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for the identification of poor prognosis of interstitial pneumonia (pul -
monary fibrosis) in an individual diagnosed with suspected of having
interstitial pneumonia.
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METHODS FOR PREDICTING RISK OF INTERSTITIAL PNEUMONIA

CROSS-REFERENCES TO RELATED APPLICATIONS
[B081] This application claims priority to US Provisional Application No. 61/764,986, filed
February 14, 2013,

{0092}

FIELD OF THE INVENTION
[B083] The present disclosure generally relates to biomarkers, methods and assay kits for
identifying and evaluating the prognosis of individuals with or suspected of having interstitial

lung disease.

BACKGROUND OF THE INVENTION
[8884] The idiopathic interstitial pneumonias (1TPg) represent a group of lung diseases
commonly characterized by pulmonary fibrosis or progressive scarring of the alveolar
interstitium which can icad to significant morbidity and mortality duc to hypoxemic respiratory
insufficicncy, While some forms of pulmonary fibrosis are associated with known
environmental exposures (¢.g. ashestos), drug toxicity, radiation exposures, or collagen vascular
diseases {e.g. scleroderma}, the HPs have no known cticlogy. The most common and severe HFP
is idiopathic pulmonary fibrosis (IPF) which has a median survival of 2-3 years after diagnosis.

There are no PF pharmacologic therapies approved for use in the United States, and lung

Date Regue/Date Received 2020-05-08
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transplantation is the only intervention o prolong life. Although all 11¥s have a variable clinical
course, they ofien progress to end-stage lung disease and death. While it appears that the risk of
HP is likely determined by multiple genetic variants and environmental toxins, the causes of 1P

are only beginning to emerge.

{3005] There 15 a need for identification of genetic variants, acting independently or in
combination, that are indicative of different histologic types of interstitial lung discases, as well
as methods of identifying these genetic variants in an individual, diagnosed with, or suspected of
being predisposed to the development of, interstitial lung discase. Provided herein are sohutions

to these and other problems in the art.

BRIEF SUMMARY OF THE INVENTION
{0086] Frovided herein are methods and materials for determining whether a subject {ic.
individoal) has or is at risk of developing an miterstitial hung discase such as wmierstitial
pneumonia {e.g., FIP, IPF, or 1IP). Alsoprovided are methods of delermining the prognosis of
an individual diagnosed with or suspected of having an interstitial lung disease {e.g. an
individual with a familial history of interstitial pneumenia). In some embodiments, the interstitial
lung disease is a fibrotic mteratitial pneumonia such as idiopathic pulmonary fibrosis or familial

interstitial pneumonia. To some embodiments, the individual 3 a human,

{8067]  Also provided herein are methods of detecting a genetic variant {e.g. a single nucleotide
polymorphism) in a buman subject with an intorstitial long discase. The mcthod includes
detecting a polymorphism described below in a biclogical sample of the human subject. In some
embodiments, the method includes obtaining and/or assaying the biclogical sample. Ag
described below, in some embodiments, the polymorphism is rs868903, rs7934606, 186421972,
s 7480563, 187942830, rs4077759, 132334659, 187122936, 132301160, rs3829223 or rs2857476.
In some embodiments, the genetic variant is selected from any one of the SNPs Hsted in Tables |

and 2.

JBGGE]  Also provided herein are methods of freating an interstitial lung discase in & lnyman
subiect in need of such treatment, e.g., in an subject diagnosed as having or likely having an
interstitial lung discase using the methods deseribed hergin, The method includes detecting a

genetic variant as described below in a biological sample of the human subject and administering

D3
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an effective amount of an interstitial lung disease treatmoent. In some embodiments, the method
includes obtaining and/or assaying the biological sample. As described below, in some
embodiments, the genetic variant is the polymorphism rs868903, 157934606, 186421972,
rs7480563, 137042850, rs4077759, 132334659, rs7122936, 152301 160, 133829223 and/or
152837476, In some embodiments, the genctic variant is selected from any one of the SNPs

listed in Tables T and 2.

{0069  One embodiment of the disclosure relates to a method that includes detecting one or
more genetic variants {e.g. a polymorphism in a marker gene or plurality of marker genes) ina
biclogical sample from an individual. The polymorphisms are selected from 2736100,
rs2076295, 133778337, 34727443, rs868303, 137934606, 16421972, rsT480563, 17942850,
134077759, 12334659, rs71220934, 152034630, rs1992272, rs 1981997, 517563986, rs&070723,
12610495, rs2109069, vs1379326, ts 1881984, rs 10936599, rs1997392, vs6793295, 12609255,
132853676, (s 10484326, 110748858, 152067832, rs 11191865, rs2301160, rs3829223,
12857476, 131278769, s 1007177, ts 10518693, rs393152, rs 12373139, w1 7600703, 2532274,

132532269, 132668692, rs169201, rs199533, and r3415430.

{8818]  In arclated erobodiment, the polymorphism is selected from the group consisting of
a2 736100, 2076295, 3778337, vad 727443 raB6KR903, raT7R34606, rs642 1972, vaT480563,
7942850, 154077759, vs2334659, 1s 7122936, rs2034650, v81992272, xs1981997, rs 175630986,
rs8O70723, 1312610495, and 12109069, In some embodiments, the detecting comprises
detecting atleast 1,2, 3,4,5,6,7, 8,9, 10, 11, 12, 13,14, 15, 16, 17, 18 or 19 of these

polymorphisms in any combination,

{8811]  Inrelated embodiments, the polymorphism is selected from the group consisting of
rs&6E903, rs7934606, 6421972, 157480563, rs 7942850, 14077759, 152334659, 17122936,
12301160, 153829223, and rs2857476. In some embodiments, the detecting coraprises detecting

atleast 1,23, 4,5,6,7 8,9, 10, or 11 of these polymorphisms in any combination,

{0612]  In related embodiments, the polymorphiam is selected from the group consisting
r32736100, rsRERI03, rs1 881984 and ra2R53676. In some embodiments, the detecting comprises

detecting at least 1, 2, 3, or 4 of these polymorphisms in any combination,

{0013]  In related embodiments, the polymorphism s ra86&903.

[#N]
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{0614} In a related emboediment, the polyvmorphism is selected from the group consisting of
1379326, 131881984, rs10936599, 131997392, 136793295, 132609255, 132853676, 10484326,
310748858, 132067832, rsl 1191865, 152301 160, rs3829223, 12857476, rs 1278769, rs 1007177,
10518693, 18393152, re12373139, 17690703, rs2532274, 182532269, rs2668692, rs 169201,
18199533, and rs413430. In some embodiments, the detecting comprises detecting at least 1, 2,
3,4,5,6,7,8,9,10, 11,12, 13, 14, 15,16, 17, 18, 19,20, 21, 22, 23, 24, 25, 26,27, 28, or 29 of

these polymorphisms in any combination.

{0815] In related embodiments, the method includes detecting one or more additional
polymorphisms in the biological sample from the individual wherein the polymorphism is

rs35705950.

{§316]  Inrclated embodiments, the individual may be homozygous for ong or more of the
polymorphisms recited above. In other related embodiments, the individual may be

heterozygous for one or more of the polymorphisms recited above

{0017] In cach of these crubodiments, the detection of at least one of the polymorphisms is
indicative of an individual that has a modified risk of developing interstitial hung disease {¢.g. the

individual has an elevated or reduced risk of developing interstitial lung disease}.

{0018] In some embodimenis, the individual 1s at elevated risk of developing sporadic
interstitial lung discase. In some embodiments, the individual 15 at elevated risk of developing
familial inferstitial long disease. In some embodiments, the individual is at elevated risk of
developing idiopathic pulmonary fibrosis (JPF). In other embodiments, the individual is at
reduced risk of developing sporadic TP, In some embodiments, the imdividual s at reduced risk
of developing famulial TP, In some embodiments, the individual s at reduced risk of developing

idiopathic pulmonary fibrosis (IPF).

[0819]  In these embodiments, the detection of at least one of the polymorphisms may be
indicative of the progression of the individual’s interstitial lung discase. In some embodiments,
¢ detection of at least one of the polymorphisms may be indicative of a lack of progression of
the interstitial hing discase, or a slow progression of the interstitial lung discasein the individual.
In some embodiments, the detection of at least one of the polymorphisms may be indicative of a

rapid progression of the interstitial lung diseasein the mdividual.
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{00268]  In cach of these embodiments, the presence of one or more of the polymorphisms may
be compared to a contrel, such as a standard set or reference group of polymaorphisms that have
been associated with the risk of developing an interstitial lung disease, a diagnosis of a specific
interstitial lung discase, a progression of interstitial lung discase, 3 clinical cutcome of interstitial
fung discasein an individual, or responsiveness 1o a treatment of interstitial lung disease, as

determined according to a statistical procedure for risk prediction.
2

{0021] In one embodiment of this method, the presence of the polymorphisms can be detected
by obtaining a genomic DNA sample from the individual and determining the presence or
absence of the polyvmorphisio at the specific locus. In some cmbodiments, the presence or
ahsence of the polymorphism s determined hy at least one method selected from multiplexed
{ocus-specitic PCR aroplification, multiplesed single-based extension (8BE} from locus-specific
amplicons, and multiplexed resolution of SBE products using matrix-assisted laser

desorption/ionization ime-of-flight (MALDI-TOF} mass spectrometry.

{0022] In avother embodirnent of this method, the presence of the marker is determined by
obtaining RNA from the biological sample (e.g. tissue sample); generating ¢DNA from the
ENA; optionally amphifying the ¢cDNA with probes or primers for genetic locations containing
the polymorphisms: determining the presence or absence of at least one of the polymorphisms in

the biological sample.

[8023] These methods may include comparing the presence of one or more of the
polymorphisms o the biological sample to a standard set of one or more polymorphisoy(s} that
has been correlated with the developroent of an inferstitial lung disease or the progression of the
disease in a diagnosed individual {e.g. one of stable UP disease or slow, severe or rapidly
progressing {IP), or a control or standard set of one or more polymorphism(s) that has been
correlated with not developing interstitial lung disease or not developing pathological symptoms
of the disease, such as lung scarring (fibrosis}). In this embodiment, the individual is identified as
at modified visk {e.g. at elevated or reduced risks to develop or progress (e.g. progress rapidly,
slowly or not progress) with the development of interstitial lung discase or pathological
manifestations of the interstitial lung diseasc discase (lung scarring (fibrosis)) if the presence of
the one or more poiymorphisms matches the standard set of one or more polymorphism{s} that

has been cotrelated with the risk of developing interstitial lung discasc or the scverity or oxient

(9821
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of progression of the interstitial lung discase diseage. Alternatively, the individual may be
predicted to have a reduced risk or not develop interstitial lung discase discase or not clinically
progress with pathological manifestations of the interstitial lung discase discase, if the presence
of the one or more polymorphisms does not match the standard set of one or more

polymorphisni{s).

{8024] Anembodiment of these methods of determining if an individual is at elevated or
reduced risk of developing interstitial Tung disease, or is at elevated or reduced risk of
progressing rapidly with the development of lung scarting (fibrosis), includes detecting the
presence of at least one polymorphisia selected from the polymorphism(s) listed above, such as
any one or more of the SNPs Histed in Tables 1 and 2, c.g., te35705350, rs868903, 152736100,
132853676, ts 1881984, vs2736 100, 82609255, v 10484326, rs2076295, rs 1 0TABESER, 182067832,
rs 11191865, rsl 278769, vs12610495, and rs2109069. The presence of at least one of the
polymorphisms 15 indicative of whether an mdividual will develop or progress {¢.g. progress

rapidly) with the development of lung scarring (fibrosis) and interstitial lung discase,

{3025] These embodiments may include performing a follow-up step with the individual, such
35 a clinical evahuation, a computed tomogram of the chest (CT scan of the chest) and review by

a radiologist.

{8026] Anvother embodiment of the present disclosure is an assay system for predicting the
need for treatment {e.g., palliative therapy or hlung transplant) in an individual diagnosed with
urtcrstitial long discase. The assay system ineludes a means to detect the presence of at least one
polymorphism selected from the group consisting of 1835705950, 1868903, 152736100,
1s2853676, v 1881984, re2736100, 12609255, rs 10484326, rs2076293, vs10748K58, 12067832,
r31 1191865, rei278769, rel12610495, and rs2109069. In one embodiment of the assay system,
the means to detect the polymorphisms ineludes a nucleic acid probe having at least 10 to 50
contiguous nucleic acids of the mucleic acid sequence comprising the polymorphism. The nucleic
acid probes are preferably disposed on an assay surface that may include a chip, array, or Huidity
card. The assay system can include a control selected from information containing a
predetermined polymorphism or set of polvmorphisms that has been correlated with the risk of
developing interstitial lung discase, or the progression of interstitial lung discase or increased or

decrcased iife expectancy in inferstitial hung discase patients,
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{0027]  In any onc of the embodiments of the present disclosure, the step of detecting can
include, but is not imited to, using a mucleotide probe that hybridizes to at least one genetic
location comprising the polymorphism. In one aspect, the probe may be a chimeric probe {c.g.,
that hybridizes to more than one of the polymorphism locations). In another aspect, the step of
detecting can include detecting the number of copies of the polymorphism in one or more cells in
the biological sample (.¢., determining whether the individual is heterozygous or homozygous in

the polymorphism}.

{0828} In one aspect of this embodiment, the step of comparing comprises comparing the
presence of one or more of the polymorphisms in the biological sample to a control set of the
polymorphisms from patients with rapidly progressing interstitial tang discase, or a control set of

the polymorphisms from patients with slow or no progression of fnterstitial lung disease.

{062%]  In any one of the embodiments of the disclosure, an individual may be sclected for their
risk of developing and oterstitial lung discase or for diagnosis or prognosis (¢.g. whether
predicted to not progress or 10 progress siowly or rapidly with pathological characteristics of
interstitial lung disease, such as hung scarring} through evaluation of a clivical covariate

including histological appearance and/or marker{s) in the individaal’s fung tissue.

{0038]  Also provided herein are methods of detecting a level of expression of one or more
marker genes {(e.g., biomarkers) in a human subject with an interstitial hung disecase. The method
includes detecting a level of one or more marker genes described below 1n a biological sample of
the homan subjeet. In some embodiments, the mcethod includes obtaning and/or assaying the
biological sample. As deseribed below, in some embodiments, the marker gene is TERT, MUC2,
TOLLIP, DRP, DISPZ, MAPT, DPPY, CSMD1, MYNN, LRRC34, FAMI3A, OBFCI, ATPLIA,
IVD, CRHRI, IMPS, LOCI0G128977, KIAA1267, NSF, WNT3, C170rf6%, or homologs or
variants thereof, In sorme embodiments, the marker gene is selected from TERT, MUC2,

TOLLIP, homologs, and variants thereof.

{0831]  Also provided herein are methods of treating an interstitial lung disease in a subject in
need of such treatiment. The method mncludes detecting a level of one or more marker genes
described below in a biological sample of the human subject and administering an effective
amount of an interstitial lung discasc treatment. In some embodiments, the method inclades

obtaining and/or assayving the biological sample. As described below, in some embodiments, the

-3
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marker genc is TERT, MUC2, TOLLIP, DSP, DISP2, MAPT, DPPY, CSMD1, MYNN,
LRRC34, FAMI3A, OBFCL, ATPHIA, VD, CRHRI, IMPS, LOCIO0128977, KIAAIZGT,
WSF, WNT3, C170rf69, or homologs or vartants thereof,

i0032] Onc embodiment of the disclosure relates to a method that inchudes detecting a level of
gene expression {2.g. expression of RNA or protein) of a marker gene or plurality of marker
genes in a biological sample from an individual. The marker gene(s) arc sclected from a marker
gene having at least 95% sequence identity with 4 sequence selected from: TERT {telomerase
reverse transcriptase; NC 0000059, AY4073459); TOLLIP (toll interacting protein;

WC 0000119, AY419805), MUC2 (raucin 2, oligomeric mucus/gel-forming; NC _000011.9;
D036653), DSP {desmoplaking NC_000006.1 1; DQO30635}, DISP2 (dispatched homolog 2;
MNC_800615.9), MAPT {(microtubule-associated protein taw; NC_000017.10; AY413628), DPPY
{dipeptidyl-peptidase 9; NC_0000419.9; DQ053109), CSMD1 {CUB and Sushi multiple domaing
b NC_000008.10; DQO37510), MYNN (myouneurin, NC_O00003.11; AY40716%), LRRC34
{loucine rich repeat contaiming 34; NC 0000311, FAMI3A (famuly with sequence similarity
13, member A; NC_00004.11), OBFCT {ohigonucleotide/oligosaccharide-binding fold
containing I; NC_000010.10), ATPH A (ATPase, class VI, type L1 A; NC 800813.10), IVD
(isovalervi-CoA dehydrogenase; NC_000015.9; AY418331), CRHRI {corticotropin releasing
hormone receptor 1; NC_000017.10; AY414327), IMPS (importin 5; NC_000013.10},
LOCHOO128977 (MAPT antisense RNA 1; NC_000017.10), KIAA1267 (KATE regulatory NSL
complex subunit 1; NC_000017.10; NG 032784}, NSF (N-ethylmaleimide-sensitive factor;
NC 000G17.10), WNT3 (wingless-type MMTYV integration site family, member 3;

NC 8000817.10; AY4138923, Cl7orf6% (CRHR1 intronic transcript | {non-protein coding;

NC 000017.10). In some embodiments, the marker gene has at least 95% sequence identity over
a span of at least 10, 15, 20, 25, 30, 50, 70, 80, 100, 200, or more contiguous nucleotides of the
sclected gene. In some embodiments, the marker gene is a homologs or variant of at least one of

the above that, while distinet from the selected marker gene, includes the same genctic variation.

{0833] In a related embodiment, the marker gene(s) are selected from a marker gene having at
least 95% scquence identity with a sequence selected from a plurality of marker genes
comprising MUCSHE and at least one marker gene having at least 95% sequence identity {e.g, at

{east 96, 97, 98, 99, or 100% 1dentity over a span of at feast 10, 15, 20, 25, 30, 50, 70, 80, 100,
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200, or more contiguous nucieotides) with a sequence selected from the group consisting of
TERT, DSPF, MUC2, DISF2, MAPT, DPPS, CSMD1, MYNN, LRRC34, FAMI3A, OBFCH,
TOLLIP, ATP1IA, VD, CRHRI, BVIPS, LOCIO0128977, KIAA 1267, NSF, WNT3, C170rf69,
Again, the marker gene can he a homolog or variant of the selected marker genc that includes the

same genctic variant,

{0034] In arclated embodiment, the marker gene(s) are selected from a marker gene having at
least 95% scguence identity {e.g., at least 96, 97, 98, 99, or 100% identity) over a span of at lcast
19, 15, 20, 25, 30, 50, 70, 88, 100, 200, or more contiguous nucleoctides with a sequence selected
from a plurality of marker gencs comprising the gene set of TERT, DSP, MUC2, DISP2, MAPT,
DPPY, or homologs or variants thereof. In a related embodiment, the marker gene(s) are selected
from a marker gene having at Jeast 95% sequence identity with a sequence selected from a
plurality of marker genes comprising the gene set of TERT, MUC2, TOLLIP, or homologs or

variants thereof.

{0833] In arelated erubodiment, the marker gene(s) are selected from a marker gene having at
{east 959 sequence identity {e.z., at least 96, 97, 98, 99, or 100% identity) with a sequence
selected from a phurality of marker genes comprising the gene set of TERT, DSP, MUC2,
DISP2, MAPT, DPPG, CSMDE, MYNN, LRRC34, FAMIZA, OBFCL, TOLLIP, ATPIIA TVD,
CRHERI, IMPS, LOCIO0128977, KIAA[267, NSF, WNT3, C170rf68, or homologs or varianis
thereof. In related embodiments, the methods may further include detecting a level of gene
expression (e.g. exprossion of RNA or protein) of one or more additional marker genes in the
biological sample from the individual. The additional marker gene(s) are selected from a marker
gene having at least 95% sequence identity {e.g., at least 86, 97, 98, 99, or 100% tdentity) with a
sequence selected from MUCSB and TERC, SFTPC and SFTRPAZ. In related embodiments, the
additional marker gene is MUCUSB.

{0036] In a related embodiment, the detection of the level of expression of the marker gene(s)
may be conducted by detection of polypeptides encoded by the roarker genes and/or fragments of
polypeptides of the marker genes, and/or a polynucleotide (e.g. mRNA) which is fully

complementary to at least a portion of the marker genes.

I8037]  In some embodiments, the detection of an elevated gene expression of the markers is

mdicative of an individual that has an elgvated risk of developing interstitial lung discase. In
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some embodiments, the individual is at risk of developing sporadic HP. In some embodiments,
the individual is at rigk of developing familial 1P, In some enmibodiments, the individual is at rigk

of developing idiopathic pulmonary fibrosis (IFF).

{0038] Insome embodiments, the genes detected in these methods share 100% sequence

identity with the corresponding marker genes.

{083%]  In cach of these embodiments, the lovels of at least one of the plurality of markers may
be determined and compared to a standard level or reference range of gene expression that may

be determined according to a statistical procedure for risk prediction.

{0G48]  In onc cmbodiment of this method, the presence of the polypeptides may be detected
using a reagent that specifically binds to the polypeptide, or a fragment thercof, Inone
cmbodiment, the reagent is sciccted from the group consisting of an antibody, an antihody

derivative, and an antibody fragment.

{0841] In another embodiment of this method, the presence of the marker is determined by
obtaining RINA from a subject’s tissue sample; gencrating ¢cDNA from the RNA; amplifying the
cDINA with probes or primers for marker genes; obtaining from the amplified ¢DINA the

gxpression levels of the genes or gene expression products in the sample,

{#042] These methods may jnclude comparing the expression level of the marker gene or
plurality of marker gencs, in the biclogical sample to a control level of the marker gene(s)
including: a control level of the marker gene that has been correlated with diagnosis with or
development of, or progression of, interstitia] lung discase. In these cmbodiments, the individual
is predicted to develop or progress with the pathological manifestations of interstitial lung
disease {such as tung scarring {fibrosis)}, if the expression level of the marker gene in the
individual's biclogical sample is statistically similar to, or greater than, the control level of
expression of the marker gene that has been correlated with the incidence of interstitial lung
disease or with developing interstitial lung disease, or progressive interstitial lung disease.
Alternatively, the individual 1s predicted to not develop or may be predicted to not progress or o
progress slowly with the development of interstitial lung discase if the level of the marker gene

in the individual's biological sample is statistically less than the control level of the marker gene
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that has been correlated with the incidence of interstitial lung disease or with developing

interstitial lung disease, or progressive interstitial lung discase,

{0043) Additionally, or as an alternative, these embodiments may include comparing the
expression level of the marker gene or plurality of marker genes, in the biclogical samplcto a
fevel of the marker gene(s) in a sccond individual that has developed or has a progressive
interstitial lung diseasce. In this embodiment, the individual is predicted to develop or have a
progressive interstitial long disease i the expression level of the marker gene in the individual's
biological sample is statistically similar to, or greater than, the level of expression of the marke
gene(s) in the sceond individual, Alternatively, the individual is predicted to not develop or not
have a progressive interstitial lung disease, if the level of the marker gene in the individual's
biological sample 15 ess than the level of expression of the marker gene(s) 1o the second

individual.

{§044] Ancmbodiment of these methods of determining it an individual will develop or will
progress rapidly with the development of lung scarring (fibrosis) and interstitial lung disease
includes detecting a level of gene expression of a gene having at least 95% sequence identity
with cach of MUCSB, DSP and DPP9, or homologs or variants thereof, 1o a biological sample
from an individual. In some embodiments, the genes detected preferably share 100% sequence
identity with the corresponding marker genes. The methed roay also be conducted by detecting a
fevel of polypeptides encoded by the genes, and/or fragments of polypeptides, and/or a
polynucleotide which is fully complementary to the genes. In this embodiment, an elevated level
of expression of the plurality of markers is indicative of whether an individual that will develop

or progress rapidly with the development of tung scarving (fibrosis}) and interstitial lung disease.

{08457  Another ernbodiment of the disclosure is a method of monitoring the progression of
interstitial lung disease in a subject by weasuring the expression level of one or more (e.g. a
phirality of} the marker genes set forth above in a first biclogical sample obtained from the
subject and comparing the expression level to a control. In related embodiments, a method is
provided of monitoring the progression of interstitial lung discase in a subject by measuring the
expression level of a plurality of marker genes in a first biological sample obtained from the
subiect, measuring the level of the plurality of markers in a second biological sample obtained

from the subjeet, and comparing the level of the marker measured in the first samplc with the
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level of the marker measured in the second sample. In this embodiment, the plurality of marker
gene{s) are selected from a marker gene having at least 95% sequence identity with a sequence
selocted from a marker gene as set forth above. Alternatively, in this embodiment, the plurality
of marker gene(s) are selected from a marker gene having at least 95% sequence identity with a
sequence selected from MUCSB, DSP and DPPY or homologs or variants thercofl Preferably,

the second biological sample is obtained from the subjoct at a time later than the first biclogical
sarople is obtained. Alternatively, the first biological sample and the second biological sample

are obiained from the subject more than once, over a range of times.

{0046] In arclated embodiment, the detection of the level of expression of the marker gene(s)
may be conducted by detection of polypeptides encoded by the marker genes, and/or fragments
of polypepiides of the marker genes, and/or a polynucieotide which s fully complermeniary o at
least a portion of the marker genes. In some embodiments, the genes detected in these methods

share 100% sequence wdentity with the corresponding marker genes.

{0047] These embodiments may include performing a follow-up siep, such as computed

tomogram of the chest (CT scan of the chest) and review by a radiclogist,

{0048] Avother embodiment of the disclosure is a method of assessing the efficacy of a
treatment for nterstitial lung disease in a subject by coraparing the level of expression of a gene
marker measured in a first sample obtaived from the subject with a control value associated with
developing or progression of interstitial long disease. Another embodiment of the disclosure is a
method of assessing the cfficacy of a treatment for mterstitial lung discase in a subjeet by
comparing the level of expression of a gene marker measured in a first sarople obtained from the
subject with the expression level of the gene marker n 2 second sample obtained from the
subiect at a later time, and performing a follow-up step such as computed tomogram of the chest
{CT scan of the chest} or review of a lung sample by a radiologist. In this embodiment, a
decrease in the level of the marker in the second sample relative to the first sample is an
indication that the treatment is efficacious for treating interstitial lung disease in the subject. In
some embodiments, the fivst sample is collected before a freatment has been administered to the
subiect, and the second sample is obtained after the treatment has been admimistered to the
subiect. In another embodiment, the samples are obtained and the comparing is repeated over a

range of tumes. In this embodiment, the plurality of marker gene(s) arc selected from a marker
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gene having at least 5% sequence identity with a sequence sclected from & marker gene
described above, Alternatively, in this embodiment, the plurality of marker gene(s) are selected
from a marker gene having at least 95% sequence identity with a sequence selected from

MUCSB, DSP and DPPS or homologs or varianis thereof,

{0049] In arclated embodiment, the detection of the level of expression of the marker gene(s)
may be conducted by detection of polypeptides encoded by the marker genes, and/or fragments
of polypeptides of the marker genes, and/or a polynucleotide which is fully complementary to at
{east a portion of the marker genes. In some embodiments, the genes detected in these methods

share 100% sequence identity with the corresponding marker genes.

{8058] Another embodiment of the present disclosure 1s an assay system for predicting the
need for fang transplant in an wndividaal diagnosed with interstitial fong discase. The assay
system includes a means to detect the expression of a marker gene or phurality of marker genes
having at least 93% sequence identity with a sequences selected from MUCSRE, DSP and DPPY,
or homologs or variants thereof. To some embodiments, the genes detected in these methods

share 100% sequence 1dentity with the corresponding marker gene.

{0051] In one erbodiment of the assay system, the means o detect includes a nucleic acid
probe having at least 10 to 50 (e.g., 10, 15, 20, 25, 30, 10-50, 206-40, 10-100, 56-100, eic.}
contiguous vucleie acids of the marker gene(s), or complementary nucleic acid sequences
thereof, In another embodiment of the assay system, the means to detect includes binding
ligands that speeifically detect polypeptides encoded by the marker genes. These binding Hgands
moay nclude artibodies, antigen-binding antibody derivatives or antigen-binding antihody
fragments. The nucleie acid probes and/or binding Hygands can be disposed on an assay surface
such as a bead, microfluidic surface, chip, array, or fluidity card.

[0852] The assay system can include a control selected from information containing a
predetermined control level of the marker gene that has been correlated with progression or life
expectancy in interstitial lung disease patients.

{0053]  In anv one of the embodiments of the present disclosure, the step of detecting can
mclude, but is not limited to, using a micleotide probe that hybridizes to at least one of the

magker gene(s). In one aspect, the probe may be a chameric probe {e.g., that hybndizes to more
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than one of the biomarker genes). In another aspect, the step of detecting can include detecting
the number of copies of the biomarker genes per cell in one or more cells in the biological
sample, and/or detecting marker gene amplification per eell in one or more cells in the biological
sample. In cmbodiments, the step of detecting gene expression is performed by TagMan® Gene
Signaturc Array, as described in ULS. Patent Nos. 6,514,750 and 6,942,837 and 7,211,443 and
7.235,406.

{6054] In one aspect of this embodiment, the step of comparing compriscs comparing the
biomarker level in the biological samplc to a control level of the biomarker 1n one or more
control samples from patients with rapidly progressing interstitial lung disease. In onc aspect,
the control level of the biomarker is the level that has been correlated with slow or no

progression of interstitial lung disease.

{8055]  In any one of the embodiments of the disclosure, the selection of an individual
predicted to develop or have a progressive interstitial long disease may include evaluation of a
clinteal covariate including histological appearance and/or marker(s) in the individual’s lung

tissye,

{60636] Further provided are methods for determining whether 2 human subject has or is at risk
of developing miterstitial hing disease comprising: detecting in a biological sample frora the

subject, at least one of!

a} presence of a genetic variant selected from the group consisting of: 132736100, 12076295,
13778337, 184727443, rsR68903, 187934606, rs6421972, r87480563, rs 7942830, rsd77759,
182334659, 7122936, rs2034650, rs1992272, vs 1981997, v 17563986, rs8O70723, vs12610495,
rs2109069, 151379326, 11881984, ve10936599, 11997392, 186793293, 152609255, rs2853676,
151 0484326, rs 10748858, 12067832, rs1 1191863, ra2301 160, re3829223, rs2857476,
11278769, 151007177, 1810518693, 1s393152, 1512373139, rs17690703, rs2532274, 152532269,
152668692, re1 69201, v 199533, and rsdi5430;

b) level of gene expression of a marker gene or plurality of marker genes selected from the group
consisting of a marker gene having at least 85% sequence identity with a sequence selected from

the group consisting of TERT, DSP, MUC2, DISP2, MAPT, DPPS, CSMD1, MYNN, LRRC34,
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FAMI3A, OBFCI, TOLLIP, ATPLIA, IVD, CRHRY, IMP3, LOCI00128977, KIAAT267, NSF,

WNT3, C170r69, or homologs or variants thereof;

¢} poiypeptides encoded by the marker genes of b);

d} fragments of polypeptides of ¢); and

¢} a polymaclestide which is fully complementary to at least 2 portion of a marker gene of b}

wherein the presence of the at least one genetic variant, polypeptide, fragment, and/or
complementary polynuelestide, and/or increased or reduced gene expression of the marker gene
indicates that the subject has or is at risk of developing interstitial lung discase. In some
embodiments, the proscnce of a genetic variant is determined by PCR. In some embodiments,
the presence of the genetic variant is determined by detection of a Firster resonance energy
transfor (FRET). In some embodiments, the presence of the gonetic variant is determined by
detecting the presence or expression level of a polypeptide, ¢.g., using an antibody, an antigen-
binding antibody derivative, and an antigen-binding antibody fragment specific for the
polypeptide. In some embodiments, the interstitial lung discase is a fibrotic lung discase,
idiopathic puimonary fibrosis (IPF), familial interstitial pnoumonia (FIF), or idiopathic

interstitial pneumonia (11P).

{#057]  Also provided arc methods for monttoring the progression of interstitial lung discase in
a human subject, comprising 1} measuring expression levels of a plurality of gene markers ina
first biological sample obtained from the subject, wherein the plurality of markers comprise a

plurality of markers seleciad from the group consisting of

a} a marker gene having at least 95% sequence identity with a sequence sclected from the group
consisting of TERT, DSP, MUC?2, DISP2, MAPT, DPPS, CSMDE, MYNN, LRRC34, FAMI3ZA,
OBFCL, TOLLIP, ATPIA, VD, CRHRI, IMPS, LOCI00128977, KIAA1267, NSF, WNT3,

C170rt69, or homologs or variants thereof;
b polypeptides encoded by the marker genes of a);
¢} fragments of polypeptides of b); and

d} a polynucleotide which is fully complementary to at least a portion of a marker gene of a);

15
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ity measuring cxpression levels of the plurality of markers in a second biological sample obtained

from the subject; and

it} comparing the expression level of the marker measured in the first sampie with the level of
the marker measured in the second sample. In some embodiments, the method further comprises
measuring the cxpression level of the plurality of markers in at least one additional biological
sample obtained from the subject at least one additional time, and comparing the cxpression level
of the markers measured in the first and second samples with the level of the marker measured in
the at least one additional sample. In some embodiments, the method further comprises
recomumending treatment for interstitial lung discase when the expression level of the marker in
the second sample 18 higher than that of the first sample. Tn some embodiments, the interstitial
fung disease is fibrotic ung disease, idiopathic pulmonary fibrosis (IPF), familial interstitial

pnecomomnia (FIP), or idiopathic interstiial pneumonia.

{0058]  Also provided are methods of asscssing the efficacy of treatment for inferstitial long

disease in a hurnan subject, the method comprising:

determining the expression level of a marker measured in a first sample obtained
from the subject at a time t, wherein the marker 8 selected from the group consisting of

a} a marker gene having at leagt 95% sequence wdentity with 4 seguence sclected
from the group consisting of TERT, DSP, MUC2, DISP2, MAPT, DPP2, CSMDI, MYNN,
LRRC34, FAMI3A, OBFCI, TOLLIP, ATPLIA, TVD, CRHERI, IMP3, LOCIO0128977,
KIAAIZET, WNSF, WNT3, C170rf69, or homologs or variants thereof;

b} polypeptides encoded by the marker genes of a);

¢} fragments of polypeptides of b); and

d) a polynucleotide which is fully complementary to at least a portion of a marker
gene of'a);

it} determining the expression level of the marker in a sccond sample obtained
from the subject at a later time 1y; and

i1} performing a follow-up step selected from performing a CT scan of the chest
and performing a pathological examination of fung tissues from the subject;
wherein a decrease in the expression level of the marker in the second sample relative to the first

sample is an indication that the freatment is cfficacious for treating interstitial lung discase in the
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subiect. In some embodiments, the time t, is before the treatment hag been administered to the
subject, and the time ty is after the treatment has been administered to the subject. In some
embodiments, the time 1 is after the treatment has been administered to the subject, and the time
t; is later than time tg after the treatment has been administered to the subject. Insome
embodiments, the treatment is administered multiple times. In some embodiments, the

comparing is repeated for hiclogical sarmples obtained from the subiect over a range of times,
H &

Farther provided are assay systems for predicting response to therapy {or interstitial lung discase

in a human subject comprising a means {o detect at lcast one of:

a) presence of a genetic vartant selected from the group consisting of 12736100,
rs2O76295, 133778337, vsd 727443, 1s868803, 17934606, rs6421972, rs7480563, rs794285(,
r3d077759, 152334659, rs7122936, 152034650, vs1992272, 1< 1981997, 1517563986, rs&070723
12610495, rs2 109069, 181379326, rs1881984, rs 10936599, rs 1997392, rs67G3265, 12609255,
32853676, 1510484326, 110748858, rs2067832, rs1 1191865, re2301160, rs3829273,

2857476, 13127876%, rsi007177, 110518693, rs393152, 1812373139, rs1 7690703, 152532274,
182532269, 12668692, rs169201, r8199533 2 415430; and

by lovel of gene expression of a marker gene or plurality of marker genes selected
from the group consisting oft a marker gene having at least 95% sequence identity with a
sequence selected from the group consisting of TERT, DSP, MUC2, DISP2Z, MAPT, DPP3,

CSMDT, MYNN, LRRO34, FAMIZA, OBFCT, TOLLIP, ATPHA, IVD, CRHRI, IMP3,
LOCL00128977, KIAAT267, NSF, WNT3, Cl170rf69, or homologs or variants thereof,

¢} polypeptides encoded by the marker genes of b);

dj fragments of polypeptides of ¢); and
g} a polynuciectide which is fully complementary to at least a portion of a marker gene of b}, In
some embodiments, the means to detect comprises nucleic acid probes comprising at least 10 to
58 contiguous nucieic acids of the marker polymorphisms or gene{s), or complementary nucleic
acid sequences thercof. In some embodiments, the means to detect comprises nucleic acid
primers or probes that hybridize to a sequence adjacent to or comprising the genetic variant(s) of
{a). In some embodiments, at least one of the primers or probes is labeled with a Firster
resonance cnergy transfer (FRET) acceptor, and at least one of the primers or probes is labeled

with a FRET donator. In some embodiments, the means to detect comprises binding Hgands that
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specifically detect polypeptides encoded by the marker genes {e.g., an antibody, antigen-binding
antibody derivative or antigen-binding antibody fragment). In some embodiments, the means to
detect comprises at least one of nucleic acid probe and/or binding ligands disposed on an assay
surface {¢.g., chip, array, bead, microfluidic surface, or fluidity card). In some embodiments, the
probes comprise complementary nucleic acid sequences to at least 10 to 30 contiguous nucleic

acids of the marker genes.

{6058]  Further provided are kits for predicting, diagnosing, or prognosing interstitial hung
discase. In some embodiments, the kit comprises at least one nucleie acid probe or primer for
detecting a genetic variant in a gene selected from the group counsisting of: TERT, D8P, MUC2,
DISP2, MAPT, DPPY, CSMDI, MYNN, LRRC34, FAMI3A, OBFCY, TOLLIP, MUCSR,
ATPHA, IVD, CRHRI, IMPS, LOCI0QI 28977, KIAAT267, NSF, Cl7ort6%, and WNT3. In
some embodiments, the kit includes reagents for amphifving the selected genetic variant(s), e.g.,
primers that amphity a nocleic acid 1o the selecied gene, polymerase {e.g., a thermostable
polymerase such as Tag or other DNA or RNA polymerase), butfers, eie. In some cmbodiments,
the at feast one probe or primer is complomentary to a variant nucleotide (e.g., the recessive
SNP) of the genetic variant, In some embodiments, the at least one probe or primer is
complementary to (hybridizes to) the selected genetic variant polynucleotide sequence or an
amplification produet thereof. In some embodiments, at least one probe or primer is labeled. In
some ermbodiments, the label is a fluorescent label, or a FRET acceptor or donor.  In some
embodiments, the kit comprises at least one probe or primer Iabeled with a Forster resonance
energy transfer (FRETY acceptor, and at least one probe or primer labeled with a FRET donor. In
some embodiments, the kit includes at least one probe or primer each for detecting a genetic
variant in atleast 2, 3,4, 5,6,7, 8,9, 10, 11,12, 13, 14, 15,16, 17, 18, 19, 20, 21, or 22 of the
above genes in any combination. In some embodiments, the at least one nucleic actd probe or
primer is included on an array, bead, microfluidic surface, or chip. In some embodiments, the kit
inciudes at least one control sample, e.g., comprising a nucleic acid with the dominant allele of
the at least one selected genetic variant, or comprising a nucleic acid with the polymorphic allele

of the at least one selected genetic variant,

{1868] Further provided are kits for predicting, diagnosing, or prognosing interstitial fung

o

disease comprising at least one nucleic acid probe or primer for detecting a genetic variant

18
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selected from the group consisting oft rs2736100, 152076295, 13778337, 184727443, rs868903,
87934606, 156421972, 157480563, 137942850, rs4 077759, 182334659, 157122936, rs2034650,
181992272, 131981997, rs 17563986, 188070723, rs12610495, 132109069, 131379326, rs 1881954,
10936599, rs1997392, 186793295, rs2609255, rs283536706, rs1 0484326, rs 10748835,

rs2067832, 1511191865, rs2301160, rs3829223, vs2857476, rs1278769, rs1 007177, rs10518693,
393152, 312373139, 17690703, te2532274, rs2532269, r32668692, 18169201, re199533, and
3415430, In some embodiments, the kit includes reagents for amplifying the nucleic acid
comprising the genetic variant {e.g., PCR primers on gither side of the polymorphic nuclestide,
polymerase, buffer, ete)). Tn some embodiments, the at least one probe or primer i«
complementary to a variant nucleotide {e.g., SNP) of the genetic variant. In some embodiments,
the at feast one probe or primer is complementary o (hybridizes to) the selected genetic variant
polynucieotide sequence or an amplification product thereof. In some embodiments, at least one
probe or primer is labeled. In some embodiments, the label is a fluorescent label, or a FRET
acceptor or donor. In some embodiments, the kit comprises at least one probe or primer labeled
with a Forster resonance energy transter (FRET) acceptor, and at least one probe or primer
labeled with a FRET donor. In some embodiments, the kit includes at least one probe or primer
cach for detecting a genetic variant inatleast 2,3, 4,5, 6,7, 8, 9,10, 11, 12, 13, 14, 15, 16, 17,
18, 19,20, 21,22, 23,24, 25,26, 27, 28,29, 30, 31, 32, : , 33,34, 35,36,37,38,39,40, 41,42, 43,
44, or 45 of the above genetic variants in any combination, In some embodiments, the at least
one micleie acid probe or primer is included on an array, bead, microfluidic surface, or chip. In
some embodiments, the kit includes at least one control sample, e.g., comprising a nucleic acid
with the dominant allele of the at least one selected genetic variant, or comprising a nugcleic acid

with the pelymorphie allele of the at least one selected genetic variant,

{8¢a1} Further provided are in vitre complexes formed in detecting a biomarker (e.g. genetic
variant) associated with interstitial lung disease {e.g., fibrotic lung discase, idiopathic puimonary
fibrosis (IPF}, familial interstitial pneumonia {FIP}, or idiopathic interstitial pneumonia (JIP)).
The interstitial ung disease can be fibrotic lunyg disease. The interstitial lung disease can be IPF.
The interstitial lung disecase can be FIP. The interstitial lung discase can be IIP. In some
embodiments, the complex comprises a first nucleic acid probe hybridized to a genetic variant

rucleic acid, wherein the genetic variant nucleic acid comprises a genctic vartant TERT, DSP,

MUC2, DISPZ, MAPT, DPPY, C5MD1T, MYNN, LRRC34, FAMI3A, OBFCY, TOLLIP,
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MUCSB, ATP11A, IVD, CRHRI1, IMP5, LOC100128977, KIAA1267, NSF, WNT3, or C170rf69
gene sequence, wherein said genetic variant nucleic acid is extracted from a human subject having or
suspected of having an interstitial lung disease or is an amplification product of a nucleic acid
extracted from a human subject having or suspected of having an interstitial lung disease. In some
embodiments, the complex further comprises a second labeled nucleic acid probe hybridized to said
genetic variant nucleic acid, In some embodiments, the first labeled nucleic acid probe comprises a
first label and said second labeled nucleic acid probe comprises a second label, wherein said first and
second label are capable of Forster resonance energy transfer (FRET). In some embodiments, the
complex further comprises a polymerase (e.g., a thermostable polymerase, or other DNA or RNA
polymerase) or ligase. In some embodiments, the complex further comprises a nucleic acid primer

hybridized to the genetic variant nucleic acid.

[0062] Other features and advantages of the disclosure will become apparent o one of skill in

the art from the following detailed description.
[0062a] The present invention relates to:

- amethod for determining whether a human subject has or is at risk of developing interstitial lung
discase comprising detecting in a biological sample from the subject, at least one of: a) presence of a
genetic variant selected from the group consisting of 152076295, 1s3778337, and rs10484326; b) level
of gene expression of a marker gene having at least 95% sequence identity with a sequence of DSP,
wherein the sequence of DSP has a genetic variant selected from the group consisting of 152076295,
183778337, and 1s10484326; c) a polypeptide encoded by the marker gene of b); d) a fragment of a
polypeptide of ¢) that is encoded by at least 5 contiguous nucleic acid residues that include the genetic
variant selected from the group consisting of 152076295, rs3778337, and rs10484326; and ¢) a
polynucleotide which is fully complementary to at least 10 to 50 contiguous nucleic acids of the
marker gene of b) that include the genctic variant selected from the group consisting of rs2076295,
1s3778337, and 1s10484326;wherein the presence of the genetic variant, polypeptide, fragment of the
polypeptide, and/or complementary polynucleotide, and/or reduced gene expression of the marker

gene indicates that the subject has or is at risk of developing interstitial lung discase;

- amethod for monitoring the progression of interstitial lung disease in a human subject, comprising:
1) measuring expression levels in a first biological sample of: a) a marker gene having at least 95%

sequence identity with a sequence of DSP, wherein the sequence of DSP has a genetic variant selected
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from the group consisting of rs2076295, rs3778337, and rs10484326; b) a polypeptide encoded by the
marker gene of a); ¢) a fragment of a polypeptide of b) that is encoded by at least 5 contiguous nucleic
acid residues that include the genetic variant selected from the group consisting of 152076295,
1s3778337, and rs10484326; or d) a polynucleotide which is fully complementary to at least 10 to 50
contiguous nucleic acids of the marker gene of a) that include the genetic variant selected from the
group consisting of rs2076295, 1s3778337, and rs10484326; ii) measuring expression levels of the
marker in a second biological sample obtained from the subject at a time later than the first biological
sample; iii) comparing the expression level of the marker measured in the first biological sample with
the level of the marker measured in the second biological sample; wherein a decrease in the expression
level of the marker in the second biological sample relative to the first biological sample indicates that
the interstitial lung disease in the subject is improving; and wherein an increase in the expression level
of the marker in the second biological sample relative to the first biological sample indicates that the

mterstitial lung disease in the subject is progressing;

- amethod of assessing the efficacy of treatment for interstitial lung disease in a human subject, the
method comprising: i) determining the expression level of a marker measured in a first sample
obtained from the subject, wherein the marker is selected from the group consisting of a) a marker
gene having at least 95% sequence identity with a sequence of DSP, wherein the sequence of DSP has
a genetic variant sclected from the group consisting of rs2076295, rs3778337, and rs10484326; b) a
polypeptide encoded by the marker gene of a); ¢) a fragment of a polypeptide of b) that is encoded by
at least 5 contiguous nucleic acid residues that include the genetic variant selected from the group
consisting of 12076295, 1s3778337, and rs10484326; or d) a polynucleotide which is fully
complementary to at least 10 to 50 contiguous nucleic acids of the marker gene of a) that include the
genetic variant selected from the group consisting of 152076295, rs3778337, and rs10484326; ii)
comparing the expression level of the marker in a second sample obtained from the subject at a later
time than the first sample; wherein a decrease in the expression level of the marker in the second
sample relative to the first sample is an indication that the treatment is efficacious for treating

interstitial lung disease in the subject; and

- a kit for predicting, diagnosing, or prognosing interstitial lung disease comprising: (i) a nucleic acid
probe or primer for detecting a rs2076295, rs3778337, or rs10484326 genetic variant in a DSP gene;
and (ii) an assay reagent, an assay control, a protocol, an exemplary assay result, or a combination of

two or more thereof.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0063] Figure 1 shows GWAS results at 439,828 SNPs with 1616 cases and 4683 controls
under additive model. SNPs above red line were genome-wide significant at P < 5x10-8. These
SNPs and SNPs between red and blue lines, corresponding to 5x10-8 < P-value <.0001 were

selected for follow-up in 876 cases and 1890 controls,

[0064] Figure 2 shows locus-specific plots corresponding to discovery GWAS results for all
loci reaching genome-wide significance in the GWAS discovery analysis and meta-analysis of the

discovery and replication results.

[0065] Figure 3 shows locus-specific plots corresponding to discovery GWAS results for four
additional loci reaching genome-wide significance after the meta-analysis of the discovery and

replication results.

[0066] Figure 4 shows relative expression of DSP in lung tissue from 100 cases and 94
controls a) relative expression by case/control status b) relative expression by genotype at

152076295 in DSP.
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{0067] Figure 5 shows a Quantile-Cuantile (Q-Q) plot of observed vs. expected p value
distribution for GWAS across 439,828 high quality SNPs.

{6668] Figure 6 shows the chromosomal focations, SNPs and genes for genome wide
significant loci.

{6069] Figure 7 shows the Linkage Disequilibrium armong the genome-wide significant SNPs
at 11p15 and rs35705950. Color indicates DV estimate = 1, white a D’estimate =0. Numbers in
sguares correspond to r2¥100. Estimates based on joint case and control genotypes as used in
analyses for Table 2 and Table 6.

{0078] Figure 8 outlines a genome wide linkage scan in fanmilics with inferstitial lung discase,
where the rs3570950 polymorphism was found to be predictive.

{6671] Figure 9 shows odds ratios of SNPs in MUCZ, MUCSAC, and MUCSB being
assoctated with interstitial lung disease.

{66721 Figure 10 shows confirmation of relevance of the MUCSB promoter SINF rs3570930 in
various study groups.

{6673] Figure 11 shows the increased duration of survival associated with interstitial lung
discase paticnis carrying the rs3570950 SNP.

{6674] Figure 12 shows the increased duration of survival associated with interstitial lung
disease paticnts carrying the 53570950 SNP in different study groups.

{(878] Figure 13 compares different study groups for inereased duration of survival associated
with interstitial lung discase patients carrving the 1335370950 SNP.

{0676] Figure 14 shows the structure of the MUCSB gene and the effect of the ra3570950
SNP.

{0077  Figure 15 compares MUCSB expression in normal vs IPF lung tissug.

{B078] Figure 16 shows MUCUSE cexpression in normal ve IPF lung tissue in individnals

carrying wild type (GG) vs vartant MUCSB (GT or TT) genes.

i0079]  Figure 17 shows that expression of MUCSB and surfactant protein C (SPCh is

upregulated in IPF lung tissue.



W

16

CA 02900073 2015-07-31

WO 2014/127290 PCT/US2014/016601

{0088] Figure 18 outlines cffects associated with the MUCSE 33570950 SNP.
{0081] Figure 19 compares effects of genetics for genes associated with pulmonary fibrosis,
{(082] Figure 20 shows fibrotic lung tissue in patients carrying the rs3570950 SNP.

{B083] Figure 21 shows increased likelihood of interstitial lung discase in patients carrying at

least one variant re3570950 allele.
{0084]  Figure 22 compares cffects of genctics for genes associated with pulmonary fibrosis.

{0085]  Figure 23 outlines gonome wide association study (GWAS) for associating genetic

markers with various intorstitial lung discases.

{0886] Figure 24 shows geographic origin of individuals considered in the study.

{08871 Figure 25 shows an overview of GWAS results.

{B088] Figure 26 shows genetic location of SNPs associated with interstitial lung discase.
[008%]  Figure 27 shows the relative frequency of fibrotic conditions in genotyped and
replication populations.

{0890] Figure 28 shows genetic focation of SNPs associated with interstitial fung disease in the
replication population.

{08911  Figure 29 shows combined results of GWAS studices and the locations of SINPs
associated with imterstitial lung discase.

{0092] Figure 30 shows the effect of ancestry on SNPs in chromosome 1721,

{0093] Figure 31 shows the odds ratios (ORs) and P-values for the effect of ancestry on

various SNPs on chromosome 17g21,

{8094] Figure 32 shows the ORs and P-value for the association of the MUCSEB promoter SNP
with interstitial lung disecase.
{0095] Figure 33 summarizes the interstitial lung discase GWAS findings in terms of SNP

{ocation.



10

15

N2
|95

CA 02900073 2015-07-31

WO 2014/127290 PCT/US2014/016601

{0096] Figure 34 summarizes the interstitial long discase GWAS findings in terms of SNP

{ocation.

{0097]  Figure 35 summarizes the interstitial lung discase GWAS findings in terms of gene

function.

DETAILED DESCRIPTION
{6698] Unless defined otherwise, technical and scientific terms used herein have the same
meaning as commonly understood by a person of ordinary skill in the art. See, e.g., Lackie,
DICTIONARY OF CELL AND MOLECULAR BIOLOGY, Elscvier (4*h ed. 2007); Sambrook ef al,
MOLECULAR CLOMING, A LABORATORY ManUAL, Cold Springs Harbor Press {Cold Springs
Harbor, NY 1989}, The torm “a” or “an” 18 intended to rocan “one or more.” The term

kd

“comprise” and variations thercof such as “corprises” and “comprising,” when preceding the
recitation of a siep or an clement, are intended to mean that the addition of further steps or
elements s optional and not excloded. The following definitions are provided fo facilitate
understanding of certain terms used frequently herein and are not meant to limit the scope of the

present disclosure.

{0099] The terms “subject,” “patient,” “individual,” ete. are not intended to be limiting and can
be generally interchanged. That is, an individual described as a “patient” does not necessarily

have a given discase, but may be merely secking medical advice.

{81808] A “control,” “control sample,” “standard control,” or “control value” refers to a sample
that serves as a reference, usually a known reference, for comparison to a test sample. For
exarople, a test sanple can be taken fror a patient suspected of having 4 given pulmonary
disease and compared to samples from a known pulmonary disease patient, known
polymorphism carrier, or a known normal (non-disease) individual. A control can also represent
an average value gathered from a population of similar individuals, ¢.g., pulmonary disease
patienis or healthy individuals with a similar medical background, same age, weight, etc. A
control value can also be gbtained from the same individual, ¢.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.
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{0101} One of skill in the art will onderstand which controls arc 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 exampie, if values for a given parameter arc widely

variant in controls, variation in test samples will not be considered as significant,

{0102] The term “nucleic acid” refers to deoxyribonucleotides or ribonucicotides and polymers
thercof in either single- or double-siranded form, and cornplements thereof. “Nucleic acid” or
“oligonuclectide” or “polynucieotide” or grammatical cquivalents used herein means at least two
nucleotides covalently linked together. Oligonucieotides are typically from about 5,6, 7,8, 9,
16, 12, 15, 25, 30, 40, 50 or more nucleotides in length, up to about 100 nucleotides in length.
Nueleic acids and polynucleotides are a polymers of any length, including longer lengths, e.g,
2040, 300, 500, 1000, 2000, 3000, 5000, 7000, 10,000, ctc. The term “nuclectide” typically refers
i a single unit of a polynucleotide, i e., 2 monomer. Nucleotides can be ribonuclestides,

deoxyribonucleotides, or modified versions thercof,

{0183] Asused herein, a “genetic variaont” refers to a mutation, single nucleotide
polymorphism (SNP), delction variant, missense variant, inseriion variant, inversion, or Copy
number variant, A geoctic variant can be used as a biomarker, and can result in increased or

decreased expression levels, or differential modifieation,

{0184] The term “biomarker” refers to a biometric that can be detected in a biological sample
{or sample derived from or processed from a biological sample) and compared to a control
sample as mdicative of a particular condition. Examples of biomarkers include genctic variants,
jncreased or decreased expression levels (determined by detection of chromatin opening,
transcription product, or transfation product), and differential modification {e.g., methylation of
nucleic acids, or phosphorviation, glveosylation, or mubtimerization of proteins). A “marker
gene” is a gene affected by a biomarker. That is, a marker gene can include a genetic variation
in its genomic form, be expressed at a higher or lower level, or be differentially modified as

indicative of a particular condition, e.g., interstitial tung discase.

fEGS] The terms “probe” or “primer” refer to one or more nucleic acid fragments whose
specific hybridization to a sample can be detected. A probe or primer can be of anv length
depending on the particular technique it wili 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
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blot, can be more than a hundred nucleotides in length, The probe or primers can be unlabeled or
labeled as described below so that its binding to a target sequence can be detected {e.g., with a
FRET donor or acceptor label). The probe or primer can be designed based on one or more
particular {preselected) portions of a chromosome, e.g., one or more clones, an isolated whole
chromosome or chromosome fragment, or a collection of polymerase chain reaction (FCR)
amplification products. The length and complexity of the nucleic acid fixed onto the target
clement is not critical to the invention. One of skill can adjust these factors to provide optimum
hybrudization and signal production for a given hybridization and detection procedures, and to

provide the required resolution among different genes or genomic locations,

{0186] Probes and primers can also be immobilized on a solid surface (e.g., nitrocellulose,
glass, quartz, fused silica slides), as 1o an array. Techoiques for producing high density arrays
can also be used for this purpose (see, e.g., Fodor (1991} Science 767-773; Iohnston (1998) Ciugr.
Biol. 8: R171-R174; Schummer (1997} Biofechnigues 23: 1087-1092; Kern (1997)
Biotechnigues 23: 120-124; U5, Patent No. 5,143,854}, One of skill will recognize that the
precise sequence of particular probes and primers ¢can be modified from the target sequence to a
certain degree to produce probes that are "substantially identical” or “substantially
complementary to” a target sequence, but retain the ability to specifically bind to {i.e., hybridize

specifically o) the same targets from which they were derived.

{3167] A probe or primer is “capable of detecting” a genetic variant if it is complementary to a
region that covers or is adjacent to the genetic variant, For example, to detect a SNP, primers
can be designed on either side of the SNF, and primer extension used to determine the identity of
the nueleotide at the position of the SNP. In some embodiments, FRET-labeled primers are used
{at least one labeled with a FRET donor and at feast one labeled with a FRET acceptor} so that
FRET signal will be detected only upon hybridization of both primers. In some embodiments, a
probe is used in conditions such that it hybridizes only to a genetic variant, or only to a dominant

sequence.

[H188]  Again, in the context of nucleic acids, the term “capable of hybridizing to” refersto a
polynucleotide sequence that forms Watson-Crick bonds with a complementary sequence. One
of skill will understand that the percent complementarity need not be 100% for hybridization to

occur, depending on the fength of the polynucleotides, length of the complementary region{c.g.
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5,10, 15,20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, or more bases in length), and stringency
ot the conditions. For example, a polynucleotide (e.g., primer or probe)} can be capable of
binding to a polynucleotide having 609%, 63%, 70%, 73%, 80%, 85%. 90%, 91%, 92%, 93%,
94%, 35%, 96%, 97%, 98%, 99% or 100% complementarity over the stretch of the
complementary region. In the context of detecting genetic variants, the tolerated percent
complementarity or number of mismatches will vary depending ou the technique vsed for

detection (see below),

{018%] In the context of mucleic acids, the term “amplification product” refers to a nucleic acid
{c.g., polynucleotide) that resuits from an amplification reaction, e.g., PCR and variations
thercof, rtPCR, strand displacement reaction (SDR), higase chain reaction (LCR}, transcription
mediated amplification (TMA}, or Qbeta replication. A thermally stable polymerase, e.g., Taq,
can be used 1o avoid repeated addition of polvmerase throughout amplification procedures that
involve cychic or extreme {emperatures {e.g., PCR and its variants).

ER

{0118] The terms “label,” “detectable moiety,” “detectable agent,” and like terms refer to a
composition detectable by spectroscopic, photochemical, biochemical, immunochemical,
chemical, or other physical means. For example, useful labels include fluorescent dyes,
luminescent agents, radioisotopes {e.g., p 3H}, electron-dense reagents, enzymes, biotin,
digoxigenin, or haptens and proteing or other entitics which can be made detectable, e.z., by
affinity. Any method known in the art for conjugating a nucleic acid or other biomolecule to a

label may be emploved, ez, using methods deseribed in Hermanson, Bioconjugate Techniques

1996, Academic Press, Inc., San Bicgo. The term “tag” can be used synonymously with the torm

“strepavidin tag” that interacts with biotin,
{0111] A “labeled” molecule {e.g., nucleic acid, protein, or antibody) is one that is bound,
gither covalently, throngh a linker or a chemical bond, or noncovalently, through ionic, van der

Waals, eloctrostatic, or hiydrogen bonds 1o a label such that the presence of the molecule may be

detected by detecting the presence of the label bound to the molecule.

{0112] Forster resonance energy transfer (abbreviated FRET), also known as fluorescence
resonance energy transter, i3 a mechanism describing energy transfer between two

chromophores. A donor chromophore (FRET donor), imitially in its clectronic excited state, can
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transfor energy to an acceptor chromaphore (FRET acceptor), which is typically less than 10 am
away, through nonradiative dipole-dipole coupling. The energy transferred to the FRET acceptor
is detected as an emission of light (energy) when the FRET donor and acceptor are tn proximity,
A “FRET signal” is thus the signal that is generated by the emisgion of light from the acceptor.
The cfficiency of Firster resonance energy transfer between a donor and an accepior dye
separated by a distance of R is given by E = V/[1+(R/Ry)"] with Ry being the Forster radius of the
donor-accepior pair at which E= 4. Ry is about 50-60 A for some commonly used dye pairs
(e.g., Cy3-Cy5). FRET signal varies as the distance to the 6% power. 1f the donor-aceeptor pair
is positioned around Ry, a small change in distance ranging from | A o 50 A can be measured
with the greatest signal to notse. With corrent technology, T ms or faster parallel imaging of

mmany single FRET pairs is achievable.

{0113] A “FRET pair” refers to a FRET donor and FRET acceptor pair that are capable of
FRET detection.

s e 0

{0114} The terms “fluorophore,” “dye,” “flucrescent molecule,” “finorescent dye,” “FRET

dye” and hike terms are used synonymously herein onless otherwise indicated.

[B115]  Asused herein, the terms “ireat” and “prevent” are not intended to be absolute terms.
Treatment can refer to any delay tn onset, reduction inthe frequency or severity of symptoras,
amelioration of symptoms, improvement in patient comfort and/or respiratory function, etc. The
effect of treatment 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,

{0116] The term “prevent” refers to a decrease in the occurrence of pulmonary disease
symptoms io a patient. As indicated above, the prevention may be complete (no detectable
symiptorns) or partial, such that fewer symptoms are observed than would likely occur absent

{reatment.

{3117]  The term “therapeutically effective amount,” as used herein, refers to that amount of
the therapeuntic 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%;, 200%, 25%, 40%, 50%, 60%, 75%, 80%, 90%, or at lcast 100%.

Therapeutic efficacy can also be expressed as “-fold” werease or decrease. For example, a
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therapeutically effective amount can have at least a 1.2-fold, 1.5-fold, 2-fold, 3-fold, or more

effect over a control.

{0118] The term “diagnosis” refers to a relative probability that a pulmonary discase 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 likelithood that an individual will develop 2 pulmonary disease, or the
likely severity of the disease (e.g., severity of symptoms, rate of functional decline, survival,
ete.}. The terms are not intended to be absolute, as will be appreciated by any one of skill in the

field of medical diagnostics.

{8119]  The terms “corrclating”™ and “associated,” in reference to determination of a pulmonary
discase risk factor, refers to comparing the presence or amount of the risk {actor {e.g.,
dysregulation or genetic variation in a mucin gene) in an individual to its presence or amount in
persons known to suffer from, or known to be at risk of, the pulmonary discase, or i persons
known o be free of pulmonary disease, and assigning an increased or decreased probability of

having/ developing the pulroonary disease to an individual based on the assay result(s).

{0128] The present inventors have discovered polvmorphisms and gene expression profiles
that are important contributors to risk of HP. These findings include ¢ight novel genetic nisk loct
{4q22, 6p24, 7g22, 10g24, 13g34, 15qi4-15, 17g21, and 19p13), and the role of risk variants in
three previously reported genes/loci {TERC {3g26], TERT [SpiS], and MUCSB [11pl5]) in [IR.
Prior to this discovery, the only two genes with a reproducibly TiP-associated comunon variant
were TERT and MUCSB. In aggregate, the common risk variants associated with P suggest
that this disease is primarily mediated by defects in host defense, celi-cell adhesion, and early
cell senescence. These findings can be used to guide intervention trials and treatment tn this

complex disease.

{0121]  According to one definition, a biological marker is “a characteristic that is objectively
measured and evaluated as an indicator of normal biologic processes, pathogenic processes, or
pharmacological responses to therapeutic intervesntions.” NIH Biomarker Definitions Working
Group (1998). Biological markers can also include patterns or ensembles of characteristics
indicative of particular biological processes (“pancl of markers™). The marker measurement can

be mereased or decreased to indicate a particular biological event or process. In addition, if a
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marker measurement typically changes in the absence of a particular biological process, a

constant measurement can indicate occurrence of that process.

10122  Marker measuremenis may be of the absohute values {¢.2., the molar concentration of a
molecule in a biological sample or the presence or absence of a polymorphism) or relative values
{c.g., the relative concentration of two molecules in a biological sample). The quotient or
product of two or more measurements also may be used as a marker. For example, some
physicians use the total blood cholesterol as a marker of the risk of developing coronary artery

discase, while others use the ratio of total cholesterol to HDL cholestorol.

{0123]  In the disclosure, the markers are primarily used for diagnostic and prognostic
purposes. However they may also be used for therapeutic, drug screening and individual
stratification porposes {¢.g., to group individuals into a number of “subsets” for evaluation), as

well as other purposces described herein, including cvaluation the effectiveness of an intcrstitial

fung discase therapeutic.

{0124] The practice of the disclosure employs, unless otherwise indicated. conventional
methods of analytical biocheristry, microbiology, molecular biclogy and recombinant DNA
generally known techniques within the skill of the art. Such technigues are explained fully in the
ltterature. (See, ¢.¢., Sambrook et al. Molecular Cloning: A Laboratory Manual, 3vd, ed., Cold
Spring Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY,
2000, DNA Cloning: A Practical Approach, Vol [ & H (Glover, ed.};, Oligonucleotide Svnthesis
{Gatt, ed., Current Edition); Nucleic Acid Hybndization (Hames & Higgins, eds., Corrent
Edition); Transcription and Translation (Hames & Higging, eds., Current Edition); CRC
Handbook of Parvovivuses, Vol T & I (Tijessen, ed.); Fundamental Virology, 2nd Edition, Vol.

I & 11 {(Fields and Knipe, eds.}).

{8128]  The terminology used herein is for deseribing particular embodiments and is not
intended to be Hmiting. As used herein, the singular forms “a,” “and” and “the”™ include plural
referents unleas the content and context clearly dictate otherwise. Thus, for example, a reference
to “a marker” includes a combination of two or more such markers. Unless defined otherwise,
all scientific and technical terms are to be understood as having the same meaning as commonly
used in the art to which they pertain, For the purposces of the present disclosure, the following

terrns are defined below.
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{0126} Asused herein, the torm “marker” includes polvpeptide markers and polynucleotide
markers, For clarity of disclosure, aspects of the disclosure will be described with respect to
“polypeptide markers” and “polynucleotide markers.” However, statements made herein with
respect 1o “polypeptide markers™ are intended to apply to other polypeptides of the disclosure.
Likewise, statcments made herein with respect to “‘polynucieotide™ markers are intended to apply
io other polynucieotides of the disclosure, respectively. Thus, for example, a polyoucleotide
described as encoding a “polypeptide marker” is intended to include a polynucleotide that
encodes: a polypeptide marker, a polypeptide that has substantial sequence identity to a
polypeptide marker, modified polypeptide markers, fragments of 4 polypeptide marker,
precursors of a polypeptide marker and suceessors of a polypeptide marker, and roolecules that
comprise a polypeptide marker, homologous polypeptide, a wodified polypeptide marker or a

fragment, precursor or successor of a polypeptide marker (c.g., a fusion protein}.

{3127]  Asused herein, the term “polypeptide” refers to a polymer of amino acid residues that
has at least 5 conttguous amine acid residucs, ¢.¢., 5,6, 7, 8, 9, 18, 11 or 12 or more amino acids
long, inchading cach integer up to the full length of the polypeptide. A polypeptide may be
composed of two or more polypeptide chains. A polypeptide includes a protein, a peptide, an
oligopeptide, and an amino acid. A polypeptide can be lingar or branched. A polypeptide can
comprise modified amino acid residues, amino acid analogs or non-naturally ocewrring amino
acid residues and can be interrupted by non-amino acid residues. Included within the definition
are amino acid polymers that have been meodified, whether natarally or by intervention, e.g.,
formation of a disulfide bond, glycosylation, lipidation, methylation, acetylation,
phosphorvlation, or by manipulation, such as conjugation with a labeling component. Also

included are antibodies produced by a subject in response 1o overexpressed polypeptide markers.

{0128]  As used herein, a “fragment” of a polypeptide refers to a plurality of amino acid
residues that is shorter than the full-length polypeptide. For example, a fragment of a given
polypeptide can comprise at least S contiguous amino acid residues, at least 10 contiguous amino
acid residues, at least 20 contignons amine acid residues or at least 30 contiguous amino acid
residues of the full length the polypeptide. As used herein, a “fragment” of polynucleotide refers
to a polymer of mucleic acid residues comprising a nucleic acid sequence that has at feast 5, 14,

or 15 contignous nucleic acid residues, at least 30 contiguons nucleic acid residues, at least 60
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contiguous macleic acid residuecs, or at least 90% of a sequence of the polynucleotide. In some
embodiments, the fragment represents a domain {e.g., a functional domain} of the full-length
polypeptide. In some embodiments, the fragment represents the full-fength polypeptide minus a
given domain, In some embodiments, the fragment is an antigenic fragment, and the size of the
fragment will depend upoun factors such as whether the epitope recognized by an antibody is a
lincar epitope or a conformational epitope. Thus, some antigenic fragments will consist of
longer segments while others will consist of shorter segments {e.g. 5.6, 7, 8,9, i, Ll or 12 or
more amino acids Jong, including each integer up o the full length of the polypeptide). Those
skilled n the art are well versed in methods for selecting antigenic fragments bound by antigen-

binding antibodies, antibody derivatives, and antibody fragments.

{0128]  In some embodiments, a polypeptide marker 1s a member of a biological pathway. As
used herein, the term “precursor” or “successor” refers to molecules that precede or follow the
polypeptide marker or polynucleotide marker in the biological pathway. Thus, once a
polypeptide marker or polynucleotide marker 15 identified as a member of one or more bwlogical
pathways, the present disclosure can include additional precursor or successor members of the
biological pathway. Such identification of biclogical pathways and their members is within the

skill of one in the art.

[BE38]  Asused herein, the term “polvoucieotide” refers to a single nucleotide or a polymer of
nucleic acid residues of any length. The polvnucleotide may contain deoxyribonucleotides,
ribonucleotides, and/or their analogs and may be double-stranded or single stranded. A
polvmuclestide can comprise modified nucleic acids (¢.g., methylated), nucleic acid analogs or
non~-naturally oceurring nueleic acids and can be interropted by non-nmucleic acid residues. For
example a polynucieotide includes a gene, a gene fragment, cDNA, isolated DNA, mRNA,
tRNA, rRNA, isoluted RNA of any sequence, recombinant polvnucieotides, primers, probes,
plasmids, and vectors. Included within the definition are nucleie acid polymers that have been

modified, whether naturally or by intervention.

{#1131]  Asused herein, a component {e.g., a marker} is referred to as “differentially expressed”
in one sample as compared to another sample when the method used for detecting the component
provides a different level or activity when applied to the two samples. A component is referred

o as “increased” in the first samplce if the method for detecting the component indicates that the
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level or activity of the component is higher in the first sample than in the second sample {or if
the component is detectable in the first sample but not in the second sample). Conversely, a

g the

component is reforred to as “decrcased” in the first sample if the method for detecting the
component indicates that the level or activity of the component is lower in the first saraple than
in the sccond sample (or if the component is detectable in the second sample but not in the first
sample). In particular, marker is referred to as “inereased” or “decreased” in 2 sample (or set of
saraples) obtained from ao interstitial lung disease subject {or a subject who is suspected of
having interstitial lung disease, or 18 at risk of developing interstitial lung discase} if the level or
activity of the marker is higher or lower, respectively, compared to the level of the marker in a
sample {or set of samples) obtained from a non-interstitial lung disease subject, or a refercnce

value or range.

[1132]  The markers identificd as being expressed in interstitial lung discase are of significant
biologic inferest. A case-conirol genome-wide association study {GWAD; 1616 cases and 4683
controls) and replication study (876 cases and 1898 controls) of HP was conducted, All types of
fibrotic HP were included in the case group since: a) distinguishing among the HP diagnoses is
often problematic due to substantial clinical, pathological, and radiclogical overlap; and b) there
is strong evidence for shared genetic susceptibility, Both familial and sporadic HPs were also
included in the case group because the MUCSB, TERT, TERC, and SFTPC variants provide
evidence that sporadic HP is genetically similar to the familial form of this disease. The resuits
indicate that [IPs are caused by multiple genetic variants, acting independently or in

combination, and that the same genetic variants can lead to different histologic types of [P,

{4133]  Asexplained in detail below, when polymorphism and gene expression profiles were
compared with clinical parameters and the common risk variants associated with HP, the resnlts
indicate that this discase is primarily mediated by defects in host defense, cell-cell adhesion, and

carly cell senescence. These findings can be used to guide intervention trials in this complex

{3134]  In addition to the discovery of biomarkers that can be used individually or in any
combination in assays and kits for the diagnosis of, prognosis of, or other evaluation or study of
interstitial lung disease, the biomarkers not previously recognized to play a role in the discase

srocess of interstitial lung discasc can now be studied in more detail and/or be used as targets for
4 24

L&
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the discovery of other modulators of disease or therapeutic agents. The markers of the disclosure
include the polymorphisms: rs1379326, rs1881984, rs10936399, 181997392, 16793295,
182609255, 132853676, rs 10484326, rs 10745858, rs2067832, s 11191865, 12301164,
rs3829223 132857476, rsl1278769, rs1007177, rs10518693, r3393132, rs12373139, rs17690703,

182332274, 132532269, rs2608692, rs 169201, 18199533, and 13415430, The markers of the
disclosure also include elevated gene expression in the genes: TERT, DSP, MUC2, DISP2,
MAPT, DPPS, CSMDI, MYNN, LRRC34, FAMI3A, OBFCI, TOLLIP, ATPLIA, IVD,
CRHRIL, IMP3, LOCHO0I28977, KTAA 1267, NSF, WNT3, and C170rf69.

{3135]  Given the name of the gene, the protein (also referred to herein as the “full protein™;
inddicated as “Protein”™), and other peptide fragments of such measured proteins may be obtained
{by whatever means), and such other peptide fragments are included within the scope of the
disclosure. The methods of the present disclosure may be used to evaluate fragments of the
products of the expression of the listed genes as well as molecules that contain an entire listed
molecule, or at least a significant portion thercof {e.g., measured unique epttope), and modified
versions of the markers. Accordingly, such fragments, larger molecules and modified versions

are included within the scope of the disclosure.

{013s8] Homologs and sleles of the markers of the disclogure can be identified by conventional
technigues. As used herein, a homolog 1o a gene or polypeptide, e.g., from a human or other
animal, has a high degree of structural and fimctional similarity to the identified gene or
polypeptide. Identification of human and other organism homologs of polypeptide markers
identified berein will be familiar to those of skill in the art. In general, nucleic acid hybridization
is a suitable method for identification of homologous sequences of another species (e.g., human,
cow, sheep}, which correspond to a known sequence. Standard mucleie acid hybridization
procedures can be used to identify related nucleic acid sequences of selected percent identity.
For example, one can construct a Hbrary of cDNAs reverse trapscribed from the mRNA of a
sclected tissue {e.g., colon} and use the nucleic acids that encode polypeptides identified herein
o sercen the libwary for related nuclectide sequences. The screening preferably is performed
using high-stringency conditions (described elsewhere herein) to identity those sequences that
are closely related by sequence identity. Nucleic acids so identified can be translated into

polypeptides and the polypeptides can be tested for activity.
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{0137]  Additionally, the present disclosure includes polynucleotides and polypeptides that
have substantially similar sequence identity to the markers of the present disclosure. As used

B

herein, two polynucicotides or polypeptides have “substantial sequence identity” when there s at
least about 70% sequence identity, at least about 80% sequence identity, at least about 90%
sequence identity, at fcast about 95% sequence identity, at lcast abont 99% sequence identity, or
1060% sequence identity between their amino acid sequences, or when polynucieotides (e.g.,
polynuclectides encoding the polypeptides) are capable of forming a stable duplex with each
other under stringent hybridization conditions. In the context of the present disclosure, 8 genetic
variant can be detected in a marker gene, even it the marker gene has more than ove site of
genetic variation. That is, a selected genetic variant can be detected in test sample, e g, from an
individoal suspected of having interstitial himg disease, by determining the sequence of a marker
gene comprising the genetic varant, and compared to the sequence of the marker gene from a
control or control population. The test and control full-length marker gene sequences might
include more than one genetic variant, and thus may differ from cach other, 1.2, may not be
190% identical. One of skall will recognize that the genctic variant can be detected in a sequence
that is less than the full length marker gene sequence, ¢.g., using PCR to amplify a fragment of
the marker gene that includes the genetic variant sife or a probe that is complementary to a
sequence that includes the genelic variant sile, Where the aspects or embodiments refer Lo
sequence wdentity, that sequence identity can be with respect to a portion of the sequence as
disclosed herein {e.g. 5, 140, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, or more nucleic

acid bases or amino acids in length).

{0138] Conservative amine acid substitutions may be made in polvpeptides to provide
functionally equivalent vasiants of the foregoing polypeptides, i.c., the variants retain the
functional capabilities of the polypeptides. As used herein, a “conservative amino acid
substitution” refers to an amino acid substitution that does not alter the relative charge or size
characteristics of the protein in which the amino acid substitution is made. Variants can be
prepared according to methods for altering polypeptide sequences known to one of ordinary skill
in the art. For example, upon determining that a peptide is an interstitial lung discasc-associated
polypeptide, one can make conservative amino acid substitutions fo the amino acid sequence of

the peptide, and still have the polypeptide retain its specific antihody-binding characteristics.
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Additionally, one skilled in the art will realize that allclic variants and SNPs will give risc to

substantially similar polypeptides and the same or substantially similar polypeptide fragments.,

{0139] A number of comparison studies were performed to identify the markers using various
groups of interstitial lung discase and non-interstitial lung disease {¢.g., “control”} individuals.
The tables list markers that were found to be present or differcntially cxpressed with statistical
significance. Accordingly, these biomarkers are indicators of interstitial lung disecase and disease
progression. Where a polypeptide marker was found to be statistically significant in a plurality
of studies, the data associated with the observations of highest statistical significance is
presented. Accordingly, in one aspect, the disclosure provides polypeptide biomarkers of
nterstitial long discase. In another embodiment, the disclosure provides a polypeptide baving
substantial sequence ideotity with a polypeptide marker. In another embodiment, the disclosure
provides a molecule that compwises a foregoing polypeptide or polynucleotide. Asused herein, a
compound s referred to as “isolated” when it has been separated from at least one component
with which it is naturaily associated. For example, a polypeptide can be considered isolated if it
is separated from contaminants inclading metabolites, polynueleotides and other polypeptides.
Isolated molecules can be sither prepared synthetically or purified from their natural
environment, Standard guantification methodologies known in the art can be employed to obtain

and isolate the molecules of the disclosure.

{#148] Some variation is inherent in the measurements of the physical and chemical
characteristics of the markers. The magnitude of the variation depends to some extent on the
reproductively of the separation means and the specificity and sensitivity of the detection means
used to make the measurement. Preferably, the method and technique used to measure the

markers is sensitive and reproducible.

{0141]  The data set forth in the Tables refllects the wethod that was used to detect the markers,
When a sample is processed and analyzed as described in the Example, the retention time of the
marker is about the value stated for the marker; that is, within about 13% of the value stated,
within about 5% of the value stated, or within about 19% of the value stated, and the marker has a
mass to charge ratic of about the value stated for the marker; that is, within about 1% of the

value stated, within about 5% of the value stated, or within about 196 of the value stated.
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{0342]  Another embodiment of the present disclosure relates to an agsay system including a
plurality of antibodies, or antigen binding fragments thercof, or aptamers for the detection of the
expression of biomarkers differentially expressed in individuals with interstitial tung discase,
The plurality of antibodies, or antigen binding fragments thereof, or aptamers consists of
antibodies, or antigen binding fragments thereof, or aptamers that selectively bind 1o proteins
differentially expressed in individuals with inferstitial lung disease, and that can be detected as
protein products using antibodies or aptamers. In addition, the plurality of antibodies, or antigen
binding fragments thereof, or aptamers comprises antibodies, or antigen binding fragments
thereof, or aptamers that selectively bind to proteins or portions thereof (peptides) encoded by

any of the genes from the tables provided herein.

{0143] Certain erobodiments of the present disclosure utilize a plurality of biomarkers that
have been wdentified herein as being present or differentially expressed m subjects with

sk,

interstitial lung disease. As used herein, the terms “patient,” “a subject who has interstitial ung

discase, “subjcct having mterstitial pucumonia,” “interstifial lung discase patient,” “interstitial
pncumonia subjoct,” ¢te. are intended to refer to subjects who have been diagnosed with

2

interstitial lung disease (e.g., HP, IPF, FIP). The terms “non-subject,” “normal individual,” “a
subject who does not have interstitial fung disease,” ete. are intended to refer to a subject who
has not been diagnosed with interstitial lung disease. A non-interstitial lung disease subject may
be healthy and have no other disease, or they may have a disease other than interstitial hing

disease.

{#144] The plurality of biomarkers within the above-limitation inclades at least two or more

biomarkers {e.g., at least 2, 3, 4, §, 6, and s¢ on, in whole integer increments, up to all of the
disclosed biomarkers), and includes any combination of such biomarkers. Such biomarkers are
selected from any of the polvmorphisms or polypeptides listed in the tables provided herein, and
polypeptides encoded by any of the genes listed in the Tables. In some embodiments, the
plurality of biomarkers used in the present disclosure includes atleast 2,3, 4,5, 6,7, 8,9, 10, 11,
12,13, 14,15, 16, 17, 18, 19,20, 21, 22,23, 24, 25, 26, 27, 28, 29,30, 31, 32, 33, 34, 35, 36, 37,
38, 39, 40 or all of the biomarkers that have been demonstrated to be predictive of the
development of or progression of or clinical outcome of an individual diagnosed with or

suspected of having interstitial lung disecase such as interstitial pneumonia.,

|3
an
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{0145] The polypeptide and polvnucieotide markers of the disclosure are useful in methods for
diagnosing interstitial fung discase, determining the extent and/or severity of the discase,
monttoring progression of the discase, response to therapy, and/or need for a lung transplant. The
markers are also useful in methods for treating interstitial lung discase and for cvaluating the
efficacy of treatment for the disease. Such methods can be performed in human and non-human
subjects. The markers may also be used as pharmaceutical compositions or in kits. The markers
may also be used to screen candidate compounds that modulate their expression. The markers
may also be used to sereen candidate drugs for treatment of interstitial tung disease. Such

sereening methods can be performed in human and noo-human subjects.

{1146] Polypeptide markers may be isolated by any suitable method known in the art. Native
polypeptide markers can be purified from natural sources by standard methods known in the art
{c.g., chromatography, centrifugation, differential solubility, immuncassay}. In one
embodiment, polypeptide markers may be isolated from a seruro sanmple using the
chromatographic methods disclosed herein, In another embodiment, polypeptide markers may
be solated from a sample by contacting the sample with substrate-bound antibodies or aptamers

that specifically bind to the marker.

{0147] The polynuclestide markers may be found in genomic DINA, ¢DBNA, or mRNA
transeripts and may include polynucleotides that encode the polypeptides of the disclosure. In
one erbodiment, the disclosure provides polynucleotides that encode 3 polypeptide marker, or a
molecule that comprises such a polypeptide. In another embodiment, the disclosure provides
polymuclestides that encode a polypeptide having substantial sequence identity with a

polypeptide marker, or a molecule that comprises such a polypeptide.

{0148} In another crbodiment, the disclosure provides polynucleotides that encode a
polypeptide that s a fragment, precursor, successor or modified version of a marker, or a

molecule that comprises such polypeptide.

{0149]  In another embodiment, the disclosure provides polynucleotides that have cubstantial

sequence similarity to a polynucleotide that encodes a polypeptide that is a fragment, precursor,
successor or modified version of 2 marker, or a molecule that comprises such polypeptide. Two
polymucleotides have “substantial sequence identity” when there is at least about 70% sequence

1
H

identity, at least about 8(% sequence identity, at least about 90% scquence wdentity, at least about
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95% sequence identity or at least 99% sequence identity between their amino acid sequences or
when the polymucleotides are capable of forming a stable duplex with each other under stringent
hvhridization conditions. Such conditions are described elsewhere herein. As described above
with respect to polypeptides, the disclosure includes polynucleotides that are allelic variants, the
result of SNPs, or that in alternative codons to those presernt in the native materials as inherent in

the degeneracy of the genctic code.

{3156]  In some embodiments, the polynucleotides described may be used s surrogate markers
of interstitial lung disease. Thus, for example, if the level of a polypeptide marker is increased in
interstitial lung discase subjects, an increase in the mRNA that encodes the polypeptide marker

may be interrogated rather than the polypeptide marker {e.g., to diagnose interstitial tung disease

in a subject).

{0151] Polynucleotide markers may be isolated by any suitable method known in the art.
Native polynucleotide markers may be purified from natural sources by standard methods known
in the art. To one embodiment, a polyrucleotide marker may be tsolated from a mikture by
countacting the mixiure with substrate bound probes that are complementary to the polynucleotide

marker under hybridization conditions.

{01821 Alwernatively, polynucleotide markers may be synthesized by any suitable chemical or
recombimant method knowo in the art. In one embodiment, for example, the makers can be
synthesized using the methods and techniques of organic chemistry, In another embodiment, a

polynueleotide marker can be produced by polymerase chamn reaction (PCRY.

{3153] The present disclosure also encompasses molecules which specifically bind the
polypeptide or polynucieotide markers of the present disclosure. Tn one aspect, the disclosure
provides molecules that specifically bind 1o a polypeptide marker or a polynucieotide marker. As
used herein, the term “specifically binding,” refers to the interaction between binding paivs {e.g.,
an anttbody and an antigen or aptamer and its farget). In some embodiments, the interaction has
an affinity constant of at most 10°® moles/iter, at most 107 moles/liter, or at most 107
moles/liter. In other embodiments, the phrase “specifically binds” refers to the specific binding
of one protein to another {e.g., an antibody, fragment thercof, or binding partner to an antigen),
wherein the lovel of binding, as measurcd by any standard assay {(e.g., an immunoassay}, is

statistically significantly higher than the background conirol for the assay. For example, when
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performing an immunoassay, conirels typically include a reaction well/tube that contain antibody
or antigen binding fragment alone {/.¢., in the absence of antigen), wherein an amount of
reactivity {e.g., non-specific binding to the well} by the antibody or antigen binding tragment
thereof in the absence of the antigen is considered to be background. Binding can be measured
using a variety of methods standard in the art including enzyme immunoassays {e.g., ELISA},

immunoblot assays, etc.).

{0154] The binding molecules include antibodies, aptamers and antibody fragments. As used
herein, the term “antibody” refers to an immunoglobuiin molecule capable of binding an epitope
present on an antigen. The term is intended to encompasses not only intact immunoglobulin
molecudes such as monoclonal and polyclonal antibodies, but also hi-specific antibodies,
hurmanized antibodies, chimeric antibodies, anti-idiopathic (anti-ID) antibodies, single-chain
antibodies, Fab fragments, Fab’) fragments, fusion proteins and any meodifications of the
foregoing that comprise an antigen recoguition site of the required specificity. As used herein,
an aptamer 1s a non-natyrally occorring nucicie acid having a desirable action on a target. A
desirable action includes, but is not imited to, binding of the target, catalvtically changing the
target, reacting with the target in a way which modifies/alters the target or the functional activity
of the target, covalently attaching to the target as in a suicide inhibitor, facilitating the reaction
between the target and another molecule. In some embodiments, the action is specific binding
affinity for a target molecule, such target molecule being a three dimensional chemical structire
other than a polynucieotide that binds to the nucleic acid ligand through a mechanism whicl
predominantly depends on Watson/Crick base pairing or triple helix binding, wherein the nucleic
acid ligand is not a nucleic acid having the known physiological function of being bound by the

target molecule.

{0155]  In one aspect, the disclosure provides antibodies or aptamers that specifically bind to a
SNP marker, or to a molecule that comprises a foregoing component {e.g., a protein comprising a
polypeptide encoded by a marker gene).

{0156] In another embodiment, the disclosure provides antibodies or aptamers that specifically
bind to a polypeptide having substantial sequence identity with a marker gene, or to a molecule

that comprises a foregoing polypeptide.
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{0157]  In another embodiment, the disclosure provides antibodies or aptamers that specifically
bind to a polvpeptide marker or a polynucleotide marker that is structurally different from a
marker specifically identified in the tables provided herein but hag the same {or nearly the same)

function or properties, or to a molecule that comprises a foregoing component,

{#158] Another ernbodiment of the present disclosure relates to a plurality of aptamers,
antibodies, or antigen binding fragments thereof, for the detection of the expression of
biomarkers differentially expressed in individuals with interstitial pnoumonia. The plurality of
aptamers, antibodies, or antigen binding fragments thereof, consists of antibodies, or antige
binding fragments thereof, that selectively bind to proteins differentially expressed in individuals
with interstitial lung disease, and that can be detected as protemn products using anttbodies. In
addition, the plurality of aptamers, antibodies, ot antigen binding fragments thereof, comprises
antibodies, or antigen binding fragments thereof, that selectively bind to proteins or portions

thereof (peptides) encoded by any of the genes from the tables provided herein,

{0139] According to the present disclosure, a plurality of aptamers, antibodies, or antigen
binding fragments thereof, refers (o at least 2, and more preferably at least 3, and more
preferably at least 4, and more preferably at least S, and more preferably at least 6, and more
preferably at least 7, and more preferably at least &, and more preferably at least 9, and more
preferably at least 10, and 50 on, in increments of one, up to any saitable number of antibodies,
or antigen binding fragments thereof, including, in some embodiments, antibodics representing

all of the biomarkers desceribed herein, or antigen binding fragments thereof.

{#166] Certain antibodies that specifically bind polypeptide markers polynucleotide markers of
the disclosure already way be known and/or available for purchase from commercial sources. In
any event, the antibodies of the disclosure may be prepared by any suitable means known in the
art. For example, antibodics may be prepared by immunizing an animal host with a marker or an
immunogenic fragment thercof {conjugated to a carrier, if necessary). Adjuvants (e.g., Freund’s
adjuvant) optionally may be used to increase the imrmumelogical response. Sera containing
polyclonal antibodics with high affinity for the antigenic determinant can then be isolated from

the impmumzed animal and purified.

{3161]  Alternatively, antibody-producing tissue from the immunized host can be harvested and

cellular homogenate prepared from the organ can be fused to cultured cancer cells. Hybrid
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cells which produce monoclonal antibodies specific for a marker can be selected. Aliernatively,
the antibodies of the disclosure can be produced by chemical synthesis or by recombinant
expression. For example, a polynucieotide that encodes the antibody can be used 1o construct an
gxpression vecior for the production of the antibody. The antibodics of the present disclosure can

also be generated using various phage display methods known in the art,

{8162] Antibodies or aptamers that specifically bind markers of the disclosure can be used, for
example, in methods for detecting biomarkers of this disclosure using methods and technigues
well-known 1n the art. In some embodiments, for example, the antibodies are conjugated to a
detection molecule or moicty (e.g., a dye, and cnzyme) and can be used in ELISA or sandwich

assays to detect markers of the disclosure.

{3163]  In another crubodiment, antibodics or aptamers against a polypeptide marker or
polynuclestide marker of the disclosure can be used to assay a tissuc sample (¢.g., a thin cortical
slice} tor the marker. The antibodics or aptamers can specifically bind to the marker, if any,
present in the tissue sections and allow the localization of the marker in the tissue. Similarly,
antibodies or aptamers labeled with a radioisotope may be used for fn vivo imaging or treatment

applications.

{0164] Another aspect of the disclosure provides compositions comprising a polypeptide or
polynucleotide marker of the disclosure, a binding molecale that 1s specific for a polypeptide or
polynucleotide marker {e.g., an antibody or an aptamer}, an inhibitor of a polypeptide or
polynoelcotide marker, or other molecule that can increasc or decrcase the fovel or activity of a
polypeptide marker or polynucleotide marker. Such compositions may be pharmaceuntical

compositions formulated for use as a therapeutic.

{B165] Alternatively, the disclosure provides a composition that comprises a component that is
a fragment, modification, precursor or successor of a marker of the invention, or to a molecule

that comprises a foregoing component.
{81661 In another embodiment, the disclosure provides a composition that comprises a
polymucleotide that binds to a polypeptide or 2 molccule that comprises a foregoing

polvacleotide.
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{0167]  In another embodiment, the disclosure provides a composition that comprises an
antibody or aptamer that specifically binds to a polypeptide or a molecule that comprises a

foregoing antibody or aptamer.
Methods for defecting a genetic variant

{3168] The present disclosure also provides methods of detecting the biomarkers of the present
disclosure. The practice of the present disclosure employs, unless otherwise indicated,
conventional methods of analytical biochemistry, microbiology, molocular biology and
recombinant DNA techniques within the skill of the art. Such techniques are explained fully in
the literature. (See, ¢.g., Sambrook, 1. et al. Molecular Cloning: A Laboratory Manual, 3rd, ed.,
Cold Spring Harbor Laboratory, Cold Spring Harbor Laboratory Fress, Cold Spring Harbor, NY,
2000, DNA Cloning: A Practical Approach, Vol I & H{D. Glover, ed.); Oligonucleotide
Synthesis (N, Gait, od., Current Edition}; Nucleic Acid Hybridization (B. Hames & S, Higgins,
eds., Current Edition); Transcription and Translation (B, Hames & S, Higgins, eds., Current
Edition); CRC Handbook of Parvoviruses, Vol 1 & 11 (P, Tijessen, ed.}); Fundaroental Virelogy,

Ind Edition, Vol I & I (B, N. Fields and B. M. Knipe, eds. )}

{0169] The methods of the invention are not limited to any particular way of detecting the
presence or absence of a genetic variant {e.g. SNP) and can employ any suitable method to detect
the presence or absence of a variant(s}, of which numercus detection methods are known in the
art. Dvnamic allele-specific hybridization (DASH) can be used 1o detect a genetic variant,
DASH genotyping takes advantage of the differences in the melting teraperature in DNA that
results from the instability of mismatched base pairs. The process can be vastly automated and
encompasses a few simple principles. Thus, the aspects and embodiments described herein
provide methods for assessing the presence or absence of SNPs in a sampie (e.g. biclogical
sample) from a subject suspected of having or developing an interstitial lung disease {e.g.,
because of family history). In certain embodiments, one or rmore SNPs are screened in one or
more samples from a subject. The SNPs can be associated with one or more genes, o.g., ong of

more genes of other genes associated with mitcous secretions as disclosed hergin

{0178  Typically, the target genomic segment is amplified and separated from non-target

sequence, e.g., through use of a biotinylated primer and chromatography. A probe thatis

Ses

speeifie for the particular allele is added to the amplification product. The probe can be designed
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to hvbridize specifically to a variant sequence or to the dominant allelic sequence. The probe
can be cither labeled with or added in the presence of a molecule that fluoresces when bound to
double-stranded DNA. The signal intensity is then measured as temperature 18 increased antil
the Tm can be determined. A non-matching sequence {either genctic vartant or dominant aliclic

sequence, depending on probe design), will result in a lower than expected To

{0171] DASH genotyping relies on a quantifiable change in Tm, and is thus capable of
measuring many types of mutations, not just SNPs. Other benefits of DASH include its ability to

work with label free probes and its simple design and performance conditions.

{0172]  Molecular beacons can also be used to detect a genetic variant. This method makes use
of a specifically cngineered single-stranded oligomucicotide prohe. The oligonucleotide 18
designed such that there are complomentary regions at cach end and a probe sequence located in
between. This design allows the probe to take on a hairpin, or stem-loop, structure in its natural,
isolated state. Attached to one end of the probe is a fluorophore and to the otherend a
fluorescence quencher. Because of the stern-loop siructure of the probe, the {luorophore is in
close proximity fo the quencher, thus preventing the molecule from emitting any fluorescence.
The molecule is also engineered such that only the probe seqoence is complementary to the

targeted genomic DNA seguence.

{0173]  If the probe sequence of the molecular beacon encounters its target genomic DNA
sequence during the assay, it will anneal and hybridize, Because of the length of the probe
sequenee, the hairpin segment of the probe will be denatured in favor of forrang a longer, more
stable probe-target hybrid. This conformational change permits the fhuorophore and quencher to

be free of their tight proximity due to the hairpin association, allowing the melecule to fluoresce.

{B174] Ifonthe other hand, the probe sequence encounters a target sequence with as little as
one non-complementary nucleotide, the molecular beacon will preferentially stay in its natural
hairpin state and no fluorescence will be observed, as the fluorophore remains quenched. The
unique design of these molecular beacons allows for a simple diagnostic assay to dentify SNPs
at a given location. If a2 molecular beacon is designed to match a wild-type allele and another to
match a mutant of the allele, the two can be used to identity the genotype of an individual, If
only the first probe’s fluorophore wavelength is detected during the assay then the individual is

homozygous to the wild type. If only the sccond probe’s wavelength is detected then the
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individual is homozygous to the mutant allele. Finally, if both wavelengths are detzcted, then
both molecular beacons must be hybridizing to their complements and thus the individual must

contain both alleles and be heterozygous,

i0178] A microarray can also be used to detect genctic variants, Hundreds of thousands of
probes can be arrayed on a small chip, allowing for many genctic variants or SNPs to be
interrogated simultancously. Bocause SNP alleles only differ in one nucleotide and becanse it is
difficult to achieve optimal hybridization conditions for all probes on the array, the target DNA
has the potential to hybridize to mismatched probes. This can be addressed by using several
redundant probes to interrogate cach SNP. Probes can be designed to have the SNP site in
several different locations as well as containing mismatches to the SNP allele. By comparing the
differential amount of hybndization of the target DNA 1o each of these redundant probes, it 1s

possible to determine specific homozygous and heterozygous alleles.

{§176] Restriction fragment length polymorphism (RFLP) can be used to detect gonetic
variaots and SNPs. RFLP makes use of the many different restriction endonucleases and their
high affinity to unique and specific restriction sites, By performing a digestion on a genomic
sample and determining fragroent lengths through a gel assay it is possible o ascertain whethe
or not the enzymes cot the expected restriction sites. A fatlure to et the genomic sample resubis
in an identifiably larger than expected fragment timplying that there is a mutation at the point of

the restriction site which is rendering it protected from nuclease activity.

{0177] PBCR- and amplification-based methods can be used to detect gonctic variangs, For
example, tetra-primaer PCR employs two pairs of primers to amaplify two alleles in one PCR
reaction. The primers are designed such that the two primer pairs overlap at a SNP location but
each matches perfectly to only one of the possible alleles. As a resuli, if a given allele is present
in the PCR reaction, the primer pair specific to that aflele will produce product but not the
alternative allele with a different allelic sequence. The two primer pairs can be designed such
that their PCR products are of a significantly different length allowing for casily distinguishable

bands by gel electrophoresis, or such that they are differently labeled.
s D B o o

{6178] Primer extension can aiso be used to detect genetic variants. Primer extension first
involves the hybridization of a probe to the bases immediately upstream of the SNP nucleotide

followed by a ‘mini-scquencing’ reaction, in which DNA polymerase extends the hybridized
3 & 3
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primer by adding a base that is complementary to the SNP nucleotide. The incorporated base
that is detected determines the presence or absence of the SNP allele. Because primer extension
is based on the highly accurate DNA polymerase enzyme, the method is generally very reliable.
Primer exicnsion is able to genotype most SNPs under very similar reaction conditions making it
also highly fiexible. The primer extension method is used in a number of assay formats, and can

be detecled using e.g., fluorescent labels or mass spectroroetry.

{6179] Primer extension can involve incorporation of either fluorescently labeled ddNTP or
fluorescently labeled deoxynucleotides (dNTP). With ddN'TPs, probes hybridize to the target
DNA immediately upstream of SNP nucleotide, and a single, ddNTP complementary to the SNP
allele is added to the 37 end of the probe {the missing 3-hydroxyl in didioxynucleotide prevents
further nucleotides from being added). Each ddNTP is labeled with a different fluorescent signal
allowing for the detection of all four alleles in the same reaction. With dANTPs, allele-specific
probes have 3’ bases which are complementary to cach of the SNF alleles being wnterrogated. I
the target DNA contains an alicle complementary to the 37 base of the probe, the target DNA will
completely hybridize to the probe, allowing DMA polvmerase to extend from the 37 ¢nd of the
probe. This is detected by the incorporation of the fluorescently labeled dNTPs onto the end of
the probe. If the target DNA does not contain an allels complementary to the probe's 37 base, the
target DNA will produce a mismatch at the 3° end of the probe and DNA polymerase will not be

absle to extend from the 3' end of the probe.

{0180] The iPLEX® SNP genotyping method takes a slightly different approach, and relies on

detection by mass spectrometer. Extension probes are designed in such a way that many

different SNP assays can be amplified and analyzed in a PCR cocktail. The extension reaction

uses ddNTPs as above, but the detection of the SNP allele is dependent on the actual mass of the
H

extension product and not on a fluorescent molecule. This method is for low to medium high

throughput, and is not intended for whole genome scanning.

{B181] Primer extension methods are, however, amenable to high throughput analysis. Primer
extension probes can be arrayved on slides allowing for many SNPs to be genotyped at once.
Broadly referred to as arrayed primer extension {APEX), this technology has several benefits
over methods based on differential hybridization of probes. Comparatively, APEX methods

have greater discriminating power than methods using differential hybridization, as it is offen
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impossible to obtain the optimal hybridization conditions for the thousands of probes on DNA

microarrays {usually this is addressed by having highly redundant probes).

{0182] Oligonucleotide ligation assays can also be used to detect gonetic variants. DNA ligase
catalyzes the ligation of the 3’ end of 2 DNA fragment to the 5' end of a directly adjacent DNA
fragment. This mechanism can be used to interrogate a SNP by hybridizing two probes direetly
over the SNF polymorphic stte, whereby ligation can occur if the probes are identical to the
target DNA. For example, two probes can be designed; an allele-specific probe which hybridizes
to the target DNA so that ifs 3" base is situated directly over the SNF nucleotide and a second
probe that hybridizes the template upstream {downstream in the complementary strand) of the
SNP polymorphic site providing a 5 end for the ligation reaction. 1 the allele~-specific probe
matches the target DNA, 1t will fully hybridize to the target DNA and ligation can occur.
Ligation does not generally occur n the presence of a mismatched 3 base. Ligated or unligated
products can be detected by gel electrophoresis, MALDI-TOF mass spectrometry or by capillary

clectrophoresis.

{3183] The S’ -nuclease activity of Tag DNA polymerase can be used for detecting genetic
variants. The assay is performed concurrently with a PCR reaction and the results can be read in
real-time. The assay requires forward and reverse PCR primers that will amplify a region that
includes the SNP polymorphic site. Allele discrimination is achieved using FRET, and one or
wo allele-specific probes that hybridize to the SNP polymorphic site. The probes have a
fluorophore linked to their 57 end and a quencher molecule linked to their 37 end. While the
probe is intact, the guencher will remain in close proximity to the fluorephore, eliminating the
fluorophore’s signal.. During the PCR amplification step, if the allele-specific probe is perfectly
complementary to the SNP allele, it will bind to the target DNA strand and then get degraded by
3’-nuclease activity of the Tag polymerase as it extends the DNA from the PCR primers. The
degradation of the probe results in the separation of the fluorophore from the quencher molecule,
generating a detectable signal. I the aliele-specific probe is not perfectly complementary, it will
have lower melting temperatire and not bind as efficiently. This prevents the nueclease from

acting on the probe.

1184] Forster resonance encrgy transfer (FRET) detection can be used for detection in primer
gy f

extension and ligation reactions where the two labels are brought into close proximity to cach
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other. It can also be used in the 3'-nuclease reaction, the molecular beacon reaction, and the
mvasive cleavage reactions where the neighboring donor/aceeptor pair is scparated by cleavage
or disruption of the stem-loop structure that holds them together. FRET occwrs when two
conditions ate met. First, the emission spectrum of the fluorcscent donor dye must overlap with
the exgitation wavclongth of the accoptor dyc. Sceond, the two dyes must be in ¢lose proximity
o each other because energy transfer drops off quickly with distance. The proximily requiremert
is what makes FRET a good detection method for a number of allehic discrimination

mechanisms.

{6185] A variety of dyes can be used for FRET, and are known in the art. The most common
ones are fluorescein, cyanine dyves {Cv3 to Cy7}, rhodamine dyes {e.g. thodamine 6G), the Alexa™
series of dyes (Alexa ™ 405 to Alexa ™ 730). Some of these dyes bave boen used in FRET networks
{with multiple dovors and acceptors). Optics for imaging all of these require detection from UV
to near IR {eg. Alex 405 1o Cv7), and the Atto series of dyes (Atto-Tec GmbH). The Alexa™
series of dyes from Invitrogen cover the whole speciral range. They arve very bright and

photostable.

[0186] Example dye pairs for FRET labeling include Alexa™ 405/ Alexa™ 488, Alexa™ 488/
Alexa™. 546, Alexa™ .53/ Alexa™ 594 Alexa™ 504/ Alexa™ 680, Alexa™ 504/ Alexa™.700,
Alexa™.708/Alexa™-730, Cy3/Cy5, Cy3.5/Cy5.5, and Rhodamine-Green/Rhodamune-Red, ot
Fluorescent metal nanoparticles such as silver and gold nanochusters can also be used

{Richards er al. (2008) J 4m Chem Soc 130:503&-39; Vosch e al. (2007) Proc Nail Acad Sci US4
[04:12616-21; Petty and Dickson (20033 J Am Chem Soc 123:7780-81 Available filters, dichroics,

multichroic mirrors and lasers can affect the choice of dye.

Methods for detecting markers, including polynuclestide and polypeptide expression levels

{B187] The markers of the disclosure may be detected by any method known to those of skill
in the art, including without imitation LU-MS, GC-MS, imymunoassays, hybridization and
enzvme assays. The detection may be quantitative or gualitative. A wide variety of
conventional techniques are available, inchuding mass spectrometry, chromatographic

scparations, 2-1 gel separations, binding assays {C.g., unununoassays}, competitive inhibition
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assays, and s¢ on, Any offective method in the art for measuring the presence/absence, level or
activity of a polypeptide or polynucleotide is included in the disclosure. It is within the ability of
one of ordinary skill in the art to determine which method would be most appropriate for
measuring a specific marker. Thus, for example, 2a ELISA assay may be best suited foruse in a
physician’s office while a measurcment requiring more sophisticated instrurentation may be
best suited for use in a clivical laboratory. Regardless of the method selected, it is important that

the measurements be reproducible.

{0i88] The markers of the disclosure can be measured by mass spectrometry, which allows
dircet measurements of analytes with high sensitivity and reproducibility. A number of mass
spectrometric methods are available. Electrospray ionization (EST), for example, allows
quantification of differences in relative concentration of various species in one sample against
another; absolute quantification is possible by normalization techniques {e.g., using an internal
standard). Mairix-assisted laser desorption ionization (MALDT) or the related SELDI®
technology (Ciphergen, Inc.) also could be used to make a determination of whether a marker
was present, and the relative or absohute level of the marker. Mass spectrometers that allow
time-of-flight (TOF) measurements have high accuracy and resolution and are able to measure
fow abundant species, even in complex matrices like serum or CSF,

{0189] Forprotein markers, quantification can be based ou derivatization in combination with

methods, a specific aminge acid in two samples is differentially and isotopically labeled and
subsequently separated from peptide background by solid phase capture, wash and relfease. The
intensities of the molecules from the two sources with different isotopic labels can then be
accurately quantified with respect to one another. Quantification can alse be based on the isotope
dilution method by spiking in an isotopically labeled peptide or protein analogous to those being
measured. Furthermore, guantification can also be determined without isotopic standards using
the direct intensity of the analyte comparing with another measurement of a standard in a similar

matrix.

{03198]  In addition, one- and two-dimensional gels have been used to separate proteins and

quantify gels spots by silver staining, fluorescence or radicactive labeling. These differently
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stained spots have been detected using mass spectrometry, and identified by tandem mass

spectrometry techniques,

{0191]  In one embodiment, the markers are measured using mass spectrometry in connection
with a separation technology, such as liguid chromatography-mass spectrometry or gas
chromatography-mass spectrometry. In particular, coupling reverse-phase liquid
chromatography to high resolution, high mass sccuracy EST time-of-flight (TOF) mass
spectroscopy allows spectral ntensity measurement of a large number of biomolecules from a
refatively small amount of any complex biological material. Analyring a sample in this manne

allows the marker {characterized by a specific RT and m/z) to be determined and quantified.

{8192] As will be appreciated by one of skill in the art, many other separation technologies
may be used in connection with mass spectrometry. For example, a wide selection of separation
columns is commercially available. In addition, separations may be performed using custom
chromatographic surfaces (e.g., a bead on which a marker specific reagent has been
imrpobilized). Moelecules refained on the media subsequently may be eluted for analysis by mass

spectrometry,

{0193]  Anvalysis by liguid chromatography-mass spectrometry prodoces a mass intensity
spectrum, the peaks of which represent various components of the sample, cach component
having a characteristic mass-to-charge ratio (w/z) and retention time {RT). The presence of a
peak with the m/z and RT of a marker indicates that the marker is present. The peak
represeniing a marker may be compared to a corrcsponding peak from another spectrura {e.g.,
from a conirol sample) to obtain a relative measurement. Any normalization technigue in the art
{e.g., an internal standard) may be used when a quantitative measarement is desired.
“Dieconveluiing” soflware is available (o separate overlapping peaks. The retention time
depends to some degree on the conditions employed in performing the liguid chromatography
separation. Suitable conditions, those used to obtain the retention times that appear in the
Tables, are set forth in the Example. The mass spectrometer preferably provides high mass
accuracy and high mass resolotion. The mass accuracy of a well-calibrated Micromass TOF
instrument, for example, is reported to be approximately 5 mDa, with resolution nvAm

exceeding 5000.
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{0194} In some embodiments, the level of the markers may be determined using a standard
immunoassay, such as sandwiched ELISA using matched antibody pairs and chemiluminescent
detection. Commercially available or custom monoclonal or polyclonal antibodies are typically
used. However, the assay can be adapted for use with other reagents that specifically bind to the
marker. Standard protocols and data analysis arc used to determine the marker concentrations

from the assay data,

{3195] A number of the assays discussed above employ a reagent that specifically binds to the
marker. Any molecule that is capable of specifically binding to a marker is included within the
disclosure. In some embodiments, the binding molecules are antibadics or antibody fragments.
In other embodiments, the binding molecules are non-antibody species, such as aptamers. Thus,
for exarople, the binding molecule may be an enzyrme for which the marker is a substrate. The

binding molecules may recognize any epitope of the targeted markers.

{§196]  As deseribed above, the binding molecules may be identified and produced by any
method accepted in the art, Methods for identifying and producing antibodies and antibody
fragments specific for an analyte are well known, Examples of other methods used to identify
the binding molecnles inchude binding assays with random peptide libraries {¢.g., phage display)

and design methods based on an analysis of the structure of the marker,

{0197]  The markers of the disclosure also may be detected or measured using a mumber of
chemical derivatization or reaction techniques known in the art. Reagents for use 1n such
techutques are known 1o the art, and are conuncreially available for cortain classes of target

molecules.

{0198] Finally, the chromatographic separation techniques described above also may be
coupled to an analytical technique other than mass spectrometry such as fluorescence detection
of tagged molecules, NMR, capillary UV, evaporative light scattering or electrochernical
detection.

{0199 Measwoment of the relative amount of an RNA or protein marker of the disclosure may
be by any method known in the art (sce, ¢.g., Sambrook, J., Fritsh, E. F., and Maniatis, T.
Molecular Cloning: A Laboratory Mamual, 2nd, ed., Cold Spring Harbor Laboratory, Cold

Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989; and Current Protocols in
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Molecular Biology, eds. Ausubel ot al. John Wiley & Sons: 1992}, Typical methodologies for
RNA detection include RNA extraction from a cell or tissue sample, followed by hybridization
of a labeled probe (2.g., a complementary polynucleotide) specific for the target RNA to the
extracted RMNA, and detection of the probe {e.g., Northern blotting). Typical methodologies for
5 protein detection include protein exiraction from a ccll or tissue samplie, followed by
hybridization of a labeled probe {e.g., an antibody) specific for the target protein to the protein
saraple, and detection of the probe. The label group can be a radioisotope, a fluorescent
compound, an enzyme, or an enzyme co-factor. Detection of specific protein and
polynucleotides may also be assessed by gel electrophoresis, column chromatography, direct
10 sequencing, or guantitative PCR (in the case of polynucleatides) among many other technigues

well known to those skilled in the art.

{0280] Detection of the presence or number of copies of all or a part of a marker gene of the
disclosure may be performed using any method known in the art. Typically, 1t is convenient {o
assess the prescuce and/or quantity of a DNA or ¢DNA by Southern analysis, in which total

15 DNA from acell or tissue sample is extracted, is hybridized with a labeled probe {e.g., a
complementary DNA molecule), and the probe is detected. The label group canbe a
radicisotope, a fluorescent compound, an enzyme, or an enzyme co-factor. Other useful methods
of DNA detection and/or quantification inclhude direct sequencing, get electrophoresis, column

chromatography, and quantitative PCR, as is known by one skilled in the art,

20 {281} Polynucleotide similarity can be evabuated by hybridization between single stranded
nucleic acids with complementary or partially complementary sequences. Such experiments are
well known in the art, High stringency hvbridization and washing conditions, as referred to
herein, refer to conditions which permit isolation of nucleic acid molecules having at least about
80% nucleic acid sequence identity with the nucleic acid molecule being used to probe in the

25  hybridization reaction {(i.c., conditions permitting about 20% or less nusmateh of nucleotides).

{8282]  Very high stringency hvbridization and washing conditions, as referred to herein, refer
to conditions which permit isolation of nucleic acid molecuies having at teast about 90% nucleic
acid sequence identity with the nucleic acid molecule being used to probe in the hvbridization
reaction {i.e., conditions permitting about 10% or less mismatch of nucleotides). As discussed

30 abovce, onc of skill in the art can usc the formulac in Meinkoth ¢t al., i6id. to calculate the
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appropriate hvbridization and wash conditions to achicve these particular levels of nucieotide
mismatch. Such conditions will vary, depending on whether DNARNA or DNADNA hybrids
are being formed. Calculated melting temperatures for DINADNA hybrids are 10°C less than for
DNARNA hvbrids. In particular embodiments, stringent hybridization conditions for
DNADNA hybrids include hybridization at an ionic strength of 6X SSC (0.9 M Na) at &
temperature of between about 20°C and about 35°C (lower stringency), more preferably,
between about 28°C and about 40°C (more stringent), and even more preferably, between about
35°C and about 45°C {even more stringent}, with appropriate wash conditions. In particular
embodiments, stringent hybridization conditions for DNARNA hybrids include hybridization at
an ionic strength of 6X 8SC (0.9 M Na') at a terperature of between about 20°C and about
45°C, more preferably, between about 38°C and about 50°C, and even more preferably, between
about 45°C and about 55°C, with similarly stringent wash conditions. These values are based on
calculations of a mehing temperature for molecules larger than aboot 100 nucleotides, 0%
formamide and a G + C content of about 40%. Alternatively, Tm can be calculated empirically
as sct forth in Sambrook et al., supra, pages 9.31 10 9.62. In general, the wash conditions should
be as stringent as possible, and should be appropriate for the chosen hvbridization conditions.
For example, hybridization conditions can include a combination of salt and temperahirg
conditions that are approximately 20-25°C below the calculated Ty, of a particular hybrid, and
wash conditions typically include a combination of salt and temperature conditions that are
approximaiely 12-20°C below the calculated Ty, of the particular hybrid. One example of
hyvbridization conditions suitable for use with DMNADNA hybrids includes a 2-24 hour
hvbridization in 6X S8C (80% formamide) at about 42°C, followed by washing steps that
include one or more washes at room temperature in about 2X S8C, followed by additional
washes at higher temperatures and lower ionic strength (2.2, at lcast one wash as about 37°C in
about 0.1X-0.5X S8C, followed by at least one wash at about 68°C in about 0.1X-0.3X 880,
Other hybridization conditions, and for example, those most useful with nucleic acid arrays, will

be known to those of skill in the art.
Diagnosis, monitoring, and treatment of interstitial lung disease

{1283] The present disclosure includes methods of diagnosing micerstitial hung discascs such as

interstitial pneumonia, idiopathic interstitial pneumonia, familial interstitial pneumonia,
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idiopathic pulmonary fibrosis, ote, siratifying patients amongst different types of interstitial lung
discase, and/or ruling out other types of lung discase that cause similar symptoms and show
similar abnormalities on chest radiographs, and related methods. In general, it is expected tha
the biomarkers described hercin will be measured in combination with other signs, svmptoms
and clinical tests of imterstitial lung disease, such as radiographs, pathological evaluation of lung
tissue, or interstitial hung disease biomarkers reported in the literature, Likewise, more than one
of the biomarkers of the present disclosure may be measured in combination. Measurement of
the biomarkers of the disclosure along with any other markers known in the art, including those
not specifically listed herein, falls within the scope of the present disclosure. Markers
appropriate for this embodiment include those that have been identified as present or mncreased in
saraples obtained from biological, and especially lung, samples corpared with samples from
normal or control samples. Other markers appropriate for this embodiment include fragments,
precursors, successors and modified versions of such markers, polypeptides having substantial
sequence identity to such markers. Other appropriate markers for this embodiment will be

apparent to one of skill in the art in Light of the disclosure herein,

{82841 The term “interstitial lung disease™ or “HL.D” is used herein according to is plain and
ordinary meaning in the art. Interstitial lung diseases are tung discases affecting the interstitium,
IL.Ds may be characterized by shortness of breath, chronic coughing, fatigue and weakness, loss
of appetite and/or rapid with loss. Where an aspect or embodiment herein refers to ILD, the ILD
may be IP. Where an aspect or embodiment herein refers to LD, the ILD may be FIP. Where
an aspect or embodiment herein refers o ILD, the ILD may be IPF. Where an aspect or
embodiment herein refers to LD, the ILD may be P, Additional fibrotic pulmonary diseases
include Acute Interstitial Pncumonia (AP}, Respiratory Bronchiolitis-associated Interstitial Lung
Disease (RBILD), Desquamative Interstitial Pneumonia (DIP), Non-Specific Interstitial
Pncumonia (NSIP}, Bronchiolitis obliterans, with Organizing Pneumonia (BOOP). AP is a
rapidly progressive and histologically distinet form of interstitial pneumonia. The pathological
pattern iy an organizing form of diffuse abveolur damage (DAD) that is also found in acute
respiratory distress syndrome (ARDS) and other acute interstitial pneumonias of known causes

{scc Clinical Atlas of Interstitial L ung Discase (2006 ed.} pp 61-63).
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{0205] RBILD is characterized by inflammatory lesions ofthe respiratory bronchioles in
cigarette smokers. The histologic appearance ofRBILD is characterized by the accumulation of
pigmented macrophages within the respiratory bronchioles and the surrounding airspaces,
variably, peribronchial fibrotic alveolar septal thickening, and minimal associated mural

inflammation (sce Wells et al. (2003) Sem Respir. Crit. Care Med. vol. 243

{0286] DIP is a rare interstitial lung discasc characterized by the accumulation ofmacrophages
in large numbers in the alveolar spaces associated with interstitial inflarmmation and/or fibrosis.
The macrophages frequently contain light brown pigment. Lymphoid nodules are conmumon, as is
a sparsc but distinet eosinophil infiltrate. DIP is most comunon in smokers {sce Tazelaar ot al.

{Sep. 21, 2010) Histopathology).

{0287]  NSIP s characterized pathologically by uniform interstitial inflammation and fibrosis
appearing over a short period of time. NSIP differs from other interstitial lung discases in that it
has a generally good prognosis. In addition, the temporal uniformity of the parenchymal changes
seen in MNSIP contrasts greatly with the temporal beterogeneity of usual intersiitial pneumonia

{see Coche et al, (2001) Brit J Radiol74:189).

{0288] BOOP, unlike NBIP, can be fatal within days of first acute symptoms. It is
characterized by rapid onsct of acute respiratory distress syvadrome; therctore, clinically, rapidly
progressive BOOP can be indistingnishable frorn acute interstitial pneumonia, Histological
features inchude clusters of mononuclear inflammatory cells that form granulation tissue and plug
the distal airways and alveolar spaccs. These plugs of granulation tissue may form polyps that
migrate within the alveolar docts or may be focally attached to the wall. {see White & Ruth-Saad

{2007} Crit, Care Nurse 27:53).

{026%] Further details abowt the characteristics and therapies available for these diseases can be
found, e.g., on the website of the American Lung Association at longusa.org/lung-
discase/pulmonary-fibrosis. Diagnostic indicators of pulmonary disorders include biopsy (e.g.,
VATS or evrgical himg biopsy), high resohution computed tomaography (HRTO) or breathing
metrics, such as forced expiratory volume (FEV 1), vital capacity (VC), forced vital capacity

(FVC), and FEVI/FVC.
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{0218] The idiopathic interstitial pneumonias (HP) can include idiopathic pulmonary fibrosis
and familial interstitial pneumonia (FIP), ldiopathic interstitial pncumonias (11P) are a subset of
diffuse interstitial lung discases of unknown eticlogy {the term “idiopathic” indicates unknown
origin}. [IFs are characterized by expansion of the interstitial compartment {i.¢., that portion of
the lung parenchyma sandwiched between the epithelial and endothelial basement membranes)
with an infilirate. The infiltrate may be accompanied by fibrosis, either in the form of abnormal

collagen deposition or proliferation of fibroblasis capable of collagen synthesis.

{0211} ILdiopathic Pulmonary Fibrosis (IPF) occurs in thousands of people worldwide with a
doubling of prevalence over the past 10 years. Onsct of IPF occurs around 50 to 70 vears of age
and starts with progressive shortness of breath and hypoxemia. TPF median survival is around 3-
5 years. The eticlogy and pathogenesis of the condition 1s not well understood. Abowt 5-20
percent of all cases of IPF have a family history and inheritance appears fo be antosomal

dominant.

{0212] Provided herein are methods for determining whether a subject has intersiitial lung
disease. In another aspect, the disclosure provides methods for diagnosing interstitial lung
disease in a subject. These methods comprise obtaining a biclogical sample from a subject
suspected of having interstitial pneumonis, or at risk for developing interstitial lung disease,
detecting the presence or level or activity of one or more biomarkers in the sample, and
comparing the result to the present, level or activity of the marker{s) in a sample obtained from a
control or normal subject, or to a reference range or vahie, As used herein, the term “biological
sample” includes a sample from any body fluid or tissue {e.g., mucus, whole blood, peripheral
blood mononuclear cells (PBMCs}, seram, plasma, blood, cerebrospinal fluid, urine, saliva, tung

fissue).

[0213]  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 biological fluids are typically used. Biological
samples can include 3 pulmonary mucosal sample or bological fluid such as blood or blood
components {plasma, serum), sputiim, mucus, uring, saliva, ete. A pulmonary mucosal sample
can be obtained using methods known in the art, ¢.g., a bronchial epithelial brush or exhaled

breath condensate. Additional methods include bronchial biopsy, bronchial wash,
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bronchoalveolar lavage, whole lung lavage, transendoscopic biopsy, iranslaryngoscopic catheter,
and transtracheal wash. A review of commonly used techniques, including comparisons and
safety issues, is provided in Busse et al, (2005) Am J Respir Crit Care Med 172:807-816. For
lavage techniques, a bronchoscope can be inserted to the desirad level of the airway, A small
volume of sterile, physiologically acceptable fluid {e.g., buffered saline) is released, and
imnediately aspirated. The wash material containg cells from the mucosa and upper epithelia
(Riwse et al. (1996) Eur Resp 19:1665). For use of a bronchial epithelial brash, a sterile, non-
writating {e.g., nylon} cytology brush can be used. Multiple brushings can be taken to ensure
representative sampling. The brush is then agitated in physiologically acceptable fluid, and the
cells and debris separated osing routine methods (Riise et all (1992) Eur Resp ¥ 5:382). 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 wsing known methods or
commercial separation products {available from BioCat, System Bio, Bioscientific, efc.). An

exemplary method is described e.g., by Thery et al. (2006) Current Prot. Cell Biol.

{0214]  Typically, the standard biomarker lovel or reference range is obtained by measuring the
same marker or markers in a set of normal controls. Measurement of the standard biomarker
level or reference range need not be made contemporaneously; it may be a historical
measurement. Preferably the normal control is matched to the individual with respect to some
attribute(s) (¢.g., age). Depending upon the difference between the measured and standard level
or reference range, the individual can be diagnosed as having interstitial lung disease or as not
having interstitial lnng discase. In some embodiments, interstitial lung disgase is diagnosed in
the individual if the expression level of the biomarker or biomarkers in the individual sampie is
statistically more similar to the expression level of the biomarker or biomarkers that has been
associated with interstitial lung disease than the expression level of the biomarker or biomarkers

that has been associated with the normal controls.

{6218] What is presently referred to as interstitial lung diseasc includes a number of related,
but distinguishable conditions. Classifications can be made, and these types may be further
distingnished into subtypes. Any and all of the various forms of interstitial hung discase are

intended to be within the scope of the present discloswre. Indeed, by providing a method for
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subsctting individuals based on biomarker measurement level, the compasitions and methods of

the present disclosure may be used to uncover and define various forms of the discase.

{0216} The methods of the present disclosure may be used to make the diagnosis of interstitial
pncumonia, independently from other information such as the individual’s symptoms or the
results of other clinical or paraclinical tests. However, the methods of the present disclosure may

be used in conjunction with such other data points.

{6217] Because a diagnosis is rarcly based exclusively on the results of a single test, the
method canbe used to determine whether a subject 1s more likely than not to have interstitial lung
disease, or is more likely fo have interstitial lung discase than to have another disease, based on
the difference between the measured and standard level or reference range of the hiomarker.
Thus, for example, an individual with a putative diagnosis of interstitial tang discase may be
diagnosed as being “more likely” or “less likely” to have interstitial lung discase in light of the
information provided by a mothod of the present disclosure, If a plurality of biomarkers are
measured, at least one and up to all of the measured biomarkers must difter, in the appropriate
direction, for the subject to be diagnosed as having {or being more likely to have) interstitial fung

discase. In some embodiments, such difference is statistically significant.

{0218] The biological sample may be of any tissue or fluid, including a serum or tissue sarople,
but other biological fluids or tissue may be used. Possible biological flnids include, but are not
fimited to, nocus, whole blood, peripheral blood mononuclear cells (PBMCs), plasma, urine,
saliva and lung tissuc. In some embodiments, the fovel of a marker may be compared to the ovel
of another marker or some other component in a different tissue, fluid or biolegical
“compartment.” Thus, a diffevential comparison may be made of a marker in tissue and serom. It
is alse within the scope of the disclosure to comapare the level of & marker with the level of

another marker or sorme other component within the same compartment.

[8219]  Aswill be apparent to those of ordinary skill in the art, the above description is not
limited to making an initial diagnosis of interstitial lung disease, but also is applicable to
confirming a provisional diagnosis of interstitial hung discase or “ruling out” such a diagnosis.
Furthermore, an increased or decreased level or activity of the marker(s) in a sample obtained

from a subject suspected of having interstitial lung disease, or at risk for developing interstitial
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lung discase (e.g., with a genetic predisposition), is indicative that the subject has or is at risk for

developing interstitial lung discase.

{0228] Based on the diagnosis, a practitioner can further determine a conrse of treatment for
interstitial lung discase. Therapy options arc limited, but can include palliative measures,
decongestants, pain killers, immunosuppression, lung transplantation. In addition, based on the
present disclosure, freatment can include targeted gene or antibody therapy directed to reduce or
correct expression of the disclosed biomarkers to more normal lovels, Treatment can be adjusted
over time depending on the continued monitoring of the subject, ¢.g., measurement of expression
levels of the presently disclosed Biomarkers, or other measures such as radiology, oxygen

capacity, comfort levels,

{0221]  The disclosure also provides a method for determining a subjeot’s nisk of developing
interstitial long disease, the method comprising obtaining a biclogical sample from a subject,
detecting the presence, level or activity of & marker in the sample, and comparing the resalt to
the presence, level or activity of the marker in a sample obtained from a von- interstitial lung
disease subject, or to a reference range or value wherein the presence, or an increase or decrease

of the roarker is correlated with the risk of developing interstitial hung disease,

{02221  The disclosure also provides methods for determining the stage or severily of interstitial
tung disease, the method comprising obtaining a biological sample from a subject, detecting the
presence, level or activity of a marker in the sample, and comparing the result to the present,
level or activity of the marker in a sarople obtained from a normal or control subject, or to a
reference range or value wherein the presence, or an increase or decrease of the marker is

correlated with the stage or severity of the disease.

{B223] In another aspect, the disclosure provides methods for monitoring the progression of
the disease in a subject who has interstitial tang disease, the method comprising obtaining a first
biological sample from a subject, detecting the level or activity of a marker in the sample, and
comparing the result to the level or activity of the marker in a second sample obtained from the
subject at a later time, or to a reference range or value wherein an increase of the marker is

correlated with progression of' the discase.
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{0224] A significant difference in the elevation of the measured value of one or more of the
gene markers indicates that the individual has (or is more likely to have, or is at risk of having, or
is at risk of developing, oris at increased risk of developing progressive) interstitial lung discase.
if only one biomarker is measured, then that value must increase to indicate interstitial lung
disease. If more than one biomarker is measured, then a diagnosis of interstitial pneumonia can
be indicated by a change in only one biomarker, all biomarkers, or any mumber in between. In
some ernbodiments, multiple markers are measured, and a diagnosis of interstitial lung disease is
mdicated by changes in multiple markers. For example, a panel of markers may include markers
that are increased in level or activity in interstitial ung disease subject samples as compared o
non~interstitial lung discase subject samaples. Measurcments can be of (i) a biorarker of the
present disclosure, (1) a biomarker of the present disclosure and another factor known to be
associated with interstitial fang disease (e.g., CT scan); (iti) a phurality of biomarkers of the
present disclosure, (iv) a plurality of biomarkers comprising at least one biomarker of the present
disclosure and at feast one biomarker reported in the hiterature; (v} a biomarker or a plurality of
biomarkers of the present disclosure and at least one clinical covariate that may include the
individual’s age, pathological evaluation results, and {vi) any combination of the foregoing.
Farthermore, the amount of change in a biomarker level may be an indication of the relative

{ikelihood of the progression of the diseusse.

{0228] The marker(s) may be detected in any biological sample obtained from the subject, by
any guitable method known in the art (e.g., immunoassays, hybridization assay). Preferably, the

marker{s} are detected in a sample of whole blood obtained from the individual.

{0226] In an alternative embodiment of the disclosure, a method is provided for monitoring
interstitial hng disease in an fndividual over time to determine whether the discase is
progressing. The specific techniques used in tmplementing this emboediment are similar to those
used in the embodiments described above. The method is performed by obtaining a biclogical
sample, such as serum or lung tissue, from the subject at a certain time {4/); measuring the jevel
of at feast one of the biomarkers in the bislogical sample; and comparing the measured level with
the level measured with respect to a biclogical sample obtained from the subject at an carlier
time (). Depending upon the difference between the measured levels, 1 can be scen whether the

marker level has increased, decreased, or remained constant over the interval (£;-f5). A further
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deviation of a marker in the divection indicating interstitial pneumonia, or the measurement of
additional increased interstitial lung discase markers, would suggest a progression of the disease
during the interval. Subsequent sample acquisitions and measurements can be performed as

many times ag desired over a range of times 1, 10 £,

{#227] The ability to monitor an individual by making serial marker level determinations
would represent a valuable clinical tool. Rather than the Hmited “snapshot” provided by a single
test, such monitoring would reveal trends in marker levels over time. In addition to indicating a
progression of the disease, tracking the marker levels in an individual could be used to predict
exacerbations or indicate the clinical course of the discase. For example, as will be apparent to
one of skill in the art, the biomarkers of the present disclosure could be further investigated to
distinguish between any or all of the known forms of interstitial lung disease or any later
described types or subtypes of the disease. In addition, the sensitivity and specificity of any
method of the present disclosure could be further investigated with respect to distinguishing

mterstitial lung disease from other discases or to predict relapse or remission,

{6228] In an analogous manner, adroinistration a drag or drog combination can be evalvated or
re-evaloated in light of the assay results of the present disclosure. For example, the drug(s) can
be administered differently to different subject populations, and measurements corresponding to
administration analyzed to determine if the differences in the inventive biomarker signatare
before and after drug administration are significant. Results from the different drug regiments
can also be compared with sach other directly. Alternatively, the assay results may indicate the
desirability of one drug regimen over another, or indicate that a specific drug regimen should or
should not be administered to an interstitial pnesmonia individual. In one embodiment, the
finding of elevated levels of the marker genes of the present disclosure in an interstitial lung
diseascindividual is indicative of a poor prognosis. In another embodiment, the absence of
clevated levels of the marker genes of the present disclosure in an interstitial lung disease

individual is indicative of a good prognosis.

{0228]  In another aspect, the disclosure provides methods for screening candidate compounds
for use as therapeutic compounds in the treatment of nterstitial lung discase. In one

embodiment, the method comprises sereening candidate compounds for those that provide
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clinical progress following administration to an interstitial lung disease patient from which a

fung sample has been shown to have clevated levels of the markers of the present disclosure.

{0238]  In an analogous manner, the markers of the present disclosure can be used to assess the
cfficacy of a therapeutic intervention in a subject. The same approach described above would be
used, except a suitable treatrnent would be started, or an ongoing treatiment would be changed,
before the sccond measurement (i.c., after 1; and before ;). The treatment can be any therapeutic
intervention, such as drug administration, dictary restriction or surgery, and can follow any
suitable schedule over any time period as appropriate for the intervention. The measurements
before and after could then be compared to determine whether or not the treatment had an effect.
As will be appreciated by one of skill in the art, the determination may be confounded by other

superimposed processes {e.g., an exacerbation of the disease during the same period).

{0231} In a further cmbodiment, the markers may be used to screen candidate drugs, for
example, in a clinical trial, to determine whether a candidate drug is cffective in treating
interstitial lung disease. Al tiroe ¢y, a biological sample is obtained from each subject in
population of subjects diagnosed with interstitial prncumonia. Next, assays are performed on
cach subject’s sample to measure levels of a biological marker, In sorne embodiments, only a
single marker 1 monitored, while in other embodiments, a combination of markers, up to the
total number of markers provided herein, is monitored. Next, a predetermined dose of a
candidate drug is administered to a portion or sub-population of the same subject population,
Drrug administration can follow any suitable schedule over any time period. In some cases,
varying doses are administered to different subjects within the sub-population, or the drug is
administered by different routes. At time 7, after drog administration, a biological sample is
acquired from the sub-population and the same assays are performed on the biological samples
as were previously performed to obtain measurement values. As before, subsequent sample
acquisitions and measurements can be performed as many times as desired over a range of times
t; to 1, In such a study, a different sub-population of the subject population serves as a control
group, to which a placebo is administered. The same procedure is then followed for the control
group: obtaining the biclogical sample, processing the sample, and measuring the biclogical

markers to obtain a measurement chart.
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{0232] Specific doses and delivery routes can alse be examined. The method is performed by
administering the candidaie drug at specified dose or delivery routes to subjects with interstitial

1

fung discase; obtaining biclogical samples, such as sernm or tissue, from the subjects; measuring

£
i

the level of gt least one of the biomarkers in cach of the biological samples; and, comparing the
measured level for cach sample with other samples and/or a standard level. Typically, the
standard level is obtaived by measuring the same marker or markers in the subject before drug
administration. Depending upon the differcnce between the measured and standard levels, the
drug can be considered to have an effect on interstitial lung disease. I multiple biomarkers are
measured, at least one and up fo all of the biomarkers must change, in the expected divection, for
the drug to be considered effective. Preferably, multiple markers must change for the drug to be

considered effective, and preferably, such change 1s statistically significant.

{0233]  As will be apparent to those of ordinary skill m the art, the above description s not
fimited to a candidate drug, but is applicable to determining whether any therapeutic intervention
13 effeefive i treating interstitial lung discase.

{0234] In atypical embodimnent, a subject population having mterstitial ung disease is selected
for the study. The population is typically selected using standard protocols for selecting chinical
trial subjects. For example, the subjects are generally healthy, are not taking other medication,
and are evenly distributed in age and sex. The subject population can also be divided into
multipie groups; for example, different sub-populations may be suffering from different types or
different degrees of the disorder to which the candidate drug is addressed. The stratification of
the individual population may be made based on the levels of biomarkers of the present

disclosure.

{0235]  In general, a number of statistical considerations must be made in designing the il to
ensure that statistically significant changes in biomarker measurements can be detected
following drug administration. The amount of change in a biomarker depends upon a mumber of
factors, including strength of the drug, dose of the drug, and treatment schedule. It will be

apparent io one skilled in statistics how o determine appropriate subject population sizes.

Preferably, the study is designed to deteet relatively small effect sizes.

{0236] The subjects optionally may be “washed out” from any previous drag use for a suitabic

period of time. Washout removes effects of any previous medications so that an accurate
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baseline measurement can be taken, Attime ¢, a biological sample is obtained from each subject
in the population. Next, an assay or variety of assays ig performed on each subject’s sample to
measure levels of particular biomarkers of the disclosure. The agsays can use conventional
methods and reagents, as described above. I the sample is blood, then the assays typically are
performed on either serum or plasma. For other fluids or tissues, additional sample preparation
steps are included as necessary before the assays are performed. The assays measuve valoes of at
least one of the biological markers described herein. In some embodimnents, only a single marker
s monitored, while in other embodiments, & combination of factors, up to the total number of
roarkers, is monitored. The markers can also be monitored in conjunction with other
measurements and factors associated with interstitial lung discase {e.g., MRT imaging}. The
rurnber of biological markers whose values are measured depends upon, for example, the

gvaitability of assay reagents, biological fluid, and other resources.

{02371 Nexd, a predetermined dose of a candidate drug 15 administered to a portion or sub-
population of the same subject population. Drug administration can follow any suitable schedule
over any time period, and the sub-population can include some or all of the subjects in the
population. In some cases, varying doses are administered to different subjects within the sub-
population, or the drug is administered by different routes. Suitable doses and administration
routes depend upon specific characteristics of the drug. At time ¢, after drug administration,
another biological sample (the “i; sample™} is acquired from the sub-population. Typically, the
sample is the same type of sample and processed in the same manner as the sample acquired
from the subject population before drug administration {the “{o sample”}. The same assays are
performed on the 7; sample as on the ¢ sample to obtain measurement values. Subsequent
sample acquisitions and measurements can be performed as many times as desired over a range

of times #; 10 7,

{8238] Typically, a different sub-population of the subject population is used as a control
group, to which a placebo is administered. The same procedure is then followed for the control
group: obtaining the biological sample, processing the sample, and measuring the biological
markers to obtain measurement values. Additionally, different drugs can be administered to any
number of different sub-populations to compare the effects of the multipie drugs. As will be

apparent to those of ordinary skill in the art, the above description is a highly simplified
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description of a method involving a clinical trial. Clinical trials have many more procedural
reguirements, and it is to be understood that the method is typically implemented following all

such requirements,

i0239] FPaired measurements of the various biomarkers are now available for cach subject. The
different measurement values are compared and analyzed to determine whether the biclogical
markers changed in the expected direction for the drug group but not for the placebo group,
indicating that the candidate drug ts effective in treating the discase. In some embodiments, such
change is statistically significant. The measurement values at time ¢; for the group that received
the candidate drug are compared with standard measurement values, preferably the measured
values before the drug was given to the group, 1., at time £ Typically, the comparison takes
the form of statistical analysis of the measured values of the entire population before and after
administration of the drug or placebo. Any conventional statistical method can be used to
determine whether the changes in biological marker values are statistically significant, For
cxample, paired comparisons can be made for cach biomarker using cither a parametric paired $-

test or a non-parametric sign or sign rank test, depending upon the distribution of the data.

{0240] In addition, tests may be performed to ensure that statigtically significant changes found
in the dreg group are not also found in the placebo groop. Withouwt such tests, it cannot be
determined whether the observed changes occur 1o all individuals and are therefore not a result

of candidate drug administration,

{0241] The gene marker expression values are higher in saraples taken from individoals having
jnterstitial lung disease. A significant decrease in the measured valoe of one or more of the gene
expression markers indicates that the drug is effective. If only one biomarker is measured, then
that value must decrease to indicate drug efficacy. I more than one biomarker is measured, then
drug efficacy can be indicated by change in ouly one biomarker, all biomarkers, or any number
in between. In some embodiments, multiple markers are measured, and drug efficacy is
indicated by changes in multiple markers. Measurements can be of both biocwarkers of the
present disclosure and other measurements and factors associated with interstitial hing disease.
Furthermore, the amount of decrease in a gene biomarker level may be an indication of the

relatively efficacy of the drug,
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{0242] In addition to determining whether a particular drug is effective in treating interstitial
tung discase, biomarkers of the disclosure can also be used o examine dose effects of a
candidate drug. There are 8 number of different ways that varying doses can be examined. For
example, different doses of a drag can be administered to different subject populations, and
measurements corresponding to cach dose analyzed to determine if the differences in the
inventive blemarkers before and after drug administration are significant. In this way, a minimal
dose required to effect a change can be estimated. In addition, results from different doses can be
compared with each other to determine how cach biomarker behaves as a function of dose.
Based on the results of drug screenings, the markers of the disclosure may be used as

theragnostics; that is, they can be used to individualize wedical treatment.
Kits

{0243] In another aspect, the disclosure provides a kit for detecting polynucleotide or
polypeptide marker{s) of the present disclosure. The kit may be prepared as an assay system
ineluding any one of assay reagents, assay conirols, protecols, exemplary assay results, or
combinations of these components designed to provide the user with means to evaluate the

expression level of the marker(s) of the present disclosure.

{0244] In another aspect, the disclosure provides a kit {for diagnosing interstitial Jung disease in
an mdividual including reagents for detecting at least one polypeptide or polynucleotide marker

in a biological sample from a subject.

{0245] Thekits of the disclosure may comprise one or moore of the following: an antibody,
wherein the auntibody specifically binds with a polypeptide marker, a labeled binding partner to
the antibody, a solid phase upon which is immoebilized the antibody or its binding partoer, a
polynuclestide probe that can hybridize to a polynucleotide marker, pairs of prirness that under
appropriate reaction conditions can prime aroplification of at least a portion of a polynucleotide
marker or a polynucleotide encoding a polypeptide marker (e.g., by PCR}, instructions on how to

use the kit, and a label or insert indicating regulatory approval for diagnostic or therapeutic use.
{02461 The disclosure further includes polynucleotide or polypeptide microarrays comprising
polvpeptides of the disclosure, polymucicotides of the disclosure, or molecules, such as

antibodies, which specifically bind to the polypeptides or polynucleotides of the present
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disclosure. in this aspect of the disclosure, standard techniques of microarray technology arg
utilized to assess expression of the polypeptides biomarkers and/or identify biological
congtituents that bind such polypeptides. Protein microarray technology is well known to those
of ordinary skill in the art and is based on, but not Limited to, obtaining an array of identified
peptides or proteins on a fixed substrate, binding target molecules or biological constituents to
the peptides, and evaluating such binding. Polynucleotide arrays, particularly arrays that bind
polypeptides of the disclosure, aiso can be used for diagnostic applications, such as for
identifying subjects that have a condition characterized by expression of polypeptide biomarkers,

¢.g., mterstitial lung disease.

[0247] The assay systems of the present disclosure can include a means for detecting in a
sarople of fung cells a level of amplificaiion of the marker gene(s) and/or a level of polysomy of
the marker gene(s). The assay system preferably also includes one or more controls. The
countrols may include: (1) a control sample for detecting interstitial hing discase in an individual;
{11} a control sample for detecting the absence of interstitial lung discase; and, (1) mformation
containing a predetermined control level of gene markers to be measured with regard to the

diagnosis of or progression of interstitial lung disease.

{0248] In another embodiment, 2 means for detecting the expression level of the marker(s) of
the disclosure can generally be any type of reagent that can include, but are not limited to,
antibodics and antigen binding fragments thereof, peptides, binding partners, aptamers, enzymes,
and small molecules. Additional reagents useful for performing an assay using such means for
detection can also be included, such as reagents for performing immunchistochemistry or

another binding assay.

{02487 The reans for deteciing of the assay system of the present disclosure can be conjugated
o a detectable tag or detectable Iabel. Such a tag can be any suitable tag which allows for
detection of the reagents used to detect the gene or protein of interest and includes, but is not
limited to, any composition or label detectable by spectroscopic, photochemical, electrical,
optical or chemical means. Useful labels in the present disclosure include: biotin for staining
with labeled streptavidin conjugate, magnetic heads {e.g., Dynabeads™), fluorescent dyes {e.2.,

25y 33
1 E 33

, 08, '4(/, or “°P}, enzymes {¢.g., horse radish peroxidase, alkaling phosphatase and others



10

15

CA 02900073 2015-07-31

WO 2014/127290 PCT/US2014/016601

commonly used in an ELISA), and colorimetric labels such as colloidal gold or colored glass or

plastic {c.g., polystyrene, polypropvlene, latex, ete.) beads.

{0258)  In addition, the means for detecting of the assay system of the present disclosure can be
tmmobilized on g substrate. Such a substrate can include any suitable substrate for
immobilization of 8 detection reagent such as would be used in any of the previously described
methods of detection. Briefly, a substrate suitable for immobilization of a means for detecting
includes any solid support, such as any solid organic, biopolymer or inorganic support that can
fornt a bond with the means for detecting withount significantly affecting the activity and/or
ability of the detection means to detect the desired target molecule. Exemplary organic solid
supports include polymers such as polystyrene, nylon, phenol-formaldehyde resins, and acrylic
copolymers {e.g., polyacrylamude}. The kit can also include suitable reagents for the detection of
the reagent and/or for the labeling of positive or negative controls, wash solotions, dilution
buffers and the like. The assay system can also include a set of wrilten instructions for using the

system and mterpreting the results.

{3251] The assay system can also inclade a means for defecting a control marker that s
characteristic of the cell type being sampled can generally be any type of reagent that can be
used in a method of detecting the presence of 8 known marker {at the nueleic acid or protein
level) in a sample, such as by a method for detecting the presence of a biorarker of thig
disclosure. Specifically, the means is characterized in that it identifies a specific marker of the
cell type being analyzed that positively identifies the cell type. For example, in an interstitial
fung discase assay, it is desirable to screen hung cells for the level of the biomarker expression
and/or biological activity., Therefore, the means for detecting a control marker identifies a
marker that is characteristic of a lang cell, so that the cell is distinguished from other cell types.
Such a means increases the accuracy and specificity of the assay of the present disclosure. Such a
means for detecting a control marker include, but are not limited to: a probe that hybridizes
under stringent hybridization conditions to a mucleic acid molecule encoding a protein marker;
PCR primers which amplify such a mucleic acid molecule; an aptamer that specifically binds to a
conformationally-distinct site on the target molecule; and/or an antibody, antigen binding

fragment thereof, or antigen binding peptide that selectively binds to the control marker in the
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sarmple. Nueleic acid and amino acid sequences for many cell markers are known in the art and

can be used to produce such reagents for detection.

{0252]  In some embodiments, the kit includes (or consists essentially of) primers or at least
one probe capable of detecting a genctic variani, e.g., as described above, depending on the
detection method sclected. In some embodiments, the kit includes primers or at least one probe
capable of detecting a genctic variant in a region selected from the group consisting of 5pl15,
6p24, 7922, Hpla, 15qi4-15, 17g21, 19p13, and 8p23. In some embodiments, the kit includes
primers or at least one probe capable of detecting at least one genetic variant in 6p24 (e.g.,
182076295 or rs3778337). In some embodiments, the kit includes primers or at least one probe
capable of detecting at least one genetic variant in 722 {e.g., r34727443). In some
embodiments, the kit mcludes privners or at least one probe capable of detecting at least one
genetic variant in 11p15 {e.g., rsBERIO3, 187934606, 156421972, vs74R0563, 1s7942854,
34077759, 1923346359, rs2334659, v37122936). In some crmbodiments, the Kit inchades primers
or at least one probe capable of detecting at least one genctie variant in 5pl5 {e.g., r82736100).
In some embodiments, the kit includes primers or at least one probe capable of detecting at [east
one genetic variant in 15¢14-15(e.g., 182034650, rs1992272). In some embodiments, the kit
includes primers or at least one probe capable of detecting at least one genetic variant in 17¢21
{e.g., 151981997, rs17563986, raR070723). In some embodiments, the kit includes primers or at
least one probe capable of detecting at least one genetic variant in 19p13 (e.g., rs12610495,
152109069}, In some embodiments, the kit includes primers or at least one probe capable of
detecting at feast one genctic variant in 8p23 {e.g., 181379326}, In some embodiments, the kit
includes primers or probes capable of detecting more than one {e.g., 2, 3, 4, 5, 5-10, 16-20, or
more) genetic variant in 5plS, 6p24, 7q22, Upl5, 15g14-15, 17621, 19p13, and 8p23 in any

combination.

{0253] In some embodiments, the primers and/or probes are labeled, e.g., with fluorescent
labels or FRET labels. In some embodiments, the primers and/or probes are unlabeled. In some
embodiments, the kit includes primers and/or probes that detect both a variant allelic sequence
and the dominant allelic sequence at a selected genetic variant site, e.g., with different labels, or

designed to gencrate amplification or primer extension products with different masses.

68



10

28

CA 02900073 2015-07-31

WO 2014/127290 PCT/US2014/016601

{0254] In some embodiments, the kit further includes at least one control sample, e.z.,
sample(s) with dominant aliele(s) at the selected genetic variation site(s), or sample(s) with

variant allele(s) at the selected genetic variation site(s).
in vitre complexes

{8255] Provided herein are nucleic acid complexes, e.g., formed in iz vitro assays to indicate
the presence of a genetic variant sequence. One of skall will understand that a nucleic acid
complex ean also be formed to detect the presence of @ dominant allclic sequence, depending on
the design of the probe or primer, e.g., n assays fo distinguish homozygous and heterozygous

subjects.

{0256] In some embodiments, the complex comprises a first nucleic acid hybridized to &
genetic variant nucleic acid, wherein the genetic variant nucleic acid is a genetic variant in a
region selected from 5pl 5, 6p24, 722, Tipi5, 15ql4-15, 17¢21, 19p13, and §p23, or in a gene
selected from TERT, DSP, MUCZ, DISP2, MAPT, DPPY, CSMD |, MYNN, LRR{34,
FAMIZA, OBFCE, TOLLIP, MUCSB, ATPUA, IVD, CRHRI, IMP3, LOCIO0128977,
KIAA1267, NSF, and WNT3. In some embodiments, the genetic variant nucleic acid is an
amplification product. In some embodiments, the genetic variant nucleic acid is on gevomic
DNA, e.g., from a subject that has or is suspected of having an interstitial lung disease. In some
embodiments, the first nucleic acid s an amplification product or a primer extension product. In
some embodiments, the fst nucleic acid 18 labeled. In some embodiments, the nucleic acid
complex further comprises a second nucleic acid hybridized to the genetic variant nucleic acid.
It some embodiments, the second nucleic acid s tabeled g, with a FRET or other fluorescent
label. In some embodiments, the first and second nucleic acids form a FRET pair when

hvbridized to a genetic variant sequence.

{0257]  In some embodiments, the nucleic acid complex fiwther comrprises an cnzyme, such as
a DINA polymerase {(e.g., standard DNA polymerase or thermostable polyvmerase such as Tag) or

figase.

{1258] The present disclosure includes but is not limited to the following embodiments:

69



10

15

20

CA 02900073 2015-07-31

WO 2014/127290 PCT/US2014/016601

{0259] 1. A method for determining if an individual is predicted to develop and/or progress
rapidly with an interstitial pneumonia comprising: detecting in a biological sample from the

individual, at least one of

a} the presence of a marker polymorphism selected from the group consisting of:
132736100, 152076295, rs3778337, 154727443, rs868903, 157934606, 156421972, 157480563,
87942850, 154077759, rs2334659, 137122936, rs2034650, 11992272, rs1981997, rs17563984,
18070723, 1512610495, rs2109069, 131379326, rs 1881984, rs 10936599, rs 1997392, rs6793295,
12609255, 152853676, rs10484326, rs10748858, rs2067832, rs1 1191863, 132301160,
133829223, 1s2857476, rs 1278769, 11007177, rs10518693, 1393152, rsi2373139, 1817690703,

182832274, 132532269, rs2668692, 1169201, 13199533, and rs415430; and,

by a level of gene expression of a marker gene or plurality of marker genes sclected
trom the group consisting of a marker gene having at keast 95% sequence identity with at least
one sequence selected from the group consisting of MUCSEB, TERT, DSP, MUCZ, DISP2,
MAPT, DPP9, CSMD 1, MYNN, LRRC34, FAMIZA, OBFCL, TOLLIP, ATPIIA, VD,
CRHRIL, IMPS, LOCIO01 28977, KIAALZGT, NSF, WNT3, Cl70rf6%, or homologs or variants

thereof:
c}  polypeptides encoded by the marker genes of'b)
dy  fragments of polypeptides of ¢; and

e} apolynucleotide which is fully complementary to at least a portion of a marker
gene of by;

wherein the presence of the plurality of markers is indicative of whether an individual
will develop interstitial pnenmonia or develop a progressive TP disease.
{02668] 2. The method of embodiment |, wherein the genes detected share 100% sequence
identity with the corrcsponding marker gene in b).
{0261} 3. The method of embodiment 1, wherein the presence or level of at least one of the

plurality of markers is determined and compared to a standard level or reference set.

{02621 4. The method of embodiment |, wherein the standard level or reference set is

determined sccording to a statistical procedure for risk prediction.

~~d
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{0263] 5. The method of embodiment 4, wherein the statistical procedure for risk prediction
comprises using the sum of the gene expression of the marker or markers or the presence or

absence of a set of markers, weighted by a Proportional Hazards coctficient.

i0264] 6. The method of embodiment 1, wherein the presence of the at least one marker is

5 determined by detecting the presence or absence or expression level of a polypeptide.

{0265] 7. The method of embodiment &, wherein the method further comprises detecting the
presence of the polypeptide using a reagent that specifically binds to the polypeptide or a
fragment thercof.

{0266] 8. The method of embodiment 7, wherein the reagent is selected from the group

180 consisting of an antibody, an antibody derivative, and an antibody fragment.

{02671 9. The method of embodiment 1, wherein the presence of the marker is determined

by obtaining the sequence of genomic DNA at the locus of the polymorphism.

{6268] 10, The method of embodiment |, wherein the presence of the marker is determined
by obtaining RNA from the biclogical sample; generating ¢DONA from the RNA; amplifving the
15 ¢DNA with probes or primers for marker genes; obtaining from the amplified ¢DINA the

cxpression levels of the genes or genc expression products in the sample,
{0269] 11, The method of any of embodiment 1, wherein the individual is a human.
{8278] 12, The method of any of embodiment 1, further comprising:

a} comparing the expression level of the marker gene or plurality of marker genes in the
28 biological sample o a control level of the marker gene(s) selected from the group consisting of!
a control level of the marker gene that has been correlated with interstitial lung discase,
the risk of developing 1P, or having a progressive interstitial pneumonia; and
a control lovel of the marker that has been correlated with slow or no progression of
interstitial lung disease or interstitial pneumonia, or low risk of developing an HiP; and
25 by selecting the individual as being predicted 1o progress rapidly in the development of

interstitial pneumonia, if the expression level of the marker gene in the individual's biological

sample is statistically similar to, or greater than, the control level of expression of the marker

~
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gene that has been correlated with interstitial lung disease or rapid progression of interstitial

pneumonia, or

¢} selecting the individual as being predicted to not develop interstitial pneumonia, or to
progress slowly, if the lovel of the marker gene in the individual's biological sample is
statistically less than the control level of the marker gene that has been corrclated with interstitial

lung discasc or rapid progression of interstitial pncumonia.
{0271] 13, The method of embodiment |, further comprising:

comparing the presence of a polymorphism, in the biological sample to a set of genctic
variants or polymorphic markers from an individual or control group having developed

interstitial pncumonia, and,

sclecting the individual as being predicted to develop or to progress with interstitial
pneumonia if the polymorphic markers present in the biological sample are identical to or

statistically similar to a set of polymorphic markers from the individual or control group or,

selecting the individual as being predicted to develop or rapidly progress with
interstitial pneumonia, if the polymorphic markers present in the biological sample are not
identical to or statistically similar to the sct of genctic variants or polymeorphic markers from the

individual or control group.

0272) 14, A method for monitoring the progression of interstitial lung discase or interstitial

pheumonia in a subject, comprising:

1} measuring expression levels of a plurality of gene markers in a first bislogical
sample obtained from the subject, wherein the plurality of markers comprise a plurality of
markers selected from the group consisting oft a marker gene having at least 95% sequence
identity with a sequence selected from the group consisting of MUCUSE, TERT, DEP, MUC2,
DISP2, MAPT, DPPY, CSMD1L, MY NN, LRRC34, FAMI3A, OBFCL, TOLLIP, ATPIHLA, VD,
CRHRI, IMPS, LOCIOBI28977, KIAAT207, NSF, WNT3, Cl70tf6%, or homologs or variants

thereof
by polypeptides encoded by the marker genes of a)

¢y fragments of polyvpeptides of d); and

~g
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¢} apolynucleotide which is fully complementary to at least a portion of a marker

gene of b);

ity measuring expression levels of the plurality of markers in a second bislogical

sample obtained from the subject; and

i1y comparing the expression level of the marker measared in the first sample with

the level of the marker measured in the second sample.

{0273] 15, The method of ombodiment 14, wherein the marker genes detected share 10096

sequence identity with the corresponding marker gencin a).

{0274] 16, The method of embodiment 14, further comprising performing a follow-up step
selected from the group consisting of CT scan of the chest and pathological examination of hung

tissues from the subject.

i9275] 17, The method of embodiment 14, wherein the first biological sample from the
subiect is obiained at a time 1y, and the second bislogical sample from the subject is obtained at a

{ater time 1y,

{8276] 18, The method of embodiment 14, wherein the first biological sample and the second
biological sample are obtained from the subject arc obtained more than once over a range of

fimes.

{8277 19, A method of assessing the efficacy of a treatment for interstitial lung discase or

interstitial pneumeonia in a subject, the method comprising comparing:

i} the expression level of a marker measured in a first sample obtained from the

subject at a time ty, wheretn the marker s sclected from the group consisting of

a} a marker gene having at least 95% scquence identity with a scquence selected from
the group consisting of TERT, D3P, MUC2, DISP2, MAPT, DPPY, CSMDI, MYNN, LRRC34,
FAMISA, OBFCL TOLLIP, ATPIIA, IVD, CRHRI, IMPS, LOCI00128977, KIAA 1267, NSF,
WNT3, C170rf69, or homologs or variants thereof]

by polypeptides encoded by the marker genes of a)

¢y fragments of polypeptides of b); and

i
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dy  apolynucleotide which is fully complementary to at least a portion of a marker

ity the level of the marker in a second sample obtained from the subject at time ty;

and,

5 itiy performiong a follow-up step sclected from CT scan of the chest and pathological

examination of long tissues from the subject;

wherein a deercase n the lovel of the marker in the sceond sample relative to the first
sample is an indication that the treatment is efficacious for treating intorstitial pacumonia in the

subiect

10 {8278] 28, The method of embodiment 19, whergin the genes dotected share 100% scquence

identity with the corresponding marker gene in a).

{0278] 21, The method of embodiment 19, wherein the time ty is before the treatment has
been administered to the subject, and the time t; is afier the treatment has been administered to

the subject.

15 {0286 22, The method of emvbodiment 19, wherein the comparing is repeated over & rangg of

fimes.

{0281] 23, An assay system for predicting individual prognosis therapy for interstitial

pacumonia comprising a means to detect at least one off

a} the presence of a marker polymorphism sclected from the group consisting of:

20 327361040, 152076295, vs3778337, 134727443, rsBOK903, rsT7934606, rs6421972, rsT480563,
157942850, 154077759, rs2334659, 157122936, 12034650, rs1992272, 11981997, 1517563056,
rs8O70723, 1512610495, rs2109069, rs1379326, rs 1881984, 1510936599, 1519973062, 16793295,
132609255, 132853676, rs 10484326, rs 10748858, rs2067832, rs11191865, 12301160,
rs3829223, 132857476, rsl278769, rs 1007177, rsi0518693, r3393152, rs12373139, rs 17690703,

25 rs2532274. 12532269, rs2668692, rs 169201, 1199533, and rs415430; and,

b} a level of gene expression of a marker gene or plurality of marker genes selected
from the group consisting of! g marker gene having at least 95% sequence identity with a

sequence selected from the group consisting of TERT, DSP, MUC2, DISP2, MAFT, DPP,

~}
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CSMD1, MYNN, LRRC34, FAMI3A, OBFCY, TOLLIP, ATPLIA VD, CRHRI, IMP3,
LOCLO0128377, KIAAL267, NSF, WNT3, Cl7orf69, or homologs or variants thereof;

¢y polvpeptides encoded by the marker genes of b)
dy  fragments of polypeptides of ¢); and

a polynucleotide which is fully complementary to at least a portion of a marker

W
L]
Nae”

gene of'b).

{02821 24, The assay system of embodiment 23, wherein the means to detect comprises
nucleic acid probes comprising at least 10 to 50 contiguous nucleic acids of the marker

polymorphisms of gene(s), or complementary nucleic acid scquences thereof,

10 {6283] 25. The assay system of embodiment 23, wherein the means to deteet comprises
binding ligands that specifically detect polvpeptides encoded by the marker genes.

{02847 26, The assay system of embodiment 23, wherein the genes detected share 100%

sequence identity with the corresponding marker gene in b).

i0288] 27, The assay system of embodiment 23, wherein the means to detect comprises at

15 least one of mucleic acid probe and binding ligands disposed on an assay surface.

{0286] 28, The assay system of embodiment 27, wherein the assay surface comprises a chip,

array, or fluidity card.

{0287] 29, The assay system of embediment 28, wherein the probes comprise
complementary nucleic acid scquences to at feast 10 to 50 macleic acid sequences of the marker

28 genes.

{0288] 30. The assay system of embodiment 28, wherein the binding ligands comprise

antibodics or binding fragments thercof,

{0289 31, The assay system of embodiment 23, further comprising: a controd selected from
information containing a predetermined control level or set of genctic variants or polymorphic
25 markers that has been correlated with diagnosis, development, progression, or life expectancy in

interstitial lung discase or P patients.

i
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{0296] 32, A method of deiecting a level of gene expression of one or more marker genes in

a human subject with interstitial pneumeonta, comprising:
obtaining a biological sample from a human individual with interstitial pruemonia;

detecting the level of expression of a gene selected from TERT, MUCZ, TOLLIP,
MUCSB, DPPY, DSP, and homologs or variants thercof, in one or more cells from the biological

sample from the individoal.

{0291 33, The method of ombodiment 32, further comprising deotecting the lovel of
expression of a gene selected from TERT, MUCZ, TOLLIP, MUCSE, DPP9, DSP, and
homologs or variants thereof, in one or more cclis from the biclogical sample from the

mdividual.

{02921 34, The method of embodiment 32, further comprising detecting the level of
gxpression of a gene selected from MUCSE, TERC, SFTPC SFYPAZ, and homologs or variants

thereof in one or more cells from the biological sample from the individual

92931 35, A method of treating an interstitial pnenmonia in a subject in need of such

freatment, comprising:

detecting a level of one or more marker genes selected from TERT, MUC2, TOLLIP,
MUCSB, DPP9, DSP or homologs or variants thereof, in a biclogical sample obtained from the

human subject; and,
administering an effective amount of an interstitial pncomonia treatment.

i0294] 36, The method of embodiment 35, further comprising detecting the level of
expression of a gene sclected from TERT, MUC2, TOLLIP, MUCSB, DPPY, DSP, and
homologs or variants thereof, in ong or more ¢ells from the biological sample from the

individual.

{0295] 37. The method of embodiment 35, further comprising detecting the level of
expression of a gene selected from MUCSB, TERC, SFTPC SFTPAZ, and homologs or variants

thereof, in one or more cells from the biological sample from the individual.
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{0296] The Examples, which follow, are iHlustrative of specific embodiments of the disclosure,
and various uses thercof. They are set forth for explanatory purposes only, and are not to be

taken as Hmiting the disclosure.

EXAMPLES
{0297] Provided herein is a case~control genome-wide association study {GWAS; 1616 cases
and 4683 controls) and replication study (B76 cases and 1890 controls) of P individuals,
including all types of fibrotic 1P, Different types of P were included in the study because: a)
distinguishing among the HP diagnoses is often problematic due to substantial clinical,
pathological, and radiclogical overlap; and b) there is strong evidence for shared genetic
susceptibility {e.g., over 40% of familics with FIP have more than one type of TP among the
atfected family members). Both familial and sporadic 1P mdividual saroples were included in
this GWAS study because the MUCSR, TERT, TERC, and SFTPC variants provide evidence that

sporadic 1P 1s genctically similar fo the famlial form of this discase.

{0298] With the goal of identifying additional genetic risk factors that coliectively further our
understanding of HP, the present inventors have completed a case-conirol genome-wide
association study (GWAS; 1616 cases and 4683 controls) and replication study {876 cases and
188¢ controls} of HP. All types of fibrotic TP were included in the case group. The inventors

alse inchided both familial and spovadic UPs.
Study populations

{8289] Case definition. We ased standard criteria established by the American Thoracic
Society/European Respiratory Society to determine diagnostic classification of ali patients in the
discovery and replication phases. We excluded cases with known explanations for development
of fibrotic HP including infections, systemic disorders, or relevant exposures {e.g. asbestos). To
maximize power and minimize potential confounding by ancestry, we included only non-
Hispanic white (NHW) participants in the GWAS and replication. Al subjects gave writien
mformed consent as part of IRB-approved protocols for their recruttment and the GWAS study
was approved by the National Jewish Health IRB and Colorado Corbined Institutional Review

Board (COMIRDB).

~3
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{0308] GWAS Discovery. We genotyped 1914 patients with HP from 7 cohorts {familial
interstitial pneumonia {n=566], National Jewish Health 1IP population {n=238], InterMune IPF
trials [n=720], UCSF [n=66], Vanderbilt University UP population [n=105}, and the National
Heart Lung and Blood Institate Lung Tissue Research Consortiom [n=2191]} and compared them
to genotypes from 4683 out-of-study controls, After genotype quality control, we included 1616

cases in analyses,

{6361] A family with familial interstitial pnewmonia (FIPY is defined by the presence of at loast
2 cases of definite or probable HP in individuals genctically related within 3 degrees.
Recruitment of families based at three major veferral conters (Vanderbilt University, Duke
University and National Jewish Health) has been ongoing since 1999, We inehuded only | TIP
case among first degree relatives. The National Jewish Health TIP cohort consists of patients with
sporadic IFP who were clinically evaluated and envolled at National Jowish Health as part of
ongoing rescarch protocols associated with clinical care. Details of the recruitment critena for
the cascs from the Intermune IPF v-Interferon Intervention Trial have been described wn detash,
Briefly, cligible patients had IPF, were 40 to 79 vears old with clinical symptoms for at least 3
months and evidence of discase progression within the previous 12 months. We included all
available cases regardiess of treatment assignment. The National Heart Lung and Blood Institute
Lung Tissue Rescarch Consortium (NHLBI LTRC) was established to provide hang tissue and
DNA for the research community. We included DNA from those subjects with a diagnosis of

HP.

03621 Weused de-identified control genotypes generated at Centre ¢’ Etude du
Polymorphisme Humain (CEPH} as part of other studies. Potential controls were those who
were NHW, had been genotyped on the same platform as owr cases, and were appropriately
approved for use as controls in other studies. We selected a subset of controls, corresponding to
approximately 3 controls for 1 case, based on genetic similarity to the cases that passed owr

genotyping quality control thresholds (see Statistical Analyses below).

{8383] Replication. We genotyped a total of 1027 NHW HIP cases and 2138 NHW controls for
replication of the top SNPs from the GWAS. The replication controls were from individual
replication groups {n=138} and a subset (n=2000) of the controls from the Chronic Obstructive

Primonary Discase (COPD) Gene Study. We sclected controls to be frequency matched to the

i
e}
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replication cases based on age and gender. After quality control, we included 876 cases and 1890

controls in analyses.

{0304]  Expression. We measured gene expression on a subset of Lung Tissuc Research
Consortium and National Jowish Health [IP cases from the GWAS (n=100) and National Jewish
Health controls {(n—94). Whole-lung samples were obtained from International Tnstitute for the
Advancement of Medicine {(Edison, NI). Eligible cases and controls had sufficient RNA from
lung tissue blopsy available for assay; cases with IPF were preferentially chosen over other [P

diagnoscs. National Jewish Health controls also had genome-wide SNP data available,
DMNA preparation, storage, and quality control

{8305} Genomic DNA was isolated from both whole blood and biopsied hung tissuc on either
the Auntopure LS (Qiagen) or Qiacube ™ (Qiagen) automation platform, respectively. Prior to
extraction on the (Jiacube ™ yging the DNAcasy kat, fibrotic tang tissues were first homogenized
using Lysing Matrix D tubes and a FastPrep-24 benchiop homogenizer (MPBiomedicals).
Following isolation, all DNA was assaved for concentration and purity on the NanoDrop ND-
1080 Spectrophotometer. Samples were excluded if DNA was < 50ng/ul or had an AZ60/A280

ratio outside of the 1.7-2.0range.

{8386] Prior to submission to the CNG, all samples were re-quantified using the Quant-iT
PicoUreen dsDNA Assay Kit {Invitrogen), normalized with 1xTE, and aliquotted into
mdividoally barcoded screw-cap tubes. Due to volume limitations with liquid handhng robots,
an absolute minimum quantity for submission to the CNG was 3040l at S0ng/ul. W saroples did
not meet this minimum quantity, an alternate extraction was performed or the sample was

withheld from the study.

{8387]  Upon receipt of replication samples, they were transferred into 96-well robotics
compatible plates, quantified with PicoGreen, and normalized with IxTE. According to BMGC
sabmission guidelines, 400ng of DNA was submitted for cach member of the GWAS and the
replication cohorts. In an effort to minimize confounding by baich effects, samples were
aliquotted into 96- well plates in a randomized fashion across all cohorts with two duplicates per

plate using the Tecan Evo2d) Haguid handling robot.
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Genome-wide genotyping

{8388] Barcoded DBNA samples were received in standard tubes together with sample
information, and were subjected to stringent quality control {((C). Concentration, fragmentation
and response to PCR were determined. Samples from cases and controls were randomly
distributed on 96-wel plates. Processing was carried out under full LIMS control in s fully
automated Hlumina Beadlab equipped with 8 Tecan liguid handling robots, 6 Hiumina
BeadArray readers and 2 Hlumina iScans. Genotyping was carried out using the lllumina

Humanb10 quad array. Replication genotyping

{83681  We genotyped 198 SNPs with P-valucs less than 0.0001 (sce Statistical Analyses) in
1027 independent cases and 2000 COPDgene controls. We also genotyped the MUCSB promoter
SNP 1s35705950, which is not on the Hlumina 660 Quad beadchip, to allow adjustment of
chromosome 11pl5 replication SNPs forrs357059350. In addition, to allow follow-up joimt
statistical tests {using raw genotypes from both GWAS cases and replication cases and controls)
with adjustment for covariates that were not available on the out-of-study controls, we also
genotyped a subset of GWAS cases. Details of the validation assays are deseribed below. After
genotyping quality conirel, we included 876 cases and 1890 controls in the replication analyses

and 859 of the GWAS cases 1 the joint analyses.

{0318] Prior to genotyping, all samples were quality controlled by real-time Q-PCR
quantitation ("QC1"} and uniplex genotyping using Tagman ("QC2"). Samples that failed QCI

or QC2, although carried forward through gevotyping, wore lator removed from avalysis,

{8311] Vahdation genotyping was accorophished with a combination of multiplexed

{ Sequenom™ 1PLEX) and uniplex {Tagman} assays. First, assay design for roultiplexed
Sequenom™ IPLEX genotyping was performed on an input set of 198 SNPs (Table 3), using
a combination of web-based (AssayDesigner Suite, available at the websiie sequenom.com)
and desktop (AssayDesigner) software tools { Sequenom™ | San Diego). Of 198 input SNPs,
193 were efficiently placed into a set of 6 assavs of the following plexities: 35, 35, 35, 35, 31,
and 22 SNPs. Sequenom'™ iPLEX genotyping is based on multiplexed locus-specific PCR
amplification, multiplexed single-based extension (SBE) from locus-specific amplicons, and
multiplexed resolution of SBE products base calling using matrix-assisted laser

desorption/icnization time-of- flight (MALDI-TOF) mass spectrometry.
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{0312] Primers for the Sequenom™ assay were purchased from IDT (Coralville, Towa), and all
steps of the iPLEX procedure were carried out using reagents and methods from Sequenom™ (San
Dicgo, CA) according to the manufacturer’s instructions. Reactions were carried out in 384-well
plates and analyzed using the Sequenom™ MassARRAY™ Analvzer 4 system with iPLEX Gold
reagents and SpeotroCHIP arrays. Results were analyzed using a combination of commercial
software (Typer 4, Sequenorn) and custom tools for data management. OF 193 assays in 6

mltiplexes, 179 were successtul in generating usable genotyping data.

{0313] The remaining 5 SNPs that were not successfully included in the original Sequenom™
PLEX designs (182736100, rs35705950, rs13225346, 110822856, 1510139381, rs107516335), as
well as a sixth SNP {rs35705950) published in earlier studies, were genotyped using commercial
Tagman assays {Life Technologies, San Diegoe, CA). The dbSNP rs#ls of these SNPs, as well as
the commmercial product 1Ds of the assays employed, are shown in Table 3. Reactions were
carried out 1 384-well plates and fluorescence read out using an Applied Biosystems ABI

TOOOHT Sequence Detection System {Applhied Biosystems, Faster City, CAY.
Gene Expression

{0314] Total RNA was isolated from approximately 30 mg of snap-frozen or RNA-later
preserved hung tissue using the Ambion muVana at (Life Technologies). RNA conceontration
was determined by Nanodron ND-1000 (Thermo Scientific) and RNA irtegrity was determined
using the 2100 Bicanalyzer™ (Agilent}.cDNA single sirand conversions were performed using the
Superseript ™ TIT First-Strand Synthesis Sysiem {Invitrogon) and cxpression analysis was
performed using pre-~ designed Tagman assays run on the Vita7 Real-Time PCR instrument (Life
Techoologies). (DPP9: Hs00373589; DSP: Ha00189422 and the DSF variant | assay is
HsOD950584; TAMI3A: Hs00208453: IVD: 1Hs01064832: MUCSE: TIs00861588;, MUC2:
Hs00149374; OBFCL: Hs00998588; WNT3: Hsf0902257; WNT9IB: Hsd0916642; GAPDH:
4333764F). All assayvs were run in triphicate with GAPDH used as the endogenous control. As

an additional control, one sample per plate was ron in duplicate from the ¢cDNA conversion step.
Statistical analyvses

{0315] Selection of cut-of-study controls for GWAS discovery. An ancestry analysis was

carvied out using the EIGENSTRAT3.0 software. HapMap data and samples of reference

o0
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Europeans were used as ropresentatives of European, West African and East Asian populations
to infer ancesiry-informative principal components which were projected onto the case and
control samples. Putative non-European samples were flagged as outliers and eliminated from
subsequent analyses. We obtained controls with ¢lose genetic matching to cases from a large
database of anconymous genotypes from Europeans. From this database, we sclected 3 subset of
the control genotype data so as to obtain three matching controls per case by using used an
approach based on clustering with the support vector machine (R package "e1071") followed by
application of 3 patred matching algorithm (R package "optmaitch™). With this selection, the
genomic inflation factor (evaluated with adjustment for population structure with the GEMMA

software) was .99,

{6318] Removal of first degree relatives. We included only one individual among first degree
relatives based on an estimated kinship coefficient > 0.45. For estimation of the percent variation
in disease risk explained by the GWAS SNPs which 15 sensitive to cryptic relatedness, we further

removed only one individual among those with estimated kinship cocfficient > 0.028,

{8317]  Exclusion of individuals and prioritization of SNPs for discovery GWAS, In addition to
individuals excluded by the laboratory, we excluded individuals with 1) evidence for being a
genetic outhier based on a pairwise identity-hy-state (IBS) estimate with the 5th closest neighbor
that was > 4 standard deviations from the mean pairwise IBS estimate across all pairs, 2)
unresolved sex mix-match between clinical and genomic data, 3) heterozygosity across the SNPs

greater or less than 4 standard deviations from the mean heterozygosity across afl individuals,

and 4} genotype calls at less than 98% of SNPs that pass laboratory quality control. Based on
this guality control, we excluded 298 cases and 163 controls. In addition to the laboratory
quality control measures, we prioritized association signals for follow-up based on other criteria.
We tested for differential missingness via a chi-squared test of proportions of missingness
between cases and controls and departures from HWE via a 1-df goodness of fit test. We
prioritized SNPs with 1) MAF > .05, 2) HWE p-value > 0.0001 in cases and controls evaluated
separately, 3) povalue for differential missingness between cases and controls > 0.001 if less than

2% missing and > 0.05 1f between 2% and 5% missing.

J3I8] GWAS association tosting. We tested for association between cach SNP and [P using

an gxact mixed model approach to account for both subtle relatedness and population

jece}
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stratification among our cases and controls that is implemented in the genome-wide efficient
mixed-model association {GEMMA} software package. We tested for agsociation under an
additive model for our primary analysis and subsequently took the minimum of the recessive and
dominant model p-values if there was gignificant lack of it to the additive model {(p<.08) from a
linear regression that assumed independence among the samples (such a test is not currently
implementable o the GEMMA software). We adjusted for sex in all models. We compared the
distribution of p- values obtained under the additive mode! to that expected ander the null
hypothesis of no association across the genome and report the guantile-quantile (Q-( plot) and
genomic inflation factor (A} to verily the absence of systematic bisses due to experimental or
other confoonding factors such as popuolation stratification. We selected all SNPs with a p-vahue
<0.0001 for follow-up in the replication populations and visually inspected genotype specira for
all 198 selected SNPs to assure genotype call gquality. We calculated odds ratios and 93%
confidence intervals (Cls) from a logistic regression model adjusted for sex that assumed
independence among the cases and controls since the linear model in GEMMA uses the identity
{ink rather than the log-odds link function. As such, the Cls may be slightly narrower than those

based on the full mixed models.

{3319} Replication association. We tested for association between each replication SNP and
P in the replication cases and controls using the freely available SNPGWA software (sec
URLs). We tested for association under the genetic model from the GWAS that gave the
minimum p-value {143 under an additive model, 24 under a dominant model and 31 under a
recessive model). A p- value <0025 was considered statistically significant replication for the
20 genome-wide significant GWAS SNPs. The p-values for the other 178 SNPs were used in the

meta-analysis of the GWAS and replication cohorts.

{0328]  Meta-analysis, To obtain a joint measure of association between cach ofthe 181
successfully genotyped SINPy in the replication set and HP, we performed a meta-analysis of the
OWAS and replication resulis. We used the weighted inverse normal method. Let Zi (i=GWAS
or replication) be the test statistic from the test of association in the ith study and fet vi (i=
OWAS or replication) be the corresponding weight. Here we took the weight to be the square

root of the total sample size in the ith stady since effect estimates from the GWAS and

replication were not on the same scale. Note that this method explicitly accounts for the

e
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directionality of the association. Thus, highly significant associations with conflicting directions
do not exhibit strong statistical association. We used METAL (available at the wobsite
sph.umich.cdu/csg/abecagis/metal/) to perform our meta-analysis. SNPs with Ploint<5x10-8
were considered genome-wide statistically significant, We created locus-specific plots of the

discovery GWAS results for all loci that were genome-wide significant in the meta-analysis.

[0321]  Mult-SNP models. To assess the independence of offects of the genome-wide
significant SNPs from the meta-analysis, we used logistic regression models within cach locus
using the combined case group (GWAS and replication) and the replication controls.
Specitically, within cach locus with a genome-wide significant SNP, we tested for association
between TP and each of the other validation panel SNPs within that locus after adjosting for the
roost significantly associated SNP in that locus {on chromosome Hipl5, we adjusted for
rs35705950). To assess the robustness of each SNP association to age effects o addition to sex,

we tested for association between P and cach SNP adjusted for age and sex.

{0322] Expression analyses. We tested for differential geue expression in the lung between
100 cases and 94 controls using a two-saraple t-test. We also tested for differential expression
by genotype using the combined case and control group via ANOVA across the three genotype
groups unless there < 5 individuals in a genotype group: we grouped the rare homozygote and

heterozygote groups in that case. A p-value < .05 was considered statistically significant.
Results
Genome-wide Discovery

{8323] We genotyped 1914 self-reported non-Hispanic white fibrotic TTP cases on the Hlumina
660 Quad beadchip. Ofthose, 14, 126, 8, and 150 were excluded based on being 2 genetic
outhier, evidence for being a first degree relative of ancther case, high heterozygosity, or missing
>32% of genotypes across all SNPs, respectively (see Statistical Methods); 1616 cases were
included in analyses. Among 15,352 out-of study controls also genotyvped on the Mlumina 660
(uad beadehip, we used 4683 controls most genctically similar to our cases based on genome-

wide identity-by-state comparisons,

{0324] We compared the cases of [IP and controls at 439,828 SNPs with 1} MAF > .05, 2)

HWE P-value > 0.0001 in cases and controls evaluated separately, and 3) p-valoe for differential

o
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misgingness between cases and controls > 0.001 if less than 2% missing and > 0.05 if between
2% and 5% missing. Neither the QQ-plot of p-values (Figure 53 nor the estimated genomic
inflation factor of 0.99 suggested any systematic biases, such as those related to population
stratification. Under an additive model for the minor aliele at cach SNP, we identified 19 SNPs,
representing 7 chromosomal locations, with genome-wide significant (P < 3x10-8) associgtions
{Figure 1 and Table 1} We identified another genore-wide significant SNP (rs1379326)

representing a unique locus, under a recessive model (Table 1),
Replication and Meta-Analysis

{1335]  Woe selected the 20 genome-wide significant SNPs and an additional 178 SNPs with
Ex3-8 < P- value <0001 (SNPs between the top and bottom lines in Figure 1; sce Tables 3 and
4 for SNP location, genotype and HWE information and Table 5 for association information for
all 198 SNFs) for genotyping in 3 replication cohort of 1027 cases of 1P and 2138 controls.
Adfter genotype quality control, we included 876 cases and 1890 conirols successtully genotyped
on 181 of the SNPs, 13 of the 20 genome-wide signilicant SNPs were associated with 1P in the
replication cohort at P <.0025, corresponding to conservative Bonferrons correction for 20 tests
{Table 1, middle columns). Eighteen of the 20 genome-wide significant SNPs, representing 7
loci, from the GWAS (Figure 2} were genome-wide significant in the meta-analysis {Table 1, last
colurnn}. Ao additional 25 SNPs representing ¢ chromosomal locations (S overlapping with
GWAS loci and 4 additional loci (Figure 3)) were genome-wide significant in the meta-analysis

{Table 1).

{8326] The most highly associated SNP in the GWAS discovery, 868903 (PGWAS =
1.3x10-22; PMeta = 9.2x103-26}, is in the promoter of the MUCSE gene at chvomosome 1ipl5,
which we have reported to be associated with IPF and FIP and has been confirmed in other
studies. Ten additional SNPs in the MUCSB region, tncluding SNPs in the MUC? and TOLLIP
genes were also genome-wide significant o the joint analysis and not in strong LD with
rs868903 (Figyre 2d). The SNPs 12736100 (PMeta = 1.7x10-19) and rs2853676 (PMeta =
3.3x10-8) at chromosome 5pl5 are in the TERT gene (Figure 2a) and 11881984 (PMeta =
4.5x10-8) 1s near the TERC gene (Figure 3a); rare mutations in TERT and TERC have been
reported to be associated with FIP and IPF, and rs2736100 has previously been reported in the

TERT gene. The remaining 8 genome-wide significant loct are novel 1P foet { Figare 6}, Five of

jece)
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the association signals on chromosomes 4g22, 6p24, 1024, 1334, and 19p13 appear localized
to single genes. SNP 2609255 (PMeta=2.2x10-11} is in the FAMI3A gene (family with
sequence similarity 13, member A} at chromosome 422 (Figure 3b). SNPs rs10484326 (PMeia
= 5.5x10-9} and 182076295 (PMeta = 1.1x10-19) arc in the ISP gene (desmoplaking at
chromosome 6p24 (Figure 2b). SNPs rsl 0748858 (PMeta = 2.7x10-8), 182067832 (PMeta =
3.7x10-8), and s 11191865 (PMeta = 2.4x10-8) are in the OBFCI gene (ohigonucleotide-binding
fold containing 1) at chromosome 10g24 (Figure 3¢). SNP 181278769 (PMeta = 6.7x10-%} is in
the ATPULA gene (ATPase, class VI, type 11 A) at chromosome 13634 (Figure 3d). SNPs
312610495 (PMeta = | 7x10-12) and rs2109069 (PMeta = 2 4x10-11) are in the DPP9 gene
{dipeptidyl-peptidase 9) at chromosome 1913 (Figure 2g). The other three chromosomal
regions {7922, 15q14-13, and 17421} have either no significant SNP i any gene or SNPs with
significant associations in muldtiple genes (Table | and Figure 2¢, 2¢, 21}, The estimated odds
ratios (OR) for all of the genome-wide significant SNPs range from ~1.1 to ~1.6 (Table 1; ORs

for MAF that are less than | correspond to ORs for major allele in same range).
Investigation of adjusted models for genome-wide significant SNPs

{0327] To adjust for the previously discovered the MUCSE promoter SNP (135705950; not on
the Hinmina 660 Quad headchip}, we genotyped a subset of the GWAS discovery cases on the
same platform and at the same time as the replication cases for the SNPs in Table 1. We
combined the raw genotvpes from these cases (n=8359) with the replication cases and controls for

joint analyses,

[B328] To assess the evidence for multiple independent association signals within each region,
we tested for association with cach SNP in a given region after adjusting for the yost significant
SNP in that region based on the meta-analysis. For the chromosome 11p13 region, we adjusted
for r835705950 given our prior findings and the strength of the association we observed between
1335705950 and HP in our current stody population {OR [95%CI]: 4.51 [3.91, 5.21], Ploint =
7.21x10-95). After adjustment for 1335705950, only one of the SNPs at 1pl5 (r:4077759)
remained nominally associated with TP (P=.03; Table 2} while rs35705950 remained highly
significant in all models, suggesting that the associations we observed with other SNPs were due
to weak LD with rs35705950 (see Figure 6 for LD among the SNPs). The reductions in

significance of SNPs in the other regions after adjustment for the top SNP were consistent with



19

15

CA 02900073 2015-07-31

WO 2014/127290 PCT/US2014/016601

the LD among the SNPs (Table 6) and do not provide evidence for multiple association signals,
Of note is that SNP rs1 881984 near the TERC gene is no longer significant after adjustment for

SMNP 56793295 in the LRRC34 gene.

{0329] Finally, we adjusted for age in addition to scx for all of the genome-wide significant
SNPs; with the exception of 187942350 on chromosome 11 (Page-adjusted = §.06), all SNPs

remained significant after adjustment {(Table 6).
Expression of koy genes in fung tissue

{0338]  Wemeasured expression of DPP9, D8P, FAMIBZA, IVD, MUCSE, MUCZ, DISPZ,
OBFCL, WNT3, and WNTYB in hung tissue from 100 cases of IPF and 94 controls using
quantitative PCR and validated Tagman Genotvping Agsays {Applicd Biosystems, Foster, City,
{CA) to test for differences between cases and controls and to tost for association between the
genotypes at the most-highly associated SNPs in cach gene with expression of that gene. We
confirmed our results from a smaller study that MUCSRB 15 more highly expressed in lung tissue
of cases compared to controls (P = 5.6x10-11) but consistent with our previous findings for
3357035950 among cases of IPF, rs868903 was not associated with expression of MUCSRB. DSP
was more highly expressed in cases compared to controls (P = 0.0002), and expression differe
by genotype at rs2076295 (P = 0.002); relative expression of DSP inereased with the number of
copies of the putative at-risk allele (Figure 4). There are two isoforms of desmoplakin generated
by alternative sphicing. r¢2076295 18 contained in 2 binding site for transeription factor PULL,
which has been tnplicated in altcrnative splicing of target genes; however, we saw no evidence
for a differential effect of 152076295 genotype on expression of the primary isoform compared to
the alternative isoform. There was nominal evidence for higher expression of DPPY in cases
compared o controls (P = 0.03), but neither 13126180495 (P = 0.46) nor rs2109069 (P =0.72)
were associated with DPPY expression. Neither FAMI3A, TVD, nor OBFCH differed in
expression between cases and controls or by genotvpe (all P > 0,123 MUC2, DISP2, WNT3, and

WNTEB showed little or no expression in these lung samples.
Percent variation in disease risk explained by GWAS SNPs

{83317 We cstimated the percent of discase risk explained by all the 439,828 GWAS SNPs

tested for association using a vagiance components model across a range of prevalence estimates

SO
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for IEP (30 per 100,000 to 100 per 100,000). We found that the GWAS SNPs accounted for an
estimated 30% (s.¢. 2%) 1o 339% (5.¢. 3%} of the risk of HP. Since we did not include the
MUCSB promoter SNP (rs35705950) in this analysis, thig is a conservative estimate of the

contribution of common SNPs to the risk of TP,
Discussion

{0332] These findings provide convineing evidence that common genctic variation is an
important contribuior to risk of interstitial ung discases such as HP. We have identified 8 novel
genctic risk loci (4q22, 6p24, 7g22, 10q24, 13q34, 15g14-15, 17421, and 19p13), and confirmed
the role of risk variants in three previously reported genes/loct {TERC [3q26], TERT [5pl15], and
MUCSB [11pl5]) in HP. Prior to this report, the only two genes with a reproducibly 1iP-
associated common variant were TERT and MUCSEB. In aggregate, the comamon risk variants
associated with 1P suggest that this disease is primartly mediated by defects in host defense,
cell-cell adhesion, and carly cell senescence. Moreover, these findings can be used to guide

itervention frials in this complex disease.

{8333]  Secreted mucing (MUCSB) 1o the distal small airways appear to play a role in the
development of IIP. The data do not suggest a strong effect of SNPs in other genes (MUC2 ot
TOLLIP) inthe ipl5 region after acconmting {or the effect of the MUCSE promoter SNP
1835705950 we have previously identified as a key risk factor for TP, The rs868%03 SNP in the
promoter of the MUCSE gene that was one of the most strongly associated SWPs in the GWAS,
replication, and meta-analysis is not in strong LD (12=0.13) with rs353705950 and s closer to the
transcription start stte for MUCSE than 1335705950 (3 kb ve. 1.3 kb, respectively). Although
fung tissue from patients with 1IP has higher concentrations of MUCSB than controls, neither of
these MUCSB promoter variants appear to be entirely responsible for the increased expression of
MUCSEB in patients with [P, suggesting that other gene variants or environmental {oxins play a
role in this discase. Dysregulated fung wucins likely initiate or exacerbate fibroproliferation
through one of the following mechanisms: 1) altered mucosal host defense; 23 interference with
alveolar repair; or 3} direct cell toxicity {endoplasmic reticuluwm stress or apoptosis} stimulating a

fibroproliferative response initiated by excess production of the fung mucins.

{0334] Genes that maintain the length of telomeres appear to play a role in the development of

HP. Prior to this report, the associations between pulmonary fibrosis and TERT and TERC

o
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involved rare variants of TERT and TERC and a comunon variant of TERT. Mutations in these
genes arg associated with shortened telomeres in alveolar epithelial cells, suggesting that these
gene variants may merease the risk of pulmonary fibrosis through enhanced apoptosis or necrosis
of alveolar epithelia. Moreover, dyskeratosis congenita, a congenital disorder that resembles
premature aging and frequently involves pulmonary fibrosis, was associated with mutations in
TERT and TERC. This GWAS identified comumon variants in TERT and near TERC, and in
another gene that influences telomere length, OBFCI (Pmeta = 2.4x10-08). A common variant
w OBFC has been associated with telomere length in two GWAS studies of humun leukocyie
telomere length in the general population. It appears that risk associated with these genes 18 not
limoited to rare variants, but represents commen risk variation. In aggregate, these findings
underscore the importance of telomere length and carly cell senescence in the pathogenesis of

pulmonary fibrosis.

{0335] The results iroplicate alterations in cell~-cell adhesion on risk of developing HP,
Yariants in the DISP gene were strongly associated with HP and the expression of BSP i the
fung tissuc of patients with [IP. The DSP genc encodes the protein desmoplakin, a component of
the desmosome, an adhesive intercelinlar molecule that tightly Hinks adjacent cells and forms a
dynamic structure with other proteins {plakogobin and plakophiling} that tether the cytoskeleton
to the cell membrane. Desmosomes are particularly important for maintaining the integrity of
tissues that experience mechanical stress {such as the peripheral portions of the fang), and there
is strong evidence that perturbation of the desmosome disrupts epithelial homeostasis. Mutations
in PSP have been associated with arrhythmogente right ventricular dysplasia, keratodermas, and
alopecia, directly implicating desmoplakin in diseases with loss of tissue intsgrity. More
spectfically, mutations in DSP have been associated with cardiac interstitial fibrosis based on
over-cxpression in mouse cardiac tissue. An additional potential mechanism for the involvement
of DSP is through alterations in the wnt/B-catenin signaling pathway which have been
consistently observed in pulmonary fibrosis. Desmopiakin has been shown to influence the
wnt/B-catenin signaling pathway through regulation of another component of the desmosome, y-
catenin. These studies and the finding that over-expression of DSP in HP is associated with the
variant allele of 182076295, provide a strong biomechanical or bislogic rationale for the role of

genctic variation in DSP contributing to pulmonary fihrosis,

&9
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{0336} The results iraplicate other cell adhesion molecules on risk of {IP development. The
DPPY gene is a member of the same protein family ag fibroblast activation protein, which has
been shown to be expressed in fibroblastic foci but not in adiacent healthy lung in IPF. DPP9 &5
gxpressed in epithelia and has been shown to alter cell adhesion in human embryonic kidney
cells. In addition, the catenin cadherin-associated protein alpha 3 (CTNNAJ) gene was nearly
significant in the joint analysis (Pmeta = 3.8x10-07}, i3 located at 1022, and is a cell adhesion
molecule that physically interacts with §-catenin and mediates cell adhesion. In aggregate, these
findings suggest that pulmonary fibrosis is be caused by defects in cell-cell adhesion or defects
in the cytoskeleton that are unable to accommodate the stress associated with mechanieal stretch

of the lung.

i0337] FAMI3A s 2 signal transduction gene that is responsive to hypoxia and a SNP
{rs7671167) 1n that gene has recently been found to be protective in chronic ohstructive lung
disease. The other genome-wide significant loci are not as well localized to a single gene,
although interesting candidates emerge. There are several markers assoctated with P which are
all i strong LD at chromosome 1721 spanning 1.14 Mb. An obvious candidate among those
genes 15 the WNT3 gene given the alterations in wnt signaling observed in HP; however, we
found no evidence for WNT3 expression in the lung. 17g21 is a structurally complex genetic
region with a large (>t Mb} inversion polymorphism and disease-associated smaller copy
number variants (CNVg) Interestingly, the genes LRRC37A and LRRC37A2 in this region are
in the same family as the LRR{T34 gene on chromosome 3, adjacent to the TERC gene, which
had one of the strongest association signals in the replication samples. In both the chromosome
17421 region and the complex mucin region on chromosome Hipl3, it is likely that deep
sequencing and array-based copy number measurement followed by functional testing of
rutative genes/alleles/CNVs will be necessary to further characterize the genetic architecture of
these observed associations with 1P, While it has been proposed that pulmonary fibrosis results
from activation of developmental pathways or aberrant lung repair, the findings suggest that
these mechanisms are secondary to a primary defect in host defense or cell-cell adhesion. Since
genes involved in the integrity of fung epithelia (DSP, DPPY, and CTNNA3) and lung mucins
(MUCS5B) are genctic risk variants, defects in these mechanisms likely are primary contributors
to the development of pulmonary fibrosis. Given the importance of environmental exposures

{c.g., exposure to cigarctic sinoke, ashestos, and silica) in the development of other forms of

90
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interstitial lung discase, it is logical that commaon inhaled particles, such as those associated with
cigarctte smoke or air pollution, over years cause exaggerated interstitial injury in persons who
have defocts in lung host defense or cell-cell adhesion. Shortened telomeres and subsequent
carly cell sencscence likely alter host defense or may enhance the ‘host defense challenge” to the
{ung, analogous to asbestos or cigarctte smoke. Thus, excessive lung injury cither through
enhanced covironmental exposure, endogenous defects in critical homeostatic mechanisms, or
subtle defeets in host defense may, over years, lead to the development of pulmonary fibrosis.
More attention should be directed to host defense and cell-cell adhesion when considering

drugable targets for this complex disease.

{6338] The present findings should substantially infloence future genetic, diagnostic, and
pharmacologic studics of IIP. The cumulative GWAS SNPs reported here explain approximately
onc-third of the variability in risk of developing HP, suggesting that further cxamivation of
commeon variation with larger cohorts is warranted in addition 1o studies of rare variation,
epigenetic features, and gene-environment interactions., While the clintcal manifestations of
these discases have been well defined, it is becoming increasingly clear that cach type of [IP is
caused by muliiple gene variants that likely have distinet prognoses and may respond differently
to pharmacologic intervention. Consequently, genotyping HP subjects in future therapeutic trials
may inform drug development by identifying agents that are effective in seloctive patients. In
fact, the lack of attention to pharmacogenetic approaches in P irials may explain why few
agents have been found to alter the course of these discases. Moreover, the genetic heterogeneity
of 1P suggests that characterization of genetic variants is helpful in redefining the types of HP so

that we can provide more accurate prognostic information for patients and their familics.

{83391 It isunderstood that the examples and embodiments described herein are for illustrative
purposes only and that various modifications or changes in light thereof will be suggested to
persons skilled in the art and are to be included within the spirit and purview of this application

and scope of the appended claims.

Date Regue/Date Received 2020-05-08
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Table 3: Genotype counts and Hardy-Weinberg Equilibrium (HWE) P-values among cases and confrols in

tha discovery set for all 188 SNPs taken info replication set.

Cases Controls

Chr.

SNP Position® | Alleles® | Minor® | Hets” | Major® |HWE £'| Minor® | Hets® | Major® [HWE &
Chr. 1

rs12128329 64698479 IAG 207 783 825 o1z |525 1983 1991 1037
rs1995785 161599245 {A/IG 81 503 1031|008 [127 1304 {3065 1043
56428467 1196777745 |CIA 62 532 |1022 |0.54  [125 1260 [3125  |1.00
ra7525504 [221934254 iGIA 240 841 {534 <001 |879 2181 1437 joaz
rs3738383 1221072155 GIA 41 556 11019 |<0.01  |233 1532 (2728 D21
Chr. 2

rs17247006 2511991 IAG 30 423 1163 1028 |79 960 3459 019
rs10495536 [5408196  IAG 49 458 1100 (086  |159 1495 [2842 1003
rs3354382 |51680424 IC/T 19 305 1287 o9 3o 579 3774 1100
rs1879218 [76771091 IG/A 180 889 1746 028 593 2068 1825 085
rs1369523 [125855752 {T/C 56 458 1101 1035|204 1468 2815 047
51836676 125858674 {AIG 57 458 1100 027|205 1468 2809  [D47
510174508 140429825 {C/T 271 714 1831 <001 580 2101 11815 048
r512459218 148940526 {A/G 97 572 1996|004 162 1489  |2868 1012
rs7578722 164761122 {CT 154 613 1248 1001 274 1782|2442 1003
rs4668123 169761751 {TiC 154 613 848 o1  [o74 1782 {2441 1003
rs2302696 1608761826 {T/C 158 520 1838 001 284 1808 2408  |0.02
rs11687903 1168765968 {G/T 187 835 1813 oot 310 1860 2326 |002
rs2284675 HBRTE7205 {AIG 166 832 1814 0ot 303 1861 12333 1001
rs9645782 176546391 {AC 348 732 1536 |<0.01 773 2239|1487 |07
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Cases Controls

Chr.
SN Position® | Alleles” | Minor® | Hets® | Major® |HWE | Minor® | Hats® | Major® [HWE F
513415885 1240625254 {CIA 657 540 1009 10.65 145 1333 3006 0.88
Chr. 3
rs 13091584 17380044 T 391 878 {347 <0.01 [1074 2212 121 .31
rs 12838703 18227988 Tic 43 424 078 {015 23 1135 3268 .68
rs1532898 144897145 (C/A 189 674 17583 0.05 346 1856 27298 .29
rs6788211 (68670885 {T/C 26 408 11181 1019 113 1303 3083 0.08
rsb87954 108117605 {GIA 374 774 1468 312 1165 2248 10479 3.95
131881884 1709471583 {GA 245 759 1611 0.71 488 2013 1985 0.52
rs 10936509 HTOG74795 {T/C 143 668 1804 0.81 260 1668 2572 (.66
rs1997382 170882346 {T/iC 162 706 {748 .88 317 1735 2448 8.70
rs0793205 HM71001449 1C/7 162 1 {743 0.69 320 1740 2440 0.67
rat844738 1185664502 {T/C Q6 5668 {954 .33 332 1760 2405 (.68
Chr. 4
rsd518326 (130690581 A/G 16 415 1183 <0.01 107 1078 3309 0.09
516877848 (25884202 {T/C 20 428 11168 1<0.01 138 1173 3187 0.02
r5340189 86568707 1C/A 216 678 {722 0.01 532 21285 1730 .61
rs2869358 186800804 1GA 18¢ 681 {754 a.17 528 2140 1826 8.01
rs4488910 187581858 |G/ 27 363 {1226 11.00 117 1188 3194 0.614
rsG830070 189996104 {G/A 156 686 {774 0.82 596 2083 1849 .50
rs2600255 190030218  |GIT 121 602 1891 .18 222 1445 2816 0.04
rs10019681 [B00515855 {T/C a8 508 1847 075 251 1645 2602 8.71
rs2869967 [20088355 {C/T 210 707 {689 0.14 769 2139 1592 0.27
rsf671167 180103002 (7/C 326 775 {506 0.38 1477 2201 1114 0,19
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Cases Controls

Chr.
SN Position® | Alleles” | Minor® | Hets® | Major® |HWE | Minor® | Hats® | Major® [HWE F
31821679 190109807 T/ C 124 631 &11 Q.27 494 1989 2017 0.92
r516996143 130116382 JA/G 124 8679 1810 0.27 501 1951 2010 0.71
rs11737182 190117480 {T/C 124 682 810 .25 489 1950 201 .84
rs0849143 180147512 {T/iC 219 726 {671 0.31 780 2120 1589 0.G67
rs12505696 190150093 (T/IC 277 7ha 1585 0.22 584 2001 1911 .10
rsB828137 190278457 (TG 300 T80  i536 .55 1042 2169 1287 4.03
rs756345 90292237 AG 167 668 {779 3.20 587 2059 1850 3.72
rs 11727778 1102641245 {C/ 88 881 1947 1.00 169 1450 2881 0.45
rs2130810 (187323204 GV 378 764 1474 0.04 1148 2279 14671 0.37
Chr. 5
rs2735100 1339516 CiA 329 731 {556 <001 1154 2287 1059 0.27
ra?8836768 11341547 Tic 80 571 984 .78 340 1803 2358 (.88
rs30364 55865133 {T/G 319 70 1507 0.72 1012 2364 1211 .47
rsR326761 1108497343 {G/A 160 786 1760 3.03 431 1830 2239 0.05
152217640 108502065 {GIA S0 814 912 0.35 205 14980 28085 0.69
rs13385 138693062 {A/G 75 523 11018 {048 241 1677 2582 0.15
rs31874 140348502 {C/T 1358 601 {880 0.03 416 1904 218G 1.00
rs 702390 140422393 {AIG 208 727 1591 0.01 880 2264 1346 .28
rs31850 1404588086 |G/A 367 759 {480 0.03 1118 2258 1126 0.85
rs2963163 1161634658 {T/C 4] 202 {1408 10.34 28 7av 3743 .30
Chr. &
rs4959432 17336920 GIA 10 247 11358 087 23 531 3046 .26
r310484325 7502047 Cir 52 813 11051 10.30 108 1205 3182 .65
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Cases Controls

Chr.
SN Position® | Alleles” | Minor® | Hets® | Major® |HWE | Minor® | Hats® | Major® [HWE F
510484326 7503317 CIT 658 520 1028 j0.82 288 1666 2546 0.50
rs2076295 17508231 GIT 479 777 1359 0,19 589 2219 13858 1.00
rs3778337 (7510884 AIG 200 7186 {698 0.47 346 1869 2285 .19
rs20765302 (7515962 AIG 85 474 11073 1018 246 1561 2688 .33
3134603 32233980 |A/G 34 432 (1150 1045 72 949 3476 g.44
rs3134043 322355738 {TIC 30 445  1113@  (0.09 76 g73 3449 045
rs3132046 32298006  {A/G 27 436 1152 {005 71 944 3485 .44
rsB267892 132328378 {GIA 34 454 11128 1014 81 1008 3410 0.51
rs3129860 132800057 JAG 38 464 111t 1021 75 1006 3408 0.95
58271366 (32694832 {G/A 38 458 11118 {0.28 76 1008 3415 0.84
rs80911621 135637003 {TIC 125 687 {803 .20 488 2009 2000 0.64
ra?766535 135788760 {AIG 422 803 1380 .84 Q84 2240 1274 1.00
rs961918 100762388 {IC/T 169 860 1787 .08 342 17141 2447 0.08
rs1932103 1304861745 (AG 14 343 11259 1009 46 748 3706 $.22
Chr, ¥
rs132258346 11833442 Ci 381 821 1414 .52 555 2252 1379 0.24
rs7783715 1889911 i 287 783 {876 G.14 594 2162 17358 8.05
rs4994763 11885348 o 208 783 {546 .28 843 2178 1653 .08
rsS62060 31361662 |CT 41 504 1071 10.04 124 1157 3218 0.1
rs2283017 199412694 (|GIA 331 792 1493 .69 711 21089 1673 .29
red727443 1989431282 A/C 338 813 {4685 0.65 711 2121 1657 .45
rsR4 1289 29516427 iGIA 184 710 {722 0.65 397 1820 2282 022
r32261360 189830820 (T/G 146 655 812 0.44 284 1633 2582 0.24
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Cases Controls

Chr.
SN Position® | Alleles” | Minor® | Hets® | Major® |HWE | Minor® | Hats® | Major® [HWE F
5720547 123862730 {GIA 104 632 1880 0.56 226 1563 2707 1.00
Chr. 8
rs1379326 4605218 Cir 164 621 1831 <0.01 |269 1824 2405 <0.01
rs8650356 15736632 {A/G 54 548 14 10.05 138 1273 3088 0.64
rs17577994 120830275 |A/G 174 532 1810 <0.01 (354 1813 2331 .97
rs10804280 160315850 JA/G a2 397 187 <0.01 (91 1200 3203 0.09
rsb4 74845 161011882 {T/G 215 706 {698 3.10 672 2174 1652 (.33
13379564 9738714 {T/C 81 855 1880 0.83 151 1403 2543 0.33
rs279968 24429518 1CIA 396 750 470 0.01 591 2346 1862 <0.01
r51467044 1120856222 {G/A 288 783 {561 8.11 967 2211 13058 8.58
rs 11781657 (120958423 1G/T 208 754 {564 .10 965 2218 1314 0.61
ra89R7332 1121003144 {AIG 254 748 813 .32 853 2178 1468 .39
rs7005380 1121023054 JAIG 166 825 17585 0.73 817 20581 1831 4.27
Chr. &
157022345 [¥1G63752 AG 27 454 11135 1001 168 1303 3038 .21
152820817 17182313 AIG 19 432 11165 (<0.01 125 1186 3188 0.24
rs 10963084 117394464 i 152 67 857 <(.01 {281 1824 2384 8.01
rs541431 137692055 {G/A 278 804 {534 .41 827 2140 1732 0.43
Chr. 10
rs2441727 167894392 |GIA 4] 217 11391 10.87 g 471 4010 g.15
rs108972583 168052141  C/IA 232 781 1583 0.23 601 1982 1817 0.01
rs10822856 68053979 {C/T 231 788 585 0.27 G600 1974 1620 001
rs2001088 192431833 {1/C 166 705 {741 0.81 566 2141 1790 0.06
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Cases Controls

Chr.
SN Position® | Alleles” | Minor® | Hets® | Major® |HWE | Minor® | Hats® | Major® [HWE F
31936606 192432636 {T/C 166 708 {742 0.91 5685 2139 1788 0.006
rs1936602 192435233 {T/C 247 764 1605 0.83 507 2277 1412 0.04
rs2902638 105626979 (CIT 125 679 812 .33 262 1670 2567 .68
r3 10748858 1105828504 {G/T 221 721 {674 0.21 772 2148 1582 0.34
rs2067832 1105633124 {GIA 335 777 1502 .29 1138 2258 1103 .81
rs1980653 105844154 A/G 334 T8 1501 .31 1138 2358 1103 .83
rs11191865 1105662832 {GIA 340 774 1502 .18 1159 2235 1105 .68
rsB419858 [OLE65836 {(T/C i8 319 1127e 1080 73 1125 3302 0.04
rs8420807 HOB666455 1C/A 18 39 11279 10.80 73 1124 3302 Q.04
rs7(074532 (108692032 1GIT 167 680 {769 .38 327 1776 2385 0.87
rsf073827 105888783 1C/7 183 704 {728 0.54 361 1837 2287 0.80
Chr. 11
rs10751635 11052980 GIA 3580 804 1431 0.92 824 2183 1483 .69
rs2301160 110583767 oI 379 808 {429 1.00 826 2188 1482 3.69
157942850 1058900 it 346 801 {469 092 642 2156 1702 0.534
152071174 1083712 Ci 121 677 1818 (.25 497 2018 1979 0.64
rs7396030 11073364 AIG 41 431 (1140 1.00 188 1423 2862 .20
rs7103878 11078815 GiA 2 218 {1386 10.03 42 764 3604 8.73
rs7934606 1083945 Tic 430 825 1361 0.37 794 2179 1521 0.75
rsf421972 110864084 TiC 428 820 1363 .45 794 2178 1818 .81
rs7480563 (10391649 Cir 270 811 {838 0.22 1165 2220 1092 .59
rsd4077752  HOO5976 Cit 153 675 {788 0.64 G614 2167 1775 3.80
136421866 116979 GIT 32 410 11174 10.69 140 12592 3044 0.84
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Cases Controls

Chr.
SN Position® | Alleles” | Minor® | Hets® | Major® |HWE | Minor® | Hats® | Major® [HWE F
3868903 1199269 Tic 219 7353 604 0.14 1057 2260 1172 0.683
rs2735727 1214035 AIG 232 773 161 0.64 585 2185 1418 .45
rs2857476  HM237710 Cir 296 836 484 0.06 1156 2219 1123 0.37
r3124417955 1240803 GiA 265 830 490 0.09 1151 2202 1130 0.24
rs3820223 11256932 CIT 295 804G ib17 .72 11106 2211 1155 047
rs3783064 (1258558 TiC 171 882 1783 .33 856 2081 1760 0.31
rs233465% 11313638 AJG 20 349 {1247 (048 127 1218 3153 348
rsf122836 1331032 CiA 168 733 {713 0.34 710 2129 1653 0.57
r57944761 13681414 CiT 256 775 1885 1.00 591 2242 1362 .59
rsd752744 (1674842 GiA 13 286 (1317 0.67 23 599 3878 1.00
rs 11036021 40688015 T/G 438 818 1360 0.58 1051 2206 1238 0.27
ra?736860%1 161462047 ITIC 1 248 1357 11.00 19 539 3842 .90
rs2727267 161462892 JAIG 11 248 11357 11.00 19 539 3042 .90
Chr. 12
1512310569 16567614 AG 46 483 1087 0.44 113 1115 3270 013
1510845450 2099818 {G/A 3358 844 {436 0.05 1147 2193 1167 010
Chr. 13
rs1278760 112578678 {T/IC 166 748 {702 0.12 833 2073 1773 .50
rs1278765 1112584628 {AIG 62 535 018 1044 270 1647 2565 .81
Chr. 14
rs12870458 145884892 {T/C a8 476 {1080 {0.58 104 1157 3237 .95
rs10139381 46152755 {C/T 76 621 {819 0.03 363 1736 2389 0.06
132781413 187038740 (C7 110 598 1904 0.43 412 1807 2375 0.05
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Cases Controls

Chr.
SN Position® | Alleles” | Minor® | Hets® | Major® |HWE | Minor® | Hats® | Major® [HWE F
51852126 197063843 CIT 317 835 1464 0.10 780 2147 1560 0.28
Chy, 15
rs 1007177 138438130 {AIG 145 650 821 0.33 &850 1957 1949 .28
ra 1992272 138446262 {TiC 149 644 {823 0.17 558 1994 1946 .18
rs2d89332 138471072 {GIA 249 716 1650 .03 80Y 2149 1540 0.22
rs11636361 (38475120 |GA 262 T20 1634 0.02 849 2174 1470 0.38
rs10518683 138487314 {T/C 331 756 1529 0.04 714 2073 1713 3.04
1320346580 [38504594 A 304 751 1658 0.07 10020 2193 1215 0.1
rs603104 38844327 JAIC 285 785 1544 (.98 960 2235 1304 1.00
51849210 152413032 {GA a8 14 {10066  (0.01 1588 1483 2858 8.05
r3351219 72278260 |G 187 795 {634 0.01 875 2063 1756 .08
raB406932 1836828571 {AIC 46 432 1136 10.62 178 1371 2038 .25
rs18284581 183841916 C/A 35 763 i838 0.14 637 2128 1735 0.75
rs /172788 [B3844521 CIT 315 761 1839 0.12 838 2122 1732 0.75
511858744 (83884068 {T/C 318 758 {839 0.10 638 2118 1736 0.82
1516977252 183727844  {GIA 152 660 1804 .24 286 1712 2502 0.78
ra8496044 183868310 1GA 260 728 {627 0.05 491 2022 1886 .50
rs 10520557 183871259 JAIG 228 730 {658 0.26 439 18995 2065 .18
rs11633855 196054298 |CT 246 722 1648 0.08 528 2082 1887 0.21
rs1441479  [96057306 1CT 241 724 1651 0.09 516 2078 1890 0.14
Chr. 16
rs17130255 16047175 Gt 61 488 1057  |0.81 115 1233 3148 Q.70
r31548887 5576606 AC ] 230 1378 100 19 493 3588 0.38
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Cases Controls

Chr.
SN Position® | Alleles” | Minor® | Hets® | Major® |HWE | Minor® | Hats® | Major® [HWE F
34843650 186240887 {GIA 223 802 1591 Q.07 794 2172 15830 0.62
Chy, 17
rs383162 41074826 iGIA 56 438 1121 0.1 243 1649 2747 0.27
rs417968 41084158 |G/A 72 541 {1003 11.00 328 1688 2484 .08
81635291 1107696 |GIA 62 507 11047 10.94 295 1629 2570 g.07
rs7215239 41123556 1CT a0 506 11050 (1.00 294 1629 2572 010
rs12373139 41279910 {AG &5 433 1127 011 2403 1534 2721 .21
rs17690703 41281077 (1/C 78 523 11015 10.33 330 1638 251 <0.01
rs17553986 41347100 |G/A 54 434 11127 1013 242 1539 2711 0.23
51981897 141412803 JA/G 54 433 (1128 {013 241 1544 2715 8.27
rs8070723 141436801 {G/A 54 436 {1126 0.5 241 1546 2713 0.26
raf225002 41544850 {GIA 201 735 iB78 .91 761 2184 1572 .73
rs2532274 1416502841 |GIA 57 449 (1107 017 247 1578 2864 .50
rs2B832260 41805885 {CIT 55 438 1117 {018 243 1551 2697 .31
52008692 41848797 AG 54 425 121 1002 241 1497 2704 0.08
5183211 42143493 JAG 52 533 11061 1048 277 1592 2631 0.08
rs 169201 42145386 |G/A 42 422 (1152 0.64 216 1466 2814 8.17
rsf224296 42155230 {G/A 8o 556 {971 0.44 379 1738 2381 0.02
rs199533 42184098 G 42 423 11147 0.7 242 1468 2817 0.24
rs415430 42214305 1CT A 435 1139 10.93 207 1488 2797 .62
Chr. 18
rs367024 10388672 {T/C 54 505 {1057 10.57 128 1171 3204 010
Chy, 19

o)
e
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Cases Controls

Chr.
SN Position® | Alleles” | Minor® | Hets® | Major® |HWE | Minor® | Hats® | Major® [HWE F
512610485 (4668672 GiA 210 691 15 0.04 377 1875 2247 0.64
rs2100060 14670443 AIG 233 707 1673 0.04 426 1944 2123 0.55
rs10447008 (54893365 1C/T 43 416 {1157 1045 156 13714 2366 0.92
ra306477 61181585 {T/C 336 814 464 0.58 797 2188 1531 0.562
Chr. 20
rs2 145275 (6521455 TiC 3386 754 1526 0.03 751 2180 1857 0.71
rsb088520 132586025 {T/C 333 817 1466 .48 1070 2322 1106 3.03
134810223 152179181 {(T/G 88 564 1964 0.62 168 1379 2550 0.68
Chr.21
rs2823528 6271144 (CIT B33 408 {1144 <0.01 102 1208 3188 0.34
rs2830234 126754202 G/T 277 838 {500 0.02 744 2111 1643 0.14
Chr.23
rs7879375 (79014847  JAIG 9 122 {395 1.00 26 415 1861 0.57
rs3803350 79032104  {AIG 12 136 1378 1.00 34 471 1797 .61
155024874 180037035 {G/A 104 264 {158 072 391 1098 809 0.57

“Senomic position based on NCBI Build 36

Dn a: . . .
Minor allsle in cases listed first.

“Minor: Count of minor allele subjects

et Count of heterozygous subjects

*Major: Count of major aliele (more frequant allele) homozygous subjects

"Povalue for HWE goodness-of-fit test
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Table 4: Genotype counts and Hardy-Weinberg Equilibrium (HWE) P-values among cases and confrols in
tha replication set for all SNPs successiully genctyped in replicafion.

Cases Controls

Chr,
HWE HWE

SNP Position” | Alleles” | Minor® | Hets® | Major® =4 Minor® | Hets® | Major® =4
Chr. 1
re12128320 | 64698478 | A/G 101 383 391 0.65 232 874 779 0.51
rs1885785 | 161899245 | T/C 43 271 556 g.18 75 582 1202 0.66
rs8428467 | 196777745 | /A 45 257 572 .03 &7 893 1224 1 0.71
rs7o255804 | 221934254 | G/A 177 426 266 3.8 393 870 603 0.02
Rs17596 223805532 | G/IA 53 317 504 0.71 105 666 116 {0.65
Chr. 2
rs17247006 | 2511991 TiC 17 178 854 0.27 34 404 1420 {040
rs 10405536 | 6498196 AG 45 288 541 (.42 64 545 1280 1053
re2384382 | 51680424 { C/T 11 147 75 4.25 19 321 1544 0.58
rs1879218 | 76771001 CiT 145 386 354 .83 238 844 790 0.581
131369523 | 1258558752 | T/C 36 280 557 0.92 83 566 1237 1008
rs 1836676 125858674 | T/C 36 280 559 .92 83 566 1238 0.08
1510174588 | 140420825 | GV 135 395 342 3.25 288 813 696 0.28
r3124580218 | 148849526 | NG 36 295 544 .68 79 6086 1197 1083
ra?b78722 1189761122 | CFF g2 333 482 4.43 126 738 931 0.51
re2302696 | 168761826 { A/G &8 339 468 8.55 136 757 381 0.64
rs 116870903 | 168765068 | &7 71 354 446 .93 140 776 973 0.49
132284675 | 169767205 | T/C 70 353 450 .93 141 763 981 0.69
150646792 | 176546391 | AC 183 415 275 0.27 337 8953 596 0.21
r513415895 | 240625254 | C/A 36 278 558 .83 48 584 1242 0.04
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Cases Controls
Chr.
HWE HWE

ShP Position® | Alleles” | Minor® | Hets® | Major® & Minor® | Hets® | Major® =4
Chr. 3

rs130815684 | 7330044 Cir 195 436 238 .95 486 925 474 0.43
rs12638703 | 9227898 TiC 18 242 612 .38 24 500 1352 013
rs1532898 | 44897145 | C/A 77 326 328 0.80 155 878 804 0.48
rsb798211 | 69670885 { T/C 29 238 508 0.34 & 521 1299 {009
reb87954 108117608 | T/C 194 449G 231 .42 4237 8h4 496 0.46
rs1881984 | 170947153 { /T 127 391 333 .51 198 838 819 0.46
r510836580 | 170874785 | T/C a7 331 448 <0.01 89 717 1078 0.03
rs 1997392 1709582345 | AG 107 360 403 0.07 7 752 1014 017
rsG703285 1171001148 | O/ 114 357 404 0.01 17 753 1018 017
rs8844738 | 1856864502 | T/IC 51 331 494 Q.72 137 732 1018 0.72
Chr. 4

rsd518326 | 13069051 | A/G 22 218 630 3.6¢ 33 477 1372 1 0.30
rs 18877848 | 28584200 {iC 26 225 825 .31 59 534 1297 0.63
rs340199 88568707 | C/A 130 385 347 0.31 237 240 707 0.01
rs4488510 | 875818588 { /T 22 247 637 (3.50 45 483 $361 0.79
56830070 | 89986104 | G/A g5 366 411 3.314 198 863 821 0.23
rs2600255 | o0030218 | G/T 62 359 454 0.50 G 670 1148 0.02
rs10018681 | 90051555 | T/C 38 313 527 0.24 a5 858 127 .80
rs2889967 | 90088355 | /T 126 392 350 8.34 251 907 701 0.13
rs7871167 | 80103002 (1C 177 439 255 .68 413 973 486 0.08
r51921878 | 90108807 | T/C 74 3738 418 0.42 199 823 &80 0.892
316996143 | 90116382 AG 74 385 414 .26 204 825 857 0.79
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Cases Controls
Chr.
HWE HWE
ShP Position® | Alleles” | Minor® | Hets® | Major® & Minor® | Hets® | Major® =4
rs11737182 | 20117499 | T/C 74 384 417 .30 202 826 859 p.88
rs6849143 | 80147812 {T/C 120 415 338 .72 289 915 694 0.26
rs 12505696 | 80150093 | T/C 135 398 343 .28 238 g24 727 0.04
rsG828137 | Q0278457 | Tia 162 440 261 0.37 357 936 555 0.30
rs756345 90292237 | TIC 96 376 396 0.64 196 376 802 0.06
ret 1727778 | 102641245 | C/F 30 274 570 0.74 75 545 1168 0.27
Chr. 5
rs2736100 | 1339516 G 152 434 275 0.40 474 8924 470 0.64
rs2853676 1341547 AG 51 297 520 0.34 133 722 1020 072
rs30364 55865133 | AIC 193 455 224 020 402 955 525 0.43
rs8326761 108497343 | GIA 76 374 418 Q.57 171 802 504 0.74
rs2217649 | 108502065 | /T 31 294 529 0.25 72 G642 1132 | 0.1
rs13385 139693062 | T/C 40 287 536 1.00 89 677 121 0.32
rs31874 140349502 | C/T 72 312 488 0.04 149 782 954 0.54
rs 702380 140422393 | T/C 176 398 299 0.04 345 235 805 0.64
rs31850 140459806 | C/T 217 421 235 .31 430 954 499 0.55
rs2963163 | 161834659 { A/G 2 129 738 3.22 8 281 1581 0.27
Chr. &
rs4050432 | 7336920 GIA 9 133 725 0.28 8 259 1602 0.61
rs10484325 | 7502047 CiT 34 288 554 $.92 33 545 1302 <0.01
rs10484326 | 7503317 crt 46 273 554 0.12 M7 871 1097 0.28
rs2075295 | 7508231 T 253 4132 211 0.08 413 a24 552 0.49
83778337 7510884 AG 80 391 404 $.31 165 7a2 Q22 0.83
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Cases Controls
Chr.
HWE HWE
ShP Position® | Alleles” | Minor® | Hets® | Major® & Minor® | Hets® | Major® =4
rs2076302 | 7515862 AIG 33 257 583 (.50 103 615 169 | 0.07
rs31346G3 | 32233880 {T/C 21 197 658 .20 44 408 1442 1 0.08
rs3134843 | 32258739 | A/G 20 207 648 .48 40 401 1446 0.06
rs3132046 | 32298006 | A/G 15 209 5851 078 34 384 1469 013
rs9267992 | 32328375 | GIA 16 214 541 0.78 35 412 1435 | 0.41
reb811621 35837003 T 986 356 421 0.12 139 810 884 0.87
rsB61918 100762389 | G/A 72 355 446 0.93 127 768 293 0.20
r31932103 | 130461745 | T/C 10 161 704 0.85 19 343 1522 1.00
Chy. 7
rs13225346 | 1833442 CiT 198 408 260 012 373 941 559 0.54
rs7783715 | 1888911 TIC 145 380 333 010 273 887 722 1.00
rs4994763 | 1895349 Vi 143 404 329 0.32 295 SO0 592 0.92
rs962060 31361662 | G/A 21 228 620 1.00 &5 497 1327 0.3
rs2283017 | 89412604 | G/A 173 388 314 .01 259 940 B7Y 0.058
rsd727443 |1 99431282 | A/IC 171 394 311 0.02 278 238 868 0.08
13941289 Q0516427 | G/A &3 353 434 3.37 154 824 897 0.07
152261360 | 90530929 | A/IC 65 313 495 3.13 111 713 1061 0.68
re720547 123862730 | G/A 51 303 520 045 107 850 1131 0.30
Chr. 8
rs1379326 | 4605218 GIA 70 344 457 867 135 708 1028 0.40
rsBB50356 | 15796632 | AG 17 278 580 .01 62 583 1267 0.26
ps 175779894 | 20830275 | A/G &3 345 447 017 149 7486 285 0.65
1310504290 | 60315650 AG 14 236 526 0.15 35 490 1360 0.27
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Cases Controls
Chr.
HWE HWE
ShP Position® | Alleles” | Minor® | Hets® | Major® & Minor® | Hets® | Major® =4
rsB8471845 | 64011882 | T/G 136 400 338 .35 265 866 753 0.52
rs979564 79738714 | NG 28 238 857 .24 77 597 1206 | Q.77
rs279968 84128515 | C/A 180 444 240 .59 378 862 548 0.25
ra1467044 | 120058222 | G/IA 164 418 292 049 400 940 538 .82
rs9987332 | 121003144 | A/G 143 336 320 <0.01 | 346 7414 521 <0.014
re 7005380 121023054 | A/G ’7 385 380 0.40 259 856 771 0.40
Chr. 8
rs7022345 | 7183752 AIG 24 250 800 .81 57 567 1258 0.53
rs2820917 1 7182313 TiC 20 222 628 .89 47 527 1306 0.50
rs 10063084 | 17384464 e 72 323 4786 g0 153 709 1018 0.67
rs541131 137892055 | /T 142 386 326 013 294 805 548 0.47
Chr. 10
rs2444727 § 67894852 | G/A 14 127 731 .01 15 228 1641 0.04
rs 10897263 | 68052141 CiA 104 403 367 8.71 233 893 761 0.25
rs10822856 | 88053979 | C/T 103 397 362 0.78 232 888 756 0.27
rs2901088 | 92431833 {T/C 122 381 371 .14 239 881 768 0.62
rs1936606 | 82432836 | A/G 122 382 370 3.14 237 884 7ob 0.48
rs1936602 | 92435233 | A/G 177 410 286 019 244 933 805 0.67
ra2Q02638 | 105626879 | /T 58 329 472 093 123 657 1040 0.26
rs107448858 | 105629504 | G/T 113 385 375 837 284 G20 677 0.34
rs2067832 | 105633124 { /T 182 437 252 0.79 481 240 480 1.00
151980653 | 105644154 | T/C 177 433 240 0.49 455 231 485 0.82
311191865 | 105662832 | G/A 186 436 252 3.95 459 40 475 0.93
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Cases Controls
Chr.
HWE HWE

ShP Position® | Alleles” | Minor® | Hets® | Major® & Minor® | Hets® | Major® =4
rs8420007 | 105666455 | C/A 19 188 854 0.23 33 453 1384 0.63
rsf074532 | 105682032 | G/T 67 364 448 .81 138 7859 9583 047
rs7073827 | 105688783 | C/7 85 377 412 1.00 169 843 910 0.62
Chr. 11

rs10751635 | 1052990 GiA 158 418 260 0.37 357 895 512 0.37
re2301160 10537467 T 186 424 258 0.68 342 909 B28 0.67
rs7042850 | 1058000 GIA 144 427 294 .62 274 208 B85 0.36
rs2071174 | 1083712 Cit a8 370 405 0.35 183 834 883 0.40
rs7 306030 | 1073364 TiC 38 270 552 .46 73 604 1185 0.83
rs7 103878 | 1078815 CiT & 121 748 0.63 12 308 1587 0.57
rs7934606 | 1083945 AlG 220 450 204 0.42 285 920 873 0.53
rsB421972 | 1086494 AIG 220 448 206 0.50 251 018 576 0.50
rs7480563 | 1091649 GIA 195 406 266 4.1G 462 G936 476 0.96
rsdQ77758 | 10989786 Ci 117 359 400 .01 229 200 755 0.12
56421868 | 1116879 CiA 34 238 593 0.10 83 582 1250 1.00
rs868903 14199266 TiIC 152 410 310 (.44 420 947 509 0.64
rs2857476 | 1237710 CIT 186 435 250 .05 490 g22 468 .41
rs12417955 | 1240803 GIA 183 434 251 0.89 479 913 465 0.49
re3829223 | 1256932 CiT 171 438 266 0.73 471 935 470 0.89
rs2334658 | 1313639 TiC 8 188 851 g.12 56 502 1285 0.40
rs7122936 | 1331032 CiA &85 408 370 0.08 286 894 586 0.88
157944761 1361414 crt 137 435 294 0.29 385 Q432 855 0.71
134752744 1674842 G/A 1G 141 724 $.31 8 272 1605 0.41
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Cases Controls
Chr.
HWE HWE

ShP Position® | Alleles” | Minor® | Hets® | Major® & Minor® | Hets® | Major® =4
r511036021 | 40668015 | T/G 218 429 228 .59 435 M5 539 0.23
rs2736601 | 61462097 | A/G 4 124 745 .81 16 251 1818 | 0.09
re2727267 } 61462892 | A/G 5 111 684 0.80 17 223 1532 0.01
Chr. 12

rs12310559 | 6567614 AIG 25 236 506 0.71 45 477 1355 {042
re10845458 | 12089918 G/A 224 4486 205 0.59 443 954 488 0.61
Chr, 13

r31278768 | 112584628 | A/G 38 278 551 .68 119 566 1096 0.18
Chy. 14

ra 12870458 | 45884092 T/C 19 261 581 012 45 494 1346 1.00
rs10130381 | 481582755 | /T 56 330 478 1.00 142 754 975 0.86
rs2781413 | 97038740 | O/T &0 337 475 1.00 144 741 997 0.69
Chr. 15

rs{007177 | 38439130 iC 75 358 444 0.74 188 861 835 0.13
31982272 | 38446262 | A/G 77 355 439 .63 189 854 834 017
132289332 | 38471072 { CIT 121 398 338 .88 286 928 634 0.08
rs10618693 | 38487314 | T/C 182 396 283 .16 287 gQ7 631 0.36
rs2034650 | 38504594 | C/Y 179 378 317 <(.01 422 933 533 0.75
rs1849210 | 52413032 CiT 38 278 549 092 89 815 1142 0.58
rsds51219 72276260 { C/T 133 417 325 1.00 268 845 775 0.12
rsB8486932 | 83826571 AC 34 271 569 0.83 58 506 1221 0.10
151823481 83841916 | C/A 151 397 328 .11 292 915 6381 0.83
37172789 83644521 CiT 147 393 332 0.10 291 912 G680 0.63

(S8
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Cases Controls
Chr.
HWE HWE

ShP Position® | Alleles” | Minor® | Hets® | Major® & Minor® | Hets® | Major® =4
rs11858744 | 83684068 | T/C 149 393 330 .08 287 914 684 0.53
rs16977282 | 83727844 | G/A 78 310 488 .01 135 689 1057 1013
rs8496044 | 83888310 | G/A 130 378 365 0.05 214 831 834 0.76
rs10520597 | 83871259 | A/IG 116 358 399 002 202 305 871 043
rs11633855 | 960584288 { OT 107 364 401 0.09 208 888 783 0.08
re1441479 | 96057306 T 103 360 410 0.09 211 878 790 047
Chr. 16

r317138255 | 6047175 G 26 251 587 1.00 49 555 1266 0.23
rs 1848857 | 6575606 AC 13 103 758 <(0.01 10 233 1647 0.58
rs4843650 | 86240887 | G/A 142 438 291 033 333 811 6543 0.74
Chr. 17

rs393152 41074826 | G/A 35 259 579 0.38 7S G672 1132 {011
rsd417968 41384158 | C/T 47 308 494 1.00 107 731 1012 {1 0.10
re7215238 | 411235586 | C/T 40 290 546 .84 g7 718 1071 0.10
rs12373130 | 41278910 | AG 26 233 817 0.48 81 568 1137 0.18
rs176090703 | 41281077 {T/C 40 275 559 (.41 108 737 1040 1 0.14
117663886 | 41347100 | G/A 26 233 817 .48 82 664 1138 0.20
rs1981887 | 41412803 | A/G 25 235 815 0.62 &1 68 1134 0.18
rsB070723 1 41436901 GIA 28 240 805 047 &5 652 1136 .38
rs7225002 | 41544850 | G/A 111 377 380 G.26 309 892 58G 0.56
rs2b32274 | 41602941 (o7a) 28 247 594 8.72 &8 888 1108 0.17
152832260 | 41805885 | G/A 25 235 811 0.71 85 673 1122 0.23
32665692 41548797 T/IC 26 235 514 .54 82 675 1131 0.4
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Cases Controls
Chr.
HWE HWE
ShP Position® | Alleles” | Minor® | Hets® | Major® & Minor® | Hets® | Major® =4
r5183211 42143493 | AG 37 264 535 0.52 S8 643 1067 §0.85
rs169201 42145386 | G/A 25 218 632 .24 89 626 1194 025
rs7224296 | 42158230 | G/A 72 304 498 .01 150 779 952 (.61
rs 199533 42184088 | T/C 23 221 819 052 &8 822 1181 0.20
rsd 15430 42214305 | G/IA 25 230 519 0.53 €9 641 180 {042
Chr. 18
18367024 10388873 TiC 25 287 582 0.43 58 514 1310 0.36
Chr. 19
rs 12610405 | 4668672 GIA 104 330 383 0.84 143 767 959 0.87
rs2108069 | 4670443 AIG 107 401 387 0.94 175 793 917 0.87
rs10417008 | 54895365 | O/ 25 227 520 0.45 53 536 1298 0.87
rs306477 51181585 | AIG 165 429 282 0.95 368 $28 591 0.93
Chr. 20
12145275 | 6821455 [iC 1585 378 280 G.17 221 852 518 0.86
rs8088520 | 32586025 | T/C 181 419 268 0.49 441 210 522 0.27
134810223 | 59178101 TG 46 306 532 .92 G1 602 195 1 0.18
Chr.21
re2823529 | 16271144 CiY 25 241 5808 0.81 47 480 1343 0.79
ra2830234 | 26754202 (G 148 430 299 073 307 916 566 0.51
Chr.23
rs7879375 | 79014847 { AG 1 49 223 .49 8 184 781 0.680
155924874 | 150037033 | G/A 83 128 95 0.38 183 454 341 0.15
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Table 8: Association information for all 198 SNPs chosen for replication. Blank Replication and Joint
columnns correspond to SNPs not successfully genolyped in replication

MAF: Minor allele frequency; minor allele defined as minor allele in combined case and control group;
OR: Odds ratio for the minor allele; Cl: Confidence interval

Discovery GWAS Raplication Joint
Chr.
MAF | MAF OR P- MAF MAF R

SWNP Case | Control | {95% Ch value | Case | Conirol | (85% Ch) | P-value | P-value

Chr. 1

1512128329 { 0.37 | 0.34 1.26 881e- {033 [ 035 0.87 0.10 0.024
(112,141 {05 {0.74,1.03)

131995785 {021 | 017 1.22 408=e- {021 020 1.04 0.54 0.00021
{1.1,1.35) | 08 {0.891,1.21)

158428467 {020 {017 1.25 5.45e~- | 0.20 {019 106 0.43 0.0002
(1.13,1.39) | 05 (0.82,1.22)

137525504 1041 {044 072 §.8%e- {045 | 044 0.88 (.81 0.00068
{0.62,0.85) { 05 {0.8,1.2}

rs3738383 {020 {022 0.46 3.75e-
{0.33,0.64) | 06

Chr. 2

r317247806 { 815 { 012 1.30 476e- {012 | 013 .86 070 0.0018
{1.14,1.48) | 08 (0.791.170)

rs10495536 § 017 1§ 0.20 0.81 430e- {022 | 018 1.28 0.0018 0142
{(0.730.9) | 08 {1.09,1.45)

rs2354382 {011 | 0.08 1.34 4584e- {010 | 010 1.00 0.97 0.0008
{1.17,1.54) { 05 {0.83,1.22)

r31879219 1032 1 0.36 0.84 G.17e- {036 | 035 1.04 0.47 0.0054
{077,092y 1 05 (2.93,1.18)

rs1368523 {018 1+ 0.21 0.80 1.31e- {020 | 019 1.08 .52 0.0014
{0.72,0.89) | 05 (0.91,1.21)

rs1836676 {018 | 0.2 0.80 1.33e- {020 | 019 105 .53 0.0014
{0.72,3.89) | 05 (0.91,1.21)

rs101745588 1 0.39 1 0.36 1.41 2.74e- {038 | 039 1.4 .36 {.53e-05
{1.21,1.66) { 08 {0.89,1 4}

rs124089218 { 0.22 1 0.20 1.74 506e- {021 | 020 0.96 .86 0.0013
{1.34,2.28) { 08 (0.64,1.45)

rs7578722 1029 | 0.26 1.85 7.16e- {028 | 027 1.00 0.95 0.00021
{1.34,2.04) { 06 {0.73,1.3%)

rs4668123 [ 0.28 {0.26 1.65 7.4%e-
{1.342.03) | 06

rs2302696 029 {026 1.83 1.0%e- {027 | 027 1.04 078 0.00017
{1.33,2.01){ 05 (0.77,1.42)

ra11687903 | 0.30 | 0.28 1.58 3.61e- {028 | 028 1.08 0.60 0.00024
{(1.31.84) [ G5 {0.8,1.47}

rs2284675 1030 1027 1.62 1.75e- {028 | 0.28 105 074 0.00022
{1.32,1.88){ 05 {8.78,1.43)

rsbB46792 1044 042 1.33 3.65e- {045 | 043 1.16 0,16 2.892e-08
{1.15,1.83) { 05 {0.94,1.42)

513415885 | 0.21 G.18 1.21 9.83e- {020 | 018 1.13 311 3.83e-08
{(1.09,1.34) {05 {0.97,1.31)
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Discovery GWAS Raplication Joint
Chr.
MAF | MAF OR P- MAF MAF OR

SNP Case | Control | (85% Ch value { Case | Control | (85% ChH | P-value | P-value

Chr. 3

rs13081584 | 0.51 0.48 1.34 3.1%e~ {047 | 050 .88 0.17 0.0092
{(1.17,1.53) | 05 {0.73,1.068)

rs12638703 1 018 { 015 1.29 3.53e- 1016 | Q15 106 (.48 2.67e-05
{1.15,1.44) | 08 {0.9,1.25)

131532898 1033 028 1.20 737e- {033 {030 1.14 0.061 1.58e-05
{(1.1,1.31) | 05 {0.99.1.3)

38798211 1014 {017 0.79 967e- {0147 | QAT 100 0.97 0.0018
{0.7.0.88) {08 {086,117

rab97954 047 {051 0.88 6.1d4e- {10.45 | 048 3.99 (.83 0.0016
{08094 {05 {0.88,1.11)

rs1881684 1038 1 0.33 1.26 3.60e- {0.38 {033 1.20 0.0035 | 4.53e-08
{(1.16,1.37} | 06 {1.06,1.36)

rs10936500 1 030 { 0.24 1.30 3.80e- {030 | 024 1.24 1 47e- 2.51e-11
{1.19,1.43) | O7 {1.17.1.62y 1 05

rs1007392 1032 1 0.26 1.30 3.71e- {033 | 026 1.37 1.05a- 3.20e-12
{1.19,1.42} 1 07 (1.21,1.66) 1 08

rs6793285 1032 1 0.26 1.30 3.20e- {0.33 {026 1.38 237 8.33e-13
{1.19,1.42) | 07 (1.23,1.58) | 07

rs9844738 1023 1 0.27 0.82 498e- {025 | 027 0.81 .16 3.81e-05
{07409 {08 {0.8,1.04)

Chr. 4

rs4518326 014 1014 0.39 7.79- {016 | 014 1.55 013 0.018
{£.23,0.86) | 05 {0.882.7)

rs16877548 (| 0.14 { 0.16 0.38 234e- {016 | 017 0.98 093 0.00046
{023,081 105 {0.61,1.58)

ra340499 .34 1038 Q.77 3.82e- {038 {038 .89 018 3.62e-08
{0.690.87) 1 05 (0.76,1.06)

rs286Q358 1032 1036 0.78 3.35e-
{0.69,0.87) | 5

rs4488910 1013 | 0.16 Q.80 8.68¢- {018 | 015 .95 0.64 0.00051
{0.7109) {08 {0.82,1.13)

rs830970 1031 1038 0.80 §.60e- {032 {033 .91 042 3.33e-08
{0.730.87) 1 05 {0.8,1.03)

rs2600255 1026 | 0.2 1.29 527 {1028 | 021 1.43 2.56e- 2.20e-11
{1.18,1.42) 1 08 (1.25,1.64) 1 07

rs10049681 1 018 1 0.24 Q.77 3.73e- {022 {023 0.94 0.42 0.00013
(0.7,085) {05 {0.82,1.08)

rs2889967 1035 | 0.41 0.79 T.ode- {037 {038 3.95 0.45 4.28e-05
{0.73,0.86) | 06 {0.85,1.08)

rs7671167 1 0.44 § 0.51 0.79 7.5%9e- {046 | 048 .89 0.08 2.96e-07
{0.73,0.85) | 7 {0.791.0)

rs1924678 {028 {033 0.82 8.4%e- {030 | 032 (123 0.082 2.52e-05
(0.75,0.89) | 05 {0.79,1.01)

re18996143 {1 0.28 {033 0.81 472e- 1031 | 033 3.90 0.088 1.64e-05
{0.74,0.89) | 05 {0.79,1.02)

rs11737182 {1 0.29 | 0.33 0.81 542e- {000 {033 0.89 0.08 1.85¢-05
(0.74,0.89) | 05 {0.79,1.01)
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156849143 {036 | 041 0.81 283e- 1038 | 038 0.84 0.31 5.26e-05
{0.75,0.88) | 05 {0.83,1.06}

rs12505686 | 040 | 0.35 1.25 5.35e- {038 | 0.37 1.04 0.49 3.81e-05
{1.15,1.36) | 08 {0.83,1.18)

rsB828137 (043 {047 .84 41%e- 1044 | 045 0.87 0.63 0.00029
(0.77,0.91) | U8 {0.86,1.09)

15756345 031 {036 0.81 573e- {033 | 034 0.84 0.35 0.00013
(0.74.0.88) | 05 {0.83,1.07)

rsi1727778 1023 1 0.20 1.24 5.16e- {019 | 0.21 .86 0.043 0.035
{1.12,1.37} | 08 0.741.0)

152130810 | 047 | 051 076 9.30e-
{0.67.,0.86) | 08

Chr. 5

rs2736100 1043 { 0.54 0.73 7.680e- {043 {050 0.74 4.08a- 1.71e-19
{0.670.79) | 14 {0.65,0.83) § O7

rs2853676 1023 1 0.28 0.77 8.93e- {0.23 | 026 .84 0.0088 | 3.31e-08
{0.7.0.84) {07 {0.73,0.96)

rs30364 0.44 1 0.48 0.85 3.80e- {048 | 047 1.08 0.35 0.0047
{0.79,0.93) | 05 (0.94,1.19)

rs9326761 1033 1 0.30 1.28 2.68e- {030 | 030 1.00 .98 0.00057
{1.14,1.44) 1 05 {0.85,1.18)

rs2217649 1025 §0.21 1.21 7.65e- 1021 | 0.2 .98 0.83 0.001¢
{(1.1,4.33) {08 {0.851.14)

rs13385 021 1024 0.792 6.40e- {0.22 | 023 0.88 012 3.27e-05
{0.7,0.89) {05 {0.74,1.04)

rs31874 027 {1030 0.78 7.08e- (026 029 0.80 00077 | 1.73e-08
{0.7,00.88) {1 Q5 {0.68,0.94)

rs702380 041 {045 0.74 296e- 1043 | 043 .88 014 3 11e-08
{0.66,0.84) | 06 {0.74,1.048)

rs31850 046 {050 077 8.3%e- {048 | 048 0.97 0,75 0.00089
{0.67,0.87) | 08 (0.81,1.17)

rs2963163 [ 0.07 {009 0.72 504e- {008 008 0.96 072 0.00043
{0.62,0.85) 1 08 {0.77,1.2}

Chr. 8

rs4080432 1008 1006 1.34 4.64e~ {000 | 007 1.23 0.052 8.56e-00
{1.15,1.56) | U5 {1.0,1.52)

rs104843235 1 018 | 016 1.27 29%¢- {020 | 016 1.32 0.00038 | 4.67e-08
{1.151.42) | 05 {1.13,1.54)

rs10484326 { .20 {0.258 077 3.41e- {021 | 024 3.82 0.0038 | 54508
(0.7,0.85) | 07 (0.71,0.94)

rs2076295 1054 {044 1.43 1.1de- | 052 | 045 1.26 5.28e- 1.08e-18
{1.32,1.55) 1 16 {113,142 1 05

rs3778337 10356 028 1.31 6.41e- {031 {030 1407 0.28 7.91e-08
{1.2,1.43) |08 {0.951232)

re2078302 1018 1023 0.7¢ 1.84e- 018 | 0.22 .83 0.0094 | 498607
{0.71,0.87) 1 05 {0.72,0.95)

rs3134602 1018 | 012 1.38 4.73e- {014 | 013 1.04 0.67 0.00036
{(1.21,1.67) 1 05 {0.86,1.26)
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153134843 {016 | 013 1.37 2708e- (014 1013 1.12 0.25 4.29e-03
{(1.2,1.56) {05 {0.83,1.35)

rs3132946 1015 | 012 1.38 2.58e- 1014 | 012 1.19 0.077 8.36e-06
{(1.21,1.67) | 08 {0.98,1.44)

rs0267992 1016 {013 1.37 3.38e- {014 {013 1.16 0.12 1.85¢-05
{(1.2,1.55) {05 {0.96,1.4)

153120860 {047 1013 1.37 2.28e-
(1.23,1.54) | 08

rs9271366 (017 1013 1.35 §5.72e-
{(1.21.1.51} | 08

158911621 1028 {033 0.82 779 {031 | 032 0.58 0.70 0.00011
{0.75,0.82) | 08 {8.86.1.1)

rs2766835 14051 047 1.18 8 43e-
{1.09,1.28) | 05

r3861918 0.31 {027 1.22 1.38e- {028 | 027 108 (.26 2.62e-05
{(1.12,1.33} 1 05 (0.85,1.2%)

r31932103 1011 1 0.08 1.31 S.t1e- {010 | Q10 103 0.79 0.000861
{(1.14,1.51} 1 08 {0.84,1.26)

Chr. 7

rs13225346 1 049 | 0.44 1.23 3.88e- {046 | 045 1.03 .61 4.82e-05
{1.13,1.33} | 06 {0.92,1.16)

rs? 783715 1041 1 0.37 1.43 8.71e- {039 038 1.13 0.29 2.26e-05
{1.23,1.67) 1 08 {0.9,1.41}

rs4994763 1042 {1 0.39 1.38 7.92e- 1032 039 0.99 0.95 0.0014
{(1.18,1.86) {05 {0.8,1.24}

rs962080 0.18 { 0.18 1.28 8.90e- {018 | 016 0.97 0.71 0.0028
{1.13,1.45) { 05 {0.81,1.16)

rs2283017 1045 {0.38 1.25 587e- {042 | 038 1.12 03.051 1.81e-07
{1.16,1.36) | 07 {1.0,1.26}

rsd727443 1046 1§ 0.38 1.30 §.72e¢- {042 | 040 1.1 0.093 1.17e-08
(1.2,1.41) {08 {0.98,1.24)

rs8941289 0.33 1029 1.20 5.10e- {030 | 030 0.97 087 0.0022
{11131 105 {0.86,1.1}

rs2261360 1029 10.24 1.26 1.02e- (025 | 025 1.02 072 2.72e-05
{1.15,1.38) | 06 {09147

ra?205647 026 : 0.22 1.28 6.39e- {020 | 023 1.01 0.85 0.00085
{1.141.44) | 08 {0.85.1.19)

Chr. 8

rsi1379328 1029 {026 1.78 574e- 1028 | 026 147 0.32 9.56e-08
{1.452.19) 1 08 {0.86,1.59)

rs9650356 | 0.20 {017 123 7.76e- {018 | 018 .95 0.47 0.008
{1.11,1.36) 1 05 {0.831,1.1)

re17577994 1 0.30 | 0.28 1.42 597e- {029 {028 1.20 0.22 6.87e-05
(117172 1 08 {0.8,1.59)

rs10804230 { 016 {1 G018 1.96 3.65% {015 015 .85 0.61 0.0036
{(1.412.73) 1 05 {0.451.6)

rsB471845 10358 | 0.39 077 6.35e | 0.38 | 0.37 1.08 0.583 0.0036
{0.68,0.86) | 05 {0.89,1.25)
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139790564 022 1019 1.23 8.92e- | 0.20 | 020 1.00 0.99 0.0011
{1.11,1.36) | 05 {0.87,1.16}

rs278968 048 {046 1.35 118e- 1047 | 048 1.14 0.21 1.65¢-05
{1.18,1.65) | 08 {0.83,1.39)

151467044 1042 | 046 .84 1.80e- (043 | Q46 0.88 0.03 2.08¢-06
(0.77,0.91) | U8 {0.78,0.89)

111781657 [ 042 | 0.46 0.84 1.83e-
(0.77,0.91) | 05

139987332 (1039 | 043 0.84 250e- {038 | 042 0.92 0.14 1.72e-05
{0.77.0.91} | 08 {0.81,1.03)

rsf005380 1032 {037 0.80 282e- 1033 036 0.86 0.015 1.71e-07
{0.73,0.87) 1 06 {0.76,0.87)

Chr. 9

rsf022345 1016 {018 0.45 3.84e- {017 {018 .96 0.88 $3.00054
{0.3,0.69) {05 {0.58,1.58)

rs2820817 1015 1 0.16 0.42 8.57e- {015 | Q17 .98 0.87 0.001
{0.260.68) | 08 {0.56,1.64)

rs10963084 1 0.28 1§ 0.27 1.59 4.12e- {0.27 | 027 1.00 (.99 0.00079
{1.29,1.95) | 05 (0.74,1.35)

rs541131 0.42 10.38 1.18 1.98e- | 0.38 | 040 0.84 0.32 0.0038
{(1.11.29) {108 {0.84,1.06)

Chr. 10

rs2441727 1007 10058 1.35 7.33e- {000 | 007 1.35 00041 | 9.80e-07
{1.151.8) {08 {1.1.1866}

rs10997263 1038 {1 0.35 1.30 7.92%e- {035 {0386 0.93 0.38 0.0066
{1.16,1.46) | 05 {0.791.1)

rs10822856 1 0.38  0.35 1.30 8.87e- {035 | 036 .93 037 0.0071
{1.15,1.46) | 05 (0.78,1.09

rs2801088 1032 1036 0.82 3.40e- {036 | 035 0.99 0.92 0.00057
(0.7509) |05 (0.88,1.12)

81936606 1 0.32 | 0.36 0.82 3.23e¢- {036 {036 140 087 0.00083
{0.7509) {08 {0.88,1.12)

rs1938602 1 0.38 {043 Q.77 §.250e- {044 | 043 0.97 075 0.00055
{0.680.87) 1 05 (0.82,1.16)

rs2902638 1029 1024 1.24 2580e- 1026 | 025 1.03 0.71 0.00025
{(1.13,1.36) 1 05 {09,117y

rs10748858 | 0.36 | 0.41 0.81 1.24e- {1035 | 040 .81 0.00055 | 2.65e-08
{0.740.88) | 05 {0.72,091)

rs2067832 {345 {0.50 0.80¢ 473~ {046 | 048 3.87 0.016 3.67e-08
{0.740.87) 1 07 (0.77,0.97)

rs1980653 {0.45 {050 0.80¢ 465 {046 | 050 .87 0.021 5.02e-08
{0.740.87) | 07 (0.77,0.98)

rs11191865 { .45 | 0.51 0.80 2.82e- {046 | 050 .87 0.017 2.44e-08
(0.740.87) | 07 {0.77,0.97)

re9419958 1011 G114 078 3.48e-
{0.66,0.85) | 05

rs2420907 1011 | 0.14 0.75 9.32e- 1013 | 014 0.95 0.58 0.00045
{0.66,0.85) | 05 {8.8.1.13)

=
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157074532 1031 1037 1.22 647~ {029 | 028 1.01 0.84 0.00072
{(1.12,1.33) | 05 {0.89,1.15)

rs¥073827 1033 | 0.29 1.22 4.0%e- 1031 {030 1.05 0.44 0.00014
(1.12,1.33) | 08 {0.83,1.19)

Chy, 114

r310751635 1 048 {1 0.43 1.25 1.86e- {046 | 043 1.12 0.049 5.97e-03
{1.15,1.35) | O7 {1.0,1.28)

132301160 {048 {043 1.25 1.80e- {046 | Q42 1.6 0.013 1.24e-08
{(1.15,1.35} | O7 (1.031.3)

r37942850 1046 {038 1.38 9.28%e- {041 Q39 1.1 0.093 1.71e-12
{(1.27,1.5) | 14 {0.98,1.25)

rs2074174 1028 {1 0.34 0.79 3.10e- {032 | 032 1.02 0.78 £.40e-05
(0.72,0.86) | 07 0.9,1.18)

rs7396030 {016 { 0.20 0.74 580e- §0.20 | 020 0.89 .92 7.10e-06
{0.66,0.82) 1 08 {0.86,1.15)

rs7 103878 1007 1 0.08 0.71 1.68e- 1 0.08 | 008 3.85 0,12 1.07e-05
{0.61,083) {05 {0.68,1.0%)

rs7934606 {0562 {042 1.52 546e- {051 | 040 1.66 1.4%9a- 5.87e-34
{(1.4,1.65) | 22 (1.39,1.76) | 13

rs8421872 1052 | 0.42 1.51 1.682e- {051 | 040 1.57 9.94e- 1.44e-33
{1.39,1.64) | 21 {(1.38,1.77y 1 14

rs7480563 042 | 0.51 0.69 4.17e- 10486 | 050 .87 0.018 2.95e-17
{0.64,0.75) 1 18 {0.78,0.98)

rsd4077759 10.30 § 0.37 0.74 8.47e- {034 036 .91 014 2. 14e-11
{0.870.8) |13 {0.81,1.03)

rs8421066 {015 {018 0.79 4.73e- {018 013 0.98 077 0.00048
{0.71,0.89) { 05 {0.84,1.14)

rs868203 0.38 { 0.48 0.64 1.20e- 041 | 048 0.77 1.4%¢- 9.18e-24
{0.580.7) {22 {0.68,0.87) 1 08

rs2735727 1038 1 0.44 0.79 8.58¢-
{0.73,0.88) { 06

rs2857478 1044 1 0.50 0.78 1.62e- 1046 | 0.51 0.85 00074 | 4.68e-08
{0.71,0.84) | 08 {0.75,0.96)

rs12417955 1 044 { 0.50 0.78 148e- (046 | 050 0.85 0.0076 | 4.46e-08
{0.71,0.84) 1 06 {0.78,0.96)

radB20223 1043 ; 0.49 Q.78 7.52¢- {045 | 050 .81 0.0003 2.07e-10
{0.720.84) | 07 {0.72,0.91)

rs3793964 032 0.38 0.77 7.77e-
{0.71,0.84) | 07

rs2334658 012 § 0.16 Q.71 471e- {012 | 017 0.70 5.84e- 1.22e-12
0.83,0.8) {08 {0.589,0.84) 1 08

rsf 122936 1033 {040 .76 3.6%- {033 | 039 0.78 8.37e- 1.02e-11
{0.69,0.82) 1 08 {0.689,0.88) 1 05

rs7044761 | 04 0.45 Q.81 3.98e- {041 | 045 .84 0.0042 | 5.55e-07
{0.740.88) | 05 {0.75,0.95)

rsd752744 1040 { 0.07 1.36 §47e- 1009 | 008 1.24 0.044 6.84e-06
{1.181.57) 1 05 {1.01.1.52)

rs11036021 1 0.52 | 0.48 1.20 2.85e- {049 | 047 1.08 0.19 2.9%e-05

D2

[y
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(1.1,1.3) |05 {0.96,1.21)

rs27 36601 008 {006 1.37 4 66e- {008 | Q08 1.01 3.96 0.00079
{1.18,1.6) {05 {0.81,1.25)

132727267 1008 {0.06 1.37 421e~ {008 | Q07 1.04 G.75 0.00042
{(1.18,1.8) {05 {0.831.3)

Chy. 12

rs12310569 1 018 { 015 1.29 8.70e- {018 | Q15 113 .19 7.21e-05
{1.14,1.46) | 08 {0.94.1.35)

rs10845459 1 047 | 0.50 0.75 508e- {0.51 | 048 1.14 07 0.011
{0.65,0.86) | 08 {0.94,1.38)

Chr. 13

rs1278760 1 0.33 § 0.37 0.69 4.7%¢-
{0.58,0.83) { 05

rs1278769 020 {0.24 0.79 S.i1e- {020 | 024 0.80 0.002 8.72e-08
{0.720.88) | 07 {0.7.0.923

Chr. 14

rs12879458 { .18 1 018 1.24 §.84e- {017 | 015 1.14 0.058 2.52¢-05
{1.11,1.38) | G5 {0.98,1.34)

rei10138381 { .24 | 0.27 0.58 T.43e- 1026 {028 .82 0.24 9.11e-05
{0.450.75) | 05 {0.59,1.14)

rs2781413 1025 {029 0.83 291e- {026 | 027 3.95 0.42 0.00011
(0.76,0.91) 1 05 {0.83,1.08)

rs1882126 {0.45 | 0.41 1.18 9.45e-
(1.091.28) 1 05

Chr. 18

11007177 1028 [ 0.34 0.78 5.5%e- {029 | 033 0.83 0.0046 | 1.26e-08
{0.71,0.85) | 08 {0.73,0.84)

rs1992272 1029 {035 0.78 3.4%e- {1029 | 033 0.85 0.01 2.18e-08
(0.71,0.85) | 08 {0.75,0.96)

152289332 1038 | 0.42 0.54 2. 14e- 1037 | 041 0.88 0.036 2.80¢e-06
{0.77.0.91) 1 08 {0.78,0.89)

1511636361 {038 | 043 0.83 6.53e-
{0.76,09) {08

rs310518693 | 044 | 0.38 1.23 283e- {045 | 041 1.20 0.0022 | 2.32e-08
{1.14,1.33} | 08 {1.07,1.26)

rs2034660 1042 {048 0.77 186e- | 042 | 047 4.82 0.00088 | 9.76e-12
{0.71,0.84) 1 08 {0.74,0.03)

rs603104 042 {048 0.84 8 1de-
(0.770.91) 1 058

r318458210 (022 1020 1.687 865e- {020 | 021 084 .39 0.0068
{(1.292.17} 1 05 {0.56,1.25)

13381219 036 {0.38 0.71 3.91e- {039 | Q37 1.10 (.41 0.0039
{0.8,0.85) {08 (0.85,1.39)

rs0496032 1016 { 0.18 0.80 3.68e- {018 {019 1.04 (.58 0.0023
(0.72,0.89) | 05 0.9,1.21)

rs1828481 043 {038 1.25 1. tte- {040 | 040 1.00 3.93 5.56e-05
{1.15,1.36} | 08 (0.89,1.13)

D2

(S8
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rs7172788 1043 1038 1.25 1.12e- 1039 | Q40 0.58 0.79 0.00013
{1.15,1.36) | 08 {087,111

rs118568744 1 043 | 0.38 1.25 974e- 1040 [ 039 1.00 0.08 5.97e-05
{1.15,1.38) | 07 {0.89,1.13)

1510977252 1 0.30 {0325 1.24 3.36e- {0.27 {025 1064 0.50 0.00016
{(1.14,1.36) { 05 {0.82,1.19)

156496044 {038 033 1.25 1.03e- (037 | 034 113 0.045 1.95e-08
(1.15,1.36) | 05 (1.01.27)

rs10520697 | 037 | 0.32 1.24 3.0be- 1034 | 032 1.04 0.49 0.00014
{1.14,1.35} | 08 {083,118

1511633855 | 0.38 { 035 1.38 968 1033 | 038 108 (.66 0.00043
{1.17,1.63) 1 05 {0.84,1.29)

rs1441479 1037 035 1.38 83%e- {032 035 102 0.89 0.00099
{(1.17,1.63) | 05 {0.79,1.31)

Chy. 168

rs17138255 1 .19 1 0.16 1.25 3.45e- {018 | Q17 1.02 0.76 0.00037
{1.12,1.38) { 05 {0.88 1.2}

rs1648857 {1008 | 0.08 1.32 8.21e- {007 | 007 1.1 0.35 0.00019
{1.13,1.54) | 05 (0.59,1.38)

rs4843650 1039 1042 0.74 S.65e- {041 | 042 .94 0.61 0.00046
{0.63,0.87) 1 05 {0.76,1.18)

Chr. 17

rs393152 0147 1023 0.72 8.26e- {019 | 0.22 0.62 00075 | 3.50e-08
{0.85,0.8) {08 {0.71,0.95)

rs4179638 021 1028 Q.77 1.87e- 1024 | 028 .91 0,16 1.50e-05
{0.7,0.85) {05 {0.79,1.04)

rsl1635291 1020 1025 0.78 1.4%e-
{0.68,0.83) | 08

rs721823% 1019 1028 0.75 G.18e- {021 | 024 (.64 0.017 6.96e-08
{0.68,0.82) | 7 (0.73,0.97)

812373138 1017 1 0.22 .71 7.07e- {016 | 022 0.67 4 .65e- 2.68e-13
{0.64,0.79) | 08 {0.58,0.79) 1 07

rs17690703 1 021 1 0.26 0.78 3.42e- 1020 (025 0.75 4 58e- 1.04e-08
{0.71,0.86) | 05 (0.65,0.86) 1 05

rs17563986 1 017 1 0.23 Q.71 3.3%e {016 | 022 (.68 4 H5e- 1.27e-13
{0.640.78) | 08 (0.58,0.789) 1 07

81981097 1017 1 0.23 Q.71 2582¢- (016 | 0.22 .67 4 74e- 887e-14
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joint genotypes from subset of GWAS cases, ali replication cases and all replication controls.
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SNF was tested for association in a logistic regression model that also included rs35705950.
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CLAIMS:

1. A method for determining whether a human subject has or is at risk of
developing interstitial lung disease comprising detecting in a biological sample from the
subject, at least one of:

a) presence of a genetic variant selected from the group consisting of r1s2076295,

183778337, and rs10484326;

b) level of gene expression of a marker gene having at least 95% sequence
identity with a sequence of DSP, wherein the sequence of DSP has a genetic
variant selected from the group consisting of 152076295, rs3778337, and
1510484326,

c) a polypeptide encoded by the marker gene of b);

d) a fragment of a polypeptide of c) that is encoded by at least 5 contiguous
nucleic acid residues that include the genetic variant selected from the group
consisting of rs2076295, 1s3778337, and rs10484326; and

e) a polynucleotide which is fully complementary to at least 10 to 50 contiguous
nucleic acids of the marker gene of b) that include the genetic variant selected
from the group consisting of 1$2076295, rs3778337, and 1510484326,

wherein the presence of the genetic variant, polypeptide, fragment of the polypeptide,
and/or complementary polynucleotide, and/or reduced gene expression of the marker

gene indicates that the subject has or is at risk of developing interstitial lung disease.

2. The method of claim 1, comprising detecting in the biological sample from the

subject the presence of the genetic variant rs2076295.

3. The method of claim 1, comprising detecting in the biological sample from the

subject the presence of the genetic variant rs3778337.

4. The method of claim 1, comprising detecting in the biological sample from the

subject the presence of the genetic variant rs10484326.

5. The method of claim 1, comprising detecting in the biological sample from the

subject the level of gene expression of a marker gene having at least 100% sequence identity
129
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with the sequence of DSP.

6. The method of any one of claims 1 to 5, wherein the presence of the genetic
variant, polypeptide, fragment of the polypeptide, and/or polynucleotide, and/or reduced gene

expression of the marker gene is determined and compared to a standard level or reference set.

7. The method of claim 6, wherein the standard level or reference set is

determined according to a statistical procedure for risk prediction.

8. The method of claim 7, wherein the statistical procedure for risk prediction
comprises using the sum of the gene expression of the marker or markers weighted by a

Proportional Hazards coefficient.

9. The method of any one of claims 1 to 5, wherein the presence of the genetic

variant is determined by PCR.

10.  The method of any one of claims 1 to 5, wherein the presence of the genetic

variant is determined by detection of a Forster resonance energy transfer.

11. The method of claim 1, wherein the presence of the genetic variant is
determined by detecting the presence or expression level of the polypeptide or the fragment of

the polypeptide.

12. The method of claim 11, wherein the presence of the polypeptide is detected
using a reagent that specifically binds to the polypeptide or a fragment thereof.

13. The method of claim 12, wherein the reagent is selected from the group
consisting of an antibody, an antigen-binding antibody derivative, and an antigen-binding

antibody fragment.

14.  The method of any one of claims 1 to 5, wherein the presence of the genetic
variant or expression level of the marker gene is determined by obtaining RNA from the
biological sample; generating cDNA from the RNA; amplifying the cDNA; and obtaining

from the amplified cDNA the expression levels of the marker gene in the biological sample.
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15.  The method of any one of claims 1 to 14, wherein the interstitial lung disease is

a fibrotic lung disease.

16.  The method of any one of claims 1 to 14, wherein the interstitial lung disease is

idiopathic pulmonary fibrosis, familial interstitial pneumonia, or idiopathic interstitial

pneumonia.

17.  The method of any one of claims 1 to 5, further comprising:

a) comparing the expression level of the marker gene in the biological sample to a
control level of the marker gene selected from the group consisting of’
1) a control level of the marker gene that has been correlated with

interstitial lung disease; and
i) a control level of the marker that has not been correlated with
interstitial lung disease; and

b) selecting the subject as having or at risk of developing interstitial lung disease
if the expression level of the marker gene in the biological sample is
statistically similar to, or greater than, the control level of (a)(i), or

c) selecting the subject as being predicted to not having or at risk of developing
interstitial lung disease, if the level of the marker gene in the biological sample
is statistically less than the control level of (a)(ii).

18.  The method of any one of claims 1 to 5, further comprising:

a) selecting the individual as having or at risk of developing interstitial lung
disease if the genetic variant is present in the biological sample, or

b) selecting the individual as not having or being at risk of interstitial lung disease
if the genetic variant is not present in the biological sample.

19. A method for monitoring the progression of interstitial lung disease in a human

subject, comprising:
1) measuring expression levels in a first biological sample of:
a) a marker gene having at least 95% sequence identity with a sequence of

DSP, wherein the sequence of DSP has a genetic variant selected from
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the group consisting of 1s2076295, rs3778337, and rs10484326;

b) a polypeptide encoded by the marker gene of a);

c) a fragment of a polypeptide of b) that is encoded by at least 5
contiguous nucleic acid residues that include the genetic variant
selected from the group consisting of r$2076295, rs3778337, and
1s10484326; or

d) a polynucleotide which is fully complementary to at least 10 to 50
contiguous nucleic acids of the marker gene of a) that include the
genetic variant selected from the group consisting of 1$2076295,
13778337, and rs10484326;

i1) measuring expression levels of the marker in a second biological sample
obtained from the subject at a time later than the first biological sample;

iil)  comparing the expression level of the marker measured in the first biological
sample with the level of the marker measured in the second biological sample;
wherein a decrease in the expression level of the marker in the second
biological sample relative to the first biological sample indicates that the
interstitial lung disease in the subject is improving; and wherein an increase in
the expression level of the marker in the second biological sample relative to
the first biological sample indicates that the interstitial lung disease in the

subject is progressing.

20.  The method of claim 19, wherein the marker gene detected shares 100%

sequence identity with the corresponding marker gene in a).

21.  The method of claim 19 or 20, further comprising performing a follow-up step
selected from the group consisting of CT scan of the chest and pathological examination of

lung tissues from the subject.

22.  The method of any one of claims 19 to 21, wherein the second biological
sample from the subject is obtained at a later time than the first sample obtained from the

subject.
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23.  The method of any one of claims 19 to 22, further comprising measuring the
expression level of the marker in at least one additional biological sample obtained from the
subject at least one additional time, and comparing the expression level of the marker
measured in the first and second samples with the level of the marker measured in the at least

one additional sample.

24.  The method of claim 19, 20, 22, or 23, further comprising recommending
treatment for interstitial lung disease when the expression level of the marker in the second

sample is higher than that of the first sample.

25. The method of claim 19, 20, 22, 23, or 24, wherein the interstitial lung disease
is idiopathic pulmonary fibrosis, familial interstitial pneumonia, or idiopathic interstitial

pneumonia.

26. A method of assessing the efficacy of treatment for interstitial lung disease in a

human subject, the method comprising:

1) determining the expression level of a marker measured in a first sample
obtained from the subject, wherein the marker is selected from the group
consisting of
a) a marker gene having at least 95% sequence identity with a sequence of

DSP, wherein the sequence of DSP has a genetic variant selected from
the group consisting of 1s2076295, rs3778337, and rs10484326;

b) a polypeptide encoded by the marker gene of a);

c) a fragment of a polypeptide of b) that is encoded by at least 5
contiguous nucleic acid residues that include the genetic variant
selected from the group consisting of r$2076295, rs3778337, and
1s10484326; or

d) a polynucleotide which is fully complementary to at least 10 to 50
contiguous nucleic acids of the marker gene of a) that include the
genetic variant selected from the group consisting of 1s2076295,

13778337, and rs10484326;
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i1) comparing the expression level of the marker in a second sample obtained from
the subject at a later time than the first sample;
wherein a decrease in the expression level of the marker in the second sample relative to
the first sample is an indication that the treatment is efficacious for treating interstitial

lung disease in the subject.

27.  The method of claim 26, wherein the marker gene detected shares 100%

sequence identity with the corresponding marker gene in a).

28.  The method of claim 26 or 27, wherein the first sample obtained from the
subject is before the treatment has been administered to the subject, and the second sample

obtained from the subject is after the treatment has been administered to the subject.

29.  The method of any one of claims 26 or 27, wherein the first sample obtained
from the subject is after the treatment has been administered to the subject, and the second

sample obtained from the subject is later than the first sample obtained from the subject.

30.  The method of any one of claims 26 to 29, wherein the comparing is repeated

for biological samples obtained from the subject over a range of times.

31.  The method of any one of claims 26 to 30, wherein interstitial lung disease is
idiopathic pulmonary fibrosis, familial interstitial pneumonia, or idiopathic interstitial

pneumonia.

32. A kit for predicting, diagnosing, or prognosing interstitial lung disease
comprising:
(1) a nucleic acid probe or primer for detecting a rs2076295, 1s3778337, or
1$10484326 genetic variant in a DSP gene; and
(i1) an assay reagent, an assay control, a protocol, an exemplary assay result, or a

combination of two or more thereof.

33.  The kit of claim 32, comprising the nucleic acid probe or primer for detecting

the 152076295 genetic variant in a DSP gene.
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34.  The kit of claim 32, comprising the nucleic acid probe or primer for detecting

the rs3778337 genetic variant in a DSP gene.

35.  The kit of claim 32, comprising the nucleic acid probe or primer for detecting

the rs10484326 genetic variant in a DSP gene.

36.  The kit of any one of claims 32 to 35, comprising PCR primers that amplify a

nucleic acid in the gene.

37. The kit of any one of claims 31 to 36, wherein the probe or primer is

complementary to the r1s2076295, rs3778337, or 1s10484326 genetic variant.
38. The kit of any one of claims 32 to 36, wherein the probe or primer is labeled.

39.  The kit of any one of claims 32 to 36, comprising a probe or primer labeled
with a Forster resonance energy transfer acceptor, and a probe or primer labeled with a Forster

resonance energy transfer donor.

40.  The kit of any one of claims 32 to 36, wherein the nucleic acid probe or primer

is included on an array, bead, microfluidic surface, or chip.

41.  The kit of claim 32 or 36, comprising at least one nucleic acid probe or primer
for detecting at least two genetic variants selected from the group consisting of: 1s2076295,

13778337, and rs10484326.

42.  The kit of any one of claims 32 to 41, further comprising a control sample from
(1) a subject or plurality of subjects that does not have interstitial lung disease and/or (i1) a

subject or plurality of subjects that have interstitial lung disease.

43, The kit of claim 32, wherein the nucleic acid primer or probe hybridizes to the

152076295, 13778337, or 1510484326 genetic variant in the DSP gene.

44.  The kit of claim 43, further comprising PCR primers that amplify a nucleic

acid spanning the location of the genetic variant nucleotide.
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45.  The kit of claim 44, wherein the at least one probe or primer, and/or PCR

primers are labeled.

46.  The kit of claim 43 or 44, wherein the at least one probe or primer is capable of

hybridizing to an amplification product of the selected gene.
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