standing the present disclosure. All publications, patents, 
patent applications, Genbank numbers, and websites cited 
herein are hereby incorporated by reference in their entireties 
for all purposes. 

VII. EXAMPLES 

Example 1 

Sequencing of Pulmonary, Gel-Forming Mucins and 
Disease Association 

(0165 Study Populations: 
(0166 Subjects with FIP or IPF were identified and phe 
notyped. The diagnosis of IIP was established according to 
conventional criteria. Eligible subjects were at least 38 years 
of age and had IIP symptoms for at least 3 months. A high 
resolution computerized tomography (HRCT) scan was 
required to show definite or probable IIP according to pre 
defined criteria, and a Surgical lung biopsy was obtained in 
46% of affected subjects. FIP families were defined by the 
presence of two or more cases of definite or probable IIP 
within three degrees, with at least one case of IIP established 
as definite/probable IPF. Exclusion criteria included signifi 
cant exposure to known fibrogenic agents or an alternative 
etiology for ILD. Control subjects for genetic analysis were 
acquired (FIG. 1). 
0167 Linkage Analysis: 
0168 A genome-wide linkage screen was completed in 82 
multiplex families using a DeCode linkage panel consisting 
of a total of 884 markers with an average inter-marker dis 
tance of 4.2 CM. Multipoint non-parametric linkage analysis 
was performed using Merlin, previously described. Kong and 
Cox LOD scores were calculated using the S. statistic 
under an exponential model; Support intervals were deter 
mined using the one-LOD-score-down method. 
0169 Fine-Mapping of Chromosome 11: 
0170 To interrogate the linked region on the p-terminus of 
chromosome 11 (8.4 Mb bounded by rs702966 and 
rs 1136966), fine mapping by genotyping 306 tagging SNPs 
in 145 unrelated cases of FIP, 152 cases of IPF, and 233 
Caucasian controls were performed. Tests of association 
comparing FIP cases and IPF cases to controls were calcu 
lated under an additive model for the minor allele. 
(0171 Resequencing of MUC2 and MUC5AC: 
0172 Primer pairs to generate overlapping amplicons for 
resequencing the proximal promoter and most exons of 
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MUC2 and MUC5AC were designed on sequences masked 
for repetitive elements, SNPs, and homology to other regions 
of the genome. 
0173 Genetic Screen of Lung-Expressed, Gel-Forming 
Mucins: 

0.174. A case-control association study was conducted in 
an independent population of FIP (N=83), sporadic IPF 
(N=492), and control (N-322) subjects (Table 2) using tag 
ging and other SNPs localized across the lung-expressed, 
gel-forming mucingenes on chromosome 11.175 SNPs were 
Successfully genotyped using the Sequenom iPlex assays, and 
haploview was used to test SNPs for allelic association with 
FIP and IPF. For those SNPs remaining significant after Bon 
ferroni correction, odds ratios were estimated under an addi 
tive model for the rare allele after adjustment for age and 
gender via logistic regression. Chi-squared goodness-of-fit 
tests were computed to evaluate the evidence for disease 
model explanations for genotypic departures from Hardy 
Weinberg Equilibrium (HWE) among cases. For the most 
highly-associated SNP linkage and association modeling in 
pedigrees were used to test 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. 
(0175 Strong evidence for linkage based on the 82 FIP 
families occurred on chromosome 11 where the maximum 
multipoint LOD score was 3.3 (p=0.00004, D11S1318: FIG. 
3). The 1-LOD support interval for this linked region was 
bounded by markers D11S4046 and D11S1760, spanning 3.4 
Mb. Since D1154046 was the most telomeric marker typed, 
the region of interest was inclusive of the p-terminus of chro 
mosome 11. Within the 8.4 Mb larger region, 306 tagging 
SNPs were selected for fine-mapping in a case-control asso 
ciation analysis (145 FIP cases, 152 IPF cases, and 233 con 
trols. Allelic association testing revealed 7 SNPs within the 
mucin 2 (MUC2) gene significantly associated with either 
FIP or IPF.MUC2 is contained in a genomic region harboring 
4 gel-forming mucin genes (telomere to centromere: MUC6, 
MUC2, MUC5AC, and MUC5B). While there are reported 
recombination hotspots located between MUC6 and MUC2, 
and within the proximal portion of MUC5B, markers within 
MUC2 and MUC5AC exhibit strong linkage disequilibrium 
(LD) 17. Thus, MUC2 and MUC5AC were selected for rese 
quencing using the oligonucleotide primers. Resequencing 
analysis identified 330 genetic variants in MUC2 and 195 
genetic variants in MUC5AC. Allelic association testing 
between these genetic variants and disease status yielded 7 
independent SNPs in both MUC2 and MUC5AC signifi 
cantly associated with either FIP or IPF disease status. 
0176 We designed a genetic screen for common genetic 
variation across the genomic region containing the 3 gel 
forming mucin genes expressed in the lung (MUC2, 
MUC5AC, and MUC5B) in an independent population of 
subjects with IIP (FIP=83 and IPF=492)and controls (n=322) 
(FIG. 1, Table 2). 19 independent SNPs were observed to be 
significantly associated by allelic test with either or both FIP 
or IPF after Bonferroni correction for multiple comparisons 
(Table 1). Of these 19 SNPs, 6 occurred in MUC2, one in the 
MUC2-MUC5AC intergenic region, 4 in MUC5AC, 3 in the 
MUC5AC-MUC5B intergenic region, and 5 in the putative 
MUC5B promoter, within 4 kb of the MUC5B transcription 
start site 18, 19 (Table 1). 
0177. Of significance, a SNP in the putative promoter of 
MUC5B, 3 kb upstream of the transcription start site 
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(rs35705950) was found to have the most substantial effect on 
both FIP and IPF. The minor allele of this SNP was present at 
a frequency of 33.8% in FIP cases, 37.5% in IPF cases, and 
9.1% among controls (allelic association; FIPP=1.2x10-15, 
IPF P-2.5x10-37). Notably, the genotype frequencies for 
rs35705950 were consistent with HWE in controls, but not 
among IPF cases (P=6.0x10-11) and nearly so among FIP 
cases (P=0.11). By comparing the genotype frequencies 
observed in cases and controls to those expected if 
rs35705950 is a true risk locus, the data demonstrates that 
these genotype frequencies are consistent with an additive 
genotypic effect on disease risk conferred by rs35705950 
(P=0.88 and P=0.77, respectively for FIP and IPF to reject 
additive effect). In addition, the disease allele frequency and 
penetrance estimates Suggest a similar disease model for both 
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FIP and IPF. The odds ratio for disease for subjects heterozy 
gous and homozygous for the rarer allele of this SNP were 6.8 
(95% CI 3.9-12.0) and 20.8 (95% CI 3.8-113.7) for FIP, and 
9.0 (95% CI 6.2-13.1) and 21.8 (95% CI 5.1-93.5) for IPF 
(Table 1). To ensure this SNP was not tagging another SNP in 
the MUC5B promoter region, the 4 kb region was rese 
quenced upstream of the MUC5B transcription start site in 48 
IPF cases and 48 controls (Table 3). It was observed that 34 
genetic variants but none had a pairwise r2 LD value with 
rs35705950 above 0.2 (Table 4). Finally, among the original 
linkage families, rs35705950 was found to be both linked to 
(P=0.04) and in linkage disequilibrium with (P=1.5x10-9) the 
disease locus. While there is some evidence for other linked 
variants in the region (P=0.054), these results verify the rel 
evance of this SNP to disease in these families. 

TABLE 1 

Genotypic association results assuming an additive model from the genetic screen of 
lung-expressed, gel-forming mucins in Subjects with IIP (FIP = 83 and IPF = 492) and controls 

(n = 322). 

Nucleotide 

Amino Minor Allele Frequency Genotypic Association Test by Disease Group 

Acid Mucin Hg 19 FIP IPF Controls Odds Ratio Odds Ratio 

SNP Change Region Position (n = 83) (n = 492) (n = 322) (95% CI) P Value (95% CI) PValue 

rS10902081 CT MUC2 Intf O79809 37.2 38.6 47.9 0.6 (0.4–0.9) O.O11 0.7 (0.5-0.8) 4.3 x 10 
rs71271178 TC MUC2 Int, O79879 49.3 60 474 1.0 (0.7-1.5) O.826 1.6 (1.3–2.0) 6.9 x 10 
rs41453346 CIT MUC2 Ex1O 108O894 5 6.5 2.2 1.9 (0.8-4.3) O.124 2.8 (1.6-5.2) O.OO1 

Tyra,26Tyr 
rs4148.0348 GFA MUC2 Ex1S 10826OS 8.4 6.5 12.1 0.7 (0.4-1.2) O.188 0.5 (0.4–0.8) O.OO1 

Thr618Thr 

Sf934606 CT MUC2 Int31 1093945 49.4 S4 40.5 1.4 (1.0-2.0) 0.055 1.7 (1.4-2.2) 3.8 x 10 
rS10902089* AG MUC2 Int31 1094357 57.9 58.8 48.5 1.5 (1.0-2.1) O.O31 1.5 (1.2-1.9) 2.9 x 10 
rs9667239 CT MUC2-SAC 11431 O1 22.5 21 12.5 2.2 (1.4-3.6) O.OO1 1.9 (1.4-2.7) 5.6 x 10 

intergenic 
SSS846509 GA MUCSAC 154294 3.1 5.5 1.6 1.7 (0.6–5.1) O.316 3.6 (1.7-7.3) O.OO1 

Arg47Gln Ex2 
rS284.03537 CT MUCSAC 161315 8.9 13 3.4 2.7 (1.3–5.3) O.OO6 4.6 (2.8-7.6) 3.2 x 10 

Ala497Val Ex12 

MUCSAC- CT MUCSAC 826476*.* 20.1 21 13.8 1.6 (1.0-2.5) O.OS3 1.6 (1.2-2.2) O.OO3 
O25447: int26 

rs35288961 GT MUCSAC 22O462 28.8 26.6 15.9 2.2 (1.4-3.5) 3.2 x 10' 2.0 (1.5-2.6) 3.7 x 106 
inta-6 

rs35671223 CT MUCSAC- 227O69 42.6 42.4 33.4 1.4 (1.0-2.0) O.OS 1.5 (1.2-1.9) O.OO1 
5B 

intergenic 
rS28654232 CT MUCSAC- 229227 21.6 22.8 32.9 0.6 (0.4–0.9) O.OO9 0.6 (0.5-0.8) 1.1 x 10' 

5B 

intergenic 
rs34595903* CT MUCSAC- 23O393 21.5 23.3 34.8 0.5 (0.3-0.7) O.OO1 0.5 (0.4–0.7) 2.4 x 10 

5B 

intergenic 
rS2672794 CT MUCSB Prm 1241OOS 27.2 27.5 40.4 0.5 (0.3-0.8) O.OO1 0.5 (0.4–0.7) 1.9 x 107 
rs35705950 GT MUCSB Prm 1241.221 33.8 37.5 9.1 6.2 (3.7-10.4) 3.7 x 102 8.3 (5.8-119) 4.6 x 10 
rs35619543* GT MUCSB Prm 12422SO 40.3 39 23.8 2.4 (1.6–3.6) 3.3 x 10 2.1 (1.6-2.8) 1.5 x 10 
rS12804004 GT MUCSB Prm 1242.299 39.2 39.4 48.9 0.6 (0.4–0.9) O.O19 0.6 (0.5-0.8) 1.2 x 10' 
S868903* T/C MUCSB Prm 1242690 65.4 61 49.5 1.8 (1.3–2.6) O.OO1 1.6 (1.3–2.1) 2.8 x 10 

For these SNPs, DNA was available for 304 controls, 

**Nucleotide position based on NW 001838016.1. 
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TABLE 2 

Demographic characteristics of subjects in the re-sequencing and mucin genetic screen 
analyses. 

Re-Sequencing 
Subiects 

Genetic Screen of Lung-expressed 
Gel-forming Mucins Subjects 

FIP IPF Control FIP IPF Control 

Number of subjects 69 96 S4 83 492 322* 
Male gender 41 61 18 44 352 (71.5%) 147 

(60%) (64%) (34%) (53.0%) (45.7%) 
Caucasian 68 89 53 83 492 (100%) 322 

(99%) (93%) (98%) (100%) (100%) 
Age at diagnosis 6610 658 688 66.3 11.2 67.28.1 603 - 12.6 
Ever Smoked 44 71 25 46 342 (69.9%) 245 

(64%) (74%) (47%) (56.8%) (76.6%) 

325 control subjects were included in allelic association analyses but only 322 in genotypic regression analyses as 
demographic variables needed for regression were missing for 3 subjects. Additionally, in some genotyping 
multiplexes for the lung-expressed gel forming mucins, 18 of the 322 controls were not screened due to lack of DNA 
availability 

TABLE 3 
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Oligos used in resequencinc of the MUC5B promoter 

UCSB 
Promoter 
Amplicon 

UCSB 
Prim-1 

UCSB 

Seq Pr. 

Forward Primer 5' > 3 

GGTTCTCCTTGTCTTGCAGCCCCT 

(SEQ ID NO: 1) 

Reverse Primer 5 is 3' 

ATGGGCTCTTGGTCTGCTCAGAG 

(SEQ ID NO: 2) 

GGGCCTGGCTCTGAGTACACATCCTAAGGAAAGGGACACAGCCGGTTCC 

(SEQ ID NO : 3) 

GGGTCCCCATTCATGGCAGGATT 

(SEO ID NO; 5) 

(SEQ ID NO : 4) 

TTTCTCCATGGCAGAGCTGGGACC 

(SEQ ID NO : 6) 

CTAGTGGGAGGGACGAGGGCAAAGTCTCGTGGCTGTGACTGCACCCAG 

(SEO ID NO: 7) 

TTGGCTAAGGTGGGAGACCT 

(SEO ID NO: 9) 

CATGAGGGGTGACAGGTGGCAAA. 

(SEQ ID NO: 11 

GGTCAGAAGCTTTGAAGATGGGC 

(SEQ ID NO: 13) 

CTGCCAGGGTTAATGAGGAG 

(SEQ ID NO: 14) 

AGGCAGGCTGGCTGACCACTGTTT 

(SEO ID NO: 17) 

TTGGCTAAGGTGGGAGACCT 

(SEQ ID NO: 19) 

(SEQ ID NO: 8 

AGCTTGGGAATGTGAGAACG 

(SEQ ID NO: 10) 

CCCGCGTTTGTCTTTC, TCAAGTT 

(SEQ ID NO: 12) 

CTTGTCCAATGCCAGCCCTGATC 

(SEQ ID NO: 14) 

GGATCAGGAAGGATTTGCAG 

(SEQ ID NO: 16) 

CGTGAAGACAGCATCGAGAGGGG 

(SEQ ID NO: 18) 

TABLE 4 

Amplicon 
Size 
(bp) 

616 

644 

610 

7 OO 

676 

6. Of 

663 

5 O1. 

Hg19 Coordinates 

Chr11: 
24 O612 

Chr11: 
241,199 

Chr11: 
24 1557 

Chr11: 
24, 1995 

Chr11: 
24.249 O 

Chr 
243 O67 

Chr11: 
243591 

Chr11: 
244153 

Chr11: 
24 4466 

Chr11: 
241810 

239,997 

24 O556 - 

24 O957 

241.386 - 

24 1791 

242392 - 

242985 - 

243491 

243966 - 

24 1791 

SNPs identified in resequencind of the MUC5B promoter 

Hg19 Base SEQ 
Position SNP Name 

(224 o338 rs2672792 T/C 2O 

(224 0485 rs72636989 G/A 21 

(224 os25 Muc5B-Prm1. C/T 22 

(2)hang ID NO: Flanking Sequence 

GTCACCTGCCCAGGTCCCCGAGGCCIT/CGGAACACCTTCCTGCTGGGCCCACC 

CCACCCCAGGAGTTGGGGGGCCCCCGTG/ACCAGGGAGCAGGAGGCTGCCGAGG 

GTGGCCCTGATCACTGGTGCCTGGAC/TIGGCCTCTGAAGGGGTCTGTGGGGTC 
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(0178 Next, the relationship between the rs35705950 SNP 
and the 18 other SNPs significantly associated with IIP were 
analyzed. Testing pairwise LD between these SNPs by the r2 
statistic, 10 of the 18 SNPs were found to exhibit low level LD 
(r2=0.15-0.27) with rs35705950 among IPF cases, suggest 
ing the significance of these SNPs is due to LD with 
rs35705950 (FIG. 3). Using genotypic logistic regression 
models to adjust for rs35705950 effects, we observed that the 
coefficients and corresponding P values were substantially 
reduced for all 18 SNPs which were previously associated 
with FIP and/or IPF (Table 5). After controlling for 
rs35705950, only one SNP retained nominal significance for 
IPF (rs41480348, P=0.04). It was demonstrated that the sig 
nificance of the rs35705950 SNP was largely unaffected by 
adjustment for any of the 18 SNPs tested (P value for all SNP 
models was less than 1.7x10-9 for FIP and 1.1x10-24 for IPF: 
Table 5). These results demonstrate a strong independent 
effect of the rs3570590 SNP on both FIP and IPF. 
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highly conserved region across vertebrate species, and is in 
the middle of sequence predicted to be involved in MUC5B 
gene regulation. A bioinformatic analysis of the effect of the 
rs35705950 SNP predicts a disruption of an E2F binding site 
and creation of at least two new binding sites (e.g. HOX9 and 
PAX-2). 
0180 Based on these analyses, the effect of rs35705950 
was examined on MUC5B gene expression. In lung tissue 
from 33 subjects with IPF and 47 unaffected subjects, quan 
titative RT-PCR revealed that MUC5B gene expression was 
upregulated 14.1-fold among IPF Subjects compared to unaf 
fected subjects (P=0.0001, FIG. 4A). A 37.4-fold increase in 
MUC5B expression was observed among unaffected subjects 
carrying at least one copy of the variant allele compared to 
homozygous wildtype subjects (P=0.0003, FIG. 4B). In con 
trast, no significant difference in MUC5B gene expression 
was observed among the IPF subjects with at least one variant 
allele of rs35705950 (FIG. 4C). Smoking, a potential con 

TABLE 5 

Genotypic logistic regression models for the 19 significant SNPs in the screen of lung-expressed 
gel-forming mucins alone, and after adjusting for rs35705950, in patients with IPF or FIP. 

IPF Single SNP Model IPF rs35705950 FIPSingle SNP Model FIP rs35705950 

Odds Ratio Odds Ratio Odds Ratio Odds Ratio 
Model # SNP (95% CI) P Value (95% C.I) PValue (95% C.I) PValue (95% C.I) PValue 

1 rS10902081 0.7 (0.5-0.8) 4.3 x 10' 0.9 (0.7-1.2) O.429 0.6 (0.4–0.9) 0.011 0.8 (0.5–1.2) O.25 
rs35705950 X X 8.3 (5.7-11.9) 15 x 1028 X X 5.9 (3.5-10.1) 6.6 x 10' 

2 rs7127117 1.6 (1.3–2.0) 6.9 x 10 1.1 (0.8-1.4) OSO9 .0 (0.7-1.5) 0.826 0.7 (0.4-1.1) O.O94 
rs35705950 X X 7.9 (5.4-11.6) 1.3 x 102 X X 6.3 (3.5-11.4) 7.3 x 10-10 

3 rS41453,346 2.8 (1.6-5.2) 0.001 1.1 (0.6-2.2) 0.72 9 (0.8-4.3) 0.124 1.2 (0.5-3.0) O.653 
rs35705950 X X 8.1 (5.6-11.8) 2.7 x 1028 X X 6.1 (3.6-10.3) 1.2 x 10 

4 rS4148O348 0.5 (0.4–0.8) 0.001 0.6 (0.4-1.0) O.04 0.7 (0.4–1.2) 0.188 0.9 (0.5-1.7) 0.75 
rs35705950 X X 7.9 (5.5-113) 2.1 x 1029 X X 6.1 (3.6-10.2) 1.0 x 10 

S rs7934606 1.7 (1.4-2.2) 3.8 x 10 1.0 (0.7-1.3) O.876 4 (1.0-2.0) 0.055 0.9 (0.6-1.3) O.473 
rs35705950 X X 8.7 (5.8-12.9) 1.4 x 102 X X 6.7 (3.8-11.9) 7.5 x 10 

6 rS10902089 1.5 (1.2-1.9) 2.9 x 10' 0.9 (0.7-1.2) O.69 .5 (1.0-2.1) 0.031 1.0 (0.7-1.6) O.813 
rs35705950 X X 8.3 (5.6-12.2) 1.3 x 1026 X X 6.1 (3.6-10.5) 6.2 x 10 

7 rs9667239 1.9 (1.4-2.7) 5.6 x 100.8 (0.5-1.2) O.3 2.2 (1.4-3.6) 0.001 1.1 (0.6-2.0) O668 
rs35705950 X X 8.9 (6.0-13.3) 8.2 x 1027 X X 5.8 (3.3-10.2) 6.0 x 109 

8 SSS846509 3.6 (1.7-7.3) 0.001 1.0 (0.5-2.3) O.96 .7 (0.6–5.1) O.32 0.8 (0.3–2.5) O.7O6 
rs35705950 X X 8.3 (5.7-12.1) 2.7 x 1028 X X 6.4 (3.8-10.7) 4.8 x 102 

9 rs284.03537 4.6 (2.8-7.6) 3.2 x 10 1.5 (0.8-2.6) O.2 2.7 (1.3–5.3) 0.006 0.8 (0.3-1.8) O.S3 
rs35705950 X X 7.6 (5.2-11.2) 1.1 x 102 X X 6.7 (3.8-11.8) 4.7 x 10 

O MUCSAC-O2S447 1.6 (1.2-2.2) 0.003 1.1 (0.8-1.6) O49 .6 (1.0-2.5) 0.053 1.4 (0.8-2.4) O.19 
RS35705950 X X 7.7 (5.3-11.2) 3.1 x 1027 X X 6.0 (3.5-10.3) 4.7 x 10 

1 rs35288961 2.0 (1.5-2.6) 3.7 x 10 1.1 (0.8-1.5) O.S8 2.2 (1.4-3.5) 3.2 x 10' 1.3 (0.7-2.1) O384 
rs35705950 X X 7.9 (5.4-11.5) 6.6 x 1027 X X 5.7 (3.3-10.0) 1.3 x 10' 

2 rs35671223 1.5 (1.2-1.9) 0.001 0.9 (0.7-1.2) O46 4 (1.0-2.0) O.OS 0.9 (0.6-1.4) O6 
rs35705950 X X 8.5 (5.8-12.4) 11 x 10-28 X X 6.3 (3.6-10.9) 5.4 x 10 

3 rs28654232 0.6 (0.5-0.8) 1.1 x 10' 0.9 (0.7-1.1) O.29 6.6 (0.4–0.9) 0.009 0.7 (0.5-1.1) O.167 
rs35705950 X X 8.0 (5.5-11.5) 5.7 x 10-29 X X 5.7 (3.4-9.6) 5.8 x 10 

4 rs34595903 0.5 (0.4–0.7) 2.4 x 100.8 (0.6-1.1) O-116 0.5 (0.3-0.7) 0.001 0.6 (0.4-1.0) O.O41 
rs35705950 X X 7.4 (5.1-10.8) 7.0 x 10-26 X X 5.1 (3.0-8.6) 1.7 x 109 

S rs2672794 0.5 (0.4-0.7) 1.9 x 10' 0.9 (0.7-1.2) O442 0.5 (0.3-0.8) 0.001 0.7 (0.4-1.1) O.152 
rs35705950 X X 8.0 (5.5-11.6) 2.5 x 1027 X X 5.5 (3.2-9.3) 3.2 x 100 

6 rs35619543 2.1 (1.6-2.8) 1.5 x 10 1.3 (0.9-1.7) O.145 2.4 (1.6–3.6) 3.3 x 10-5 1.3 (0.8-2.1) O.296 
rs35705950 X X 7.6 (5.2-11.2) 7.0 x 10-25 X X 6.1 (3.4-10.9) 6.8 x 100 

7 rS12804004 0.6 (0.5-0.8) 1.2 x 10' 0.8 (0.6-1.0) O.O7 0.6 (0.4–0.9) 0.019 0.7 (0.5-1.1) O.159 
rs35705950 X X 7.9 (5.5-113) 6.4 x 1029 X X 5.9 (3.5-10.0) 3.6 x 10 

8 rS868903 1.6 (1.3–2.1) 2.8 x 10 1.0 (0.8-1.4) 0.753 1.8 (1.3–2.6) 0.001 1.4 (0.9-2.0) O.145 
rs35705950 X X 7.8 (5.3-11.5) 8.6 x 102 X X 5.6 (3.2-9.6) 4.4 x 109 

Example 2 founder of MUC5B expression, appeared to have little effect 

Single Nucleotide Polymorphism rs35705950 
Results in Increased Expression of MUC5B Gene 

0179 The wildtype Gallele of the rs35705950 SNP is 
conserved across primate species. The SNP is directly 5' to a 

on the association between the rs35705950 variant allele and 
MUC5B expression among either unaffected or IPF affected 
subjects (FIGS. 4B and 4C). 
0181 MUC5B immunohistochemical staining in lung tis 
Sue showed cytoplasmic staining in Secretory columnar cells 
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of the bronchi and larger proximal bronchioles (>200 um) in 
IPF cases and controls (FIG. 5A). In subjects with IPF, 
regions of dense accumulation of MUC5B were observed in 
areas of microscopic honeycombing and involved patchy 
staining of the metaplastic epithelia lining the honeycomb 
cysts (FIG. 5B), as well as the mucous plugs within the cysts 
(FIG.5C). No obvious differences were observed in MUC5B 
staining characteristics in IPF cases with the MUC5B pro 
moter polymorphism. 
0182 IPF subjects have significantly more MUC5B lung 
gene expression than controls, and MUC5B protein is 
expressed in pathologic lesions of IPF. The present results 
show that the risk of developing FIP or IPF is substantially 
correlated with the re35705950 promoter polymorphism, 
which causes increased MUC5B expression. In aggregate, 
the data show that MUC5B expression in the lung plays a role 
in the pathogenesis of pulmonary disease. 
0183 Based on the relationship between the SNP and 
excess production of MUC5B, too much MUC5B can impair 
mucosal host defense to excessive lung injury from inhaled 
substances, and, over time, lead to the development of IIP. In 
addition to the MUC5B promoter SNP, common exposures 
and basic biological processes can influence either the 
expression or clearance of MUC5B. For instance, MUC5B 
expression can be enhanced in the lung by cigarette Smoke, 
acrolein, oxidative stress, IL-6, IL-8, IL-13, IL-17, 17 B-es 
tradiol, extracellular nucleotides, or epigenetic changes that 
alter DNA methylation or chromatin structure. Moreover, 
clearance of lung mucus is dependent on effective ciliary 
motion, adequate hydration of the periciliary liquid layer, and 
an intact cough. Regardless of the cause, the present results 
indicate that excess MUC5B can compromise mucosal host 
defense, reducing lung clearance of inhaled particles, dis 
Solved chemicals, and microorganisms. Given the importance 
of environmental exposures, such as asbestos, silica, and 
other pollutants in the development of other forms of inter 
Stitial lung disease, it is logical to speculate that common 
inhaled particles, such as those associated with cigarette 
Smoke or air pollution, might lead to or contribute to exag 
gerated interstitial injury in individuals who have defects in 
mucosal host defense. 
0184. In addition, excess MUC5B in the respiratory bron 
chioles can interfere with alveolar repair. Alveolar injury can 
lead to collapse of bronchoalveolar units and this focal lung 
injury is repaired through re-epithelialization of the alveolus 
by type II alveolar epithelial cells. Thus, MUC5B can impede 
alveolar repair by either interfering with the interaction 
between the type II alveolar epithelial cells and the underly 
ing matrix, or by interfering with the Surface tension proper 
ties of surfactant. Either failure to re-epithelialize the basal 
lamina of the alveolus or Suboptimal Surfactant biology could 
enhance ongoing collapse and fibrosis of adjacent broncho 
alveolar units, and eventually result in IIP. 
0185. Lesions of IPF are spatially heterogeneous, suggest 
ing that IPF is multifocal, originating in individual broncho 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 53 

<21 Os SEQ ID NO 1 
&211s LENGTH: 24 

&212s. TYPE: DNA 

20 
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alveolar units. Since SNP rs35705950 occurs in the promoter 
region of MUC5B and is predicted to disrupt transcription 
factor binding sites, ectopic production of MUC5B in cells or 
locations that cause injury to the bronchoalveolar unit can be 
a causative agent. Unscreened genetic variants (especially in 
the inaccessible repetitive mucin regions) may be in linkage 
disequilibrium with the MUC5B promoter SNP and affect the 
function of other lung mucins. 
0186 The present observations provide a novel clinical 
approach to pulmonary disorders such as IIP. Invoking 
secreted airway mucins in the pathogenesis of pulmonary 
fibrosis suggests that the airspace plays a role in the patho 
genesis of IIP. While the SNP (rs35705950) in the MUC5B 
promoter can be used to identify individuals at risk for devel 
oping IIP, the observation that mucin biology is be important 
in the etiology of IIP reorients the focus of pathogenic and 
therapeutic studies in interstitial lung disease to lung mucins 
and the airspace. Moreover, the genetic causes of IP (e.g., 
MUC5B, surfactant protein C, surfactant protein A2, and the 
two telomerase genes TERC and TERT) provide insight into 
the unique clinical manifestations of this complex disease 
process, and consequently, lead to earlier detection, more 
predictable prognosis, and personalized therapeutic strate 
g1eS. 

Example 3 

Genetic Variant MUC5B Associated with Attenuated 
Form of Pulmonary Disease 

0187. The data described herein demonstrate that the 
genetic variant MUC5B rs35705950 is associated with devel 
opment of pulmonary disease. We next examined whether 
rs35705950 genetic variant is associated with disease severity 
and prognosis. We found that homozygous wildtype Subjects 
(GG), i.e., those having normal MUC5B gene sequence, dis 
played a steeper decline in forced vital capacity (FVC) over 
time as compared to subjects with at least one Tallele (P=0. 
0006). Essentially, while FVC declines for both groups, the 
decline is more gradual in those carrying the G->T polymor 
phism. For GG subjects, the FVC absolute value fell from 
about 3.4 liters to about 3.1 liters over years 1-3 of the study. 
For GT and TT subjects, the FVC absolute value still fell, but 
started at over 3.5 liters and fell to about 3.4 liters over years 
1-3 of the study. 
0188 Additionally, we observed an association between 
death with subjects having at least one Tallele having a lower 
mortality (OR(95% CI)=0.37(0.20-0.67); p=0.001) after 
adjusting for gender, history of Smoking and DLCO (diffu 
sion lung capacity for CO2). We also observed an association 
with time to death and the Tallele; Hazard ratio (95% CI)=0. 
50(0.30-0.83) p=0.0069 after adjustment for gender, history 
of smoking and DLCO. These results suggest that in addition 
to being a strong risk factor for pulmonary disease develop 
ment, the rs35705950 SNP can indicate a less severe progno 
sis for the pulmonary disease. 
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- Continued 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA forward primer 

<4 OOs, SEQUENCE: 1 

ggttct cott gtc.ttgcago ccct 24 

<210s, SEQ ID NO 2 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA reverse primer 

<4 OOs, SEQUENCE: 2 

atgggct Ctt ggtctgctica gag 23 

<210s, SEQ ID NO 3 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA forward primer 

<4 OOs, SEQUENCE: 3 

gggcctggct Ctgagtacac atc ct 25 

<210 SEQ ID NO 4 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA reverse primer 

<4 OOs, SEQUENCE: 4 

aaggaaaggg acacagc.cgg tt CC 24 

<210s, SEQ ID NO 5 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA forward primer 

<4 OOs, SEQUENCE: 5 

gggit coccat t catggcagg att 23 

<210s, SEQ ID NO 6 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA reverse primer 

<4 OOs, SEQUENCE: 6 

tittctic catg gcagagctgg gacc 24 

<210s, SEQ ID NO 7 
&211s LENGTH: 25 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA forward primer 
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- Continued 

<4 OO > SEQUENCE: 7 

Ctagtgggag gigacgagggc aaagt 25 

<210s, SEQ ID NO 8 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA reverse primer 

<4 OOs, SEQUENCE: 8 

Ctcgtggctg tactgcacc cag 23 

<210s, SEQ ID NO 9 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA forward primer 

<4 OOs, SEQUENCE: 9 

ttggctaagg tdgagacct 2O 

<210s, SEQ ID NO 10 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
& 22 O FEATURE; 
<223> OTHER INFORMATION: Synthetic polynucleotide DNA reverse primer 

<4 OOs, SEQUENCE: 10 

agcttgggaa ttgagaacg 2O 

<210s, SEQ ID NO 11 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA forward primer 

<4 OOs, SEQUENCE: 11 

Catgaggggt gaCaggtggc aaa. 23 

<210s, SEQ ID NO 12 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA reverse primer 

<4 OOs, SEQUENCE: 12 

cc.cgcgtttgttctittctgaa gtt 23 

<210s, SEQ ID NO 13 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA forward primer 

<4 OOs, SEQUENCE: 13 

ggtcagaa.gc tittgaagatg ggc 23 

Aug. 7, 2014 
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- Continued 

<210s, SEQ ID NO 14 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA reverse primer 

<4 OOs, SEQUENCE: 14 

cittgtc. caat gccago cctd atc 23 

<210s, SEQ ID NO 15 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA forward primer 

<4 OOs, SEQUENCE: 15 

CtgcCagggit taatgaggag 2O 

<210s, SEQ ID NO 16 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA reverse primer 

<4 OOs, SEQUENCE: 16 

ggat Caggaa ggatttgcag 2O 

<210s, SEQ ID NO 17 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA forward primer 

<4 OOs, SEQUENCE: 17 

aggcaggctg gctgaccact gttt 24 

<210s, SEQ ID NO 18 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA reverse primer 

<4 OOs, SEQUENCE: 18 

cgtgaagaca gcatcgagag ggg 23 

<210s, SEQ ID NO 19 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA forward primer 

<4 OOs, SEQUENCE: 19 

ttggctaagg tdgagacct 2O 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 51 
&212s. TYPE: DNA 

Aug. 7, 2014 
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- Continued 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 2O 

gtcacctgcc Caggtocc C9 aggccyggala Cacct tcctg. Ctgggcc cac C 51 

<210s, SEQ ID NO 21 
&211s LENGTH: 52 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 21 

ccacccCagg agttgggggg ccc.ccgtrc c agggagcagg aggctg.ccga gg 52 

<210s, SEQ ID NO 22 
&211s LENGTH: 51 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 22 

gtggCCCtga t Cactggtgc CtggayggCC totgaagggg. tctgtggggt C 51 

<210s, SEQ ID NO 23 
&211s LENGTH: 51 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 23 

aaccc.ccctic gggttctgtg togg toyaggc cqc coctittgtct coactgc c 51 

<210s, SEQ ID NO 24 
&211s LENGTH: 49 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 24 

tittct tcc tt tat cittctgt titt cagokcc ttcaactgtg aagaagtga 49 

<210s, SEQ ID NO 25 
&211s LENGTH: 50 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 25 

tgcc.ccggac C cagoccagt t cc cartggg C cct Ctgc.cc ggggaggtgc SO 

<210s, SEQ ID NO 26 
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- Continued 

&211s LENGTH: 55 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 26 

ggtgggcatc ggCttgttgag Ctggagcc.gy gigCagg gag giggggatgtc. acgag 55 

<210s, SEQ ID NO 27 
&211s LENGTH: 54 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 27 

ggctaaggtg ggagacCt99 gC9ggtgcrt C9gggggacg tctgcagcag aggc 54 

<210s, SEQ ID NO 28 
&211s LENGTH: 58 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

< 4 OO SEQUENCE: 28 

tgcgt.cgggg ggacgtctgc agcagaggcc ygggcagcag gCacacic cct cctgc.ca.g 58 

<210s, SEQ ID NO 29 
&211s LENGTH: 50 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 29 

ggggcctggg to agt caca gcc acragcc Caggggtggg gaCtctggcc SO 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 50 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 30 

CCCCtc.ccac cqtgcc.gtgc tigcagygggit ct accggcct ggatgtgaaa SO 

<210s, SEQ ID NO 31 
&211s LENGTH: 50 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 31 

ccgt.gc.cgtg Ctgcagcggg totacyggcc tigatgtgaa agaga.gcttg SO 
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<210s, SEQ ID NO 32 
&211s LENGTH: 50 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 32 

agtc.ccggaa gtgagcgggg agctaygctg agatctggga gaccc cctgc SO 

<210s, SEQ ID NO 33 
&211s LENGTH: 50 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 33 

gggagctacg Ctgagatctg ggagay.cccc tic cc cc acc Cagg tacagg SO 

<210s, SEQ ID NO 34 
&211s LENGTH: 50 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 34 

tacgctgaga t ctgggagac C cc ctkccCC Cacccaggta Cagggcc agg SO 

<210s, SEQ ID NO 35 
&211s LENGTH: 50 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 35 

gCagaa.gc.cc gaggtgtgcc ctgagktaaa gaalaccgt.ca caaagaacaa SO 

<210s, SEQ ID NO 36 
&211s LENGTH: 50 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 36 

tgtc.t.ccgcc ctic catct co agaacrttct cacattcc.ca agctgaaacc SO 

<210s, SEQ ID NO 37 
&211s LENGTH: 52 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OO > SEQUENCE: 37 
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cc caagctga aaccctgtcc ccatgmaa.ca cca.gcticacic atc.ccct ctd c c 

<210s, SEQ ID NO 38 
&211s LENGTH: 52 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

52 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 38 

ggcgc.ccacc gtc. cacactic citctytgcg ggttt catga CitcCaggggc ag 

<210s, SEQ ID NO 39 
&211s LENGTH: 51 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

52 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 39 

titt catgact c cagggg.cag cacacragtg gcc cct c ctd cctttgtcct c 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 51 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
& 22 O FEATURE; 

51 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 4 O 

CtcCaggggg agcacacgag tecCycticc tic ctttgtc. Ctctgtgtcc a 

<210s, SEQ ID NO 41 
&211s LENGTH: 51 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

51 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 41 

CCCC catgga gcagoctggg C cagocycto Cttitt cacgg ctgaaccgta t 

<210s, SEQ ID NO 42 
&211s LENGTH: 53 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

51 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 42 

accc.ccacca gcaggg caca gggct corgg tocccacgtc. tctgccaa.ca citt 

<210s, SEQ ID NO 43 
&211s LENGTH: 50 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

53 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 
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<4 OOs, SEQUENCE: 43 

Cttgat cocc gcc atcct at taggrtgag acaggtoaga agctttgaag SO 

<210s, SEQ ID NO 44 
&211s LENGTH: 50 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 44 

gtctgcgc.ca C9gagcattc aggacrctgg taccaggga gcc aggaggt SO 

<210s, SEQ ID NO 45 
&211s LENGTH: 54 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 45 

cgtcaaggag gtttaccaca tagcc.cccrg gaa.gc.ccacc cacaccagc C9ga 54 

<210s, SEQ ID NO 46 
&211s LENGTH: 56 
& 212 TYPE DNA 
<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 46 

tttaccacat agc.ccc Crgg aag.cccaccc racaccagoc ggaggtgct a ggctt C 56 

<210s, SEQ ID NO 47 
&211s LENGTH: 50 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 47 

Cccacccgac accagc.cgga ggtgcyaggc titctg.cggct cccacctggg SO 

<210s, SEQ ID NO 48 
&211s LENGTH: 51 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

<4 OOs, SEQUENCE: 48 

ggacccatgg toagtggctgggggtrctic ccagaggctg ggatt Coctt C 51 

<210s, SEQ ID NO 49 
&211s LENGTH: 51 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
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in resequencing of the MUC5B promoter 

SEQUENCE: 49 

gccatctagg acgggtgcca ggtggrgtag gcc cttct ct c cct tcc.gat t 51 

SEO ID NO 5 O 
LENGTH: 51 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

SEQUENCE: 5 O 

ggtggggtag gcc cttct Ct c cctt Scgat tict Cagaagc tigctgggggt g 51 

SEO ID NO 51 
LENGTH: 53 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

SEQUENCE: 51 

agcc cct c cc cagagcaaa cacacrtggc tiggagcgggg aagagcatgg tec 53 

SEO ID NO 52 
LENGTH: 51 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

SEQUENCE: 52 

Cacgtggctg gag.cggggala gagcayggtg CCCtg.cgtgg CCt99CCtgg C 51 

SEO ID NO 53 
LENGTH: SO 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic polynucleotide DNA of SNP identified 
in resequencing of the MUC5B promoter 

SEQUENCE: 53 

gcc.gcaggca ggtaagagcc ccc.caytc.cg CCC cct ct cq atgctgtctt SO 
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1-86. (canceled) 
87. An in vitro complex comprising a nucleic acid probe 

hybridized to a nucleic acid comprising a genetic variant 
MUC5B gene sequence with a Tallele at the rs35705950 
single nucleotide polymorphism (SNP), wherein said nucleic 
acid is extracted from a human Subject with a pulmonary 
fibrotic condition or is an amplification product of a nucleic 
acid extracted from a human Subject with a pulmonary 
fibrotic condition. 

88. The complex of claim 87, wherein the nucleic acid 
probe is a labeled nucleic acid probe. 

89. The complex of claim 88, wherein the labeled nucleic 
probe is fluorescently labeled. 

90. The complex of claim 87, wherein the nucleic acid 
probe has at least 10 nucleotides. 

91. The complex of claim 87, wherein the nucleic acid 
probe comprises at least 10 contiguous nucleotides of the 
sequence of SEQID NO:24. 

92. The complex of claim 87, comprising more than one 
nucleic acid probe hybridized to the nucleic acid. 

93. The complex of claim 92, wherein each nucleic acid 
probe comprises at least 10 contiguous nucleotides of the 
sequence of SEQID NO:24. 

94. The complex of claim 87, wherein the human subject 
has a family history of idiopathic pulmonary fibrosis (IPF) or 
familial interstitial pneumonia (FIP). 

95. The complex of claim 87, further comprising a ther 
mally stable polymerase. 


