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SYSTEMS AND METHODS OF DIAGNOSING IDIOPATHIC PULMONARY
FIBROSIS ON TRANSBRONCHIAL BIOPSIES USING MACHINE LEARNING
AND HIGH DIMENSIONAL TRANSCRIPTIONAL DATA

CROSS REFERENCE TO RELATED APPLICATIONS

~

{8601} This application claims priority to U.8. Provisional application Serial No. 62/075,328,
filed November 5, 2014, and U.S. Provisional application Serial No. 62/130,800, filed March
10, 2015, each of which is incorporated by reference herein in its entirety. This application
also incorporates by reference herein in its cntirety the entire subject matter of

PCT/US2014/029029, filed March 14, 2014.
DESCRIPTION OF THE TEXT FILE SUBMITTED ELECTRONICALLY

18602} The conteuts of the text file submutied electronically herewith are fncorporated herein
by reference in their entirety: A computer readable format copy of the Sequence Listing
{(filename: VRCT 003 01W(O Seqlist ST25.txi, date recorded: November 05, 2015, file
size 64 kilobytes).

INTRODUCTION

18003} Interstitial lung diseases (ILD) are a heterogencous group of acute and chronic
bilateral parenchyvmal pulmonary disorders with similar clinical manifestations, but a wide
spectrum of severity and outcome "', Among these, idiopathic pulmonary fibrosis (IPF) is
one of the most coramon and severe ILD, characterized by progressive fibrosis, worsening
lung function and death ™. Most patients diagnosed with IPF die within five years of their
initial diagnosis . However the recent availability of two new drugs and other therapeutics in
development may change this picture”™', and accurate diagnosis is critical for appropriate

. SR Y
therapeutic intervention ™*,

{G004] IPF can be challenging to diagnose. The diagnostic approach to IPF requires
exclusion of other interstitial pneumonias, as well as counective tissue discase and
environmental and occupational exposures . Patients suspected of having IPF usually
undergo high-resolution computed towography (HRCT), which confirms the discase with
high specificity only if the pattern of usual interstitial pneumonia (UIP) is clearly evident "
Yet, for a large number of patients, diagnosis necessitates an invasive surgical lung biopsy
(SLB) to clarify the histopathologic features of interstitial pneumonia and/or UIP pattern™”

and the typical length of time to diagnose IPF frorn the onsct of symptoms may be 1-2 vears
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Y. Discordance between pathologists occurs, and a correct diagnosis can be dependent on
individual experience’®. Despite histopathologic evaluation, a definitive diagnosis may
remiain clusive. Diagnostic accuracy has been shown to increase when multidisciphinary
tcams (MDT) of pulmonologists, radiologists, and pathologists confer !; unfortunately not all
patients and their physicians have access to this level of expert review by an experienced
MDT. Such reviews are time consuming and require patients to be scen at regional centers of

recognized expertise.

18005] Accordingly, more effective methods of diagnosing IPF are required. In addition,

methods of differentiating UIP from non-UIP are required.
SUMMARY OF THE INVENTION

{#066] Heremn we describe methods of and systeros used for differentiating between samples
as usual interstitial pneumonta (UIP) or non-UIP using classifiers whose accuracy was
confirmed using expert pathology diagnoscs as truth labels. While gene expression profiling
studies in the scientific literature have reported differential expression between IPF and other
1LD subtypes'™"”, none have attempted to classify UIP in datasets containing other subtypes

frequently present as part of the cliucian’s differential diagnosis.

{8687} In some embodiments, the present invention provides a method and/or system for
detecting whether a lung tissue sample is positive for usual interstitial pneurmonia (UIP) or
non-usual interstitial preumonia (non-UlP). In some crobodiraents a method is provided for:
assaying the expression level of cach of a first group of transcripts and a second group of
transcripts in a test sample of a subject, wherein the first group of transcripts includes any one
or more of the genes overexpressed in UIP and listed in any of Tables 5, 7, 9, 10, 11, and 12
and the sccond group of transcripts includes any one or more of the genes under-expressed in
UIP and lisied 1 any of Tables 5, 8, 9, 10, 11 or 12, In some embodiment, the method
further provides forcomparing the expression level of cach of the first group of transcripts
and the second group of transcripts with reference expression levels of the corresponding
transcripts to (1) classify said lung tissue as usual interstitial pnenmonia (UIP) if there is (a)
an ncrease in an expression level corresponding to the first group or (b) a decrease in an
expression level corresponding to the second group as compared to the reference expression
icvels, or (2} classify the hung tissue as non-usual interstitial pneursonia (non-UlP) if there 18
(¢} an increase in the expression level corresponding to the second group or (d) a decrease in

the expression level corresponding to the first group as compared to the reference expression

2
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icvels. In some embeodiments, the method further provides for determining and/or comparing

sequence variants for any of the one or more genes listed 1 tables 5, 8, 9, 11, and/or 12.

[B608] In some embodiments, the present mvention provides a method and/or system for
detecting whether a lung tissue sample is positive for usual interstitial pneurmonia (UIP) or
non-usual interstitial pneomonia (nou-UlP)  In some embodiments, the method and/or
system is used to assay by sequencing, array hybridization, or nucleic acid amplification the
expression level of cach of a first group of transcripts and a sccond group of franscripts in a
test sample from a hung tissue of a subject, wherein the first group of transcripts includes any
one or more of the genes over-expressed in UIP and listed in Tables 5, 7,9, 16, 11 or 12 and
the second group of transcripts includes any one or more of the genes under-expressed in UIP
and listed in Tables 5, 8, 9, 10, 11 or 12, In certain embodiments, the method and/or system
furthercorapares the expression level of each of the first group of transcripts and the secound
group of transcripts with reference cxpression levels of the corresponding transcripts to (1)
classify said hung tissue as usual mierstitial pneurmonia (UIP) if there 1s {a) an increase mn an
expression level corresponding to the first group or (b} a decrease in an expression level
corresponding to the second group as compared to the refercnce cxpression levels, or (2)
classify the lung tissue as non-usual interstitial pneumonia (non-UIP} if there is (¢} an
increase in the expression level corresponding to the sccond group or (d) a decrease o the
expression level corresponding to the first group as compared to the reference expression

fevels.

{¢609] In some embodiments, the present ivention provides a method and/or system for

detecting whether a test saraple 1s positive for UIP or non-UIP by

measuring the cxpression level of two or more transcripts expressed and/or

determining sequence variants for onc or more transcripts expressed in the sample;
using a computer generated classifier to distinguish between UIP and non-UlP;

wherein the classifier is built using a spectrum of Non-UlP pathology subtypes
comprising HP, NSIP, sarcoidosis, RB, brounchiolitis, and organizing pneumonia

(OP).

{#618] In some embodiments, the test sample 1S a biopsy sample or a bronchoalveolar lavage

sample.  In some embodiments, the fest sample s fresh-frozen or fixed.
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{¢611] In some cmbodiments, the transcript expression levels are determined by RT-PCR,
DNA wicroarray hybridization, RNASeq, or a combination thercof. In sore embodiments,

one or more of the transcripts is labeled.

18012} In some embodiments, the method comprises detecting ¢DNA produced from RNA
expressed in the test sample, wherein, optionally, the ¢cDNA is arophified from a plurahty of

cPNA transcripts prior to the detecting step.

{#013] In some ombodiments, the methods of the present invention further comprise

racasuring the cxpression level of at least one control nucleic acid in the test sample.

18614} In some embodiments, the methods of the present invention classify the lung tissue as
any oune of interstitial lung diseases (I1LI}}, a particular type of ILD, a non-ILB, or non-
diagnostic. In particular cmbodiments, methods of the present invention classify the lung
tissue as either idiopathic pulmonary fibrosis (IPF) or Nonspecific interstitial pueumonia

{INSIP).

13615} In some cmbodiments, the method and/or system of the present invention compriscs
assaying the test sample for the expression level of one or more transcripts of any one of SEQ
1D NOS: 1-22. in some embodiments, the method further comprises assaying the test sample
for the expression level of from 1 to 20 other geves. In some embodiments, the other genes
comprise one or more, or optionally all of HMCUN2, ADAMTSLY, CD798, KEL, KLHL14,
MPP2Z, NMNATZ, PLXDCT, CAPNS, TALDOI, PLK4, IGHV3-72, IGKV1-9, and CNTN4.

{8016} In some embodiments, the method and/or systerns of the present mvention further
comprisc using smoking status as a covariate during training of a UIP vs. non-UIP classifier
disclosed herein, wherein, optionally, the smoking status is determuned by detecting an
expression profile indicative of the subject’s smoker status.  In some embodiments, such a

classifier is used to determine whether a test sample is UIP or non-UIP.

{3017} In some embodiments, the method and/or systems of the present invention Compriscs
training a UIP vs. non-UlP classifier, wherein genes that are susceptible to smoker-status bias
are cxcluded or weighed differently than genes that are not susceptible to smoker-status bias

during the classifier training.

{BG18] In some embodiments, the present invention provides a method and/or system for

detecting whether a lung tissue sample is positive for usual interstitial pneumonia (UIP) or



WO 2016/073768 PCT/US2015/059309

non-usual interstitial pneumonia (non-UIP), as described herein, wherein the method
comprises a first classification of a test sample as smoker or non-smoker using a fiest
classifier trained to recognize gene signaturcs that distinguish smokers from non-smokers;
and wherein the method further comprises a sceond classification of the test sample a UIP or
non-UIP, wherein the second classification step uses a second or third classifier, which
second and third classifiers are trained to distinguish UIP vs. non-UIP in smokers (smoker-
specific classifiery and nown-smokers (non-smoker-specific classifier), respectively, and
wherein the second classification uses either (i) the smoker-specific classitfier if the test
sample is classified as smoker in the first classification or (i1) the non-smoker-specific

classifier if the test sample is classified as non-smoker in the first classification.

{¢619] In some embodiments, the present invention provides a methed and/or system for
detecting whether a lung tissue sample is positive for usual nterstitial pneomonia (UIP) or
non-usual interstitial pneumonia (non-UlP), wherein the methods comprise implementing a
classifier trained using oune or wore feature selecied from gene expression, variants,
rutations, fusions, loss of heterozygoxity (LOH), and biological pathway effect. In some
cmbodiments, the classifier 15 trained using features comprising gene oxXpression, sequence

variants, mutations, fusions, loss of heterozygoxity (LOH}, and biological pathway effect.

{8028} In some embodiments, the present invention provides for assaying 2 or more different
transcripts, or 3 or more, 4 or more, 5 or more, 10 or more, 15 or more, 20 or more, or more
than 20 different transcripts in the first group and/or 2 or more different transcripts, or 3 or
more, 4 or more, 5 or more, 10 or more, 15 or more, 20 or more, or more than 20 different

transcripts in the second group.

{8021} In some embodiments, the method provides for detecting 2 or more different
transcripts of any one of SEQ 1D NOS:1-22, or 3 or more, 4 or more, 5 or more, 10 or more,
15 or more, 20 or more, or more than 20 different transcripts of any one of SEQ 1D NOS:1-
22. In particular ermbodiments, the current methods provide for assaying the test sample for
the expression level of all of the transcripts of SEQ ID NOS: 1-22. In soroe embodiments,
the method further comprising assaying the test sample for the expression level of from 1 to
20 other genes. In some embodiments, the method provides for assaying one or more of
HMCN2, ADAMTSLI, CD79B, KEL, KLHLI4, MPP2, NMNATZ, PLXDCI, CAPNS,
TALDOIL, PLK4, IGHV3-72, IGKV1-9, and CNTN4.

BRIEF DESCRIPTION OF THE FIGURES

5
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{6022} Fig. 1. Pairwisc corrclation on cxplant samples obtained from three paticnts
diagoosed with IPF (Patients P1, P2, and P3). Locations {upper or lower, central or
peripheral) are indicated for cach sample. The top 200 differentially expressed genes
scparating IPF saruples from normal lung samples were used to compute pairwise Pearson
correlation coefficients and plotted as a heatmap with higher correlation represented in
rnagenta color, and lower correlation represented in green color. Correlation between and

with normal hung samples are in the 07 range (not shown).

{8023] Figs. 2A-2D, Performance of a classifier built using microarray data. ROC curves
were used to characterize performance in the training set using leave-one-patient-out (LOPO)
cross-validation (Fig. 2ZA) and in the independent test set by scoring the samples with a fixed
model (Fig. 2C). Scores for individual samples are shown across patients in the training set
{Fig. 2B), and across patients 1o an independent test set (Fig. 2D). Patient-level pathology
diagnosis 18 shown on the x-axis, Samples with UIP pathology labels are indicated by closed
circles, and non-UIP saraples by pathology are shown in open trangles. A dotied horizontal
iine is drawn to indicate the threshold that corresponds to 92% specificity and 64% sensitivity

{Fig. 2B) and 92% specificity and 82% scnsitivity (Fig. 2D).
g g 3 ¥ g

16624} Figs. 3A-3D. Performance of classificrs built using RNASeq (Fig. 3A and Fig.3B)
and microarray on the matched set (Fig. 3C and Fig.3D). Leave-one-patient-out {LOPO)
cross-validation was performed and receiver operator characteristic (ROC) curves were
produced for RNASeq (Fig. 3A) and microarray (Fig. 3C) classifiers. Scores for individual
samples in the training sets are shown for RWNASeq (Fig. 3B), and microarray (Fig. 3D)
classification. Patient-level pathology diagnosis is shown on the x-axis. Saroples with UIP
pathology labels are indicated by closed circles, and non-UIP samples by pathology are
shown in open triangles. A score threshold corresponding to 35% specificity is indicated as a

horizontal line i Fig. 3B and Fig. 3D.

{#025] Fig. 4. Simulation study assessing the impact of mislabeling on the classification
performance. The array fraining set {0=77) was used for this study. At a given proportion of
swapped labels in the data set (x-axis), individual samples’ classification labels were swapped
to another class label with a weight accounting for the disagreement level of three cxpert
pathology diagnoses. Each boxplot was drawn using LOPO CV performances {AUC) from

100 repeated siraulations. The finer dotied horizontal line at AUC=0.5 represents random
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performance, i.¢., no classification, and the coarser dotted line corresponds to the classifier

performance shown 1o Fig. 2A.

18626} Fig. 5. Central pathology diagnostic process for a hypothetical patient with two
samples (sample A and sample B). Three expert pathologists participate in the review
process. For sampie-level diagnosis, the glass shdes for each sample are reviewed by cach
pathologist (Pathologist is abbreviated as Path.). For patient-level diagnosis, glass slides
from all samples {(two in this cxercise) arc gathered and reviewed together by cach
pathologist. Both sample-level and patient-level diagnoses go through the same review
process. A majority vote 1s used as the final diagnosis, unless expert pathologists disagree
even after the conferral, in which case, the sample 1s omitted due to lack of confidence in the

diagnosis. Only a single such case was observed among all banked tissues (n=128).

{#027] Fig. 6. Location of hung samplings from three normal organ donors (top) and three
patients diagnosed with IPF (bottom). Donors N1-N3 and P3 were fernale. Douors P and P2

were male.

18028} Fig. 7A. Hlustration of a computer system usable for implementing aspects disclosed

herein.
{6629} Fig. 7B. Detailed usiration of the processor of the computer system of Fig. 7A.

[6188] Fig. 7C. Detaled dlustration of one nou-hmiting method of the present invention,
wherein gene product expression data for known UIP and non-UIP samples are used to train a
classifier {e.g., using a classifier training wodule) for differentiating UIP vs. von-UIP,
wherein the classifier optionally considers smoker status as a covariant, and wherein gene
product expression data frorn unknown samples are input into the trained classificr to identify
the unknown samples as either UIP or non-UIP, and wherein the results of the classification
via the classifier are defined and output via a report.

{8038} Fig. 8. Differential gene expression in UIP and Non-UIP samples between smokers
and non-smokers. The number of genes differentially expressed between UIP and Non UIP

samples differs drastically between smokers and non-smokers.

{(0331] Fig. 9. Shows differential gene expression between UIP and Non-UIP samples is
susceptible to smoker-status bias. Direction {(i.e., over- vs. under-expression) and magnitude

{circle size) of differential gene expression s confounded by smokang status.
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{#032] Figs, 10A-10D. Examples of genes that are differentially expressed in UIP vs. Non-
UIP and the effect of smoking status on expression levels. Fig. 10A: differential expression
of IGHV3-72 in UIP vs Non-UIP smokers vs. non-smokers. Fig. 10B: differential expression
of CPXM1 in UIP vs Non-UIP smokers vs. non-smokers. Fig. 10C: differential expression of
BPIFAT in UIP vs Non-UIP smokers vs. non-smokers. Fig. 10D: differential expression of

HLA-U in UIP vs Non-UIP smokers vs. non-smokers.,
DEFINITIONS

18633} "Interstitial lung disease” or "ILD" (also known as diffuse parenchymal lung discase
(DPLD)) as used herein refers to a group of lung diseases affecting the interstitivm {the tissue
and space around the air sacs of the hungs). ILD can be classified according to a suspected or
known cause, or can be idiopathic. For example, LD can be classified as caused by inhaled
substances (inorganic or organic), drug induced {c.g., antibiotics, chemotherapentic drugs,
antiarrhythmic ageuts, statins), associated with connective tissue discase {e.g., systemic
sclerosis, polymyositis, dermatomyositis, systemic lupus erythematous, rheumatoid arthritis),
associated with pulmonary infection {(e.g., atypical pnecumonia, Pneamocystis pucurnonia
{PCP), tuberculosis, Chlamydia trachomatis, Respiratory Syncytial Virus}, associated with a
malignancy (e.g., Lymphangitic carcinomatosis), or can be idiopathic {(c.g., sarcoidosis,

idiopathic pulmonary fibrosis, Hamman-Rich syndrome, antisynthetase syndrome).

1806341 "ILD Inflammation” as used herein refers to an analytical grouping of inflammatory
LD subtypes characterized by underlying mflarnmation. These subtypes can be used
collectively as a comparator against IPF and/or any other non-inflammation lung disease
subtype. "ILD mflammation” can include HP, NSIP, sarcoidosis, and/or organizing

pneumonia.

{8035] "Idiopathic interstitial poeumonia” or "HP" (also referred to as noninfectious
pncumonia” refers to a class of ILDs which includes, for example, desquamative interstitial
pocumonta, nouspecific juterstitial pneumonia, lymphoid interstitial pneamonia |, cryptogenic

organizing pneumonia, and idiopathic pulmonary fibrosis.

{#036] "ldiopathic pulmonary fibrosis” or "IPF" as used hercin refers to a chronic,
progressive form of lung discase characterized by fibrosis of the supporting framework
(interstitium} of the lungs. By definition, the term is used when the cause of the pulmonary

fibrosis 18 unknown (Midiopathic™). Microscopically, tung tissue frow paticnts having IPF
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shows a characteristic set of hisiologic/pathologic features known as usual interstitial

preurmonia (UIP), which is a pathologic counterpart of IPF.

186371 "Nouspecific interstitial pucurnonia” or "NSIPY s a form of diopathic interstitial
pncumonia generally characterized by a cellular pattern defined by chronic inflammatory
cells with collagen deposition that is consistent or patchy, and a fibrosing pattern detined by a
diffuse patchy fibrosis. In contrast to UIP, there is no honeycomb appearance nor fibroblast

foci that characterize usual interstitial pncumonia.

{3638] "Hypersensitivity pneumonitis” or "HP" refers to also called extrinsic allergic
alveolitis, {EAA) refers to an inflammation of the alveolt within the lung caused by an
exaggerated numune response and hypersensitivity to as a result of an inhaled antigen {c.g.,

organic dust}.

{6839] "Pulmonary sarcoidosis” or "PS" refers to a syndrome involving abnormal collections
of chronic mflammatory cells {(granulomas) that can form as nodules. The mflammatory
process for HP generally tovolves the alveoli, small bronchi, and small blood vessels. Tn

acute and subacute cases of HP, physical examination usually reveals dry rales.

i

{8048} The torm "microarray” refers to an ordered arrangement of hybridizable array

elements, preferably polynucleotide probes, on a substrate,

{6041} The term "polyoucieotide,” wheo used 1u singular or plural, generally refers to any
polyribonucleotide or polydeoxribonucieotide, which may be unmodified RNA or DNA or
modified RNA or DNA. Thus, for mstance, polyoucleotides as defived heretn ioclude,
without limitation, single- and double-stranded DNA, DNA inchluding single- and double-
stranded regions, single- and double-stranded RNA, and RNA mchuding single- and double-
stranded regions, hybrid moelecules comprising DNA and RNA that may be single-stranded
or, more typically, double-stranded or include single- and double- stranded regions. In
addition, the term "polynucleotide” as used herein refers to triple-stranded regions comprising
RNA or DNA or both RINA and DNA. The strands in such regions may be from the same
molecule or frow different molecules. The regions way tnclade all of one or more of the
molecules, but more typically involve only a region of some of the molecules. One of the
roolecules of a triple ~helical region often s an oligonucleotide. The term "polynuclectide”
can also inchude DNAs {c.g., cDNAs) and RNAs that contain one or more medified bases

{e.g., to provide a detectable signal, such as a fluorophore). Thus, DNAs or RNAs with
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backbones modified for stability or for other reasons are "peolynucieotides” as that term is
intended heremn. Moreover, DNAs or RNAs comprising unusual bases, such as inosine, or
modified bases, such as tritiated bases, are included within the term "polynucleotides” as
defined herein, In general, the term "polynucleotide” embraces all chemically, enzymatically
and/or metabolically modified forms of unmodified polynucieotides, as well as the chemical
forms of DNA and RNA characteristic of viruses and cells, ncluding simple and complex

cells.

{8042] The term "oligonucleotide” refers to a relatively short polynucleotide (e.g., 100, 50,
20 or fower nucleotides) including, without limitation, single-stranded deoxyribonucleotides,
single~ or double- stranded ribonucleotides, RNA:DNA hybrids and double-stranded DNAs.
Oligonucleotides, such as single-stranded DNA probe oligonucleotides, are often synthesized
by chewical methods, for example using automated oligonucleotide synthesizers that are
commercially available. However, oligonucleotides can be made by a varicty of other
methods, 1oclading in vitto recombinant DNA-mediated techniques and by expression of

DNAs in cells and organisims.

{4043} The terms "gene product” or "expression product” are used herein interchangeably to
refer to the RNA transcription products (RNA transcript) of a gene, including mRNA, and the
polypeptide translation product of such RNA transeripts. A gene product can be, for example,
a polynucleotide gene expression product {e.g., an unspliced RNA, an mRNA, a splice
variant mRNA, a8 microRNA, a fragmented RNA, and the like} or a protein expression
product {e.g., & mature polypeptide, a post-translationally modified polypeptide, a splice
variant polypeptide, and the like). In some embodiments the gene expression product may be
a sequence variant inchuding mwutations, fusions, loss of heterozygoxity (LOH), and.or

biological pathway effects.

{3844} The term "normalized expression level” as applied to a gene expression product refers
to a level of the gene product normalized relative to one or more reference (or control) gene

expression products.

[B045] A "refercuce expression level” as applied fo a gene expression product refers to an
expression level for onme or more reference (or control) gene cxpression products. A
"reference normalized expression level” as apphied to a gene expression product refers to a
normalized expression level value for one or more reference (or control} gene expression

sroducts (1.e., a normalized reference cxopression level). In some embodiments, a reference
F ; s

10
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expression level is an expression level for one or more gene product in normal sample, as
described herein. In some embodiments, a reference expression level is determined
expertimentally. In some embodiments, a reference expression level 18 a historical expression
ievel, ¢.g., a database value of a reference expression level in a normal sample, which sample
indicates a single reference expression level, or a summary of a plorality of reference
expression levels (such as, e.g., (1) an average of two or more, preferably three or more
reference expression levels from replicate analysis of the reference expression level from a
single sample; (11) an average of two or more, preferably three or more reference oxpression
levels from analysis of the reference expression level from a plurality of different samples
{c.g., normal samples); (iit) and a combination of the above mentioned steps (i) and (i) Gee.,
average of reference expression levels analyzed froro a plurality of samples, wherein at least

one of the reference expression levels are analyzed in replicate). In some embodiments, the

o

“reference cxpression level” is an expression level of sequence variants, for exaraple, in a
sample that has been definitively determined to be UIP or non-UIP by other means (i.c.

confirmed pathological diagnosis).

18046] A "reference expression level value” as applied to a gene expression product refers to
an expression level vahie for one or more reference {or control) gene expression products. A
"reference normalized expression level value" as applied to a gene expression product refers
to a normalized expression level value for one or more reference (or control) gene expression

products.

(G047} "Stringency” of hybridization reactions 18 readily determinable by one of ordinary
skill in the art, and generally is an oempirical calculation dependent upon probe length,
washing temperature, and salt concentration. In general, longer probes require higher
teraperatures  for proper annealing, while shorter probes need lower temperatures.
Hybridization generally depends on the ability of denatured DNA to re-anncal when
complementary strands are present in an ¢nvironmaent below their melting temperature. The
higher the degree of desired homology between the probe and hybridizable sequence, the
higher the relative temperature that can be used. As a result, it follows that higher relative
temperatures would tend to make the reaction conditions more stringent, while lower
temperatures less so. For additional details and explanation of stringency of hybridization
reactions, see Ausubel et al,, Current Protocols in Molecular Biology.(Wiley Interscience,

1995).

i1
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{#048] "Stringent conditions” or "high stringency conditions”, as defined herein, typically:
{1} employ low ionic strength solutions and gh tevaperatare for washing, for example 8.015
M sodium chloride/0.0015 M sodium citrate/0.1% sodium dodecyl suifate at 50°C; (2)
employ during hybridization a denaturing agent, such as formamude, for exaraple, S0% (v/v)
formamide with 0.1% bovine serum albumin/0.1% Ficoll/0.1% polyvinylpyrrolidone/50mM
sodium phosphate buffer at pH 6.5 with 750 mM sodium chloride, 75 mM sodiur citrate at
42°C; or (3) employ 30% formamide, 5 x 88SC (8.75 M Na(li, 0.075 M sodiam citrate}, 50
mM sodium phosphate {(pH 6.8), 0.1% sodium pyrophosphate, 5 x Denhardt's solution,
sonicated salmon sperm DNA (50 pg/mi), 0.1% SDS, and 109 dexiran sulfate at 42°C, with
washes at 42°C in 0.2 x S8C {sodium chloride/sodium citrate) and 50% formamide at 55°C,

followed by a high-siringency wash consisting of 0.1 x S8C containing EDTA at 55°C.

{8049} "Moderately stringent conditions” may be identified as described by Sambrook et al,,
Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Press, 1989}, and include the
use of washing solution and hybridization conditions {(e.g., temperature, iouic strength and
%SDS} less stringent that those described above. An example of moderately stringent
condition is overnight incubation at 37°C 10 a solution comprising: 20% formamide, 5 x §SC
(150 mM Na(l, 15 mM trisodium citrate), 50 mM sodium phosphate (pH 7.6}, 5 x Denhardt's
solution, 10% dextran sulfate, and 20 mg/ml denatured sheared salmon sperm DNA, followed
by washing the filters in 1 x 8SC at about 37-50°C. The skilled artisan will recognize how to
adjust the temperature, 1onic strength, etc. as necessary to accommedate factors such as probe

length and the hike.

[B056] "Sensitivity™ as used herein refers to the proportion of true positives of the total
number tested that actually have the target disorder (i.c., the proportion of patients with the
target disorder who have a posttive test result). "Specificity” as used herein refers fo the
proportion of true negatives of all the patients tested who actually do not have the target
disorder (i.c., the proportion of patients without the target disorder who have a negative test

result).

{8051 In the context of the present invention, reference to "at least one,” "at least fwo," "at
icast five,” etc. of the genes histed n any particular gene sct means any one or any and all

combinations of the genes listed.
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{#052] The terms "splicing” and "RNA splicing” are used interchangeably and refer to RNA
processing that removes introns and joins exons to produce mature mRNA with continuouns

coding sequence that moves into the cytoplasm of a cukaryotic cell.

18053} The term "cxon' refers to any segment of an interrupted gene that is represented in a
mature RNA product (B. Lewin,Genes 7V{Cell Press, 1990)). In theory the terro ™Mutron”
refers to any segment of DNA that is transcribed but removed from within the transeript by
splicing together the cxons on ctther side of if. Operationally, exon scquences occur in the
mRNA sequence of a gene as defined by Ref. SEQ 1D numbers. Operationally, intron
sequences are the intervening sequences within the genomic DNA of a gene, bracketed by
exon sequences and usually having GT and AG splice consensus sequences at their 5" and 3’

boundaries.

{G054] A "computer-based system” refers to a system of hardware, software, and data storage
moedium used to analyze nforwation. Hardware of a patient computer-based system can
include a central processing unit (CPUY, and hardware for data input, data output {c.g.,
display), and data storage. The data storage medium can wmchude any manufacture comprising
a recording of the present information as described above, or a memory access device that

can access such a manufacture.

1B0SS] As used heremn the terrn “module” refers to any asscrably and/or set of operatively-
coupled eclectrical components that can inchide, for example, a memory, a processor,
electrical traces, optical conncctors, software {exccuting in hardware), and/or the like. For
example, a module executed in the processor can be any combination of hardware-based
rmodule {¢.g., a field-programmable gate array (FPGA), an application specific integrated
circuit (ASIC), a digital signal processor (BSP)) and/or software-based module (e.g., 2
module of computer code stored in memory and/or executed at the processor) capable of

performing one or more specific functions associated with that module.

[8656] To "record” data, programroing or other information on a computer readable rmediom
refers o a process for storing information, using any such methods as known in the art. Any
convenient data storage structure may be chosen, based on the meauns used to access the
stored information. A varicty of data processor programs and formats can be used for storage,

e.g. word processing text file, database format, ctc.
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(G687} A "processor” or "computing means” references any hardware and/or software
combination that will perform the functions required of . For exarople, a suitable processor
may be a programmable digital microprocessor such as available in the form of an clectronic
controller, mainframe, server or personal computer {desktop or portable). Where the
processor is programmable, suitable programming can be communicated from a remote
iocation to the processor, or previously saved in a computer program product {(such as a
portable or fixed computer readable storage medium, whether magnetic, optical or solid state
device based). For example, a magnetic medium or optical disk may carry the programyuing,
and can be read by a suitable reader corarounicating with cach processor at its corresponding

station,

{GOS8] A “tost sample” is a sample of one or more cells, preferable a tissue sample (e.g., 2
lung tissue sample such as a transbronchial biopsy {(TBB) sarople) obtained from a subject.
in some embodiments, a test sample is a biopsy sample obtained by any means known in the
art. In particolar embodiments, the test sample is a sample obtained by a video-assisted
thoracoscopic surgery (VATS), a bronchoalveolar favage (BAL);, a transbronchial biopsy
{(TBB), or a cryo-transbronchial biopsy. In some crabodiments the test sample is obtained
from a patient suspected of having a lung disease, e.g., an ILD, based on clinical signs and
symptorns with which the paticnt presents (¢.g., shortness of breath (generally aggravated by
exertion}, dry cough), and, optionally the results of one or more of an imaging test {e.g., chest
X-ray, computerized tomography (CT)), a pubmonary function test (e.g., spirometry,
oximetry, exercise stress test), lung tissue analysis {e.g., histological and/or cytological

analysis of samples obtained by bronchoscopy, bronchoalveslar lavage, surgical biopsy) .

1B0S9] A “gene signature” 18 a gene cxpression pattern (e, expression level of one or more
gene, or fragments thereof), which is indicative of some characteristic or phenotype. In some
embodiments, gene signature refers to the expression {and/or lack of cxpression} of a gene, a
plurality of genes, a fragment of a gene or a plurality fragmeuts of one or more genes, which
expression and/or lack of expression is indicative of UIP, Non-UIP, smoker-status, or Non-

stnoker-status.

10060] As used herein, “48 a smoker” is meant to refer to a subject who currently smokes
cigareties or a person who has smoked cigarettes in the past or a person who has the gene

stgnature of 4 person who currently smokes cigarcties or has smuoked cigarcttes in the past.

14
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(#0661} As used herein, “variant”, when used to describe a feature used during training of a

classifier of the present invention, refers to an alternative splice variant.

186621 As used berein, “mutation”, when used to describe a feature used during training of a
classifier of the present mvention, refers to a sequence deviation from a known normal
reference sequence. o soroe ervbodiments, the deviation s a deviation from an accepted
native gene sequence according fo a publically accessible database such as the UniGene
database (Pontius JU, Wagner L, Schuler GD. UniGene: a unified view of the transcriptome.
In: The NCBI Handbook. Bethesda (MD): National Center for Biotechnology Information,
2003, incorporated herein), RefSeq (The NCBI handbook [Internet]. Bethesda (MD)
National Library of Medicine (US), National Center for Biotechnology Information: 2002
Oct. Chapter 18, The Reference Sequence (RefSeq) Project, available at the world wide web
address: ncbinlmouth.gov/refseq/), Ensembl (EMBL, available at the word wide web
address: ensemblorg/index.html), and the like. In some embodiments, the mutation includes

an addition, deletion, or substitution of a sequence residue present in the reference sequence.

[80663] Abbreviations include: HRCT, high-resolution computed tomography; VATS, video-
assisted thorascopic surgery; SLB, surgical hing biopsy; TBB, transbronchial biopsy; RB,
respiratory  bronchiolitis; OP, organizing pneumonia, DAD, diffuse alveolar damage,
CIF/NOC, chronic interstitial fibrosis not otherwise classified; MDT, nmultidisciplinary team;
CV, cross-validation; LOPO, leave-one-patient-out; ROC, receiver operator characteristic;
AUC, area under the curve; RNASeq, RNA segquencing by next-generation sequencing
technology; NGS, next-gencration sequencing technology: H&E, hematoxylin and cosing
FDR, false discovery rate, IRB, Institutional Review Board;, ATS, American Thoracic
Society; COPD, chronic obstructive pulmonary discase; KEGG, Kyoto Encyclopedia of

Genes and Genomes, Cl, confidence interval

[0364] Where a range of values 18 provided, it is understood that cach mtervening value, to
the tenth of the unit of the lower limit unless the context clearly dictates otherwise, between
the upper and lower limiat of that range and any other stated ov intervening valae o that stated
range, 18 encompassed within the invention. The upper and lower limits of these smaller
ranges may independently be included 1 the smaller ranges, and are also encompassed within
the invention, subject to any specifically excluded limit in the stated range. Where the stated

range includes onc or both of the hmits, ranges cxcluding cither or both of those mncluded
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fimits are also included in the invention. As used hercin, “about” means plus or minus 10% of

the indicated value.
DETAILED DESCRIPTION OF THE INVENTION

[8065] Disclosed herein are methods of and/or systerns for using a wolecular signature to
differentiate UIP from other [LD subtypes. The accurate diagnosis of UIP from samples
where expert pathology 1s not available stands to benefit ILD patients by accelerating
diagnosis, thus facilitating treatment decisions and reducing surgical risk to patients and costs

to the healtheare systerm.

18066} Also disclosed herein are methods of and/or systems for using the smoker or non-
smoker status of a subject to improve differentiation of UIP from other ILD subtypes using a

molecular signature.

{0067] Thus, the methods and/or systems disclosed hercin provide classifiers which can
differentiate UIP from non-UIP patterns based on high-dimensional transcriptional data

without prior knowledge of clinical or demographic information.

{8068} In some crbodiments, the present invention provides racthods for differentiating UIP
from nou-UIP using a classifier that comprises or consists of one or more sequences or
fragments thereof presented 1n any of Tables 5, 7, 8, 9, 10, 11, or 12 or at least one sequence
or fragment thereot from cach of Tables 5,7, 8,9, 18, 11 and 12, In sore embodiments, the
present invention provides such methods that use a classifier comprising or consisting of at
least 1,2,3,4,5,6,7,8,9, 10 or more of the sequences provided in any one or more or all of
Tables 5, 7, 8, 9, 10, 11 and 12. For example, in some embodiments, the present invention
provides such methods that use classifiers comprising or consisting of at feast 11, 12, 13, 14,
15,20, 30, 56, 100, 150, 200, 250, 300, or more sequences provided in any one or more or all
of Tables 5, 7, 8, 9, 10, 11 and 12, including all integers {e.g., 16, 17, 18, 19, 21, 22, 23, 24,
25 sequences, etc.) and ranges {e.g., from about 1-10 sequences from any one or more or all
of Tables 5, 7, 8, 9, 10, 11, and 12, from about 10-15 scquences, 10-20 sequences, 5-30

sequences, 5-50 sequences, 10-100 sequences, 50- 200 sequences, ote.) between.

18669} In sowe particular embodiroents, the present invention provides methods and/or
systems for differentiating UIP from non-UIP using a classifier that comprises or consists of
one or more of the following sequences or fragments thereof: 1) HLA-F (SEQ ID NG.:1L 2)

CDKL2 (SEQ 1D NO.:2), 3) GPR9R (SEQ 1D NO.:3), 4) PRKCQ (SEQ ID NO.:4), 5) HLA-
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G (SEQ ID NO.:5), 6) PFKFB3 (SEQ ID NO.6), 7) CEACAMI (SEQ 1D NO.T), &)
RABGAPIL (SEQ ID NO.:8), 9) CD274 (SEQ 1D NO..9), 10) PRUNE2 (SE(Q ID NO.:18),
11y ARAPZ (SEQ ID NO.:11), 12) DZIPT (SEQ 1D NO.12), 13) MXRAT (SEQ 1D NG 13),
14y PTCHD4 (SEQ ID NO.:14), 15) PDLIM3 (SEQ ID NO.:I5), 16) CNNI (5EQ 1D
NO.:163, 17) NIPSNAP3B (SEQ ID NO..17), 18y PAQRT (SEQ 1D NOL:1K), 19) ACTG2
(SEQ 1D NO.:19), 20) NA (SEQ 1D NO:20), 21) TIMP2 (SEQ 1D NO.:21), and 22) DES
(SEQ 1D NO.:22). In particular aspects, the classifier may contain 1, 2, 3, 4, 5,6, 7, 8, or
more additional genes. In other aspects, the classifier may omit 1, 2, 3, 4, 5, 6, 7, §, or more,

of these genes, while optionally including other genes.

{B678] In some embodiments, the present invention provides a method and/or system for
differentiating UIP from non-UIP using a classifier that comprises or consists of 2; 3; 4: §; 6;
7,89 10; 11, 125 13; 145 15 16; 175 18; 19 20; or 21 of the following sequences: 1) HLA-F
(SEQ ID NO.1), 2) CDKL2 (SEQ 1D NO..2)y, 3) GPROE (SEQ 1D NO.3), 4) PRKCQ (SEQ
D NO.4), 5) HLA-G (SEQ ID NQO.:S), 6) PFKFB3 (SEQ 1D NO.:6), 7y CEACAMI (SEQ
D NG.T), 8) RABGAPIL (SEQ ID NOL.:8), 9) CD274 (SEQ ID NO.:9), 10) PRUNE2 (SEQ
IDNG.10), 11 ARAPZ (SEQ ID NGO D, 12 DZIPL (SEQ ID NO.:12), 13) MXRAT (SEQ
1D NOLI3)Y, 14) PTCHD4 (SEQ 1D NG 14y, 13) PDLIM3 (SEQ 1D NG.13), 16) ONNI
(SEQ 1D NGO 16), 17y NIPSNAP3B (SEQ 1D NO.:17), 18) PAQR7 (SEQ 1D NO.:18), 19)
ACTGZ (SEQ 1D NO.19), 20) NA (SEQ 1D NG.:20), 21 TIMPZ (SEQ 1D NO.:213, and 22

DES (SEQ 1D NO.:22) in any combination. In particular aspects, such a classifier contains 1,
2,3,4,5,6,7, 8, or more additional genes. In other aspects, the classifier may omit 1, 2, 3, 4,

5, 6,7, 8, or more, of these genes, while optionally including other genes.

18071} In some cmbodiments, the present invention provides a method and/or system for
differentiating UIP from non-UIP using a classificr that comprises or consists of all of the
following sequences: 1) HLA-F (SEQ ID NO.:1), 2) CDKL2Z (SEQ ID NG.:2), 3) GPROS
(SEQ 1D NQ.:3), 4) PREKCQ (SEQ ID NG.4), 5y HLA-G (SEQ 1D NQ.:S), 6) PFKFR3 (SEQ
1D NGOy, 7y CEACAMY (SEQ ID NO.T), 8 RABGAPIL (SEQ ID NO.:8), 9) CD274
(SEQ ID NO.9), 10) PRUNEZ (SEQ 1D NQO.:10), 11y ARAP2 (SEQ ID NG 11, 12) DZIP1
{SEQ ID NO.:12}, 13y MXRAT7 {(SEQ ID NG.:13}, 14) PTCHD4 (SEQ 1D NO.:14), 15)
PDLIM3 (SEQ ID NO.:15), 16) ONNI (SEQ ID NO.16), 17y NIPSNAP3B (SEQ ID
NGL:1T), 18) PAQRT {(SEQ 1D NOLCIB), 19) ACTGZ (SEQ 13 NO.:19), 20) NA (SEQ ID
NOL26y, 21 TIMPZ (SEQ 1D NO.:213, and 22) DES (SEQ ID NO.:.22).  In particular

aspects, the classifier contains 1, 2, 3, 4, 5, 6, 7, B, or more additional genes,

17
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{6672} In some particular embodiments, the present invention provides methods and/or
systems for differentiating UIP from nou-UIP using a classifier that comprises or consists of
one or more of the following sequences or fragments thereof: 1) HLA-F (SEQ D NG.:1), 2)
HMCN2Z, 3) ADAMTSLL, 4) CD79B, 5y KEL, 6) KLHL14, 7) MPP2, §) NMNAT2, 9)
PLXDCE, 10y CAPNG, 11y TALDOI, 12) PLK4, 13) IGHV3-72, 14) IGKVI1-9, and 15)
CNTN4. In particular aspects, the classifier may contain 1, 2, 3, 4, 5, 6, 7, &, or more
additional genes. In other aspects, the classifier may omit 1, 2, 3, 4, 5, 6, 7, ¥, or more, of

these genes, while optionally including other genes.

{8073} In some cmbodiments, the present fuvention provides a mcthod and/or system for
differentiating UIP from non-UlP using a classifier that comprises or consists of 2; 3; 4 5, 6;
7: 8; 9, 10; 11; 12; 13; or 14 of the following sequences: 1) HLA-F (SEQ 1D NO.:1), 2)
HMOCNZ, 3) ADAMTSLI, 43 CD79B, 5) KEL, 6) KLHL14, 7) MPP2, R) NMNAT2, 9)
PLXDCE, 10y CAPNS, 11 TALDOIL, 12) PLK4, 13) IGHV3-72, 14y IGKVI-9, and 15)
CNTN4, In particular aspects, the classifier may contain 1, 2, 3, 4, 5, 6, 7, 8, or more
additional genes. In other aspects, the classifier may omit 1, 2, 3, 4, 5, 6, 7, 8, or more, of

these genes, while optionally including other genes.

18674} In some embodiments, the present invention provides a method and/or system for
differentiating UIP from non-UIP using a classifier that comprises or consists of the
following sequences: 1) HLA-F (SEQ ID NO.:1), 2y HMCONZ, 3) ADAMTSLI, 4) CD79B,
3y KEL, 6y KLHE14, 7) MPP2, 8y NMNATZ, 9) PLXDCI, 10) CAPNG, 11} TALDO1, 12)
PLK4, 13} IGHV3-72, 14) IGKV1-9, and 15y CNTN4. In particular aspects, the classifier
may countain 1, 2, 3, 4, 5, 6, 7, 8, or more additional genes. In other aspects, the classifier

may omit 1, 2,3, 4,5, 6,7, 8, or more, of these genes, while optionally including other genes.

(G075} In some particular embodiments, the present invention provides methods and/or
systems for differentiating UIP from nou-UIP using a classifier that comprises or consists of
HEA-F (SEQ 1D NO.. 1) or fragments thercof. In one such embodiment, the method uses a
classifier comprising 1) HLA-F (8EQ ID NGO 1) and at least one of 2) CDKL2 (SEQ 1D
NO.:23, 3) GPROS (SEQ ID NO.:3}, 4y PRKCQ (SEQ 1D NO.4), 5) HLA-G (SEQ ID
NO.:5), 6) PFKFB3 (SEQ ID NQ.:6), 7) CEACAMI (SEQ ID NG..7), 8) RABGAPIL (SEQ
1D NGB}, 9y CD274 (SEQ 1D NO.:9), 10) PRUNE2 (SEQ 1D NGOy, 11) ARAP2 (SEQ
D NO.1L), 12) DZIPY (SEQ 1D NO12), 13) MXRAT (SEQ 1D NO.:13), 14) PTCHD4

18
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{(SEQ ID NOG.14), 15) PDLIM3 (SEQ ID NG.:15), 16) CNNI (S8EQ ID NO..16), 1T
NIPSNAP3B (SEQ 1D NO.:17), 18} PAQR7 (SEQ ID NO.:18), 19) ACTG2 (SEQ 1D
NO9y, 20) NA (SEQ 1D NO.:20), 21) TIMP2 (SEQ 1D NO.:21), and 22) DES (8EQ ID
NO.:22y In particular aspects, the classifier contains 1, 2, 3, 4, 5, 6, 7, 8, or more additional

genes.

{6676} In some particular embodiments, the present invention provides methods and/or
systems for differentiating UIP from noun-UIP using a classifier that compriscs or consists of
HMCNZ or fragments thereof. In one such embodiment, the method uses a classifier
comprising HMCNZ and at least one of 1) HLA-F (SEQ ID NO.:1) 2) CDKL2 (SEQ 1D
NO.:23, 3) GPROS (SEQ ID NO.:3}, 4y PRKCQ (SEQ 1D NO.4), 5) HLA-G (SEQ ID
NO.:5), 6) PFKFB3 (SEQ ID NQ.:6y, 7) CEACAMI (SEQ ID NG.7), 8) RABGAPIL (SEQ
1D NGBy, 93 CDI74 (SEQ 1D NO.:9), 10) PRUNEZ2 (SEQ 1D NGO 10y, 11) ARAP2 (SEQ
1D NOCLT), 12) BZ2IPL (SEQ ID NO:I2), 13y MXRAT (SEQ 1D NG.113), 14) PTCHDA
(SEQ 1D NO.: 14y, 15) PDLIM3 (SEQ 1D NO.:1S5), 16) ONNI (SEQ ID NO.:16), 17)
NIPSNAP3IB (SEQ ID NO.17), 18y PAQGR7 (SEQ 1D NO.118), 19y ACTG2 (8EQ ID
NO.:19), 20) NA (SEQ 1D NGO.20), 21) TIMP2 (SEQ 1D NO.:21), and 22) DES (SEQ ID
N{.:22). In particular aspects, the classifier contains 1, 2, 3, 4, 5, 6, 7, 8, or more additional

genes.

{8077} In some particular cmbodiments, the present imvention provides mcthods and/or
systeras for differentiating UIP from non-UIP using a classifier that comprises or consists of
ADAMTSLI or fragments thereof. In one such embodiment, the method uses a classifier
comprising ADAMTSLT and at least one of 1) HLA-F (SEQ ID NO.:1) 2) CDKLZ (SEQ ID
NGO, 3y GPRYE (SEQ 1D NO.3), 4) PRKCQ (SEQ ID NG.4), 5y HLA-G (SEQ ID
NG.:5), 6) PFKFB3 (SEQ ID NO.:6), 7) CEACAMI (SEQ ID NO.:7}, 8) RABGAPIL {SEQ
{0 NO.:E), 9y CD274 (SEQ 1D NG9}, 10) PRUNE2 (SEQ 1D NO.:10), 11 ARAP2 (8EQ
1D NG, 12) BZIPT (SEQ 1D NO.:12), 13) MXRAT (SEQ 1D NO.:13), 14) PTCHDA4
(SEQ ID NO.:14), 15y PBLIM3 (SEQ ID NOC1S), 163 ONNL (SEQ ID NO.16), 17
NIPSNAP3IB (SEQ ID NG.17), 18) PAQR7 (SEQ ID NO.18), 19y ACTG2 (SEQ ID
NOG.:193, 20) NA (SEQ 1D NO.:20), 21) TIMP2 (SEQ 12 NO.:21), and 22) BES (SEQ ID
WNO.:22). In particular aspects, the classifier contains 1, 2, 3, 4, 5, 6, 7, &, or more additional

genes,
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{¢0378] In some particular embodiments, the present invention provides methods and/or
systems for differentiating UIP from nou-UIP using a classifier that comprises or consists of
CD79B or fragments thereof. In one such cmbodiment, the method uses a classifier
comprising CD798 and at least one of 1) HLA-F (8EQ ID NO.:1) 2) CDKL2 (SEQ 1D
NO.:23, 3) GPROS (SEQ ID NO.:3}, 4y PRKCQ (SEQ 1D NO.4), 5) HLA-G (SEQ ID
NO.:5), 6) PFKFB3 (SEQ ID NQ.:6), 7) CEACAMI (SEQ ID NG..7), 8) RABGAPIL (SEQ
1D NGB}, 9y CD274 (SEQ 1D NO.:9), 10) PRUNE2 (SEQ 1D NGOy, 11) ARAP2 (SEQ
D NO.1L), 12) DZIPY (SEQ 1D NO12), 13) MXRAT (SEQ 1D NO.:13), 14) PTCHD4
(SEQ 1D NO.: 14y, 15) PDLIM3 (SEQ 1D NO.:1S5), 16) ONNI (SEQ ID NO.:16), 17)
NIPSNAP3IB (SEQ ID NO.17), 18y PAQGR7 (SEQ 1D NO.118), 19y ACTG2 (8EQ ID
NGL:19), 20) NA (SEQ 1D NG.20), 21 TIMP2 (SEQ ID NO.:21), and 22) DES (SEQ 1D
NO.22y. In particular aspects, the classifier contains 1, 2, 3, 4, 5, 6, 7, 8, or more additional

genes.

{6679} In some particular embodiments, the present wveution provides wcthods and/or
systems for differentiating UIP from non-UIP using a classifier that comprises or consists of
KEL or fragments thereof. In one such embodiment, the rcthod uses a classifier comprising
KEL and at least one of 1) HLA-F (SEQ ID NO.: 1) 2) CDKL2 (SEQ ID NO.:2), 3) GPRIS
(SEQ 1D NG.:3), 4) PRKCQ (SEQ ID NO.:4), 5) HLA-G (SEQ ID NG.5), 6) PFKFB3 (SEQ
1 NG.:6), 7y CEACAMI (SEQ ID NO..7), 8) RABGAPIL (SEQ 1D NOSK), 9) CD274
{SEQ ID NO.:9), 10) PRUNEZ (SEQ 1D NO.:10), 11} ARAPZ (SEQ ID NQO.:11), 12) DZIP
(SEQ 1D NO.12), 13) MXRAT (SEQ 1D NO.13), 14) PTCHD4 (SEQ ID NO.:14), 15
PDLIM3 (SEQ ID NO.1S), 163 CNNI (SEQ ID NO.16), 17y NIPSNAP3IB (SEQ 1D
NG.:17), 18) PAQRT (SEQ ID NO.18), 19) ACTG2 (SEQ 1D NG.:19), 20) NA (SEQ ID
NO.20), 213 TIMP2 (SEQ 1D NO.:213, and 22) DES (SEQ D NO..22). In particular

aspects, the classifier contains 1, 2, 3, 4, 5, 6, 7, §, or more additional genes,

{6680} In somc particular erubodiments, the present invention provides methods and/or
systems for differentiating UIP from non-UIP using a classifier that comprises or consists of
KLHL14 or fragments thereof. In one such embodiment, the method uses a classifier
comprising KLHL14 and at least one of 1) HLA-F (SEQ 1D NO.:1} 2) CDKL2 {SEQ 1D
NO.:2), 33 GPROS (SEQ 1D NO.:3), 4) PRKCGQ (SEQ ID NO.43, 5) HLA-G (SEQ ID
NO.:5), 63 PFEKFB3 (SEQ 1D NG.:6), 7y CHEACAMI (SEQ ID NG.7), 8) RABGAPIL (SEQ
1D NO.S), 93 CD274 (SEQ D NO.9), 10) PRUNEZ (SEQ ID NO.:10), 11y ARAPZ (SEQ
Iy NO.:11), 12) DZIPT (SEQ ID NOG.:12)y, 13) MXRAT (SEQ 1D NO.:13), 14) PTCHBA4
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{(SEQ ID NOG.14), 15) PDLIM3 (SEQ ID NG.:15), 16) CNNI (S8EQ ID NO..16), 1T
NIPSNAP3B (SEQ 1D NO.:17), 18} PAQR7 (SEQ ID NO.:18), 19) ACTG2 (SEQ 1D
NO9y, 20) NA (SEQ 1D NO.:20), 21) TIMP2 (SEQ 1D NO.:21), and 22) DES (8EQ ID
NO.:22y. In particular aspects, the classifier contains 1, 2, 3, 4, 5, 6, 7, 8, or more additional

genes.

{60381] In some particular embodiments, the present invention provides methods and/or
systems for differentiating UIP from noun-UIP using a classifier that compriscs or consists of
MPP2Z or fragments thereof. In one such embodiment, the method uses a classifier
comprising MPP2 and at least one of 1) HLA-F (SEQ ID NO..1) 2y CDKL2 (SEQ 1D
NO.:23, 3) GPROS (SEQ ID NO.:3}, 4y PRKCQ (SEQ 1D NO.4), 5) HLA-G (SEQ ID
NO.:5), 6) PFKFB3 (SEQ ID NQ.:6y, 7) CEACAMI (SEQ ID NG.7), 8) RABGAPIL (SEQ
1D NGBy, 93 CDI74 (SEQ 1D NO.:9), 10) PRUNEZ2 (SEQ 1D NGO 10y, 11) ARAP2 (SEQ
1D NOCLT), 12) BZ2IPL (SEQ ID NO:I2), 13y MXRAT (SEQ 1D NG.113), 14) PTCHDA
(SEQ 1D NO.: 14y, 15) PDLIM3 (SEQ 1D NO.:1S5), 16) ONNI (SEQ ID NO.:16), 17
NIPSNAP3IB (SEQ ID NO.17), 18y PAQGR7 (SEQ 1D NO.118), 19y ACTG2 (8EQ ID
NO.:19), 20) NA (SEQ 1D NGO.20), 21) TIMP2 (SEQ 1D NO.:21), and 22) DES (SEQ ID
N{.:22). In particular aspects, the classifier contains 1, 2, 3, 4, 5, 6, 7, 8, or more additional

genes.

[0082] In some particular embodiments, the present invention provides mcthods and/or
systeras for differentiating UIP from non-UIP using a classifier that comprises or consists of
NMNAT2 or fragments thereof. In one such embodiment, the method uses a classifier
comprising NMNAT2 and at least one of 1) HLA-F (SEQ ID NO.:1) 2) CDKL2Z (SEQ 1D
NOL2), 33 GPR9E (SEQ D NOL.3), 4) PRKCQ (SEQ ID NOG.4), 5) HLA-G (S3EQ ID
NG.:5), 6) PFKFB3 (SEQ ID NO.:6), 7) CEACAMI (SEQ ID NO.:7}, 8) RABGAPIL {SEQ
{2 NO.8), 9) CD274 (SEQ 1D NO.S), 10) PRUNE2 (SEQ 1D NG.:10), 11) ARAP2 (SEQ
1D NG, 12) BZIPT (SEQ 1D NO.:12), 13) MXRAT (SEQ 1D NO.:13), 14) PTCHDA4
(SEQ ID NO.:14), 15y PBLIM3 (SEQ ID NOC1S), 163 ONNL (SEQ ID NO.16), 17
NIPSNAP3IB (SEQ ID NG.17), 18) PAQR7 (SEQ ID NO.18), 19y ACTG2 (SEQ ID
NOG.:193, 20) NA (SEQ 1D NO.:20), 21) TIMP2 (SEQ 12 NO.:21), and 22) BES (SEQ ID
WNO.:22). In particular aspects, the classifier contains 1, 2, 3, 4, 5, 6, 7, &, or more additional

genes,
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{¢083] In some particular embodiments, the present invention provides methods and/or
systems for differentiating UIP from nou-UIP using a classifier that comprises or consists of
PLXDCT or fragments thereof. In one such embodiment, the method uses a classifier
comprising PLXDCT and at least one of 1) HLA-F (SEQ ID NO.:1) 2) CDKL2 (SEQ 1D
NO.:23, 3) GPROS (SEQ ID NO.:3}, 4y PRKCQ (SEQ 1D NO.4), 5) HLA-G (SEQ ID
NO.:5), 6) PFKFB3 (SEQ ID NQ.:6), 7) CEACAMI (SEQ ID NG..7), 8) RABGAPIL (SEQ
1D NGB}, 9y CD274 (SEQ 1D NO.:9), 10) PRUNE2 (SEQ 1D NGOy, 11) ARAP2 (SEQ
D NO.1L), 12) DZIPY (SEQ 1D NO12), 13) MXRAT (SEQ 1D NO.:13), 14) PTCHD4
(SEQ 1D NO.: 14y, 15) PDLIM3 (SEQ 1D NO.:1S5), 16) ONNI (SEQ ID NO.:16), 17)
NIPSNAP3IB (SEQ ID NO.17), 18y PAQGR7 (SEQ 1D NO.118), 19y ACTG2 (8EQ ID
NGL:19), 20) NA (SEQ 1D NG.20), 21 TIMP2 (SEQ ID NO.:21), and 22) DES (SEQ 1D
NO.22y. In particular aspects, the classifier contains 1, 2, 3, 4, 5, 6, 7, 8, or more additional

genes.

[6084] In some particular embodiments, the present wveution provides wcthods and/or
systems for differentiating UIP from non-UIP using a classifier that comprises or consists of
CAPNO or fragments thercof. In one such embodiment, the method uses a classifier
comprising CAPNY and at least one of 1) HLA-F (SEQ ID NO.:1) 2) CDKL2 (SEQ 1D
NO.:2y, 3y GPR9E8 (SEQ 1D NO.:3), 4) PRKCQ (SEQ ID NG.4), 5) HLA-G (S3EQ ID
NQO.:53, 6) PFKFB3 (SEQ ID NO.:6), 7) CEACAMI (SEQ ID NG..7), 8) RABGAPIL (SEQ
{2 NO.8), 9) CD274 (SEQ 1D NO.S), 10) PRUNE2 (SEQ 1D NG.:10), 11) ARAP2 (SEQ
1D NG, 12) DZIPE (SEQ 1D NO:12), 13) MXRAT (SEQ 1D NO.:13), 14) PTCHD4
(SEQ ID NO.14), 15) PDLIM3 (SEQ 1D NOLS, 163 ONNI (SEQ ID NOS16), 17
NIPSNAP3IB (SEQ 1D NG.17) 18) PAQR7 (SEQ 1D NG.18), 19) ACTG2 (SEQ ID
NOL.:19), 20) NA (SEQ 1D NO.:20), 21) TIMPZ (SEQ D NO.:21), and 22) DES (SEQ ID
WNO.:22). In particular aspects, the classifier contains 1, 2, 3, 4, 5, 6, 7, &, or more additional

genes,

{B08S] In some particular embodiments, the present invention provides methods and/or
systeros for differentiating UIP from non-UIP using a classifier that comprises or consists of
TALDOL or fragments thereof. In one such embodiment, the method uses a classifier
comprising TALDO! and at least one of 1) HLA-F (SEQ 1D NO.:1) 2) CDKL2 (SEQ ID
NGL:2), 33y GPROE (SEQ 1D NOL.:3), 4) PRKCG (SEQ 1D NO.4y, 5) HLA-G (SEQ ID
NO.5)Y, 6) PFKFB3 (SEQ 1D NG.:6), 7y CEACAMI (SEQ 1D NO..7), 8) RABGAPIL (SEQ
D NGLK)Y, 9) CD274 (SEQ 1D NG9y, 10y PRUNEZ (SEQ ID NO.:10), 11) ARAP2 (SEQ

~
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D NO.:1H, 12) BDZIPT (SEQ ID NO.12), 13) MXRAT (SEQ 1D NO.:13), 14) PTCHD4
(SEQ ID NGO.14), 15) PDLIM3 (SEQ 1D NO.15), 16y ONNI (SEQ ID NO.16), 17
NIPSNAP3B (SEQ ID NO..17), I8) PAQRT (SEQ ID NOG.18), 19 ACTG2 (SEQ ID
NGO 19y, 20y NA (SEQ 1D NO.:20), 21) TIMPZ (SEQ ID NO.:21), and 22) DES (SEQ ID
NO.:22}. In particular aspects, the classifier contains 1, 2, 3, 4, 5, 6, 7, &, or more additional

genes.

{6686} In somc particular ernbodiments, the present invention provides methods and/or
systems for differentiating UIP from non-UIP using a classifier that comprises or consists of
PLE4 or fragments thereof. In onc such cmbodiment, the method uses a classifier
comprising PLK4 and at least one of 1) HLA-F (SEQ 1D NG.:1y 2y CDKL2Z (SEQ

NO.:2Z) 3) GPROS (SEQ 1D NO.:3), 4 PRKCQ (SEQ 1D NO.4), 5) HLA-G (SEQ ID
NO.:5), 63 PFEKFB3 (SEQ 1D NG.:6), 7y CHEACAMI (SEQ ID NG.7), 8) RABGAPIL (SEQ
1D NO.S), 93 CD274 (SEQ D NO.9), 10) PRUNEZ (SEQ ID NO.:10), 11y ARAPZ (SEQ
3 NO.: 1), 12) DZIPT (SEQ 1D NO.:12), 13) MXRAT (SEQ 1D NO.:13), 14) PTCHD4
{SEQ D NOG.14), 15) PDLIM3 (SEQ 1D NOG.15), 16) ONNI (8EQ ID NO.:16), 17)
NIPSNAP3IB (SEQ ID NO.:17)y, 18y PAGR7 (SEQ 1D NO.:18), 19y ACTGZ (SEQ ID
NGL19), 200 NA (SEQ 13 NG.220), 21 TIMP2 (SEQ ID NG.21), and 223 DES (SEQ 1D
NO.:22y. In particular aspects, the classifier contains 1, 2, 3, 4, 5, 6, 7, 8, or more additional

genes.

{B0387] In some particular embodiments, the present invention provides methods and/or
systems for differentiating UIP from non-UIP using a classifier that comprises or consists of
IGHV3-72 or fragmeunts therecof. In one such embodumend, the method uses a classifier
comprising IGHV3-72 and at least one of 1) HLA-F (SEQ 1D NO.:1) 2) CDKL2 (SEQ 1D
NG.:2y, 3y GPROB (SEQ ID NO.:3), 4) PRKCQ (SEQ 1D NO.4), 5) HLA-G (SEQ ID
NO.:5), 6) PFKFB3 (SEQ ID NQ.:6y, 7) CEACAMI (SEQ ID NG.7), 8) RABGAPIL (SEQ
1D NGBy, 9 CD274 (SEQ 1D NG.9), 10) PRUNE2 (SEQ 1D NO.:10), 11 ARAP2 (SEQ
D NGO, 12) BZIPT (SEQ 1D NO:12), 13y MXRAT (SEQ 1D NG 13), 14) PTCHD4
(SEQ 1D NO. 14y, 15) PDLIM3 (SEQ ID NO.:1S)y, 16) ONNI (SEQ ID NO.:16), 17
NIPSNAP3IB (SEQ 1D NO.17) 18) PAQGRT (SEQ 1D NO.18), 19) ACTG2 (SEQ ID
NO.:19), 20) NA (SEQ 1D NGO.20), 21) TIMP2 (SEQ 1D NO.:21), and 22) DES (SEQ ID
N{.:22). In particular aspects, the classifier contains 1, 2, 3, 4, 5, 6, 7, 8, or more additional

genes,

3]
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{G088] In some particular embodiments, the present invention provides methods and/or
systems for differentiating UIP from nou-UIP using a classifier that comprises or consists of
IGKV1-9 or fragments thercof. In one such cmbodiment, the method uses a classifier
comprising IGKV1-9 and at lcast one of 1} HLA-F (SEQ ID NO.:1) 2) CDKL2 (SEQ ID
NO.:23, 3) GPROS (SEQ ID NO.:3}, 4y PRKCQ (SEQ 1D NO.4), 5) HLA-G (SEQ ID
NO.:5), 6) PFKFB3 (SEQ ID NQ.:6), 7) CEACAMI (SEQ ID NG..7), 8) RABGAPIL (SEQ
1D NGB}, 9y CD274 (SEQ 1D NO.:9), 10) PRUNE2 (SEQ 1D NGOy, 11) ARAP2 (SEQ
D NO.1L), 12) DZIPY (SEQ 1D NO12), 13) MXRAT (SEQ 1D NO.:13), 14) PTCHD4
(SEQ 1D NO.: 14y, 15) PDLIM3 (SEQ 1D NO.:1S5), 16) ONNI (SEQ ID NO.:16), 17)
NIPSNAP3IB (SEQ ID NO.17), 18y PAQGR7 (SEQ 1D NO.118), 19y ACTG2 (8EQ ID
NGL:19), 20) NA (SEQ 1D NG.20), 21 TIMP2 (SEQ ID NO.:21), and 22) DES (SEQ 1D
NO.22y. In particular aspects, the classifier contains 1, 2, 3, 4, 5, 6, 7, 8, or more additional

genes.

{6089} In some particular embodiments, the present wveution provides wcthods and/or
systems for differentiating UIP from non-UIP using a classifier that comprises or consists of
CNTN4 or fragments thereof. In one such cmbodiment, the method uses a classifier
comprising CNTN4 and at least one of 1) HLA-F (SEQ 1D NO.:1) 2) CDKL2 (SEQ ID
NO.:2y, 3y GPR9E8 (SEQ 1D NO.:3), 4) PRKCQ (SEQ ID NG.4), 5) HLA-G (S3EQ ID
NQO.:53, 6) PFKFB3 (SEQ ID NO.:6), 7) CEACAMI (SEQ ID NG..7), 8) RABGAPIL (SEQ
{2 NO.8), 9) CD274 (SEQ 1D NO.S), 10) PRUNE2 (SEQ 1D NG.:10), 11) ARAP2 (SEQ
1D NG, 12) DZIPE (SEQ 1D NO:12), 13) MXRAT (SEQ 1D NO.:13), 14) PTCHD4
(SEQ ID NO.14), 15) PDLIM3 (SEQ 1D NOLS, 163 ONNI (SEQ ID NOS16), 17
NIPSNAP3IB (SEQ 1D NG.17) 18) PAQR7 (SEQ 1D NG.18), 19) ACTG2 (SEQ ID
NG.:19), 20) NA (SEQ 1D NO.26), 21) TIMP2 (SEQ 1D NO.:21), and 22) DES (SEQ ID
WNO.:22). In particular aspects, the classifier contains 1, 2, 3, 4, 5, 6, 7, &, or more additional

genes,

{809¢] In some embodiments, the present invention provides a method and/or system for
differentiating UIP from non-UIP using a classifier that comprises or consists of 2; 3; 4: 5; 6;
708,910, 11: 12, 13, 14, 15, 16, 17, 18, 19,20, 21, 22, 23, 24, 25, 26, 27, 2%, 29, 30, 31, 32,
33, 34, or 35 of the following sequences: 1) HLA-F (SEQ 1D NO.:1), 2) CDKLZ (SEQ ID
N(O.:2), 33 GPR9E (SEQ 1D NO.:3), 4) PRKCQ (SEQ ID NO.4), 5) HLA-G (SEQ ID
NOL.:5), 63 PEKFB3 (SEQ 1D NG .:6), 7y CEACAMI (SEQ ID NO..7), 8) RABGAPIL (SEQ
D NGLK)Y, 9) CD274 (SEQ 1D NG9y, 10y PRUNEZ (SEQ ID NO.:10), 11) ARAP2 (SEQ
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D NO.:1H, 12) BDZIPT (SEQ ID NO.12), 13) MXRAT (SEQ 1D NO.:13), 14) PTCHD4
(SEQ ID NGO.14), 15) PDLIM3 (SEQ 1D NO.15), 16y ONNI (SEQ ID NO.16), 17
NIPSNAP3B (SEQ ID NO..17), I8) PAQRT (SEQ ID NOG.18), 19 ACTG2 (SEQ ID
NO19y, 20) NA (SEQ ID NO.:20), 21y TIMP2Z (SEQ 1D NO.:21), 22) DES (SEQ ID
NO.:22y, 23 HMON2, 24y ADAMTSLEL, 253 CI¥79B, 26) KEL, 27y KEHL14, 28y MPP2,
29y NMNATZ, 30y PLXDCI, 31y CAPNY, 32) TALDOIL, 33) PLK4, 34) IGHV3-72, 35)
IGKV1-9, and 36) CNTN4. In particular aspects, the classifier may contain 1, 2, 3,4, 5,6, 7,
8, or more additional genes. In other aspects, the classifier may omit 1,2, 3,4, 5,6, 7. 8, or

maore, of these genes, while optionally mcluding other genes.

{66391] In some embodiments, the present invention provides a method and/or system for
differentiating UIP from non-UIP using a classifier that comprises or consists of all of the
following sequences: 1) HLA-F (SEQ ID NG..1), 2) CDKL2 (8EQ 1D NO.:2), 3y GPRYS
(SEQ 1D NG.:3), 4) PRKCQ (SEQ ID NO.:4), 5) HLA-G (SEQ ID NG.:5), 6) PFKFB3 (SEQ
D NO.:6), 7) CEACAMI (SEQ ID NO..7), 8) RABGAPIL (SEQ 1D NO.R), 9) CD274
{SEQ ID NO.:9), 10) PRUNEZ (SEQ 1D NO.:10), 11} ARAPZ (SEQ ID NQO.:11), 12) DZIP
(SEQ 1D NO.12), 13y MXRA7 (SEQ 1D NO.:13), 14y PTCHD4 (SEQ ID NO.:14), 15)
PDLIM3 (SEQ ID NO.15), 16) ONNI (SEQ ID NO.:16), 17) NIPSNAP3IB (SEQ 1D
NO 1Ty, 18) PAQRT (SEQ ID NO.18), 19 ACTG2 (SEQ 1D NO.:19), 20) NA (SEQ ID
NO.20), 21y TIMPZ (SEQ H NO.21), 22) DES (SEQ 1D NG.222), 23y HMONZ, 24)
ADAMTSLL, 25) CD79B, 26) KEL, 27) KLHL14, 28y MPP2, 29) NMNATZ, 30) PLXDCH,
31y CAPNG, 32) TALDOI1, 33) PLK4, 34) IGHV3-72, 35) IGKV1-9, and 36) CNTN4. In
particular aspects, the classifier may contain 1, 2, 3, 4, 5, 6, 7, &, or more additional genes. In
other aspects, the classifier may ot 1, 2, 3, 4, 5, 6, 7, 8, or more, of these genes, while
optionally including other genes. In some embodiments, the present invention provides a
method and/or system for differentiating UIP from noun-UIP using a clagsifier described
herein, wherein the method further comprises implementing a classifier that classifies the
subject as a smoker or non-smoker. Such a smeker status classification can optionally be
implemented prior to implementing a UIP vs. Non-UIP classifier, or a smoker status
classification step can be built in as a covariate used during the training {c.g., using a

classifier training module) of a UIP vs. Non~-UIP classificr of the present inveution.

{80921 In some embodiments, alternatively, or additionally, the method of and/or system for
differentiating UIP from non-UIP using a classifier described herein further comprises a step

of excluding or assigning differcutial weight to certain genes or vanants thereof that are
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susceptible to smoker-status bias during the training {c.g., using a classifier training module)
or iraplementation of the UIP vs. Non-UIP classifier. As used herein, “smoker status biag”
refers to genes or variants thercof, which in non-smoker patients are differentially expressed
in UIP vs. non-UIP patients, but which are not detectably differentially expressed in UIP vs.

non-UIP paticnts that are {or have been) smokers.

{66393] In some embodiments, the method of and/or system for the present invention
comprises a ticred classifier comprising at least a first and a second classifier, wherein the
first classifier is trained (c.g., using a classifier training module) to recognize gene signatures
that distinguish smokers from non-smuokers, and a second classifier 18 trained {c.g., using a
classifier training module) to distinguish UIP vs. Non UIP in smokers or noun-smokers,

respectively.

{#394] In some embodiments, the method and/or systems of the present invention comprises:
extracting nucleic acids {(e.g., RNA, such as, ¢.g., total RNA) from a test sample {¢.g.
lung tissue);
araplifying the nucleic acid to produce an expressed nucleic acid library {e.g., via
polymerase chain reaction-mediated amplification of c¢DNAs (optionally labeled
cDNAs), which ¢DNAs may be produced from one or roore RNA sample by reverse
transcription (RT-PCR));
detecting expression of one or roore nucleie acid present in the nucleic acid bibrary
{c.g., detecting RNA expression profiles by measuring cEBBNA species produced via
RT-PCR} via an array {(e.g., @ microarray) or via direct sequencing {(¢.g., RNAseq);
and
determining whether the test sample s UIP or non-UlP using a trained classifier

described herein.

[6095] In sowe embodiments, the wethod and/or system of the present 1ovention further
comprises incorporating smoker status inte the training cxercise. In certain embodiments,
smoker status is optionally incorporated in one of the following ways:

(i) by using smoking status as a covariate in a UIP or Non-UIP classifier during training {c.g.,
using a classifier training module).

{ii) by identifying a plurality of genes that are susceptible to smoker-status bias and
excluding, or optionally weighing such genes differcutly than genes that are not susceptible to

such bias, during UIP or Non-UIP classifier training (e.g., using a classifier training module).

26



WO 2016/073768 PCT/US2015/059309

{iii) by constructing a ticred classification in which an initial classifier that is trained (e.g.,
using a classifier training roodule) to recognize gene signatures that distinguish smokers from
non-smokers 18 used to pre-classify a test sample as “smoker” or “non-smoker” based upon
the gene signature of the test sample; and then, subsequent to pre-classification, a distinct
classifier that was trained {¢.g., using a classifier training module) to distinguish UIP vs. Non
UIP in ecither smokers or non-smokers is impleraented.  For exaraple, if the pre-classifier
determines that the test sample is from a smoker, a UIP vs. Non-UlP classification is
pertormed using a classifier trained {(c.g., using a classifier training meodule) with UIP and
Non-UIP samples from smokers. Conversely, if the pre-classifier determines that the test
sample is from a non-smoker, a UIP vs. Non-UIP classification is performed using a classifier
trained (¢.g., using a classifier training module) with UIP and Non-UIP saroples from non-
smokers. In some cmbodiments, such smoker- or non-smoker-specific classifiers provide
improved diagnostic performance due, at least in part, to a reduction in background noise

caused by the inclusion of genes susceptible to smoker-status bias in the classifier training.

{#096] Accordingly, the present invention also provides suitable classifiers for use in
racthods of differentiating UIP from non-UIP, as disclosed herein. In various embodiments,
the present invention provides a classifier suitable for differentiating UIP from son-UIP,
wherein the classifier is trained (e.g., using a classifier training module} using microarray or
sequencing data from a sample corresponding to one or more histopathology label determined

by an expert pathologist. In some embodiments, the sample is labelied UIP or Non-UlP.

(#0397} In some cmbodiments, the present invention presents a classifier comprising or
cousisting of one or more sequences or fragments thereof presented tn any of Tables 5, 7, K,
9, 10, 11, or 12, or at lcast onc sequence or fragment thereof from ecach of Tables 5, 7, 8, 9,
10, 11, or 12, In some embodiments, the present invention provides a classificr comprising or
consisting of at least 1, 2,3, 4, 5,6, 7, 8, 9, 10 or more of the sequences provided in any one
or more or all of Tables 5,7, 8, 9, 18, 11 and 12. For cxample, in some embodiments, the
present invention provides a classifier comprising or consisting of at least 11, 12, 13, 14, 15,
20, 30, 50, 100, 150, 200, 250, 300, or more scquences provided in any one or more or all of
Tables 5, 7, 8, 9, 10, 11, or 12, inchuding all integers (e.g., 16, 17, 18, 19, 21, 22, 23, 24, 25
sequences, cte.) and ranges {¢.g., from about 1-10 sequences from any one or more or all of
Tables 5, 7, 8, 9, 10, 11, or 12, from about 10-15 sequences, 10-20 sequences, 3-30
sequences, 5-50 sequences, 10-100 sequences, 58- 200 scquences from any one or more or all

of Tables 5, 7, 8, 9, 10, 11, or 12, cic.) between., In one embodiment, the present invention
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provides a classifier that comprises or consists of all sequences provided in Table 5, all
sequences provided in Table 7, all sequences provided in Table 8, ali sequences provided
Table @, all sequences provided in table 10, all sequences provided in Table 11, or all
sequences provided in Table 12, In onc cmbodiment, the present invention provides a
classifier that comprises or consists of all sequences provided in each of Tables 5, 7, 8, 9, 10,

11, 0r 12,

{3098] In sorme particular embodiments, the present invention provides a classifier for
differentiating UIP from non-UIP, wherein the classifier comprises or consists of one or more
of the following scquences or fragments thereoft 1y HLA-F (SEQ 1D NO.: 1}, 2) CDKL2
{SEQ 1D NG.:2Z), 3) GPROS (SEQ 1D NO.:3), 4) PRECQ (SEQ 1D NO.4), 5) HLA-G (SEQ
{2 NQO.:5), 6) PFKFB3 (SEQ 1D NO.:6), 7y CEACAMIL (SEQ ID NO..7), 8) RABGAPIL
(SEQ ID NO.:B), 9 CD274 (SEQ 1D NO.9), 10) PRUNE2 (SEQ 1D NO.:10y, 11 ARAP2
(SEQ ID NO.1L, 12) DZIPL (SEQ 1D NO.:12), 13) MXRA7 (SEQ ID NO.:13), 14)
PTCHD4 (SEQ 1D NGO 14), 15) PDLIM3 (SEQ 1D NO.15), 16) CNNI (SEQ 1D NO.:16),
173 NIPSNAP3B (SEQ 1D NO.:17), 18) PAQR7 (SEQ 1D NGO 18), 19) ACTG2 (SEQ 1D
NO.:19), 20) NA (SEQ 1D NGO.20), 21) TIMP2 (SEQ 1D NO.:21), and 22) DES (SEQ ID
N(L:22). In one embodiment, the classifier comprises or consists of all 22 of the above
mentioned sequences. In some embodiments, the present invention provides a classifier for
differentiating UIP from non-UIP, wherein the classifier comprises or consisis of 2; 30 4; 5: 6;
78,9 10; 115 120 13; 145 15; 16; 17; 18; 19; 20; or 21 of the abovementioned 22 sequences.
In particular aspects, the classifier contains 1, 2, 3, 4, 5, 6, 7, 8, or more additional genes or
fragments thercof. In other aspects, the classifier omits 1, 2, 3, 4, 5, 6, 7, 8, or more, of the
abovementioned 22 sequences, while optionally meluding other genes. In other aspects, cach
of the 22 genes may be used in combination with any 1 or more, up to 20 more, of the other

genes.
Tissue samples

186991 A lung tissue sarmaple for use in a subject analytical or diagnostic method can be a
biopsy sample {(¢.g., a biopsy sample obtained by video-assisted thoracoscopic surgery;
VATS), a bronchoalveolar lavage (BAL) sample; a transbronchial biopsy: a cryoe-
transbronchial biopsy; and the like” Lung tissue samples for analysis can be provided in a

suitable preservation solution.
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{(G160] Tissue samples can be obtained from a patient suspected of having a lung
disease, e.g., an ILD, based ou clinical sigos and syroptoms with which the patient presents
{e.g., shortness of breath (generally aggravated by exertion), dry cough}, and, optionally the
results of one or more of an imaging test {¢.g., chest X-ray, computerized tomography (CT)),
a pulmonary function test {e.g.. spirometry, oximetry, exercise stress test), lung tissue
analysis {c.g., histological and/or cytological analysis of samaples obtained by bronchoscopy,

bronchealvesiar lavage, surgical biopsy) .

100161} The lung tissue sample can be processed in any of a variety of ways. For
exaraple, the fung tissue sample can be subjected to cell lysis. The lung tissuc saraple can be
preserved in RNAprotect solution (a solution that inhibits RNA degradation, e.g., that inhibits
nucicase digestion of RNA) and subscquently subjected to cell lysis. Components such as
nucleic acids and/or proteins can be curiched or isolated from the lung tissue sample, and the
enriched or isolated component can be used in a subject method. Methods of enriching for
and isolating components such nucleic acids and proteins are konown in the art; and any
known method can be used. Methods of isolating RNA for expression analysis have been

described in the art.
n vitro methods of determining expression product fevels

{00102] Additional approaches to assess expression of the panel further demonstrated
the genomic signal observed in UIP vs. non-UIP classification is robust across diverse
biochermical assays and detection methods, Specifically we generated RNASeq data for a
subset of the cohort and evaluated performance under CV. Performance comparisons with
matched array data demonstrated that classification using RNASeq data achicves similar

performance to data generated from the microarray platform.

100163} The general methods for determining gene expression product levels are
known to the art and may include but are not limited to one or more of the following:
additional cytological assays, assays for specific proteins or enzyme activitics, assays for
specific expression products inchiding protein or RNA or specific RNA splice variants, in
situ hybridization, whole or partial genome expression analysis, microarray hybridization
assays, serial analysis of gene cxpression (SAGE), enzyme linked immunocabsorbance assays,
mass-spectrometry, imrmunchistocheristry, blotting, sequencing, RNA sequencing, DNA
sequencing (€.g., sequencing of ¢BNA obtained from RNA); Next-Gen sequencing, nanopore
sequencing, pyrosequencing, or Nanostring scquencing. For cxample, gene expression
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product levels can be determined according to the methods deseribed in Kim, et.al. (Lancet
Respir Med. 2015 Jun;3(6):473-82, incorporated herein in us entirety, wmcluding all
supplements). As used herein, the terms “assaying” or “detecting” or “determining” are used
interchangeably in reference to determining gene expression product levels, and in cach case,
it is conteraplated that the above-mentioned methods of determining gene expression product
icvels are suitable for detecting or assaying gene expression product levels. Gene expression
product levels may be normalized to an internal standard such as total mRNA or the
expression level of a particular gene including but not limited to glyceraldehyde 3 phosphate

dehydrogenase, or tubulin.

{66104] In various embodiments, a sample comprises cells harvested from a tissue
sample {e.g., a lung tissue sample such as a TBB sample). Celis can be harvested from a
sample using standard techniques known in the art or disclosed herein. For exarople, in one
embodiment, cells are harvested by centrifuging a cell sample and resuspending the pelicted
cells. The cells can be resuspended in a buffered solution such as phosphate-buffered sahne
{PBS). After centrifuging the cell suspension to obtain a cell pellet, the cells can be lysed to
extract nucleic acid, e.g, messenger RNA. All samples obtained from a subject, including
those subjected to any sort of further processing, are considered to be obtained from the

subject.

[B0105] The sample, in one embodiment, is further processed before detection of the
gene expression products is performed as described herein. For example, mRNA i a ceil or
tissue sample can be separated from other components of the sample. The sample can be
concentrated and/or purified fo isolate voRNA 1o ifs nop-vatural state, as the mRNA is not in
its natural environment. For example, studics have indicated that the higher order structure of
MRNA in vive differs from the in vitro siructure of the same sequence {see, e.g., Rouskin et

al. (2014). Natare 505, pp. 701-703, incorporated herein in its entirety for all purposes).

{60106] mRNA from the sample in one embodiment, is hybridized to a synthetic DNA
probe, which in sorne embodiments, includes a detection moiety {e.g., detectable label,
capture sequence, barcode reporting sequence). Accordingly, in these embodiments, a non-
natural mRNA-cDNA complex is ultimnately made and used for detection of the gene
expression product. In another embodiment, mRNA from the sample is directly labeled with
a detectable label, e.g., a fluorophore. In a further crmbodiment, the non-natural labeled-

mRNA moelecuie is hybridized to a ¢cDINA probe and the complex is detected.
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{68107) in one cmbodiment, once the mRNA is obtained from a sample, it is converted
to complementary DNA (e¢DNA)Y in a hybndization reaction or 1s used wn a hybridization
reaction together with one or more ¢cDNA probes. cDNA does not exist in vive and therefore
is a non-natural molecule. Furthermore, ¢DNA-mRNA hybrids are synthetic and do not exist
in vivo. Besides ¢DNA not existing iz vivo, cDNA s necessarily different than mRNA, as it
mcludes deoxyribonucleic acid and not niborweleie acid. The ¢DNA 1s then amplified, for
example, by the polymerase chain reaction (PCR) or other amplification method known to
those of ordinary skill in the art. For example, other amplification methods that may be
employed include the hgase chawn veaction (LCR)Y (Wu and Wallace, Genomics, 4:560
{1989}, Landegren er af., Science, 241:1077 {1988}, incorporated by reference in its entirety
for all purposes, franscription amplification (Kwoh ef al., Proc. Natl. Acad. Sci. USA,
86:1173 (1989}, incorporated by reference in its entirety for all purposes), self-sustained
sequence replication (Guatellt e al., Proc. Nat. Acad. Sci. US4, 87:1874 {1990}, mcorporated
by reference in its entirety for all purposes), incorporated by reference in its entirety for all
purposes, and nucleic acid based sequence amplification (NASBA). Guidelines for selecting
primers for PCR amplification are known to those of ordinary skill in the art. See, e.g.,
McPherson et al., PCR Basics: From Background to Bench, Springer-Verlag, 2000,
incorporated by reference n s entirety for all purposes. The product of this aroplification
reaction, f.e., amplificd ¢cDNA is also necessarily a non-natural product. First, as mentioned
above, ¢cDNA 1s a non-natural molecule. Second, in the case of PCR, the amplification
process serves to create hundreds of millions of ¢DNA copies for every individual ¢cDNA
molecule of starting matenial. The vumber of copies generated are far removed from the

rumber of copics of mRNA that are present in vive.

[GG108] in onc embodiment, cDNA is amplified with primers that introduce an
additional DNA scquence {e.g., adapter, reporter, capture sequonce or moicty, barcode) onto
the fragments {e.g., with the use of adapter-specific primers), or mRNA or ¢cBNA gene
expression product sequences are hybridized directly to a ¢DNA probe comprising the
additional sequence {c.g., adapter, reporter, capture sequence or moiety, barcode).
Amplification and/or hybridization of mRNA to a ¢cDNA probe therefore serves to create
non-natural double stranded molecules from the non-natural single stranded ¢DBNA, or the
mRNA, by introducing additional sequences and forming non-natural hybrids. Further, as
konown to those of ordinary skill w the art, amplification procedures bave crror raies

associated with them. Therefore, amplification introduces further modifications mto the
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cDNA molecules. In one embodiment, during amplification with the adapter-specific primers,
a detectable label, eg, a Hluorophore, is added to single strand ¢DNA molecules.
Amplification therefore also serves to create DNA complexes that do not occur in nature, at
icast because (1) cDNA docs not exist in vive, (1) adapter sequences are added to the ends of
cDNA molecules to make DNA sequences that do not exist in vive, (1) the error rate
associated with amplification further creates DNA sequences that do not exist i vivo, (1i1) the
disparate structure of the cBNA molecules as compared to what exists in nature and {iv) the

chemical addition of g detectable label to the ¢DNA molecules.

$8149 In some embodiments, the expression of a gene expression product of interest
3 X K

is detected at the nucleic acid level via detection of non-natural cDNA molecules.

{G6110] The gene expression products described heretn include RNA comprising the
entire or partial sequence of any of the nucleic acid sequences of interest, or their non-natural
cDBNA product, obtained synthetically in vitro 1o a reverse transcription reaction. The term
“fragment” 15 intended to refer to a portion of the polynucleotide that generally comprise at
least 10, 15, 20, 58, 75, 100, 150, 2006, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 804,
900, 1,000, 1,200, or 1,500 contiguous nucleotides, or up to the number of nucleotides
present in a fulllength gene expression product polynucleotide disclosed herein. A fragment
of a gene expression product polynucieotide will generally encode at least 15, 25, 36, 50, 100,
150, 200, or 250 contiguous amino acids, or up to the total number of amine acids present in

a full-length gene expression product protein of the invention.

LG ERY In certain embodiments, a gene expression profile may be obtained by whole
transcriptome  shotgun  sequencing  ("WTSS" or "RNAseq™; see, ¢.g., Ryan et al
BioTechniques 45: 81~ 94), which makes the use of high-throughput sequencing technologies
to sequence cDNA in order to about information about a sample’s RNA content. In general
terros, CDNA 18 made from RNA, the ¢cDNA is amplified, and the amplification products are

sequenced.

{60112] After amplification, the ¢DNA may be sequenced using any convenient
rocthod. For example, the fragments roay be sequenced using Hlumina's reversible terminator
method, Roche's pyrosequencing method (454), Life Technologies' sequencing by ligation
{the SOLAD platform) or Lifc Technologies' fon Torrent platform. Examples of such methods
arc described in the following references: Margulies ot al (Nature 2005 437 376-R80)

Ronaghi ot al (Analytical Biochenustry 1996 242: 84-9); Shendure (Scicnce 2005 309 1728);
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{melfort et al (Brief Bioinform. 2009 10:609-18); Fox et al (Methods Mol Biel. 2009,553:79-
10R); Appleby et al (Methods Mol Biol. 2009;513: 19-39) and Morozova (Genoroies, 2008
92:255-64), which are incorporated by reference for the general descriptions of the methods
and the particular steps of the methods, including all starting products, reagents, and final
products for cach of the steps. As would be apparent, forward and reverse sequencing primer
sttes that compatible with a selected next gencration sequencing platform can be added to the

ends of the fragments during the amplification step.

{B0113] in other embodiments, the products may be sequenced using nanopore
sequencing {¢.g. as described in Soni ¢t al Chin Chem 53: 1996-2001 2007, or as described by
Oxford Nanopore Technologies). Nanopore sequencing is a single-molecule sequencing
technology whereby a single molecule of DNA is sequenced directly as it passes through a
nanopore. A navopore 18 a small hole, of the order of 1 navometer in diameter, Iromersion of
a nanopore in a conducting fluid and application of a potential (voitage) across it results in a
shight electrical current due to conduction of jons through the nanopore. The amount of
current which flows is sensitive to the size and shape of the nanopore. As a DNA melecule
passes through a nanopore, cach nucleotide on the DNA molecule obstructs the nanopore to a
different degree, changing the magnitude of the current through the nanopore in different
degrees. Thus, this change m the current as the DNA molecule passes through the nanopore
represents a reading of the DNA sequence. Nanopore sequencing technology as disclosed in
U.8. Pat. Nos. 5,795,782, 6,015,714, 6,627,067, 7,238,485 and 7,258,838 and U.S. patent
application publications US2006003171 and US20090029477.

16114 In some embodivoents, the gene expression product of the subject methods s
a protein, and the amount of protein in a particular biological sample is analyzed using a
classifier devived from protein data obtained from cohorts of samples. The arsount of protein
can be determined by one or more of the followmmg: enzyme-linked immunosorbent assay

(ELISA), mass spectrometry, blotting, or immunohistochomistry.

{00115] In some embodiments, gene expression product warkers and alternative
splicing markers may be determined by microarray analysis using, for example, Affymetrix
arravs, ¢DNA microarrays, oligonucleotide microarrays, spotted microarrays, or other
microarray products from Biorad, Agilent, or Hppendorf. Microarrays provide particular
advantages because they may contain a large nurmaber of genes or alternative splice variants

that may be assayed in a single experiment. In some cases, the microarray device may contain
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the entire human genome or transcriptomic or a substantial fraction thereof allowing a
comprehensive cvaluation of gene expression patterns, genomic sequence, or alternative
splicing. Markers may be found using standard molecular biology and microarray analysis
techniques as described in Sarnbrook Molecular Cloning a Laboratory Manual 2001 and

Baldi, P, and Hatfield, W. G, DNA Microarrays and Gene Expression 2002,

{401 16] Microarray analysis geunerally begins with extracting and purifving nucletc
acid from a biological sample, {c.g. a biopsy or fine needle aspirate) using methods known to
the art. For expression and alternative splicing analysis it may be advantageous to extract
and/or purify RNA fromm DNA. It may further be advantageous to extract and/or purnfy

niRNA from other forms of RNA such as iRNA and rRNA.

LEH SN Purified nucleic acid may further be labeled with a fluorescent label,
radionuclide, or chemical label such as biotin, digoxigenin, or digoxin for example by reverse
transcription, polymerase chain reaction (PCR), ligation, chenucal reaction or other
techniques. The labeling can be direct or indirect which may further require a coupling stage.
The coupling stage can occur before hybridization, for example, using aminoallyl-UTP and
WNHS amino-reactive dyes {itke cyanine dyes) or after, for example, using biotin and labelled
streptavidin. In one exaraple, modified nucleotides {(e.g. at a 1 aalUTP: 4 TTP ratio} arc added
enzymatically at a lower rate compared to normal nucleotides, typically resulting in 1 every
60 bases (measured with a spectrophotometer). The aaDNA may then be purified with, for
example, a column or a diafiltration device. The aminoallyl group is an amine group on a
iong linker attached to the nucleobase, which reacts with a reactive label {e.g. a fluorescent

dye).

{00118} The labeled samples may then be mixed with a hybridization sehution which
may contain sodium dodecy! sulfate (SDS), 8SC, dextran sulfate, a blocking agent (such as
COTT DNA, salmon sperm DNA, calf thyrmus DNA, PolyA or PolyT), Denhardt's solution,

formamine, or a combination thereof.

{60119} A hybridization probe is a fragment of DNA or RNA of variable length, which
is used to detect i DNA or RNA samples the presence of nucleotide sequences (the DNA
target) that are complementary to the sequence in the probe. The probe thereby hybridizes to
single-stranded nucleic acid (DNA or RNA) whose base sequence allows probe-target base

vairing due to complementarity between the probe and target. The labeled probe is {irst
f g { ¥ p g {
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denatured {by heating or under alkaline conditions) into single DNA strands and then

hybridized to the target DNA.

16126] To detect hybridization of the probe fo its target sequence, the probe is tagged
{or labeled) with a molecular marker; commonly used markers are 32P or Digoxigenin, which
is vonradivactive autibody-based marker. DNA sequences or RNA transcripts that have
maoderate to high sequence complementarity {(e.g. at least 70%, 80%, 90%, 95%, 96%, 97%,
8%, 99%, or more corplementarity) to the probe are then detected by visushzing the
hybridized probe via autoradiography or other imaging technigues. Detection of sequences
with moderate or high complementarity depends on how stringent the hybridization
conditions were applied; high stringency, such as high hybridization temperature and low salt
in hybridization buffers, permits only hybridization between nucleic acid sequences that are
highly similar, whereas low stringency, such as lower teraperature and high salt, allows
hybridization when the sequences are less simular. Hybridization probes used in DNA
microarrays refer to DNA covalently attached to an imert surface, such as coated glass slides

or gene chips, and to which a mobile cDNA target is hybridized.

{60121} A mix comprising target nucleic acid to be hybridized to probes on an array
rnay be denatured by heat or chemical means and added to g port in a microarray. The holes
may then be sealed and the microarray hybridized, for example, in a hybridization oven,
where the microarray is mixed by rotation, or in a mixer. After an overnight hybridization,
noun-specific binding may be washed off {c.g. with SDS and SSC). The microarray may then
be dried and scanned in a machine comprising a laser that cxcttes the dye and a detector that
measures emission by the dye. The image may be overlaid with a tersplate grid and the

intensitics of the features (¢.g. a feature comprising several pixels) may be quantified.

166122] Vartous kits can be used for the amplification of nucleic acid and probe
generation of the subject methods. Examples of kit that can be used in the present wnvention
include but are not limited to Nugen WT-Ovation FFPE kit, ¢cDNA amplification kit with
Nugen Exon Module and Frag/Label module. The NoGEN WT-Ovation™. FFPE System V2
is a whole transcriptome amplification system that enables conducting global gene expression
analysis on the vast archives of small and degraded RNA derived from FFPE samples. The
systers is comprised of reagents and a protocol required for amplification of as little as 50 ng
of total FFPE RNA. The protocol can be used for gPCR, sample archiving, fragmentation,

and labeling. The amplified cDNA can be fragmented and labeled in less than two hours for
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GeneChip™. 37 expression array analysis using NuGEN's FL-Ovation™. ¢cDNA Biotin
Module V2. For analysis using Affymetrix GeneChip™. Exon and Gene ST arrays, the
amplified ¢cDNA can be used with the WT- Ovation Exon Module, then fragmented and
iabeled using the FL-Ovation™. ¢cDNA Biotin Module V2. For analysis on Agilent arrays,
the amplified ¢cBNA can be fragmented and labeled using NuGEN's FL- Ovation™ ¢cDNA

Fiuorescent Module.

{68123 In some erabodiments, Ambion WT -expression kit can be used. Ambion WT-
expression kit allows amplification of total RNA directly without a separate ribosomal RNA
(rRNA) depletion step. With the Ambion™ WT Expression Kit, saraples as small as 50 ng of
total RNA can be analyzed on Affymetrix™., GeneChip™ Human, Mouse, and Rat Exon and
Gene 1.0 ST Arrays. In addition to the lower input RNA requirement and high concordance
between the Affymetrix™ method and TagMan™ real-tume PCR data, the Ambion™. WT
Expression Kit provides a significant increase in sensitivity. For example, a greater number
of probe sets detected above background can be obtaimed at the exoun level with the
Ambion™. WT Expression Kit as a result of an increased signal-to-noise ratio. Ambion™-
expression kit may be used in combination with additional Affymetrix labeling kit. In some
embodiments, AmpTec Trinucleotide Nano mRNA Amplification kit (6299-A15) can be
used 11 the subject methods. The ExpressArt™ TRinucleotide mRNA amplification Nano kit
is suitable for a wide range, from 1 ug to 700 ng of input total RNA. According to the amount
of input total RNA and the required yields of aRNA, it can be used for 1-round {input >300
ng total RNA) or 2-rounds (roinimal input armount 1 ng total RNA), with aRNA yields in the
range of >10 pg. AmpTec's proprictary TRinucleotide priming technology results in
preferential amplification of wRNAs (judepeundent of the universal cukaryotic 3-poly(A)-
sequence), combined with selection against rRNAs. More information on AmpTec
Trinucleotide Nano mRNA  Amplification kit can  be obtained at  www.amp-
tec.comy/products htm. This kit can be used tn combination with ¢BNA conversion kit and

Affymetrix labeling kit.

[60124] The raw data may then be normalized, for example, by subtracting the
background intensity and then dividing the intensities making either the total intensity of the
features on cach chamnel equal or the mtensities of g refercnce gene and then the t-value for
all the intensitics may be calculated. More sophisticated methods, inchade z-ratio, loess and

lowess regression and RMA (robust multichip analysis}, such as for Affymetrix chips.
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{03125] In some cmbodiments, the above described methods may be used for
determining transcript expression levels for trawning {e.g., using a classifier traivung module)
a classifier to differentiatc whether a subject is a smoker or non-smoker. In some
embodiments, the above described methods may be used for determining transcript
expression levels for training {e.g., using a classtfier training module) a classifier to

differentiate whether a subject has UIP or non-UlP.
DATA ANALYSIES
(1) Comparison of Sample to Normal

[60126] In some embodiments, results of molecular profiling performed on a sample
from a subject {“test sample”) may be compared to a biological sample that is known or
suspected to be normal (“normal sample™). In some cmbodiments, a norrual sample 18 2
sample that does not comprise or is expected to not comprise an LD, or conditions under
evaluation, or would test negative in the molecular profiling assay for the one or more ILDs
under evaluation. In some embodiments, a normal sample is that which is or is expected to be
free of any ILD, or a sample that would test negative for any LD in the molecular profiling
assay. The normal sample may be from a different subject from the subject being tested, or
from the same subject. In some cases, the normal sample is a lung tissue sampic obtained
from a subject such as the subject being tested for example. The normal sample may be
assayed at the same time, or at a different time from the test samiple. In some embodiments, a
normal sample 18 a sample that 1s known or suspected to be frorn g non-smoker. In particular
embodiments, the normal sample is a sample that bas been confirmed by at least two expert
pathologists to be Non-UlIP. In particular cmbodiments, the normal sample is a sample that

has been confirmed by at Jeast two expert pathologists to be Non-IPF.

{00127} The results of an assay on the test sample may be compared to the results of
the same assay on a sample having a known disease state {¢.g., normal, affected by a selected
ILD (e.g., IPF, NSIP, ctc.), smooker, non-smoker). In some cases the results of the assay on
the normal sample are from a database, or a reference. In some cases, the results of the assay
on the normal sample are a known or generally accepted value or range of values by those
skilled in the art. In some cases the comparison is qualitative. In other cases the comparison is
quantitative. In some cases, qualitative or quantitative comparisons may involve but are not
limpited to one or more of the following: comparing fluorescence values, spot intensities,

absorbance values, chemiluminescent signals, histograms, critical threshold values, statistical
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significance values, gene product expression levels, gene product expression level changes,
aliernative cxou usage, changes 1o alternative exon usage, protein levels, DNA
polymorphisms, copy number variations, indications of the presence or absence of one or

more DNA ruarkers or regions, or nucleic acid sequences.
(11} Evaluation of Results

[60128] fn some embodiments, the molecular profiling results are evaloated using
methods known to the art for correlating gene product expression levels or alternative cxon
usage with specific phenotypes such as a particular ILD, or normalcy {(c.g. discase or
condition free). In some cases, a specified statistical confidence level may be determined in
order to provide a diagnostic confidence level. For cxample, it may be determined that a
confidence level of greater than 90% may be a useful predictor of the presence of an 1LD or
of a smoker or non-smoker status. In other embodiments, more or less stringent confidence
levels may be chosen. For exaraple, a confidence level of about or at least about 50%, 60%,
T0%, 75%, 80%, 85%, 90%, 95%, 97.5%, 99%, 99.5%, or 99.9% may be chosen as a useful
phenotypic predictor. The confidence level provided may 1n some cases be related to the
quality of the sample, the quality of the data, the guality of the analysis, the specific methods
used, and/or the number of gene expression products analyzed. The specified confidence
level for providing a diagnosis may be chosen on the basis of the expected number of false
positives or false negatives and/or cost. Mcthods for choosing parameters for achieving a
specified confidence level or for identifying markers with diagnostic power include but are
not limited to Receiver Operating Characteristic (ROC) curve analysis, binormal ROC,
principal componeunt analysis, partial least squares analysis, singular value decomposition,
least absolute shrinkage and sclection operator analysis, least angle regression, and the

threshold gradient directed regularization method.
(111) Data analysis

[60129] Raw gene expression level and alternative sphicing data may in some cases be
improved through the application of methods and/or processes designed to normalize and or
improve the reliability of the data. In some embodiments of the present disclosure the data
analysis requires a computer or other device, machine or apparatus for application of the
various methods and/or processes described herein due to the large number of individual data
points that are processed. A "machine learning classifier” refers to a computational- based

prediction data structure or rocthod, employed for characterizing a gene cxpression profile.
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The signals comresponding to certain cxpression levels, which are obtamned by, e.g.,
roicroarray-based hybridization assays, are typically subjected to the classifier to classify the
expression profile. Supervised learning generally involves "training” a classifier to recognize
the distinctions among classes and then "testing” the accuracy of the classifier on an
independent test set. For new, unknown samples the classifier can be used to predict the class
in which the samples belong. In various embodiments, such training is be achieved, e.g.,

using a classifier training module.

{86136 In some cases, the robust multi-array average (RMA) method may be used to
normalize raw data. The RMA racthod begins by computing background-corrected intensities
for each matched cell on a number of microarrays. The background corrected values are
restricted to positive values as described by Irizarry et al. Biostatistics 2003 April 4 (2): 249-
64. After background correction, the base-2 logarithmy of ecach background corrected
matched-cell intensity is then obtained. The back-ground corrected, log-transformed, matched
intensity on each microarray is then vormalized using the quantile normalization method in
which for cach input array and cach probe expression value, the array percentile probe vahue
is replaced with the average of all array percentile points, this method is more completely
described by Bolstad ot al. Bioinformatics 2003. Following quantile normalization, the
normalized data may then be fit to a Hncar model to obtain an expression measure for cach
probe on each microarray. Tukey's median polish algorithm (Tukey, J. W, Exploratory Data
Analysis. 1977 may then be used to determine the log-scale expression level for the

normalized probe set data.

186131} Vartous other software and/or hardware modules or processes may be
implemented. In certain methods, feature selection and model estimation may be performed
by logistic regression with lasso pevalty using glmner (Fricdman J, Hastie T, Tibshivant R.
Regularization Paths for Generalized Lincar Meodels via Coordinate Descent. Jouwrnal of
statistical software 2010; 33(1): 1-22). Raw reads may be aligned using TopHat (Trapnell C,
Pachter L., Salzberg SL. TopHat: discovering splice junctions with RNA-Seq. Sivinformatics
2009; 25(9): 1105-11.). Gene counts may be obtained using HTSeq {(Anders S, Pyl PT, Huber
W. HTSeqg-a Python framework to work with high-throughput sequencing  data.
Bicinformatics 2014.) and normalized using DESeq (Love MI, Huber W, Anders S
Moderated estimation of fold change and dispersion for RNA-Seq data with DESeq?2; 2014).
in methods, top features (N ranging from 10 to 200) were used to train a lincar support vector

machive (SVM) (Suykeus JAK, Vandewalle J. Least Squares Support Vector Machmne
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Classifiers. Newral Processing Letters 1999; 8(3): 293-300) using the /077 library (Meyer
. Support vector machives: the juterface to libsvm o package ¢1071. 2014.). Confidence
intervals may be computed using the pROC package (Robin X, Turck N, Hainard A, ot al.
pROC: an open-source package for R and S+ to analyze and compare ROC curves. BMWC

bioinformatics 2011; 12: 77}

{66132] In addition, data may be filtered to remove data that may be considered
suspect. In some embodiments, data deriving frora microarray probes that have fower than
about 4, 5, 6, 7 or 8 guanosineteytosing nucleotides may be considered to be unreliable due
to their aberrant hybridization propensity or secondary structure issucs. Stmilarly, data
deriving from microarray probes that have more than about 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, or 22 guanosinetcytosine nucleotides may be considered unreliabie due to their aberrant

hybridization propensity or secondary structure 1ssues.

186133] In some cases, unreliable probe sets way be selected for exclusion from data
analysis by ranking probe-set reliability against a series of reference datasets. For example,
RefSeq or Ensembl (EMBL) are considered very high quality reference datasets, Data from
probe sets matching RefSeq or Ensembl sequences may in some cases be specifically
mcluded in microarray analysis experiments due to their expected high reliability. Strotlarly
data from probe-sets matching less reliable reference datasets may be excluded from further
analysis, or considered on 4 case by casc basis for inclusion. In soroe cases, the Enserabl high
throughput ¢cDNA (HTC) and/or mRNA reference datasets may be used to determine the
probe-sct reliability separately or together. In other cases, probe-set reliability may be ranked.
For example, probes and/or probe-sets that waich perfectly to all veference datasets such as
for exampie RefSeq, HTC, HTSeq, and mRNA, may be ranked as most reliable (1)
Furthermore, probes and/or probe-sets that match two out of three reference datasets way be
ranked as next most reliable (2), probes and/or probe- sets that match one out of three
reference datasets may be ranked next (3) and probes and/or probe scis that match no
reference datasets may be ranked last (4). Probes and or probe-sets may then be included or
excluded from analysis based on their ranking. For example, one may choosc to include data
from category 1, 2, 3, and 4 probe-sets; category 1, 2, and 3 probe-sets; category 1 and 2
probe-scts; or category 1 probe-sets for further analysis. In another example, probe-sets may
be ranked by the number of base pair mismatches to reference dataset entries. It 18 understood

that there are many methods understood in the art for assessing the reliability of a given probe
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and/or probe-set for molecular profiling and the methods of the present disclosure encompass

any of these methods and corabinations thereof..

100134] In some ermbodiruents of the present wvention, data from probe-sets may be
excluded from analysis if they are not expressed or expressed at an undetectable level (not
above background). A probe-set 1s judged to be expressed above background if for any

group:
Integral from TO to Infinity of the standard normal distribution<Significance (0.01)

Where: T0=Sqr{GroupSize) {T-Py/Sqr{Pvar}; GroupSize=Number of CEL files in the
group, T=Average of probe scores in probe-set, P=Average of Background probes averages
of GC content, and Pvar=Sum of Background probe variances/(Number of probes in probe-

sct) 2,

100135] This allows mcluding probe-sets in which the average of probe-sets i a group
is greater than the average expression of background probes of similar GC content as the
probe-sct probes as the center of background for the probe-set and enables one to derive the

probe-set dispersion from the background probe-set variance.

{80136] in some embodiments of the present disclosure, probe-sets that exhibit no, or
low variance may be excluded from further analysis. Low-variance probe-sets are excluded
from the analysis via a Chi-Square test. A probe-set is cousidered to be low-variance if its
transformed variance is to the left of the 99 percent confidence interval of the Chi-Squared
distribution with (N-l} degrees of freedom. (N- *Probe-set Variance/{Geue Probe-set
Variance). about. Chi-Sq{N-1} where N is the number of input CEL files, (N-1) is the degrees
of freedom for the Chi-Squared distribution, and the "probe-set variance for the gene” is the
average of probe-set variances across the gene. In some embodiments of the present
mvention, probe-sets for a given gene or transcript cluster may be excluded from further
analysis if they contain less than a minimum sumber of probes that pass through the
previously described filter steps for GC content, reliability, variance and the like. For
example in some erobodivoents, probe-sets for a given gene or transcript cluster roay be
excluded from further analysis if they contain less than about 1, 2, 3,4, 5, 6,7, 8, 9, 10, 11,

12, 13, 14, 15, or less than about 20 probes.

33137 Methods of data analysis of gene expression levels or of alternative splicing
3 b4

may further inclade the use of a feature selection method and/or process as provided herein.
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in some embodiments of the present invention, feature sclection is provided by use of the
LIMMA software package (Smyth, G. K. (2005). Limma: lincar models for microarray data.
in: Bioinformatics and Computational Bicology Sclutions using R and Bioconductor, R.
Geuntleman, V. Carey, 8. Dudoit, R, Irizarry, W. Huber (eds.), Springer, New York, pages
397-420).

{(G138] Methods of data analysis of gene expression levels and or of alternative
splicing may further include the usc of a pre -classifier method and/or process (e.g.,
implemented by a pre-classifier analysis module). For example, a method and/or process may
use a cell-specific molecular fingerprint to pre-classify the saroples according to thewr
composition and then apply a correction/normalization factor. This data/information may
then be fed in to a final classification method and/or process which would incorporate that

information to aid in the final diagnosis.

{B0139] In certain embodiments, the methods of the present invention include the use
of a pre-classifier method and/or process {e.g., tmplemented by a pre-classifier analysis
module} that uses a wolecular fingerprint to pre~classify the saroples as smoker or non-

smoker prior to application of a UIP / non-UIP classifier of the present invention.

{60140] Methods of data analysis of gene expression levels and/or of alternative
splicing may further include the use of a classifier rocthod and/or process {¢.g., implemented
by a classifier analysis module} as provided herein. In some embodiments of the present
invention a diagonal lincar discriminant analysis, k-nearest neighbor classifier, support vector
machine (SVM) classifier, linear support vector machine, random forest classifier, or a
probabilistic model-based method or a cornbination thercof 1s provided for classification of
microarray data. In some embodiments, identified markers that distinguish samples (e.g. first
LD from second LD, nornmal vs. ILD) or distinguish subtypes (e.g. IPF vs. NSIP) are
selected based on statistical significance of the difference in expression levels between
classes of interest. In some cases, the statistical significance is adpusted by applying a

Benjamin Hochberg or another correction for false discovery rate (FDR).

166141 In some cases, the classifier moay be supplernented with a meta-analysis
approach such as that described by Fishel and Kaufman et al. 2007 Bioinformatics 23(13}:
1599-606. In some cases, the classifier may be supplernented with a meta-analysis approach
such as a repeatability analysis. In some cases, the repeatability analysis selects markers that

appear in at least one predictive expression product marker set.
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{60142] Methods for deriving and applying posterior probabilities to the analysis of
rmcroarray data are known in the art and have been described for example in Smyth, G. K.
2004 Stat. Appi. Genet. Mol. Biol. 3: Article 3. In some cases, the posterior probabilitics may
be used to rank the markers provided by the classifier. In sorne cases, markers may be ranked
according to their posterior probabilities and those that pass a chosen threshold mway be
chosen as markers whose differential expression 18 indicative of or diagunostic for samples
that are for example IPF or NSIP. Dlustrative threshold values include prior probabilities of

0.7,0.75,0.8, 085,09, 0,925, 0.95,0.975, 0.9, 4.985, 0.99, 0.995 or higher.

{00143] A statistical evaluation of the results of the molecular profiling may provide,
but is not limited o providing, a quantitative value or values indicative of one or more of the
following: the likelihood of diagnostic accuracy; the likelihood of an ILD; the likelihood of a
particalar 1LD; the likelthood of the success of a particular therapeutic intervention, the
likelihood the subject is a smoker, and the likelihood the subject is a non-smoker. Thus a
physician, who is not likely to be trained i genetics or molecular biology, need not
understand the raw data. Rather, the data is presented directly to the physician in its most
uscfil form to guide patient carc. The results of the molecular profiling can be statistically
evaluated using a number of methods kunown to the art including, but not bimited to: the
students T test, the two sided T test, pearson rank sum analysis, hidden markov model
analysis, analysis of g-qg plots, principal component analysis, one way ANOVA, two way
ANOVA, LIMMA and the like, [00182] In some embodiments of the present invention, the
use of molecular profiling alone or 1n combivation with cytological analysis voay provide a
classification, identification, or diagnosis that is between about 85% accurate and about 99%
or about 100% accurate. In some cases, the molecular profiling process and/or cyviology
provide a classification, identification, diagnosis of an ILD that is about, or at least about
85%, B6%, 87%. 88%, 90%, 91%, 92%, 93%. 94%, 95%, 96%, 97%, 97.5%, 98%, 98.5%,
9%, 99 5%, 09.75%, 99.8%, 99.85%, or 99.9Y% accurate. lo some embodiments, the
molecular profiling process and/or cytology provide a classification, identification, or
diagnosis of the presence of a particular ILD type (c.g. IPF;, NSIP; HP) that is about, or at
icast about 85%, 86%, 87%, 88%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 97.5%,
GR%, 98.5%, 99%, 99 5%, 99.75%, 899.8%, 99.85%, or 99.9% accurate.

100144] In some cases, accuracy may be determined by tracking the subject over time
to determine the accuracy of the original diagnosis. In other cases, accuracy may be
established in a deterromistic manner or using statistical methods. For example, receiver
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operator characteristic (ROC) analysis may be used to determine the optimal assay
parameters to achieve a specific level of accuracy, specificity, posttive predictive value,

negative predictive value, and/or false discovery rate.

188145] in some embodiments of the present disclosure, gene expression products and
compositions of nucleotides encoding for such products which are determined to exhibit the
greatest difference in expression level or the greatest difference v alternative splicing
between a first ILD and a second ILD {c.g., between IPF and NSIP), between ILD and
normal, and/or between smoker and von-smoker may be chosen for use as molecular
profiling reagents of the present disclosure. Such gene expression products may be
particularly useful by providing a wider dynamic range, greater signal to neise, improved
diagnostic power, lower likelthood of false positives or false negative, or a greater statistical

confidence level than other methods known or used in the art.

{00146} In other embodiments of the present invention, the use of molecular profiling
alone or in combination with cytological analysis may reduce the number of samples scored
as non-diagnostic by about, or at least about 100%, 99%, 95%, 90%, 80%, 75%, 70%, 63%,
or about 60% when compared to the use of standard cytological techniques known to the art.
In some cases, the mcthods of the present invention may reduce the number of samples
scored as intermediate or suspicious by about, or at least about 100%, 99%, 98%, 97%, 95%,
90%, 85%, B0%, 75%, T0%, 65%, or about 60%, when compared to the standard cytological

methods used in the art.

{40147} In some cases the results of the molecular profiling assays, are entered into a
databasc for access by representatives or agents of a molecular profiling business, the
individual, a medical provider, or insurance provider. In some cases assay results include
sample classification, identification, or diagnosis by a representative, agent or consultant of
the business, such as a medical professional. To other cases, a computer analysis of the data is
provided automatically. In some cases the molecular profiling business may bill the
individual, insurance provider, medical provider, researcher, or governmeut entity for one or
more of the following: molecular profiling assays performed, counsulting services, data

analysis, reporting of results, or database access.

[66148] In some embodiments of the present invention, the results of the molecular
profiling are presented as a report on a computer screen or as a paper record. In some cases,

the report may include, but is not himited to, such mformation as one or more of the
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following: the number of genes differentially expressed, the suitability of the original sample,
the number of genes showing differential alternative sphcing, a diagnosis, a statistical
confidence for the diagnosis, the hikelihood the subject is a smoker, the likelihood of an ILD,

and indicated therapies.
{iv) Categorization of Samples Based on Molecular Profiling Results

[66149] The results of the molecular profiling may be classified nto one of the
following: smoker, non-smoker, {LD, a particular type of ILD, a non-ILD, or non-diagnostic
{providing inadequate information concerning the presence or abscuce of an ILD). In some
cases, the results of the molecular profiling may be classified into IPF versus NSIP

categories. In particular cascs, the results may be classitied as UIP or non-UIP,

[66150] In sorme embodiments of the present mvention, resulis are classified using a
trained classifter. Trained classifiers of the present tnvention implement methods and/or
processes that have been developed using a reference set of known ILD and normal samples,
known smoker and non-smoker samples, or combinations of known LD and normal saraples
from smokers and/or non-smokers including, but not limited to, sampics with one or more
histopathologies. Iu some embodiments, traindng {¢.g., using a classifier trajning module)
comprises comparison of gene expression product levels in a first set biomarkers from a first
LD to gene expression product levels in a sccond set of biomarkers from a second ILD,
where the first set of biomarkers includes at least one biomarker that is not in the second set.
In some cmbodiments, training {(c.g., using a classificr training module} comprises
comparison of gene expression product levels in a first set biomarkers from a first ILD that is
non-UIP to gene expression product levels in a sccond set of biomarkers from a second ILD
that is UIP, where the first set of biomarkers includes at least one biomarker that is not in the
second set. In some cmbodiments, training {¢.g., using a classifier training module)} further
comprises comparison of gene expression product levels 1o a first set bioroarkers from a first
subject that is a smoker to gene expression product levels in a second set of biomarkers from
a second subject that 1s a non-smoker, where the first set of biomarkers includes at least one
biomarker that is not in the second set. In some embodiments, either the entire classifier or
portions of the classifier can be trained {c.g., using a classifier training module) using
comparisons of expression levels of biomarker panels within a classtfication panel against all

other biomarker panels {or all other biomarker signatures) used in the classifier.
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{60151] Classifiers suitable for categorization of samples inchude but are not limited to
k-nearest neighbor classifiers, support vector machines, linear discrivoinant avalysis, diagonal
linear discriminant analysis, updown, natve Bayesian classifiers, neural network classifiers,

hidden Markov meodel classifiers, genetic classifiers, or any combination thereof.

[60152] fn some cases, trained classifiers of the present invention may incorporate data
other than gene expression or alternative splicing data such as but not Hmited to DNA
polyruorphism data, sequencing data, scoring or diagnosis by cytologists or pathologists of
the present invention, information provided by the pre ~classtfier method and/or process of
the present disclosure, or information about the medical history of the subject of the present

disclosure.

{G0153] When classifying a biological sample for diagnosis of ILD, there are typically
two possible outcomes from a binary classifier. Similarly, when classifying a biological
sample for diagnosis of swoker, there are typically two possible outcorues from a binary
classifier. When a binary classifier is compared with actual true values {e.g., values from a
biological sample), there are typically four possible outcomes. If the outcorne from a
prediction is p {(where "p" is a positive classifier output, such as a particular ILD)} and the
actual valuc 1s also p, then it is calied a true positive (TP); however if the actual valuc s n
then it is said to be a false positive (FP). Conversely, a true negative has occurred when both
the prediction outcome and the actual value are n (where "n” is a negative classificr output,
such as no ILD, or absence of a particular disease tissue as described herein), and false
negative 1s when the prediction outcome is n while the actual value is p. In one embodiment,
cousider a diagnostic test that seeks to determine whether a person has a certamn disease. A
false positive i this case occurs when the person tests positive, but actually does not have the
discase. A false negative, on the other hand, occurs when the person tests negative,
suggesting they are healthy, when they actually do have the disease. In some embodiments, a
Recciver Operator Characteristic {ROC) curve assuming real-world prevalence of subtypes

can be generated by re-sampling errors achieved on available samples in relevant proportions.

{80154 The positive predictive value (PPV}), or precision rate, or post-test probability
of discase, 18 the proportion of patients with positive test results who are correctly diagnosed.
it is the most important measure of a diagnostic method as it reflects the probability that a
positive test reflects the underlying condition being tested for. Hs vahue does however depend

on the prevalence of the disease, which may vary. In one example, FP {(false positive); TN
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{(true negativey;, TP (true positive); FN (false negative). False positive rate (a)=FP/{(FP+TN}-
specificity; False negative rate (By=FN/(TP+FN})- sensitivity; Power= sensitivity = 1-f;
Likelihood-ratio positive=sensitivity/{I-specificity); Likelihood-ratio negative={ 1 -scnsitivity

’

Vapecificity,

124

1801

results who are correctly diagnosed. PPV and NPV measurements can be derived using

]! The negative predictive value s the proportion of patients with vegative test

appropriate discase subtype prevalence estimates. An estimate of the pooled discase
prevalence can be calculated from the pool of indeterminates which roughly classify into B vs
M by surgery. For subtype specific estimates, in some embodiments, discase prevalence may
sometimes be incalculable because there are not any available samples. In these cases, the

subtype discase prevalence can be substituted by the poeled discase prevalence estimate.

[88155] In some cmbodiments, the level of expression producis or alternative exon

usage is indicative of one or the following: IPF, NSIP, or HP.

{B8157) In some embodiments, the level of expression products or alternative exon

usage 18 indicative that the subject 1s a smoker or a non-smoker.

{B0158] In some erbodiraents, the results of the cxpression analysis of the subject
methods provide a statistical confidence level that a given diagnosis is correct. In some
embodiments, such statistical confidence level is at least sbout, or more than about 85%,

90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99% 99.5%, or more.
Reports

{(3159] A subject method and/or system may include generating a report that provides
an indication that a sample {(a lung tissue sample) is an ILD sample {c.g., using a report
module). A subject diagonostic wethod can include generating a report that provides an
indication as to whether an individual being tested has an ILD. A subject diagnostic method
can include generating a report that provides an indication as to whether an mdividual being
tested 1is, or is not a smoker. A subject method {or report module) can include generating a
report that provides an indication as to whether an individual being tested has IPF (and not,
e.g., an [LID other than IPF, e.g., the report can indicate that the individual has IPF and not

NSIP).
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{(G160] in some cmbodiments, a subject method of diagnosing an LD involves
gencrating a report {e.g., using a report module). Such a report can include information such
as a likelihood that the patient has an ILD; a likelihood that the patient is a smoker; a
recommendation regarding further evaluation; a recommendation regarding therapeutic drug

and/or device intervention; and the like.

{06161] For example, the methods disclosed hercin can further include a step of
gencrating or outputting a report providing the results of a subject diagnostic method, which
report can be provided in the form of an electronic medium {e.g., an ¢lectronic display on a
computer monitor), or in the form of a tangible medium (e.g., a report printed on paper or
other tangible medium). An assessment as 1o the results of a subject diagnostic method (e.g.,
a likclihood that an individual has an LD, a likclihood that an individual has IPF; a
likelihood that an mdividual is a smoker) can be referred to as a "report” or, simply, a
“score. A person or entity that prepares a report {"report generator”) may also perform steps
such as sarople gathering, sample processing, and the hike. Altervatively, an cutity other than
the report generator can perform steps such as sample gathering, sample processing, and the
itke. A diagnostic assessment report can be provided to a user. A "user” can be a health

professional (e.g., a clinician, a laboratory technician, a physician {e.g., a cardiologist}, etc.}.

{30162} A subject report can further inchude one or more off 1) service provider
information; 2} patient data; 3) data regarding the cxpression level of a given gene product or
set of gene products, a score or classifier decision; 4) follow-up evaluation recommendations;

5} therapeutic intervention or recomumendations; and ) other features.
Further Evaluation

{60163} Based on the cxpression level of a given gene product or set of gene products,
and/or based on a report {as described above}, a physician or other qualified medical
personnel can determine whether further evaluation of the test subject (the patient) is

required. Further evaluation can include, e.g., spirometry.
Therapeutic intervention

[G6164] Based on the expression level of a given geue product or set of gene products,
and/or based on a report (as described above), a physician or other qualified medical

personnel can determine whether appropriate therapeutic intervention is advised.
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{#G165] Therapeutic intervention includes drug-based therapeutic intervention, device-
based therapeutic mtervention, and surgical intervention. Where a veport indicates a
likelihood that an individual has IPF, drug-based therapeutic intervention includes, ¢.g.,
administering to the individual an effective amount of pirfenidone, prednisone, azathioprine,

or N-acetyicysteine, Surgical intervention includes, e.g., arterial bypass surgery.
Computer-Implemented Methods, Systems and Devices
Therapeutic intervention

[68166] The methods of the present disclosure can be computer-implemented, such
that method steps {e.g., assaying, comparing, calculating, and the like) arc be automated

55

whole or in part.

180167} Accordingly, the present disclosure provides methods, computer systems,
devices and the like in conmection with computer-implermented methods of factlitating 2
diagnosis of an interstitial lung disease {e.g., a diagnosis of IPF, NSIP, HP, ctc.}, including

differential diagnosis.

{00168] The present disclosure further provides methods, computer systerns, devices
and the like in connection with computer-implemented methods of facilitating determination

of smoker status {e.g., smoker vs, non-smoker),

100169] The present disclosure further provides methods, computer systems, devices
and the like in connection with computer-implemented methods of facilitating a diagnosis of
an interstitial fung discase {e.g., a diagnosis of IPF, NSIP, HP, etc.), including differential
diagoosis, wherein the methods further comprise determining a subjects smoker statos
{smoker vs. non-smoker) and incorporating smoker status into the determination of the
subjects interstitial lung discase diagnosis. In some embodiments, (i) smoker status is
incorporated into the interstitial lung disease diagnosis as a covariate in the model used
during training {e.g., using a classifier training module). This approach boosts signal-to-noise
ratio, particularly in data derived from smokers (were noise is higher) and allows data dertved
from smokers and non-smokers to be combined and used simultancously.  In some
embodiments, (i} smoker status is incorporated into the interstitial lung discase diagnosis by
identifying one or more genes that are susceptible to smoker status bias and excluding such
genes or weighing such genes differcotly thau other genes that are not susceptible to smoker-

status during interstitial lung discase diagnosis classifier training. In some embodiments, (iii)
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smoker status 18 incorporated into the interstitial lung discase diagnosis by constructing a
tiered classification in which an initial classificr is trained to recognize the gene signatures
that distinguish smokers from non-smokers {(c.g., using a classifier training module}. Once
patient saraples are pre-classified as “smoker” or “non-sroker” {(e.g., using a pre-classifier
analysis module}, distinct classifiers that were cach trained to distinguish UIP vs. Non UIP in
smokers or non-smokers, respectively can be implemented to disgnose interstitial lung
discase. In still further embodiments, such methods comprising the step of incorporating
smoker status into the determination of the subjects interstitial lung disease diagnosis include
a combination of one or more of the above roentioned means of such jncorporation (l.e., a

combination of two or more of embodiments (i) to {ii1) in the instant paragraph.

(#1868} For cxample, the method steps, including obtaining values for biomarker levels,
comparing vormalized bioroarker (gene) expression levels o a control level, calculating the
likelihood of an ILD (and optionally the likelihood a subject is a smoker}, generating a report,
and the hike, can be completely or partially performed by a cormaputer program product.
Values obtained can be stored clectronically, e.g., in a database, and can be subjected to a

classitier executed by a progranmuned computer {¢.¢., using a classifier analysis module).

{3101} For cxample, the mcthods and/or systerns of the present disclosure can involve
inputting a biomarker level {e.g., a normalized expression level of a gene product) into a
classifier analysis module to execute a method and/or process to perform the comparing and
calculating step{s) described herein, and generate a report {e.g., using a report module) as
described herein, ¢.g., by displaying or printing a report to an output device at a location local
or remote fo the coraputer. The output to the report can be a score {e.g., numerical score
{(representative of a numerical value) or a non-numerical score {(c.g., non-numerical output
{e.g., "IPF", "No evidence of IPF") representative of a numerical value or range of numerical
values. In other aspects, the output may indicate “UIP” vs. “non-UlP.” In other aspects, the
output may mndicate “Smoker” vs. “Non-smoker”

{8102} The present disclosure thus provides a computer program product inchuding a
computcr readable storage medium having software and/or hardware modules stored on it
The software and/or hardware modules can, when executed by a processor, execute relevant
calculations based on values obtained from analysis of one or more biological sample {(e.g.,
lung tissue sample} from an individual. The computer program product has stored therein a

computer program for performing the calculation(s).
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{#183] The present disclosure provides systems for executing the program described above,
which system generally includes: a) a central computing environment or processor executing
software and/or hardware modules; b) an input device, operatively connected to the
computing cnvironrent, to reccive patient data, wherein the patient data can include, for
example, biomarker level or other value obtained from an assay using a biological sample
from the patient, as described above; ¢} an output device, connected to the computing
environment, to provide information to a user {e.g., medical personnel}; and d} a method
and/or process executed by the contral computing environment {¢.g., a processor), where the
method and/or process is executed based on the data received by the wnput device, and
wherein the method and/or process calculates a value, which value 18 indicative of the
likelthood the subject has an LD, as described herem.

18104} The present disclosure also provides systems for executing the program described
above, which systern generally inclades: a) a central computing cnvironment ot processor
executing software and/or hardware modules; b) an input device, operatively connected to the
computing environment, to receive patient data, wherein the patient data can include, for
example, biomarker level or other vahie obtained from an assay using a biological sample
from the paticut, as described above; ¢) an cutput device, connected to the computing
environment, to provide information to a user {e.g., medical personnel); and d) a method
and/or process executed by the central computing environment {.g., a processor), where the
method and/or process is executed based on the data received by the input device, wherein
the method and/or process calculates a value, which value 18 indicative of the likelihood the
subject bas an ILD, as descuibed herein, and wheremn the method and/or process uses smoking
status (smoker vs. non-smoker} as a covariate in the model used during training. In some
cmbodiments, the method and/or process excludes or weighs one or more gene that 1s
susceptible to smoker status bias differently during classifier training to enrich the feature
space used for training with genes that arc not confounded or affected by smoking status.
{6185] In still further emboediments, the present disclosure provides systems for executing the
program  described above, which system generally includes: ay a central computing
cuvirornent or processor executing software and/or hardware modules; b) an 1oput device,
operatively connected to the computing environment, to receive patient data, wherein the
patient data can mclude, for exarple, biomarker level or other value obtained from an assay
using a biclogical sample from the paticut, as described above; ¢} an output device, connected
to the computing environment, to provide information to a user {e.g., medical personnel); and
dy a first method and/or process executed by the central computing environment {e.g., a

~

51



WO 2016/073768 PCT/US2015/059309

processor), where the first method and/or process is executed based on the data received by
the nput device, wherein the first rocthod and/or process calculates a value, which value is
indicative of the likelthood a subject is a smoker or a non-smoker, as described herein,
whercin the subject’s status as a smoker or non-smoker causes the first racthod and/or process
to apply a second method and/or process specifically trained {e.g., using a classifier training
module) to distinguish UIP vs. Non UIP in smackers or non-smokers, respectively and ¢)
wherein the second method and/or process is executed by the central computing environment
{e.g., a processor), where the second method and/or process is executed based on the data
recetved by the input device, and wherein the second macthod and/or process calculates a
value, which value is indicative of the likelihood the subject has an [LD, as described herein,
Computer Systerns

18106} Figure 7A tllustrates a processing system 100 including at least one processor 102, or
processing unit or plurality of processors, memory 104, at least one input device 106 and at
icast one output device 108, coupled together via 2 bus or group of buses 110. Processing
system can be implemented on any suitable device, such as, for example, a host device, a
persenal computer, a handheld or laptop device, a personal digital assistant, a multiprocessor
systern, a microprocessor-based system, a programruable consumer electronic device, a
minicoraputer, a server coraputer, a web server coraputer, a mainfrare computer, and/or a
distributed computing environment that includes any of the above systems or devices

[8167] In certain embodiments, fnput device 106 and ouiput device 108 can be the same
device. An interface 112 can also be provided for coupling the processing system 100 to one
or more peripheral devices, for example interface 112 can be a PCI card or PC card. At least
one storage device 114 which houses at least one database 116 can also be provided.

{3108} The memory 104 can be any form of memory device, for cxample, volatile or
nonvolatile memory, solid state storage devices, magnetic devices, etc. For example, in some
embodiments, the roemory 104 can be a randora access mernory (RAM), a mermory buffer, a
hard drive, a read-only memory (ROM), an erasable programmable read-only memory
{EPROM), a database, and/or the like.

{3169] The processor 102 can include more than one distinct processing device, for example
to handle different functions within the processing system 100, The processor 100 can be any
suitable processing device configured to run or execute a set of instructions or code {e.g.,
stored in the memory) such as a general-purpose processor (GPP), a central processing unit
(CPU}, an accelerated processing unit (APU), a graphics processor unit (GPU), an

Application Specific Integrated Circuit (ASIC), and/or the like. Such a processor 100 can run

52



WO 2016/073768 PCT/US2015/059309

or cxecute a set of instructions or code stored in the memory associated with using a personal
computer application, a mobile application, an internet web browser, a cellular and/or
wircless conumunication {via a network ), and/or the like. More specifically, the processor can
execute a set of instructions or code stored in the mermory 104 associated with analyzing and
classifying data, as described herein.

{3118} Input device 106 recetves input data 118 and can comprise, for example, a keyboard,
a pointer device such as a pen-like device or a mouse, audio receiving device for voice
controlled activation such as a microphone, data receiver or antenna such as a modem or
wircless data adaptor, data acquisition card, etc. Input data 118 can come from different
sources, for example keyboard instructions in conjfunction with data received via a network.
{8111} Output device 108 produces or geverates output data 120 and can comprise, for
example, a display device or monitor in which case output data 120 is visual, a printer in
which case output data 120 is printed, a port for example a USR port, a peripheral component
adaptor, a data transmitter or antenna such as a modem or wireless network adaptor, etc.
Output data 120 can be distinct and derived from different output devices, for example a
visual display on a monitor in conjunction with data transmitted to a network. A user can
view data output, or an mterpretation of the data output, on, for cxample, a monitor or using a
printer.

{#112] In some cmbodiments, the input device 106 and/or the output device 108 can be a
communication interface configured to send and/or recetve data via a vetwork,  More
specifically, in such embodiments, the processing system 100 can act as a host device to one
or more client devices (not shown in Figure 7A). As such, the processing systemn 100 can
send data to {c.g., output data 120) and receive data from {c.g., input data 118} the client
devices. Such a comrnunication interface can be any suitable module and/or device that can
place the processing system 100 in communication with a client device such as one or more
network iterface cards or the like, Such a network interface card can inchude, for example,
an Ethernet port, a WiFi® radio, a Bluctooth® radio, a near field communication (NFC)
radio, and/or a cellular radio that can place the client device 150 in communication with the
host device 119 via a network or the like,

{8113} The storage device 114 can be any form of data or information storage means, for
exaraple, volatile or non-volatile memory, sohd state storage devices, magnetic devices, efc.
For example, in some embodiments, the storage device 114 can be a random access memory
{(RAM), s memory buffer, a hard drive, 8 read-only memory (ROM), an erasable

programmable read-only memory (EPROM), a database, and/or the like.
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{#114] In use, the processing system 100 is adapted to allow data or information to be stored
in and/or retrieved from, via wired or wircless commumnication means, at least one database
116. The interface 112 may allow wired and/or wircless communication between the
processing unit 102 and peripheral components that may serve a specialized purpose. In
general, the processor 102 can recetve instructions as input data 118 via input device 106 and
can display processed rosults or other output to g user by utilizing output device 108, More
than one input device 106 and/or output device 108 can be provided. The processing system
100 may be any suitable form of tcrmmal, server, specialized hardware, or the like. The
processing system 100 may be a part of a networked cororounications system.

{#115] Processing system 100 can connect to a network, for example, a local arca network
{L.AN), a virtual network sach as a virtual local area network (VLAN), a wide arca network
{(WAN]}, a metropolitan arca network (MAN), a worldwide interoperability for microwave
access network (WiMAX), a cellular network, the Internet, and/or any other suitable network
implemented as a wired and/or wireless network. For instance, when used in a LAN
networking environroent, the computing systern environmment 100 1s connected to the LAN
through a network interface or adapter. When used tn 2 WAN networking environment, the
computing systern cnvironraent typically includes a modem or other racans for cstablishing
communications over the WAN, such as the Internet. The modem, which may be mternal or
external, may be connected to a system bus via a user input interface, or via another
appropriate mechanism. o a networked enviroument, program modules depicted relative to
the computing system envirenment 100, or portions thercof, may be stored in a remote
memory storage device. It is to be appreciated that the illustrated network connections of Fig.
7 are examples and other means of establishing a communications link between multiple
computers may be used.

{3116} Input data 118 and cutput data 120 can be communicated to other devices via the
network. The transfer of information and/or data over the network can be achieved using
wired communications means or wircless communications means. A server can facilitate the
transfer of data between the network and one or more databases. A server and one or more
databases provide an example of an information source.

{8117} Thus, the processing computing system environment 100 illustrated in Fig. 7A may
operate in a unetworked environment using logical connections to ouc or wore remote
computers. The remote computer may be a personal computer, a server, a router, a network
PC, a peer device, or other coramon network node, and typically includes many or all of the

elements described above.
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{#118] FIG. 7B illustrates the processor 102 of FIG. 7A in greater detail. The processor 102
can be configured to execute specific modules. The wodules can be, for exarple, bardware
modules, software modules stored in the memory 104 and/or executed in the processor 102,
and/or any combination thercof. For example, as shown i FIG. 7B, the processor 102
includes and/or executes a pre-classifier analysis module 130, a classifier training module
132, a classifier analysis module 134 and a report module 136, As shown i FIG. 7B, the
pre-classifier analysis module 130, the classifier training module 132, the classifier analysis
module 134 and the report module 136 can be connected and/or clectrically coupled. As
such, signals caun be sent between the pre~classifier analysis wodule 130, the classifier
training module 132, the classifier analysis module 134 and the report module 136.

{3119} The classifier traiming module 132 can be configured to receive a corpora of data (e.g.
gene cxpression data, sequencing data) and train a classifier. For example, chinical annotation
data fromn samples previously identified as UIP and non-UIP (e.g., by an expert} can be
recetved by the input device 106 and used by the classifier training module 132 to identify
corrclations between the samples previcusly identified as UIP and noun-UIP. For exarmple,
expert TBB histopathology labels (i.e., UIP or Non UIP), expert HRCT labels, and/or expert
patient-level chinical outcome labels can be obtained and used alone or in combination to
train the classifier using microarvay and/or sequencing data. The feature space used can
include gene coxpression, variants, mutations, fusions, loss of heterozygoxity (LOH},
biological pathway effect and/or any other diracusion of the data that can be extracted as a
feature for the purposes of training a machine-learning algorithm. In some cmbodiments, the
feature space used for training a UIP vs. Non-UIP classifier, a smoker vs. MNou-smoker
classifier, or a UIP vs. Non-UIP and smoker vs. Non-smoker classifier inchudes gene
expression, variants, mutations, fusions, loss of hetcrozygoxity (LOH), and biological
pathway effect. In some embodiments, the feature space used for training a UIP vs. Non-UIP
classifier, a smoker vs. Non-smoker classifier, or a UIP vs. Non-UIP and smoker vs. Non-
smoker classifier inchudes gene expression and variant dimensions.

{#128] In some embodiments, the classifier training module 132 can train a smoker classifier
and a non-smoker classifier based on an indication associated with whether a received sample
is associated with a smoker or non-smoker. In other embodiments, the smoker/non-smoker
can be used as ap attnibute (a model covariate) to train a single classifier. After the classifier
is trained, it can be used to identify and/or classify newly received and unknown samples as

deseribed herein.

Lh
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{#121] The pre-classifier analysis module 130 can identify whether a sample is associated
with a smoker or a nou-smoker. Specifically, the pre~classifier analysis module 130 can use
any suitable method to identify and/or classify a sample as coming from an individual that
smokes {or has a past hustory of heavy smoking} versus an individual that does not smoke {or
has no smoking history). The classification can be done in any suitable manner such as,
receiving an indication from a user, identification of gences that are susceptible to srooker-
status bias, using a machine-learning classifier, and/or any other suitable method described
herein.

{$122] The classifier analysis module 134 can tnput the sample into the classifier to identify
and/or classify the received sample as associated with UIP and non-UIP. Specifically, the
classifier analysis roodule 134 can use a trained classifier to identify whether the sample
indicates UIP or non-UIP. In some embodiments, the classifier analysis module 134 can
indicate a percentage or confidence score of the sarmple being associated with UIP or non-
UIP. In some embodiments, the classifier analysis module 134 can execute two separate
classitiers: one for smoker samples and the other for non-smoker samples (as determined by
the pre~classifier analysis module 130). In other embodiments, a single classifier is executed
for both smoker and non-smoker samples with an input for smoker status.

{8123} The report module 136 can be coufigured to generate any suitable report based on the
outcome of the classifier analysis module 134 as described in further detail herein. In some
cases, the report may include, but is not himited to, such information as one or more of the
following: the number of genes differentially expressed, the suitability of the original sample,
the number of genes showing differential alternative splicing, a diagoosis, a statistical
confidence for the diagnosis, the hikelihood the subject is a smoker, the likelihood of an ILD,
and indicated therapies.

{8124] FIG. 7C illustrates a flow chart of one non-limiting embodiment of the present
invention wherein gene product expression data for known UIP and non-UIP samples are
used fo train {e.g., using a classifier training module) a classifier for differentiating UIP vs.
non-UlP, wherein the classifier optionally considers smoker status as a covariant, and
whereim gene product expression data from unkoown saroples are input into the traimed
classifier to identify the unknown samples as either UIP or non-UIP, and wherein the results
of the classification via the classifier are defined and output via a report.

(#4125} Certain embodiments may be described with reference to acts and symbolic
representations of operations that are performed by one or more computing devices, such as

the computing system environment 100 of Fig. 7A. As such, it will be understood that such
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acts and operations, which are at times referred to as being computer-cxecuted, inchude the
roampulation by the processor of the computer of clectrical sigoals representing data wn a
structured form. This manipulation transforms the data or maintains them at locations in the
mermory system of the computer, which reconfigures or otherwise alters the operation of the
computer in a manner understood by those skilied in the art. The data structures in which data
is moaintained are physical locations of the meroory that have particular properties defined by
the format of the data. However, while an embodiment is being described in the foregoing
context, it 18 not meant to be limiting as those of skill in the art will appreciate that the acts
and operations described hercinafier may also be imaplemented in bardware.

{#126] Embodiments may be implemented with numerous other general-purpose or special-
purpose computing devices and coraputing syster environments or coufigurations. Exaraples
of other computing systems, environments, and configurations that may be suitable for use
with an embodiment include, but are not limited to, personal coraputers, handheld or laptop
devices, personal digital assistants, multiprocessor systems, microprocessor-based systems,
programmable consuraer electronics, network, minicomputers, server computers, web server
computers, mainframe computers, and distributed computing environments that include any
of the above systems or devices.

{#127] Embodiments may be described in a general coutext of computer-executable
instructions, such as hardware and/or software modules. An embodiment may also be
practiced 1o a distributed computing environment where tasks are performed by remote
processing devices that are linked through a communications network. In a distributed
computing cnvironraent, prograro modules may be located in both local and remote computer
storage media including memory storage devices.

Computer program products

13128} The present disclosure provides computer program products that, when exccuted on a
programmable computer such as that described above with reference to Fig. 7, can carry out
the mcethods of the present disclosure. As discussed above, the subject matter described
herein may be embodied in systers, apparatus, methods, and/or articles depending on the
desired configuration. These various implementations may include implementation in one or
more computer programs that are executable and/or interpretable on a programmable system
including at least one programmable processor, which may be special or general purpose,

coupled to receive data and instructions from, and to transmit data and instructions to, a
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storage system, at least one input device (¢.g. video camera, microphone, joystick, keyboard,
and/or mouse), and at least one output device {(¢.g. display mounitor, printer, etc.).

18129] Computer programs {also known as programs, software, softwarc applications,
applications, components, or code) inchude instructions for a prograrmruable processor, and
may be implemented in a high-level procedural and/or object-oriented programming
language, and/or in assembly/machine language. As used herein, the torma "machine -readable
medium” refers to any computer program product, apparatus and/or device {(e.g., magnetic
discs, optical disks, mermory, efc.} used to provide machine instructions and/or data to a
programmable processor, including a machine-readable medium that receives machine
instructions as a machine -readable signal.

13136} It will be apparent from this description that aspects of the present disclosure may be
embodied, at least in part, in software, hardware, firmware, or any combination thereof. Thus,
the technigues described herein are not himited to any specific combination of hardware
circuitry and/or software, or to any particular source for the instructions executed by a
computer or other data processing systern. Rather, these techniques may be carried out i a
computer system or other data processing system in response 1o one O MoOre processors, such
as & muicroprocessor, executing sequences of instructions stored in memory or other
computer-readable mediurm mcluding any type of ROM, RAM, cache memory, network
memory, floppy disks, hard drive disk (HDD), solid-state devices (8SD), optical disk, CD-
ROM, and magnetic -optical disk, EPROMs, EEPROMs, flash memsory, or any other type of
media suitable for storing instructions in electronic format.

{4131} In addition, the processor(s) may be, or may include, one or more programmable
general-purpose or special-purpose microprocessors, digital signal processors (DSPs),
programunable controllers, application specific ntegrated circuits {(ASICs), programmable
logic devices (PLDs), trusted platform modules (TPMas), or the like, or a combination of such
devices. In alternative ernbodiments, special- purpose hardware such as logie circuits or other
hardwired circuitry may be used in combination with software instructions to implement the

technigues described herein.
Arrays and Kits

{#132] The present disclosure provides arrays and kits for use in carrying out a subject
evaluating method or a subject diagnostic method.

Areays
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{#133] A subject array can comprise a plurality of nucleic acids, cach of which hybridizes to
a gene differentially expressed in a cell present in a tissue sample obtained fromw an individual

being tested for an ILD.

18134} A subject array can comprise a plurality of nucleic acids, each of which hybridizes to
a gene differentially expressed in a cell present in a tissue sample obtained from an individual

being tested for smoker status.

{#135] A subject array can comprise a plurality of nucleic acids, cach of which hybridizes to
a gene differentially expressed m a cell present in a tissuc sample obtained from an individual

being tested for both smoker status and an 1LD.

{8136} A subject array can comprise a plurality of member nucleic acids, each of which
mernber nucleic acids hybnidizes to a different gene product. In some cases, two or more
member nucleic acids hybridize to the same gene product; ¢.g., ih some cases 2, 3, 4, 5, 6, 7,
8, 9, 10, or more member nucleic acids hybridize to the same gene product. A member
nucleic acid can have a length of from about 5§ nucleotides (ut) to about 100 nt, 2.g., 5.6, 7, §,
8, 10, 11,12, 13, 14, 15, 16, 17 18, 19, 20, 20-25, 25-30, 30-40, 40-50, 50-60, 60-70, 70- 80,

80-99, or 90-100 nt. A nucleic acid can have one or more phosphate backbone modifications.

[#137] A subject array can include from about 10 to about 10° unigue member nucleic acids,
S . L. . - L. .
or more than 10" unique member nucleic acids. For example, a subject array can include from
, 2 .1l 3 g 3
about 10 to about 107, from about 107 to about 1, frora about 107 to about 107, from about

p F 5 5 B p . .
10" to about 10°, or more than 10°, unique member nucleic acids.

Abbreviations

adj.P.Value.edgeR: False discovery rate adjusted p valuc of RNAseqg gene

expression data using edgeR analysis.

adj.P.Value.microarray False discovery rate adjusted p value of RNAseg gene
expression data using microarray analysis

adi.P. ValuenpSeq: False discovery rate adjusted p valuc of RNAseqg gene
cxpression data using npSeq analysis

BRONCH: Broncholitis

CIF-NOC Chronic Interstitial Fibrosis Not Otherwise Classified

edgeR: an R package for the significance analysis of sequencing data
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Ensembl {13;

Gene {dentifier from Ensembl Genome Browser database

FDR:

False Discovery Rate, an adjusted p value that limits the
possibility that the results are random due to the large

muber of genes simultaneously evaluated.

Gene Symbol:

Gene {dentifier from HUGO Gene Nomenclature Commitiee

logFC.cdgeR:

Log? fold chavge of RNAseq geue expression data using

edgeR analysis

logFC.microarray:

Log2 fold change of RNAseq gene expression data using

LIMMA microarray analysis

logFC.apSeq: Log? fold change of RNAscq gene expression data using
upSeq analysis

microarray: Gene expression analysis using gene arrays such as from
Affymetrix.

NMIL: Normal Lung, usually obtained fromn human lung donor
tissue that was ultimately never transplanted

npSeq: an R package for the significance analysis of sequencing data

NSIP: Non Specific Interstitial Poeumonia

OP: Organizing Pneumonia

Pvalue.edgeR:

p value of RNAseq gene expression data using edgeR analysis

P value microarray:

p value of RNAseq gene expression data using LIMMA microarrayl

amaliroie

P.value.npSeqp:

value of RNAscq gene expression data using npSeq analysis

REB: Respiratory Broncholitis

REST: A combination of all other ILDs except the subtype it 1s being
compared to. Usually HP and NSIP, BRONCH, CIF-NOC, OF,
RB and SARC.

SARC: Sarcoidosis

SQC: Squamous Cell Carcinoma

TCID: "TCID" or "Transcript Cluster Hdentifier” refers to a gene

tevel identifier used by all Affymetaix microarrays. Each TCID is
associated with a fixed reference number that dentifics a set of
specific probes having sequences for a specific gene. Such specific
probes are present on a given artay comrnercially available from
Aftyretrix. TCID numbers thus refer to a gene product{s) of a
specific gene, and can be found, e.g., at the following world wide
web address: affymetrix.corng/ the sequences of which probes and
gene products are hereby incorporation herein in their entirety.
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UIP: Usual Interstitial Pneumonia; the HRCT or histopathology pattern
observed in [PF

LIMMA: Lincar Models for Microarray Data; an R package for the
significance analysis of microarray data.

[G138] "ENSEMBL ID" refers o a gene identifier nomber from the Ensembl Genome
Browser database (see world wide web address: ensembl.org/index html, incorporate herein).
Each identifier beging with the letters ENSG to denote "Ensembl Gene”. Each ENSEMBL ID
number {i.¢., cach "gene” in the Ensembl database) refers to a gene defined by a specific start
and stop position on a particular huoman chromosore, and therctore defines a specific locus
of the human genome. As one of average skill in the art would fully appreciate, all of the
gene symbols disclosed herein refer to gene sequences, which are readily available on
publically available databases, e.g., UniGene database (Pontius JU, Wagner L, Schaler GD.
UniGene: a unified view of the transcriptome. In: The NCBI Handbook. Bethesda (MD):
National Center for Biotechnology loformation; 2003, available at the world wide web
address ncbinlminth.gov/unigene, incorporated hereiny, RefSeq (The NCUBI handbook
Hnternet], Bethesda (MD): National Library of Medicine (US), National Center for
Biotechnology Information; 2002 Oect. Chapter 18, The Reference Sequence {(RefSeq)
Project, available at the world wide web address: ncbinlmonih.govirefseq/, incorporate
herein}, Ensembl (EMBL, available at the world wide web address: ensembl.org/index him],
incorporated herein), and the like. The sequences of the genes disclosed herein via their gene

symbols, Enserabl IDs, and Eutrez 1Ds are herein incorporated 1o their entivety.

18139] All references, patents, and patent applications cited herein are incorporated in their
entirety for all purposes.

EXAMPLES
EXAMPLE 1
Sample Collection, Pathology Diagnosis, and Labehing

{3148} Video-assisted thoracoscopic surgery (VATS) specimens were prospectively collected
as a part of an Institutional Review Board (IRB) approved ongoing multi-center clinical
protocol, BRonchial sAmple collection for a noVel gEnomic test (BRAVE), sponsored by
Veracyte, Inc. {(South San Francisco, CA). Additional VATS and surgical lung biopsy

specimens were obtained from banked sources.
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{#141] Following surgery, histology slides were collected, de-identified, and submitted to
expert pathology review. Selected slides were scanned to construct a permanent digital file of
roicroscopic images (Apenio, Vista, CA). Shides were evaluated according to the central
pathology diagnostic process described in Figure 5, resulting in both sample-level and
patient-level pathology diagnoses. Pathology categories are summarized in Table 3. A patient
can have more than one sample-level diagnosis {(1.e. one per VATS sample per patient, most

often one from cach of the lower and upper lobes of the right fung), but can only have one

patient-level diagnosis.

{8142} Table 3. List of all pathology diagnoses considered tn our central pathology

dlagnostic process.

Diagnosis Abbreviation
Classic Usual Interstitial Pneumonia Classic UlPR
Difficult Usual Interstitial Pneumonia Difficult UIP
Favor Usual Interstitial Pneumonia Favor UIP
Cellular Non-specific Interstitial Pnoumonia Cellular NSIP
Fibrotic Noun-specific Interstitial Prncurnonia Fibrotic NSIP

Both cellular and fibrotic Non-specific Interstitial
Pucumonia

Favor Non-specific Interstitial Pneumonia
Hypersensitivity Pnoumonitis

Favor Hyperseusitivity Preumonitis

Both cellular and fibrotic

NSIP
Favor NSIP
HP

Favor HP

Chronic Interstitial Fibrosis, Not Otherwise Classified CIE/NOC
QOrganizing Pneumonia oP

Diffuse Alveolar Damage DAD
Respiratory Bronchiolitis RB
Smoking-Related Interstitial Fibrosis SRIF
Emphysema Emphysema
Bronchiolitis Bronchiolitis
Sarcoidosis Sarcoidosis
Lymphangiolciomyomatosis LAM
Langerhans cell histiocytosis LCH
Eosinophilic Pneumonia EP
MNon-diagnostic ND

Other Other

{3143} Most diagnostic ferminclogies follow Awmerican Thoracic Society (ATS) 2011 or
2013 guidelines™, but a fow changes were made by the cxpert pathologist panel to better
characterize features at the lobe level. In particular, "*Classic UIP’ and ‘Difficult UIP" were

included instead of ‘Definite UIP’ and ‘Probable UIP’ as described in the ATS 2011
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guidelines. Chronic Interstitial Fibrosis, Not Otherwise Classified (CIF/NOC) corresponds fo
unclassifiable fibrotic 1LD. Three subcategories of CIF/NOC, ‘Favor UIP’, "Favor NSIP,
and ‘Favor HP', were defined to specify cases of unclassifiable fibrosis which, in the
judgment of the expert pathology pancl, cxhibit features suggestive of UIP, non-specific
interstitial pneumonia (NSIP), or hypersensitivity pneumonitis (HP). A diagnosis of

Smoking-Related Interstitial Fibrosis (SRIF) is also included™.

18144} For classification, saraple-level pathology diagnoses were converted mto binary class
labels (UIP and non-UlIP). Among the pathology diagnosis categories {Table 3}, the “UIP’
class includes (13 UIP, (2) Classic UIP, (3) Dafficult UIP, and (4) CIF/NOC, Favor UIP. All

other pathology diagnoses except Non-diagnostic {IND) were assigned fo the ‘non-UIP’ class.

EXAMPLE 2
Sample Processing

18145] Frozen tissuc samples were mounted for sectioning using Tissue-Tek O.CT. medium
{Sakura Finetck U.S. A} and 2 x 20pm scctions generated using a CM 1800 cryostat (Leica
Biosysterns, Buffalo Grove, Illinois). Tissue curls were immediately immersed in
RNAprotect (QIAGEN, Valencia, California), mcubated overnight at 4°C and stored at -80°C
until extraction. Whenever possible, adjacent Sum tissue curls were mounted onto glass
shides and processed for hematoxylin and ecosin (H&E) staining following standard

procedures.

{4146} Nucleic acids were extracted using the AllPrep Micro Kit (QIAGEN) according to
manufacturer’s guidelines. Total RNA yicld and quality was determined using Quant-it
{Ilnvitrogen) and Pico BioAualyzer kits (Agilent). Fifteen nanograms of total RNA were
amplified using Ovation FFPE WTA System (NuGEN, San Carlos, California), hybridized to
GeneChip Gene ST 1.0 (Affymetrix, Santa Clars, California) microarrays, processed and
scanned according to the mamufacturer’s protocols. Expression data was normalized by

Robust Multi-array Average (RMA).

EXAMPLE 3
Next-Generation RNA Sequencing
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{#147] Whole transcriptormne RNA sequencing was performed on select samples at a targeted
roinimum read depth of 80 million paired-end reads per sample. Briefly, 10ng of total RNA
was amplified using the Ovation RWNASeq Systern v2 (NuGEN, San Carlos, California) and
TruSeq (Ilhumina, San Diego, California) sequencing libraries were prepared and sequenced
on an {lumina HiSeq according to manufacturer's instructions. Raw reads were aligned to the
hgl9 genome assembly using TopHat2, Gene counts were obtained using HTSeq and
normalized in Bioconductor using the varianceStabilizingTransformation function in the
DESeqg? package. Raw counts and normalized expression levels were obtained for 55,097

transcripts.
EXAMPLEA4
Cohort Selection and Classifier Training

{#148] The study cobort inttially included both banked {n=128) and prospectively collected
BRAVE {n=38) tissucs. Banked samples with poor ccllularity on H&E staining (n=4 from 4
single patienty or normal lung tissue appearance (n=1) were excluded, as were samples
diagnosed as 'unclassifiable fibrotic ILD’ 1e. CIF/NOC (n=3} or samples that lacked
pathology agreement by at least two pathologists (0=29). For BRAVE samples, CIF/NOC
samples were not excluded. Only one BRAVE cohort sample was omitted, due to missing
central pathology  diagnosis. Processed RNA  samples with residual  genomic DNA
contamination {n=2} or low RNA quality (RNA integrity number (RIN} < 4) (n=1} were also
excluded. After all exclusions, 125 samples fromn 86 patients remained for use
classification. The age, gender, smoking history and pathology diagnoses of included patients

are summarized in Table 1.

13149] Table 1. Cohort summary. Within cach sct of microarray data or RNASeq data,
clinical factors such as age, gender and smoking history are summarized across patients. In
addition, samples are summarized by sample-level pathology diagnosis (counts without
parenthesis), and patients are summarized by patient-level pathology diagnosis {counts within
parenthesis). Zeros in cither case are due to discordance between sample-level and patient-
level pathology; counts will theretore not be additive. Of the 36 samples iy the RNASeq
training set, 22 overlap with the microarray training set and 14 overlap with the microarray

test set.

Micrearray RNASeq
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Category Sub-category Al Training Test | Training
Size Patient 86 54 32 179
57.9(25- | 58.9(25-  56.3(32- | 60.5(32-
Age Mean {range) 83} 83} 76} 1 ROy
32 22 10 16
Gender Male (37.2%) | (40.7%)  (312%) | (55.2%)
54 32 22 13
Female (62.8%) | (59.3%)  (68.8%) | (44.8%)
45 33 12 15
Smoking Yes (52.3%) | (61.1%)  {(37.5%) {(51.7%)
38 19 19 14
No {44.2%) | (35.2%)  (59.4%) @ (48.3%)
Unknown 3(35%) | 2(3.7%) 1 (3.1%) | 0
Pathology
diagnosis Uip 45(30) | 28(18)  17(12) | 14(14)
Favor UIP 31 31 0O | 00
Fibrotic NSIP 2 (0) 0 (0) 200 0O
Cellular NSIP 7 {0} 3{% 2(00 1 2(0
Both cellular and fibrotic
e ONSER 1400y 9O SO 30y .
e NSER 0(15) 1.0410,y . 0 . 03 .
,,,,,,,,,,,,,,,,,,,,,,, Favorde 2(h . 0® {8
HP 16 (14) 11 (10) 5(4) 3 (2
Unclassifiable fibrotic
AAAAAAAAAAAAAAAAAAAAAAAAAAAAA 100D . 1. ) N 4 ) B4 9 BN NS L) S
AAAAAAAAAAAAAAAAAAAA Sarcoidosis 4t 2y 2(H  2()
e BB 42 O A 3
. o 20 20 00 1
,,,,,,,,,,,,,,,,,,,,,,,,,,,, SRIE e D
. Bronchiolitis [ C) TN N N € B N . 1)
Emphyseroa 2(0) 2 (0) (O T R L (1)
DAD 0 (1) 0 () o 0
AAAAAAAAAAAAAAAAAAAAAAAAAAAA Other 535Gy 4@ i 3
Total I25(86) | 77 (59 48 32y | 36(29

1B1S8] 125 samples (86 patients) were available for microarray classification. The 86 paticuts
were randomized into training and test sets while controlling for patient-level pathology
subtype bias (Table 1). The microarray training sct consists of 77 samples {39 UIP and 38
non-UlP) from 54 paticnts. The microarray test set consists of 48 sarmaples (22 UIP vs. 26

non-UlIP} from 32 patients.
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{#151] RNASeq data was generated for a subsct of 36 samples (17 UIP and 19 non-UlP)
from 29 patients (Table 1), representing a spectrum of ILD subtypes. Among the 36 samples,
22 overlap with the microarray training set and 14 overlap with the microarray test set. Due
to the small sample size of this datasct, classification performance was cvaluated by cross-

validation {CV) only.

EXAMPLES

‘

Training Models, Classification, Feature Selection

{6152} All statistical analyses were carried out using R version 3.0.1°". For the microarray
classifier, genes differentially expressed between UIP and non-UIP classes were ranked by
limma, then the top 200 genes with lowest false discovery rate (FDR) (< 0-0003) were carried
forward as candidate genes for model building. Several models were built using different
methods, and the one with the lowest error was chosen. Feature sclection and model
estimation were performed by logistic regression with Jasso penalty using glmnet. For the
RMNASeq classifier, genes were ranked by FDR resulting from a Wald-style test imaplemented
in the DESeq? package on the raw count data. The top features (N ranging from 10 to 200)
were used to tramn a linear support vector wachine (SVM) using the /077 library on the

normalized expression data.

53} Classifier performance was evaluated by CV and, when available, by an independen
$153] Classif ft fuated by CV and, wh lable, by d dent
test set. To minimize over-fitting, a single patient was maintained as the smallest unit when
cfining the traimung/test set and the CV partition; e, all samples belonging to the same
def y the t g/test set and the CV partition; i ples belonging to th

patient were held together as a group in the fratning/test set or in CV partitions. The OV

methods used include leave-one-patient-out {LOPO) and 10-fold patient-level OV,

{#154] Performance was reported as the area under the curve {(AUC), and specificity (1-0 -
false positive rate} and sensitivity {1-0 — false negative rate} at a given score threshold. We set
the score threshold to require at least >90% specificity. For cach performance measurement,
95% confidence intervals were computed using 2000 stratified bootstrap replicates and the

PROC package and reported as [Cl lower-upper].

EXAMPLES

66



WO 2016/073768 PCT/US2015/059309

Spatial Heterogeneity in Samplings From Explanted Lungs

o
Ji
i/

[B155] A total of 60 samplings from three normal lung donors (n=7) and three lungs from
patients diagnosed with IPF (n=53} were analyzed using genome-wide miicroarray data. Intact
normal and diseased lungs obtained during travsplant procedures were collected following a
protocol approved by the Institutional Review Board (IRB) of Inova Fairfax, Falls Church,
Virginia. The upper and lower lobes of explanted lungs from three normal donors and three
patients diagnosed with IPF were sampled centrally and peripherally. The location and
number of the explant samples is illustrated 1n Figure 6. Surgical pathology and final chinical
diagooses were provided by the oniginating mstitations. Pathology over-reads by three expert

pathologists unanimously confirmed UIP in ali three IPF patient explant lungs.

131586} Gene expression was evaluated in seven norroal and 53 IPF explant lung samples.
Genes differentially expressed between normal and IPF patient explant samples were
identified and ranked by false discovery rate (FDR) using the R limuma package {(Srayth, G.
K. (2005)). The top 200 genes differentially expressed between UIP and non-UIP classes in
the microarray training set are shown in Table 12, Using the top 200 genes with the lowest
FIIR adjusted P-values (<1-45¢-07), the Pearson correlation coefficient was calculated for all

pairs of 53 UIP samples.

{#157] Table 12. Top 200 genes differentially expressed between UIP and non-UlIP classes in

the microarray training set, with indication of 22 genes used by the microarray classifier.

FDR
GENE adjusted Used by
] Classifier

10.04

PEFRKFR3
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DR
GENE adjusted Used by
TCID SYMBOL W MedExpr.UIF MedExpr.Nonl/iP  p-value rank Classifier

O4E-06

4.54E-06

8106098

ROS7418 ZNFE385 85 7A5E-06

7914950

8014561
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DR
GENE adjusted Used by

PTCHD4

8125410 THEMIS -0.85 6.35 7.33 4.73E-05 92
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DR
GENE adjusted Used by
TCID SYMBOL logFC  MedExpr.UIF  MedExpr.NonUIP Classifier
8069565 2.02 8.40

ACSE2

NEED4L

MRPL 14
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DR
GENE adjusted Used by
TCID SYMBOL log¥C MedExpr.UIF MedExpr.Nonl/iP  p-value 3 Classifier

7981460 PPIRI: -3.25 7.83 8.

7950235 STARDIO .30 7.13 7.43 2.79E-04 184

8048541 DES

8170428 MTM} 3.228-04 200
Abbreviations: TCID = transcript-cluster identity; Symbol = gene symbol; logFC = log fold-
change; MedExpr. UIP = wedian expression level across the UIP saroples; MedExpr NonUIP
= median expression level across the UIP samples; FDR = false discovery rate; Used by

-(.31 723 7.52

classifier = indicator of whether the gene is used by the microarray classifier.

{8158} The number and location of the samplings (upper vs. lower and central vs. peripheral)
are indicated in Figure 6 and {PF patient clinical characteristics in Table 4. To identify genes
usctul in measuring spatial heterogeueity, we looked for differential expression in vormal
versus {PF samples. This comparison produced ~5,000 significantly differentially expressed
RNA transcripts with FDR < §-05 (data not shown)., We sclected the top 200 differentially
expressed genes and measured pairwise correlation. The results for the three patients
diagnosed with IPF arc shown in Figure 1. Although correlation across all IPF sarmaples is
high, three distinct patterns emerge in the correlation structure among IPF samples. One
patient {P1) shows substantial differences in upper vs. lower lobe gene expression i.¢. lower
correlation in gene signals. One patient (P3) shows higher correlation between the upper and
lower lobe samplings. The third patient (P2) shows an intermediate result between these two
cases, with sometimes higher, and sometimes lower, correlation between samplings from the
upper and lower lobes. These resuits, while on a small number of patients, suggest that
samples with lobe-~specific pathology may be more accurate during the training phase of

classifier development. Based on this information we prepared a classifier using SLB tissues

~3
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with truth labels assigned at the sample level, using lobe-derived pathology. Our resuits,

which are presented 1o Example 7, dewoounstrate the presence of a molecular signature in SLB

tissucs that classifics UIP and non-UIP samples with high prospective accuracy.

{18159} Tabie 4. Chnical characteristics of three IPF explant patients.

Patient Gender

Age

smoking Status

Clinical Remarks

Pl M

49

non-smoker

Exertional dyspnea for ~2 years prior
to initial ovaluation.

Pre-transplant SLB demonstrated
clear UTP pattern, no granuloma or
bronchiolocentricity.

Diagnosis of IPF at transplant
reported patchy subpleural and
parascptal interstitial fibrosis, dense
scarring and honeycombing by
surgical pathology. No evidence of
granuloma or extensive
inflammation.

68

50 pack years

Initial evakluation occurred almost
immediately after first presentation of
exertional dyspnea; progressive
worsening over ~2.5 years.

Pathology at transplant demonstrated
end-stage lung discase, diffuse
fibrosis, teroporal heterogeneity and
fibroblastic foct suggestive of UIP.

64

24 pack years

Exertional dyspnea for ~2 years prior
to inttial evaluation, worsening over
the last year. Possible occupational
EXPOSULE,

Pre-transplant SLB demonstrated UIP
pattern with fibroblastic foct
consistent with IPF. Pathology at
transplant showed interstitial fibrosis,
giant ccll reaction, reorganization,
bronchiectasis and reactive bymph
node,

EXAMPLE 7

~

[\
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Performance of Microarray Classifier on Surgical Lung Biopsies

(#1680} Using sampliec-specific pathology labels on biopsies obtained during VATS, a
roicroarray classifier was trained by logistic regression on the top 200 genes separating UIP

and non-UIP samples (sce Table 12}, A final model was built with 22 genes (Table 5}

{8161} Expression data was normalized by Robust Multi-array Average (RMA). Feature
selection and model estimation were performed by logistic regression with lasso penalty
using ghmnet3. Raw reads were aligned using TopHat. Gene counts were obtained using
HTSeq and normalized using DESeq. The top features (N ranging from 10 to 200) were used
to train a linear support vector machine {(SVM) using the ¢1071 library. Confidence intervals

were computed using the pROC package.

{8162} LOPO CV performance 1s summarized as a receiver operating characteristic (ROC)
curve (Figure 2A3. The AUC is (-9 [C1 §-82-0:96], with 92% [C1 84%-100%] specificity and
64% [CI 49%-79%] sensitivity. Individual LOPO CV classification scores are shown for all
patients {(Figure 2B). Among the three misclassified non-UIP samples, two have scores very
close to the threshold (0-86 and 1-30), and one has a high score (4-21). The latter sample with
the high score was diagnosed as an ‘onclassifiable fibrotic 1D’ at both the sample- and
patient-level. Among the UIP samples, fifieen (36%) have a score below the threshold (false
negatives) but none of those samples have a large negative score. Since LOPO CV i certain
cases has the potential to overestimate performance, we also evaluated 10-fold patient-level
CV (i.c., 10% of patients arc left out in cach loop) which gives very similar performance (the

median AUC from five repeated 10-fold CVs is 0-8K).

{#163] Table 5. Twenty two genes included in a preferred array classifier.

TCID  SYMBOL logFC MedExpr.UIP MedExpr.NonUIP  FDR
(SEQ ID
NOL)

8117760  HLA-F -0.48 9.02 9.53 2.35E-09
(1

8101031  CDKL2  -0.95 731 8.16 1.29E-07
(2)

8106827  GPROYS 0.77 6.11 6.74 2.16E-07
(3)

7931930 PRKLCQ  -0.64 6.78 74 1.81E-06
{4

8177725  HLA-G  -0.29 10.67 10.89 2.37E-06
(5)

7926037  PFKFB3  -045 7.66 8.1 2.81E-06

3
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©)

8037205 CEACAMI ~(3.41 6.47 6.97 3.04E-06
(7)

7907492 RABGAPIL 032 8.01 8.33 3 REE-(6
&)

2154233 {274 -(3.84 6.35 7.14 4. 54E-06
©)

8161865 PRUNEZ $.79 744 6.75 TOS5E-06
(10)

8099760 ARAPZ -3.41 7.55 7.9 1.06E-05
(1)

7972336 DZIPI (.33 792 7.47 1.16E-05
(12)

8056217 MXRA7 8.4 8.58 8.29 121E-05
(13)

B126853 PTCHDM .75 7.02 6.07 4.27E-05
(14)

8104022 PDLIM3 {.5% 8.33 7.63 5.03E-85
(15)

8025918 CNNI .86 8.39 752 543E-05
(16)

21587027 NIPSNAP3IB (.29 5.25 498 5.62E-05
(17

7913858 PAQR7 $.22 6.58 6.38 146E-04
(18)

8042748 ACTG? .98 10,13 921 1.79E-04
(19)

®173924 NA -(.95 522 H.25 2.03E-04
20)

8018966 TiMP2 0.18 i0.53 1034 309804
@1

8048541 DES .71 881 g8.19 3.20E-04
{22

{#164] Abbreviations: TCID = transcript-cluster wdentity; Symbol = gene symbol; logFC =
log fold-change, MedExpr.UIP = wmedian expression level across the UIP samples;
MedExpr NonUIP = median expression level across the UIP samples; FDR = false discovery

rate.

{4165} Independent test set performance is shown in Figure 2C showing an AUC of 0-94 [C1
0-86-0-991, with 92% [CI 81%-100%] specificity and 82% [Cl 64%-95%] sensitivity. The
individual classification score distribution shows good separation between UIP and non-UIP
classes (Figure 23). The two misclassified noun-UIP samples have both patient- and sample-
ievel expert diagnoses of “unclassifiable fibrotic ILD indicating uncertainty in the diagnosis.
The score range observed in the test set (Figure 2D} is narrower than the range seen in LOPO
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CV scores {Figure 2B), likely due to the larger variability inherent in applying a series of sub-
classifiers within each CV loop, compared to scores obtamed by applving a single model.

Classification performance including 95% confidence intervals are summarized in Table 6.

{8166} Tabic 6. Classifier performance summary, inchuding 95% confidence intervals (CI).

RNASeqgSet-
Array Array RNASeq matched array
classifier ciassiﬁer classifier classifier
(LOPO CV) (E OPO (‘V) {i ()E’@ (‘V}
%peczﬁc;tv {93 Yo Q2% [R4%-~ 92 Yo {fﬁ%i%~ 9‘5 Y [ R4V~
i} 100%] 100%] 953% [84%-100%] 100%]
Sensitivity [95% 64% [49%- 82% [64%-
. LY S T9%0) 93%0) o 29V 30%0-8250] | ATV [24%-T 1]
N o7 £ LO4 B0 S
False positive
___________________ L S S
True negative
count 35 24 18 IR
False negative
B .S — A LA S
True negative
___________________ count .25 A8 B
fotal 77 48 36 36

{#167] Our approach offers significant advantages. Earlicr gene-expression profiling studies
focused on comparing IPF versus a fow non-IPF ILD subtypes such as HP or NSIP, or

§8,19,23,25 ) . ; —
¥ The non-UIP cohort reported hore represents a broad

against subjects without 1LD
spectrum of pathology subtypes including HP, NSIP, sarcoidosis, RB, bronchiolitis,
organizing pneumonia {OP), and others, thus approximating the diversity of [LDs
cncountered in clinical practice. In addition, the classifier was trained and tested using a
combination of banked and prospectively collected SLBs to ensure robustuess against
potential differences in sample handling and collection. Finally, many carlier studies focused
on differential gene expression analyses alone, without building a classification engine. In
contrast, our approach is a rigorous method for the development of molecular tests which,

when properly trained and vahdated, generalized well to independent data sets.

EXAMPLESR

Performance of RNASeq classifier on surgical hung biopsies

.
W
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{#168] A subset of 36 samples with RNASeq data were used to train a lincar SVM classifier
and the performance evaluated by LOPO CV. AUCGs are consistently above §-80 for gene
numbers spanning 10 to 200 (data not shown}. We chose a model using 100 genes for further

exarmmination. The AUC s 09 [CI 077-1-001 (specificity=935% [CT 84%-100%],

{(Figure 3B). The saruple-level pathology for this sample 1s respiratory bronchiolitis (RB), and
the patient-pathology is diffuse alveolar damage (DAD), two subtypes that may have been
difficult to model because of their sparsity. We carried out a similar analysis using matching
array data on the same set of samples; the array-based classifier achieves similar performance
{AUC=0-86 [CI 0-73-0-96]) using 160 genes. Specificity is 95% [Cl 84%-100%] and
sensitivity 18 47% [CI 24%-71%] (Figare 3C). luterestingly, the same von-UIP saraple that
was misclassified as a UIP by the RNASeq classifier is also misclassified by the microarray
classifier (Figure 3D). Overall, classification based on RNASeq achieves comparable

performance to that of the array platform.
EXAMPLE @
Biological Pathways Associated With Genes Used By The Classifiers

{#169] To determine if there are common biological underpinnings across the genes selected
by the machine learning process, we used over-representation analysis (ORA) to identify
statistically significant participation of genes in selected pathways. Over/under-representation
analyses {ORA} were performed using GeneTrail software {genctrail. bioinfuni-sb.de/) and
the top 1,000 genes differentially expressed by Hmma between UIP and non~-UIP samples
{(FDR < 0-013) in the microarray testing set (n=77) as the ORA test scts. The ORA reference
set included all human genes (n=44,829) and annotation in the KEGG pathways and gene
ontology (GO} databases. Significance was cvaluated via Fisher's exact test with a corrected

FDR threshold of p < (-05.

{#178] In examinivg the top 1000 genes found in the UIP vs non-UIP coroparison, distinet

findings emerged {Table 2).

{#171] Table 2. Kyoto Encyclopedia of Genes and Genomes (KEGG} Pathways and Gene
Ontologies (GO} over-represented in UIP and von-UIP saroples. Categories in cach sample

cohort are ranked by FDR p value.

Over-represented in UIP
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Neo. ORA
Nag. ohserv  Proporii
Source Category expected ed on FDR p value
GO Extracelinlar matrix 5 31 6.2 1.46E-12
GO Muscle system process 5 23 4.6 1.21E-07
GO Cel migration/motility 9 27 3.0 7.31E-06
KEGG  Focal adhesion 6 21 3.5 1.20E-85
GO Contractile fiber 2 12 6.0 F73E-05
KEGG Calcium signaling, pathway 5 18 3.6 5.38E-05
KEGG  Dilated cardiomyopathy 3 13 4.3 5.38E-05
KEGG  ECM-receptor interaction 2 12 6.0 5.95E-05
KEGG  Vascular Muscle contraction 3 i4 4.7 5.95E-05
Hypertropic cardiomyopathy
KEGG (HCM) 2 11 5.5 2.90E-04
Arrhythmogenic right ventricular
KEGG  cardiomyopathy (ARVE) 2 9 4.5 2.82E-03
KEGG  Regulation of Actin cytoskeleton 6 16 2.7 3.39E-03
KEGG  Melanoma 2 8 4.0 6.26E-03
KEGG  Cardiac muscle contraction 2 7 3.5 4.53B-02
KEGG  MAPK signaling pathway 8 15 1.9 4.76E-02
Over-represented in non-UIP
Mo, ORA
MNeo. obse Proporti
Source  Category expected  rved on FDR p-value
KEGG  Allograft rejection 1 15 15.0 9.25E-12
KEGG  Cell adhesion molecules 4 25 6.3 Q25E~12
Antigen processing and
KEGG  prescutation 2 19 9.5 3.40E-H]
KEGG  Type I diabetes mellitus 1 14 4.0 5.95E-10
GO Immune response 13 42 3.2 6.52E-09
KEGG  Autoinunune thyroid disorder 2 14 7.0 6.72E-09
KEGG  Viral myocarditis 2 16 8.0 6.72E-09
KEGG  Phagosome 5 2¢ 4.0 7.01E-07
GO MHC class I receptor activity 1 7 7.0 2.66E-05
KEGG  Systemic lupus erythematosus 4 16 4.0 6. 11E-05
KEGG  Leishmaniasis 2 i 5.5 1.14E-04
GO Innate frorune response 3 14 4.7 2.34E-04
KEGG  Asthma i 7 7.0 2.83E-04
GO Sigual transducer activity 24 48 2 3.44E-04
Antigen processing and
presentation of endogenous
GO antigen 1 4 4 7.50E-04
Intestinal immumne network for
KEGG  IgA production 2 8 4.0 8.A40E-04
KEGG  Malaria 2 8 4.0 1.04E-03
GO T cell activation 3 12 4.0 1.58E-03
Natural killer cell mediated
KEGG  cytotoxicity 4 3 3.3 191E-03
KEGG  Endocytosis 6 16 2.7 3.42E-03
KEGG  Sterowd biosynthesis 1 4 4.0 8.78E-03

~
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KEGG  Tight junction 4 1t 2.8 1.50E-02
KEGG  Proteasome 1 6 6.0 1.71E-02
KEGG  Primary immunodeficiency 1 5 5.0 1.89E-02
KEGG  Toll-like receptor sipnaling 3 S 3.0 1. 8OE-02

{#172] Abbreviations: FDR = false discovery rate; GO = Gene Ontology; KEGG = Kyoto

Eucyclopedia of Genes and Genomes: ORA = over-representation avalysis.

{8173} In UIP, genes involved in cell adhesion, muscle discase, cell migration and motility

predominate. These results are consistent with previous reports of pathways differentially

1%8,19,22,23

regulated o IPF . In conirast, other non-UIP subtypes overexpress genes involved in
immune processes, including both the adaptive and innate systems. This enrichment could be
due to the RB and HP subtypes present in the non-UIP cohort; discases known to exhibit
immune components”™. Genes over-represented in KEGG pathways and Gene Ontology

groups arc summarized in Tables 7 and 8.

{#174] Tabic 7. Genes over-represented in KEGG pathways and Gene Ontology groups of

U1P samples.

OVER-REPRESENTED INUIP

No.
source (ategory observed Genes Observed
GO Extracellular matrix 31 ABIIBP, ADAMTRS3, AEBPI, CLU,

COL14AL, COLISAL, COL1AZ, COL21AL,
COL6BAL, COL6AZ, CPXM2, DST, FBLNI,
FBN1, FGF10, FMOD, HTRAL, LAMAA,
LAMBZ, LAMCI, LTBPI1, MGP, NiD1,
PLAT, POSTN, SERPINFI, SFRPZ, SNCA,
SPONIT, TNC, VCAN

GO Muscle system process 23 ACTAZ, ACTG2, AGT, ATPIAZ, BDKREBZ,
CALDI1, ONNI1, CRYAR, DES, DTNA, IGF1,
LMOD, MYHIL MYLY, MYLK, MYOCD,
SLCOAS, SSPN, TNNIZ, TNNT3, TPMI,

TPM2, TPM4
GO Cell 27 ADRAZA, AGT, ANGPT2, CCL24, CXCL12,
migration/motility ENPP2Z, F10, FGF10, FGF7, IGF1, IGFBPS,

TGH3, KRTZ, LAMCT, NEXN, NR2E2,
PDGFRB, PODN, PPAPZA, RORZ, S100A2,
SCGR, SFRP2, SLIT3, THY 1, TPMIL, VCAN

KEGG  Focal adhesion 21 ACTNI, COLIAZ, COLA6AL, COLGA2, FLNC,
HGF, IGF1, ITGA7, TTGR3, ITGR4, LAMAA4,
LAMB2, LAMCI, MYLS, MYLK, PARVA,
PDGED, PDGFRB, SHC4, SPPT, TNC

GO Contractile fiber 12 DES, MYHI1, MYL9, MYOMI, NEXN,
PGMS, SVIL, TNNIZ, TNNT3, TPM1, TPM2,
TPM4

~
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KEGG

KEGG

KEGG

KEGG

KEGG

KEGG

KEGG

KEGG

KEGG

KEGG

Calcitum signaling,
pathway

Dilated
cardiomyopathy

ECM-receptor
mteraction

Vascular Muscle
contraction

Hypertropic
cardionyopathy
(HCM)
Arrhythmogenic right
ventricular
cardiomyopathy
{(ARV()

Regulation of Actin
cytoskeleton

Melanoma

Cardiac muscle
contraction
MAPK signaling
pathway

12

14

11

PCT/US2015/059309

ADCY3, AVPRIA, BDKRB2, CACNAILC,
GNAL, GRIN2A, HRHT, HTR2A, MYLK,
PIRX1, PDEIA, PDGFRRB, PLCRI, PLN,
PTGER3, RYR3, TACRI, TRPCI

ADCY3, ADCYS, CACNALC, CACNA2DI,
DES, IGF1, ITGA7, ITGB3, ITGR4, PLN,
TPMI, TPM2, TPM4

COLIA2, COL6A L, COL6AZ, ITGAT, ITGR3,
ITGB4, LAMA4, LAMB2, LAMC!, SPPI,
SV2A, TNC

ACTAZ, ACTG2, ADCY3, ADCYS, AVPRIA,
CACNAIC, CALDI, KONMB1, MRVII,
MYHTE, MYLY, MYLK, PLAZG2A, PLCBI,
CACNAIC, CACNA2DI1, DES, IGF1, ITGAT.
ITGR3, ITGB4, PRKAAZ, TPM1, TPM?,
TPM4

ACTN1, CACNAIC, CACNAZD1, CDHZ,
DES, ITGA7, ITGRB3, ITGB4, PKP?2
ACTNIT, BDKRB2, ENAH, FGF10, FGF14,
FGF7, FGFR1, GNGI12, ITGA7, ITGB3,
ITGR4, MRAS, MYLS, MYLK, PDGFD,
PDGFRB

FGF10, FGF14, FGF7, FGFR1, HGF, IGF1,
PDGED, PDGFRE

ATPIA2, ATPIB2, CACNAIC, CACNA2DI,
TPMI, TPM2, TPM4

CACNAIC, CACNAZD, FGF10, FGF14,
FGF7, FGFRI, FLNC, GNG12, HSPAZ,
MAPAK4, MRAS, NEFATC4, PDGFRB,
PLAZG2A, ZAK
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{#175] Tablc 8. Genes over-represented in KEGG pathways and Gene Ontology groups of

non-UIP samples.

OVER-REPRESENTED IN non-UlP

sSource

Category

No.
observed

{zenes Observed

KEGG

KEGG

KEGG

KEGG

GO

KEGG

KEGG

KEGG

GO

Allograft rejection

Cell adhesion
rolecules

Antigen processing

and preseuntation

Type | diabetes
mellitus

Immunec response

Autoimmune thyrotd
disorder

Viral myocarditis

Phagosome

MHC class 1 receptor
activity

5

N
£

19

14

14

16

2¢

CD40, FASLG, HLA-A, HLA-B, HLA-C, HLA-
DMA, HLA-DOA, HLA-DPA L, HLA-DPBI,
HLA-DQA1L, HLA-DRA, HLA-E, HLA-F,
HLA-G, IFNG

CADMI1, CD2, CD274, CD40, CDRA,
CLONIS, CLDN4, FIIR, HLA-A, HLA-B,
HLA-C, HLA-, DMA, HLA-DOA, HLA-DPAL,
HLA-DPBI1, HLA-DQA1, HLA-DRA, HLA-E,
HLA-F, HLA-G, ICAM1, ICOS, ITGAL,
OCLN, SDC4

CD74, CDBA, HLA-A, HLA-B, HLA-C, HLA-
DMA, HLA-DOA, HLA-DPAL, HLA-DPBI,
HLA-, DQAI, HLA-DRA, HLA-E, HLA-F,
HLA-G, IFNG, PSME1L, PSMEZ, TAPL, TAP2
FASLG, HLA-A, HLA-B, HLA-C, HLA-DMA,
HLA-DOA, HLA-DPA1, HLA-DPBI, HLA-,
DOAT, HLA-DRA, HLA-E, HLA-F, HLA-G,
IFNG

APOBEC3G, AQP4, BST2, €2, CADM],
CCRS, CD274, (D74, CDRA, CRTAM, CTSC,
CTSW, CXCL16, ERAPL, FCGRIA, FCGRIB,
FCGR3A, GBP2, GCH1, GZMA, HLA-A,
HLA-B, HLA-C, HLA-DPA1, HLA-DQA],
HLA-DRA, HLA-H, ICAMI, ICOS, TL32,
TGAL, MICB, NUB1, PLAZGIB, PSMBIQ,
S100A 14, SFTPD, SKAPL, THEMIS, TLR2,
TLR3, UBD

CDA40, FASLG, HLA-A, HLA-B, HLA-C, HLA-
DMA, HLA-DOA, HLA-DPAL, HLA-DPBI,
HLA-DQA1L, HLA-DRA, HLA-E, HLA-F,
HLA-G

CD40, HLA-A, HLA-B, HLA-C, HLA-DMA,
HLA-DOA, HLA-DPA1, HLA-DPB1, HLA-
DOAT, HLA-DRA, HLA-E, HLA-F, HLA-G,
ICAML, ITGAL, MYH14

ATPEVOD, FCGRIA, FCGR3A, HLA-A,
HLA-B, HLA-C, HLA-DMA, HLA-DOA,
HLA-, DPAL, HLA-DPBI, HLA-DQAI, HLA-
DRA, HLA-E, HLA-F, HLA-G, SETPAL,
SFTPD, TAPI, TAP2, TLR?

HLA-A, HLA-B, HLA-C, HLA-E, HLA-F,
HLA-G, HLA-H

&0
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OVER-REPRESENTED IN non-U1P
Seurce Category No.
ehserved Gengs Observed
KEGG  Systemic lupus 16 2, CD40, FCGRIA, FCGR3A, HISTIHZRE],
erythematosus HISTIH3E, HISTIH4E, HIST2HZBE, HLA-,
DMA, HLA-DOA, HLA-DPAL, HLA-DPBI,
HLA-DQAT, HLA-DRA, IFNG, TRIM21
KEGG  Leishmaniasis 11 FCGRIA, FCGR3A, HLA-DMA, HLA-DOA,
HLA-DPAL, HLA-DPBI, HLA-DQAIL, HLA-,
DRA, IFNG, STATI, TLR2
GO Innate inumune 14 APOBEC3G, AQP4, C2, CADMI, CRTAM,
FESPONSE CXCL16, ERAPL GCHI, NUBIL, 85100A14,
SFTPD, TLRZ, TLR3, UBD
KEGG  Asthma 7 CD40, HLA-DMA, HLA-DOA, HLA-DPAL,
HLA-DPBI, HLA-DQAT HLA-DRA
GO Signal transducer 48 AGER, BST2, CCL4, CCLS, CCRS, CD2,
activity CD40, CD47, CD74, CDRA, CLDN4, CXCL16,
CXCR6, EBP, ERBB3, FCGR1A, FCGRIB,
FGFR2, FLRT3, FZDS5, GPROS, HLA-A, HLA-
B, HLA-C, HLA-DOA, HLA-DPA1, HLA-
DOAT, HLA-DRA, HLA-E, HLA-F, HLA-G,
HLA-H, ICAMI, IL2RB, KLRBI, LDLR,
MAP3IKE3, PTPR], SCTR, SBC4, SH2D1A,
SKAPL, STATL, TAPTE, TLRZ, TLR3,
TPS3BPZ, UNCI3B
GO Antigen processing 4 CD74, ERAPL, TAPL, TAPZ
and presentation of
endogenous antigen
KEGG  Intestinal immune 8 CD40, HLA-DMA, HLA-DOA, HLA-DPAIL,
network for IgA HLA-DPBIL, HLA-DQAL, HLA-DRA, ICOS
production
KEGG Malarnia 8 CD40, ICAMI, IFNG, ITGAL, KLRBI,
KLRKL1, SDC4, TLR2
GO T cell activation 12 CADMI, CDZ, CD47, CD74, CD8A, CRTAM,
ICAME, ITGAL, KLRK1, MICB, SFTPD,
THEMIS
KEGG Natural killer cell 13 FASLG, FCGR3A, HLA-A, HLA-B, HLA-C,
mediated cytotoxicity HLA-E, HLA-G, ICAMI, IFNG, ITGAL,
KLRKI, MICE, SH2D1A
KEGG  Endocytosis 16 ARAPZ, CCRS, DNM2, ERBB3, FGFRZ, HLA-
A, HLA-B, HLA-C, HLA-E, HLA-F, HLA-G,
IL2REB, LDLR, NEDD4L, PARDGE, PRKCZ
KEGG  Steroid biosynthesis 4 DHCR24, EBP, FDFTI, SQLE
KEGG  Tight junction 11 CLDNI1E, CLDN4, FLIR, INADL, LLGL2,
MAGI3, MYH14, OCLN, PARDGB, PRKCQ,
PRKCZ
KEGG  Proteasome 3 IFNG, PSMBIG, PSMBE, PSMB9, PSME],
PSME2
KEGG  Primary 5 CD40, CDSA, ICOS, TAPI, TAP2
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OVER-REPRESENTED IN non-UP

Seurce Category No.
ehserved Gengs Observed
immunodeficiency
KEGG  Toll-like receptor 9 CCL4, CCLS, CD40, CXCLIG, CXCLIL,
signaling CXCLY, STATL, TLR2, TLR3

EXAMPLE 16
Mislabeling Simulation Study

18176] A simulation study swapping binary classification labels (UIP or non-UIP) was
performed on the microarray training sct. Samples were sclected at random for label
permutation, at total proportions per simulation set ranging from 1% to 40%. The level of
agreernent in the blinded review of the three expert pathology diagnoses 1s 3/3 (n=44), 2/2
(=¥}, 2/3 (n=24), and 1/3 (n=1). Sample labels were changed to the other class with a weight
proportional to the probability accounting for the disagreement level in the blinded review of
the three expert pathologists: 5% for 3/3 or 2/2 agreement, 50% for 2/3 agreement, and 90%

for 1/3 agreement. Simulations were repeated 100 times at each proportion.

{#177] The LOPO CV performance (AUC) was evaluated over 100 repeated simulations
across a range of proportion of swapped labels (Figure 4). When there is no label swap, the
median performance s very close to the array classifier performance shown in Figure 2A
(AUC=0-9). (Using the same sct of samples and labels, model estimation can have slight
variability}. As the swap rate increases, the perforroance decreases monotonically, When 40%
of the labels are swapped, the median performance approaches 05, indicating classification is

ng better than random chance.
EXAMPLE 18

Magnitude and direction of UIP/Non-UIP differential gene expression differs m smoker vs.

non-smoker test subjects.

{B178] Interstitial hung discases are more prevalent in persons that smoke, or have had a long
history of smoking prior to quitting, than in persons who never smoked. We corapared
differential gene expression profiles of samples derived from smoker and non-smoker UIP or
non-UIP subjects to determine if smoking status affects performance of UIP diagnostic

classifiers.
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{#179] Transbronchial biopsy samples were prepared [according to the methods described in
Examples 1 and 2, and RNA sequencing analysis was performed according to the method
described in Example 31, RNASeq data was generated for a subset of 24 samples (9 UIP and
15 non-UIP), and differential gene cxpression was analyzed according to three binary
comparisons: (i} UIP vs. non-UlP, 0=9 and 15 samples, respectively; (i1} Non-smoker UIP
vs. Non-smoker non-UIP, 1=3 and 5 samples, respectively; and (i) Smoker UIP vs. Smoker

non-UlP, n=12 and 4 samples, respectively.

{B18¢] The results of the expression analysis for groups (i) to (i) are shown in Tables 9 to
11, respectively, and are summarized in Figures 8-10. The number of genes differentially
expressed between UIP and Non UIP samples differs drastically between smokers and non-
smokers (64 differentially expressed in samples from smokers, 671 differentially expressed in
samples from non-swokers) (Figure §).  Moreover, certaim geues that were differentially
upregulated in non-smokers were downregulated on not differentially expressed in smokers
(Figures 9 and 10}, Thesc data demonstrate that certain genes that are useful in UIP
classification of samples from non-smokers are not informative, or can be contradictory in the
diagnosis of the sarac discasc, 1 smokers. Srooker-status ditferences in gene cxpression can
reduce the performance of gene expression classifier predictions generated using traditional
2-class machine lcarning methods. We overcome this problem using three different
techuiques that are optionally combined or used individually in combination with the UIP vs.
Non-UIP classifiers and methods of diagnosis UIP vs. Non-UIP via the diagnostic methods

disclosed herein.

{3181} In a first approach, smoking status (srooker vs. non-srooker) 1s used as a covariate o
the model during training. This simple approach boosts signal-to-noise ratio, particularly in
data derived from smokers {were noise is higher) and allows data derived frorn smokers and

non-smokers 1o be combined and used simultancously.

{#182] In a second approach, genes that are susceptible to smoker-status bias are identified
and excluded, or optionally weighted differently than genes that are not susceptible to such
bias, during classifier traming. This racthod enriches the feature space used for tramming with

genes that are not confounded or affected by smoking status.

18183 In a third approach, a tiered classification effort is utilized in which an initial classifier

is trained o recognize gene signatures that distinguish smokers from nou-smokers. Quoce
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patient samples are pre-classified as “smoker” or “non-smoker”, distinet classifiers that were
gach trained to distinguish UIP vs. Non UIP in smokers or non-smokers, respectively, are
implemented. Such smoker or non-smoker-specific classifiers provide improved diagnostic

pertormance.

13184] Tabic 9. Dhfforentially expressed genes in UIP vs. Non-UIP samples, irrespective of

smoker status.

Table 8. Al samples log2 Fold
Change

Ensembl iD Entrez ID Gene symbol | {UIP/NonUiP) | pvalue FDR p value
ENSGO0O0(00204256 6046 BRD2 -0.30 4.03E-11 6.40E-07
ENSGO0000129204 9098 Uses 1.88 2.57E-10 2.04E-06
ENSGO0OC00148357 256158 HMUCNZ 1.71 1.62E-08 8.58E-05
ENSGO0OCC0178031 92949 ADAMTSLY 1.63 1.23E-07 4. 83E-04
ENSGOOC00112130 9025 RNF& -0.40 1.52E-07 4. 83E-04
ENSGO0000197705 57565 KiHL14 1.58 1.97E-07 5.21E-04
ENSGO0000204632 3135 HLA-G -1.65 4.51E-07 1.02E-03
ENSGO0G00157064 23057 NMNAT2 1.47 8.62E-07 1.31E-03
ENSGO0000112245 7803 PTP4AT -0.59 1.38E-08 2.43E-03
ENSGO0000114115 5947 RBP1 .95 1.69E-08 2.68E-03
ENSGO0000152413 9456 HOMER] -0.48 2.30E-08 3.32E-03
ENSGO0000143603 3782 KCNN3 .81 2.85E-08 3.54E-03
ENSGO0OC00198074 57016 AKRIB1IO -1.48 2.90E-08 3.54E-03
ENSGO0000160007 2809 ARHGAP3S -0.28 4.24E-06 4 48E-03
ENSGO0000076053 10179 RBM7 -0.30 4.23E-06 4 49E-03
ENSGO0000085563 5243 ABCR1 1.40 5.90E-06 5.55E-03
ENSGO00000473565 116984 ARAP2 -0.60 5.95E-06 5.55E-03
ENSGO0G00130600 283120 His 1.45 7.10E-06 5.68E-03
ENSGO0000131355 84658 ADGRE3 1.43 7.22E-06 5.68E-03
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Table 8. All samples log2 Fold
Change

Ensembl {D Entrez 1D Gene symbol | {UIP/NonUiP) | pvalue FDR p value
ENSGOOC00135837 9857 CEP350 -0.23 6.63E-06 5.68E-03
ENSGO0000102221 9767 JADES -0.42 7.52E-08 5.68E-03
ENSGOOC00105784 154661 RUNDC38 1.31 1.02E-05 6.94E-03
ENSGO0000198734 2153 F5 (.96 1.05E-05 6.94E-03
ENSGOOC00124226 55905 RNF114 -0.38 1.04E-05 6.94E-03
ENSGO0000106852 26468 LHX8 1.16 1.12E-05 7.20E-03
ENSGO0OC00183454 2903 GRIN2A 1413 1.47E-05 8.93E-03
ENSGOO000170153 57484 RNF150 1.04 1.54E-05 8.93E-03
ENSGO0CC0187527 344905 ATP13A5 -1.39 1.58E-05 8.93E-03
ENSGO0O000244734 3043 HBB 1.40 1.71E-05 9.05E-03
ENSGO0000204836 57126 CDi77 1.40 1.67E-05 3.05E-03
ENSGO0OC00136560 10010 TANK -0.37 2.26E-05 1.16E-02
ENSGO0000196562 55959 SULF2 (.98 2.87E-05 1.42E-02
ENSGOOC00151789 79750 ZNF385D 1.36 3.27E-05 1.44E-02
ENSGO0000145808 171019 ADAMTS1S 1.07 3.14E-05 1.44E-02
ENSGOOC00177666 57104 PNPLAZ -0.53 3.00E-05 1.44E-02
ENSGO0000007312 974 0798 1.31 3.51E-05 1.47E-02
ENSGO0000104213 5157 PDGFRL 1.24 3.53E-05 1.47E-02
ENSGO0000023171 57476 GRAMDIB -0.86 3.41E-05 1.47E-02
ENSGOOC00117322 1380 CR2 1.31 4.37E-05 1.78E-02
ENSGO0000171724 57687 YATIL 1.33 4 51E-05 1.79E-02
ENSGOOC00108852 4355 MPE2 1.21 4 .84E-05 1.87E-02
ENSGO0000136098 4752 NEK3 .51 5.00E-05 1.8GE-02
ENSGO0OC00189056 5649 RELN 1.2¢ 5.13E-05 1.83E-02
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Table 8. All samples log2 Fold
Change

Ensembl {D Entrez 1D Gene symbol | {UIP/NonUiP) | pvalue FDR p value
ENSGOOC00054938 25884 CHRDL2 1.30 6.70E-05 2.36E-02
ENSGO0000132704 73368 FCRL2 1.30 6.62E-05 2.36E-02
ENSGOOC00186628 6925 TCF4 .50 7.00E-05 2.41E-02
ENSGO0000142856 23421 ITGB3BP .55 7.32E-05 2.47E-02
ENSGO0000136153 4008 LMO7 -0.80 8.61E-05 2.85E-02
ENSGO0000203867 282996 RBM20 1.20 9.01E-05 2.92E-02
ENSGO0O000171049 2358 FPR2 1.26 9.26E-05 2.94E-02
ENSGO0000152953 55351 STK32B 1.23 9.47E-05 2.95E-02
ENSGOOC00089968 23786 BCL2L13 -0.37 9.73E-05 2.97E-02
ENSGO0000188536 3040 HBAZ 1.26 1.03E-04 3.00E-02
ENSGO0O000188569 142680 SLC34A3 (.94 1.04E-04 3.00E-02
ENSGO0O000163701 132014 IL17RE -0.80 1.02E-04 3.00E-02
ENSGO0OC00187614 3076 MFAPS 1.25 1.10E-04 312E-02
ENSGO0000146021 26249 KiHL3 0.84 1.15E-04 3.18E-02
ENSGO0O000156103 4325 MMFP18 1.25 1.21E-04 3.24E-02
ENSGO0000185022 23764 MAFF -1.05 1.20E-04 3.24E-02
ENSGO0O0000888582 56265 CPXML 1.22 1.32E-04 3.48E-02
ENSGO0O000163032 7447 VSNLT (.78 1.38E-04 3.58E-02
ENSGO0OC00186184 51082 POLRLD -0.47 1.40E-04 3.58E-02
ENSGOO000177106 64787 EPS8L2 -0.52 1.42E-04 3.58E-02
ENSGO0000214711 440854 CAPN14 1.23 1.44E-04 3.58E-02
ENSGOOC00113212 56129 PCDHBY 1.04 1.51E-04 3.64E-02
ENSGO0000001629 54467 ANIKIBL -0.22 1.52E-04 3.64E-02
ENSGO0C00180871 3579 {XCR2 1.20 1.79E-04 4.17E-02
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Table 8. All samples log2 Fold
Change

Ensembl {D Entrez 1D Gene symbol | {UIP/NonUiP) | pvalue FDR p value
ENSGOOC00065618 1308 COL17AT 1.04 1.79E-04 4. 17E-02
ENSGO0C000083%4 4257 MGSTL -0.59 1.81E-04 4.17E-02
ENSGOOC00185046 56839 ANKSIR 1.01 2.16E-04 4.82E-02
ENSGO0000165843 3429 F27 -1.05 2.14E-04 4.82E-02
ENSGOOC00186847 3861 KRT14 1.20 2.30E-04 5.04E-02
ENSGO0000136923 55363 HEMGN 1.13 2.35E-04 5.04E-02
ENSGO0O000167107 80221 ACSE2 -0.55 2.35E-04 5.04E-02
ENSGO0000169128 84532 AFAP1LZ (.87 2.45E-04 5.18E-02
ENSGO0OC00134762 1825 DSC3 1.10 2.86E-04 5.88E-02
ENSGOO000212743 NA (.96 2.85E-04 5.88E-02
ENSGO0O000148575 6327 SCN2B 1.13 3.00E-04 6.10E-02
ENSGO0000188257 5320 PLAZG2A 1.16 3.22E-04 6.15E-02
ENSGO0O000102835 23030 ZNF423 1.02 3.15E-04 6.15E-02
ENSGQ0O000143320 1382 CRABPZ (.98 3.22E-04 6.15E-02
ENSGO0OC00138660 55435 AP1AR -0.4% 3.07E-04 6.15E-02
ENSGO0O000157601 4589 MX1 -0.88 3.15E-04 6.15E-02
ENSGO0O000171847 55138 FAMSOOAL (.80 3.36E-04 6.22E-02
ENSGO0000115461 3483 IGFEP5 0.71 3.37E-04 6.22E-02
ENSGO0O000151832 1646 AKRIC2 -1.17 3.36E-04 6.22E-02
ENSGO0OC00189306 27341 RRP7A (.44 3.42E-04 6.24E-02
ENSGO0000148541 220965 FAM13C 0.72 3.60E-04 6.4%E-02
ENSGO0000111725 5564 PRKABT -0.4% 3.65E-04 6.50E-02
ENSGO0000182885 222487 ADGRG3 1.15 3.74E-04 6.54E-02
ENSGOOC00206172 3039 HBAL 1.15 3.80E-04 6.54E-02
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Table 8. All samples log2 Fold
Change

Ensembl {D Entrez 1D Gene symbol | {UIP/NonUiP) | pvalue FDR p value
ENSGO0OC00157502 138221 MUMILT 1.0¢ 3.77E-04 6.54E-02
ENSGO0000169851 9185 REPSZ -0.46 3.88E-04 6.54E-02
ENSGO0000129437 43847 Kiki4 -1.09 3.85E-04 8.54E-02
ENSGO00(00211356 NA IGHV4-34 1.15 3.93E-04 6.57E-02
ENSGO0000106483 6424 SFRP4 1.15 4.19E-04 8.75E-02
ENSGO0000175879 3234 HOXDS 1.13 4.36E-04 6.75E-02
ENSGO0000166347 2038 EPR42 1.04 4. 35E-04 6.75E-02
ENSGO0C00028310 65980 BRDY 0.17 4. 15E-04 8.75E-02
ENSGO0000134046 8932 MBD2 -0.18 4.39E-04 6.75E-02
ENSGO0C00011007 6924 TCEB3 -0.29 4.10E-04 8.75E-02
ENSGO0O0(0158722 10457 UNC1I3B -0.46 4. 24E-04 6.75E-02
ENSGO0000182735 79098 Ciorflls -0.80 4.33E-04 8.75E-02
ENSGO0O000110042 23220 DTX4 -0.40 4 44E-04 6.78E-02
ENSGO0000169612 83640 FAMICO3AL -0.67 4.56E-04 6.83E-02
ENSGO0O000139517 222484 LNX2 -0.38 4.66E-04 6.98E-02
ENSGO0C00165966 29951 POZRNA 1.14 4.80E-04 7.01E-02
ENSGO0000186109 163223 ZNF676 112 4.81E-04 7.01E-02
ENSGO0OCC0188517 84570 COL25BA1 1.12 4.86E-04 7.01E-02
ENSGO0000121898 119587 CPrM2 1.07 4 83E-04 7.01E-02
ENSGO0O000185738 6345 SRL 1.13 5.01E-04 7.40E-02
ENSGO0000166033 5654 HTRA1 0.82 4 .98E-04 7.10E-02
ENSGO0000179772 2307 FOXS1 1.13 5.20E-04 7.AT7E-02
ENSGO0G00172137 794 CALR2 1.13 5.19E-04 7.17E-02
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Table 8. All samples log2 Fold
Change

Ensembl {D Entrez 1D Gene symbol | {UIP/NonUiP) | pvalue FDR p value
ENSGO0C00086544 80271 ITPKC -0.42 5.15E-04 7.37E-02
ENSGO0000130513 §518 GDF15 -1.04 5.29E-04 7A7E-02
ENSGO0000129451 5655 KEKO -1.05 5.26E-04 7.37E-02
ENSGO0000109472 1363 CPE 1.03 5.40E-04 7.20E-02
ENSGO0C00171206 81603 TRIMS -0.30 5.38E-04 7.20E-02
ENSGO0000128285 2847 MCHR1 1.08 5.60E-04 7.40E-02
ENSGO0000197993 3792 KEL 1.08 5.68E-04 7.45E-02
ENSGO0OC00138642 55008 HERCE -0.82 5.78E-04 7.51E-02
ENSGO0000162723 93185 IGSF8 0.32 5.93E-04 7.65E-02
ENSGOOC00105369 973 CD79A 1.11 6.54E-04 7.67E-02
ENSGO0000146374 84870 RSPO3 111 6.56E-04 7.67E-02
ENSGO0000167483 149786 FAMI23C 1.11 6.75E-04 7.67E-02
ENSGO0000205038 93035 PKHD1L1 1.07 6.67E-04 7.67E-02
ENSGO0OC00158560 1780 DYNC1i1 1.07 6.63E-04 7.67E-02
ENSGO0C00101000 10544 PROCR 1.04 6.65E-04 7.67E-02
ENSGO0OC00187410 54798 DCHS2 1.03 6.66E-04 7.67E-02
ENSGO0000137573 23213 SULF1 1.02 6.74E-04 7.67E-02
ENSGOOC00081972 4345 D200 1.01 6.81E-04 7.67E-02
ENSGO0000161381 57125 PIXDCT 0.97 6.23E-04 7.67E-02
ENSGO0OC00067840 57595 PDZD4 (.94 6.64E-04 7.67E-02
ENSGO0000244363 NA RPLTP23 0.77 6.71E-04 7.67E-02
ENSGO0OC00141698 115024 NT5(C3B .41 6.51E-04 7.67E-02
ENSGO0000184056 26276 YPS33B 0.24 6.73E-04 7.67E-02
ENSGO0O000226742 440498 HSBP1L1 -0.37 6.66E-04 7.67E-02
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Table 8. All samples log2 Fold
Change

Ensembl {D Entrez 1D Gene symbol | {UIP/NonUiP) | pvalue FDR p value
ENSGO0000064666 1265 CMNNZ -0.38 6.73E-04 7.67E-02
ENSGO0O0(00158142 65124 SOWAHC -0.53 6.36E-04 7.67E-02
ENSGO0000193183 51297 BPIFAT -1.09 6.79E-04 7.67E-02
ENSGO0G00185271 123103 KLHL33 1.10 7.36E-04 7.96E-02
ENSGO0000143248 8490 RGSS 1.10 7.26E-04 7.96E-02
ENSGO0000106018 7434 VIPR2 1.10 7.45E-04 7.96E-02
ENSGO00(00168542 1281 COL3AL 1.10 7.33E-04 7.96E-02
ENSGO0000186105 100130733 | LRRCTO 0.93 7.44E-04 7.96E-02
ENSGO0OC00265150 NA NA 0.87 7.23E-04 7.96E-02
ENSGO0C00172840 57546 POP2 -0.34 7.47E-04 7.96E-02
ENSGO0000156675 80223 RABIIFIPY -0.61 7.27E-04 7.96E-02
ENSGOOCCO108001 253738 EBF3 1.10 7.84E-04 8.11E-02
ENSGO00(0114948 8745 ADAM23 1.08 7.82E-04 8.11E-02
ENSGO0C00106404 24146 CLDN1S 1.08 7.73E-04 8.11E-02
ENSGO0G00139910 4857 NOVAL 1.07 7.92E-04 8.11E-02
ENSGO0000146802 54418 TMEM168 0.33 7.92E-04 8.11E-02
ENSGO00(0183486 4600 M2 -0.91 7.8%E-04 8.11E-02
ENSGO0C00157766 176 ACAN 1.08 8.06E-04 8.16E-02
ENSGO0000214174 201283 AMZ2P1 -0.54 8.08E-04 8.16E-02
ENSGO0000185305 54622 ARL15 0.67 8.21E-04 8.19E-02
ENSGOO000137709 25833 PCGU2F3 -0.67 8.17E-04 8.15E-02
ENSGO0C00117707 5629 PROX1 0.99 8.3%9E-04 8.31E-02
ENSGO00(0144619 152330 CNTN4 .77 8.54E-04 8.41E-02
ENSGO0CC0158578 212 ALAS2 1.08 8.94E-04 8.58E-02
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Table 8. All samples log2 Fold
Change

Ensembl {D Entrez 1D Gene symbol | {UIP/NonUiP) | pvalue FDR p value
ENSGOOC00228570 NA NUTMZE 1.08 B.23E-04 8.58E-02
ENSGO0000163735 6374 CXCLS 1.08 9.30E-04 8.58E-02
ENSGO0OC00167476 126306 JSRPL 1.07 9.11E-04 8.58E-02
ENSGO0000116833 2494 NR5A2 1.06 8.81E-04 8.58E-02
ENSGO0OC00120322 56128 PCDHBS 1.05 9.31E-04 8.58E-02
ENSGO0000238741 677767 SCARNATY 0.37 9.26E-04 8.58E-02
ENSGO0000169093 8623 ASMTL 0.23 9.12E-04 8.58E-02
ENSGO0C00081026 260425 MAGI3 -0.61 9.06E-04 8.58E-02
ENSGO0O000103528 51760 SYT17 -0.62 9.00E-04 8.58E-02
ENSGO0000100033 5625 PRODH -0.81 9.09E-04 8.58E-02
ENSGO00(0165868 259217 HSPAT2A .86 9.54E-04 8.75E-02
ENSGO0000163251 7855 FZD5 -0.74 9.87E-04 3.00E-02
ENSGO0G00122140 51116 MRPS52 -0.38 9.93E-04 9.00E-02
ENSGO0000171792 83695 RHNO1 -0.48 1.00E-03 3.02E-02
ENSGO00(0104369 56704 JPHL -0.58 1.03E-03 9.20E-02
ENSGO0OCC0168073 286133 SCARAS 1.07 1.03E-03 9.21E-02
ENSGO0000092295 7051 TGM1 1.00 1.04E-03 9.22E-02
ENSGO0C00106803 4969 OGN 1.07 1.06E-03 9.35E-02
ENSGO0G00163534 115350 FCRL1 1.06 1.13E-03 9.44E-02
ENSGO0O000091137 5172 SLC26A4 1.00 1.10E-03 9.44E-02
ENSGO0O000099358 91319 DERL3 (.88 1.15E-03 9.44E-02
ENSGO0O000153253 6328 SCN3A (.82 1.16E-03 9.44E-02
ENSGO0O000251402 NA FAMBOAZSP 0.74 1.12E-03 9.44E-02
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Table 8. All samples log2 Fold
Change

Ensembl {D Entrez 1D Gene symbol | {UIP/NonUiP) | pvalue FDR p value
ENSGO0OC00120327 56122 PCDHB14 .72 1.0%E-03 9.44E-02
ENSGO00001387935 51176 LEF1 0.64 1.13E-03 9.44E-02
ENSGO0C00144040 94097 SFXN5S (.44 1.12E-03 9.44E-02
ENSGO0000155463 5018 OXALL -0.20 1.15E-03 9.44E-02
ENSGO0OC00136830 64855 FAMI129R -0.24 1.15E-03 9.44E-02
ENSGO0000141452 28919 {18orf8 -0.36 1.15E-03 9.44E-02
ENSGO0000148730 1879 EiF4EBP2 -0.33 1.12E-03 9.44E-02
ENSGO0000115415 6772 STAT1 -0.86 1.10E-03 9.44E-02
ENSGO0C00126703 2537 IFi6 -1.03 1.15E-03 S.44E-02
ENSGOOC00085951 3096 HIVEPL -0.24 1.20E-03 9.76E-02
ENSGO0000187942 401944 LDIRADZ 0.97 1.21E-03 9.80E-02
ENSGOOC00105928 1687 DFNAS (.83 1.22E-03 9.81E-02
ENSGO000022435%7 NA LINCO1272 1.02 1.23E-03 9.83E-02
ENSGOOC00170011 25924 MYRIP (.86 1.32E-03 1.00E-01
ENSGO0000120784 22835 ZFP3C 0.37 1.30E-03 1.00E-01
ENSGO0000170185 84640 Lspag -0.26 1.31E-03 1.00E-01
ENSGO0000076513 #8455 ANKRD13A -0.31 1.26E-03 1.00E-01
ENSGO0000135148 10906 TRAFDL -0.32 1.28E-03 1.00E-01
ENSGO0000170085 375484 SIMCE -0.43 1.32E-03 1.00E-01
ENSGO0C00175324 27257 LSl -0.45 1.30E-03 1.00E-01
ENSGO0O0(0141738 2885 GRRB7 -0.54 1.28E-03 1.00E-01
ENSGO0OCCO088002 6820 SULT2B1 -0.75 1.28E-03 1.00E-01
ENSGO0OG00010030 51513 ETV7 -0.86 1.28E-03 1.00E-01
ENSGO0O000137358 10964 iFi44L -1.01 1.27E-03 1.00E-01
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JIP (n=9 samplesi; Non UIP (n=15 samples). Positive log?2 fold change value indicates over-
expression in UIP relative to Non UIP; negative log? value indicates under-expression in UIP
relative to Non UIP. In this analysis the smoking history status of the patients involved was
not evaluated, and the cohort harbored hoth smokers and non-smokers.

{#185] Table 10. Differentially expressed genes in non-smoker UIP vs. non-smoker Non-UlP

samples.
Table 18. Non-
smokers Log2 Fold

Change

Ensembl iD Entrez iD Gene symbol | {UIP/NonlUiP) | Pvalue FDR P value
ENSGOQD00133687 83857 TMTCL 172 4.52E-21 6.68E-17
ENSGO0000169129 84632 AFAP1L2 163 1.62E-19 1.19E-15
ENSGOQ0R00180229 283755 HERC2P3 2.52 9.77E-15 4.81E-11
ENSGOO00GQL07518 26033 ATRNLL 3.00 2.48E-14 9.21E-11
ENSGOQD0O198380 2673 GFPT1 -0.62 9.55E-14 2.35E-10
ENSGO000O211976 NA IGHV3-73 2.21 9.47E-14 2.35E-16
ENSGO0000114902 28972 SPCS1 -0.64 1.99E-12 4.20E-08
ENSGOO00C108001 253738 EBF3 277 3.39E-12 6.27E-09
ENSGOOO00154122 56172 ANKH 1.02 4.17E-12 6.85E-09
ENSGO000001 2660 6481 ELOVLS -0.66 6.84E-12 1.03E-08
ENSGOOO00119888 4072 EPCAM -1.04 8.67E-12 1.16E-08
ENSGO0000147676 114569 MALZ -1.08 1.838-11 1.94E-08
ENSGOOO00148357 256158 HMCN2 1.99 1.62E-11 1.84E-08
ENSGO0000185499 4582 MUCL -1.09 1.84E-11 1.94E-08
ENSGOOO001L57557 2114 ETS2 .73 8.18E-11 8.06E-08
ENSGO0000151783 79750 ZNF385D 2.73 1.04E-10 S.62E-08
ENSGOOO00213088 2532 ACKRL 2.18 3.53E-10 3.06E-07
ENSGO0O000038210 55300 Pi4K2B -0.77 4,14E-10 3.40E-07
ENSGOOO00105426 5802 PTERS (.80 S8.94E-10 7.73E-07
ENSGO00G0100034 9647 PPMIF 1.27 1.178-09 8.14E-07
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Table 18. Non-
smaokers Log? Fold

Change

Ensembl D Entrez ID Gene symbol | {UIP/NonliP) | Pvalus FDR Pvalue
ENSGO000QL12562 64094 SMGC2 1.70 1.21E-09 3.34E-07
ENSGOQ0D00139211 347902 AMIGO?2 .93 1.15E-09 8.34E-07
ENSGO000GQ1L30158 57572 DOCKes Q.75 1.42E-09 S.10E-07
ENSGO0O000124145 6385 sS4 -0.67 2.44E-09 1.44E-06
ENSGOO00GQ129255 8526 MPDUL -0.54 2.44E-09 1.44E-06
ENSGOQ0R00100219 7494 XBP1 -1.02 2.76E-09 1.48E-06
ENSGO000Q120318 64411 ARAP3 0.93 2.80E-09 1.48E-06
ENSGOQ000144136 6574 SLC20A1 -0.65 2.63E-09 1.48E-06
ENSGOO0GOLA0873 170682 ADAMTSIS 2.27 3.32E-09 1.69E-06
ENSGOO000120693 4093 SMADS 143 4.04E-09 1.98E-06
ENSGOO0GQQR00T7 55510 DDX43 -2.41 6.55E-09 3.12E-06
ENSGOQ0R00105737 2901 GRIKS 2.34 3.09E-09 3.54E-06
ENSGO00GQ157064 23057 NMNATZ 2.14 8.14E-09 3.54E-06
ENSGOOO00161381 57125 PLXDCL 121 7. 73E-09 3.54E-06
ENSGO0000154736 11056 ADAMTSS 182 1.018-08 4.13E-06
ENSGOOO00185046 56899 ANKS1B 151 8.78E-09 4,13E-06
ENSGO000G104213 5157 PDGFRL 2.09 1.18E-08 4.52E-06
ENSGOOO00166398 9710 KIAAQ355 .82 1.19E-08 4,52E-06
ENSGO0O000189058 347 APCD 1.55 1.14E-08 4.52E-06
ENSGOOD00102935 23090 ZNF423 147 1.34E-08 4.86E-06
ENSGO000G111145 2404 ELK3 3.89 1.358-08 4.86E-06
ENSGOOO00138160 3832 KIFL1 -1.35 1.44E-08 5.06E-06
ENSGO0000197147 23507 LRR(C8B -0.89 1.80E-08 6.19E-06
ENSGOOO00131386 117248 GALNT15 2.41 1.95E-08 6.39E-06
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Table 18. Non-
smaokers Log? Fold

Change

Ensembl D Entrez ID Gene symbol | {UIP/NonliP) | Pvalus FDR Pvalue
ENSGOO00QL775839 56127 PCOHRBS 1.87 1.91E-08 6.39E-06
ENSGOQ000114446 55081 IFT57 -0.65 2.20E-08 7.06E-06
ENSGOO00Q198932 9737 GPRASPL 0.80 2.34E-08 7.36E-06
ENSGOQ0R00178031 92949 ADAMTSLL 2.30 2.50E-08 7.70E-06
ENSGO0000230989 3281 HSBPL -0.74 2.58E-08 7.80E-06
ENSGOO0O0O100065 29775 CARDLO 1.69 2.91E-08 8.60E-06
ENSGO000Q142798 3339 HSPG2 1.20 3.13E-08 S.06E-06
ENSGO0O000134533 85004 RERG 1.68 3.70E-08 1.05E-05
ENSGO000GQL05784 154661 RUNDC3B 2.28 3.87E-08 1.08E-05
ENSGOQ000039068 999 CDH1 -0.87 6.14E-08 1.55E-05
ENSGO000Q1L04549 6713 SQLE -1.38 6.10E-08 1.55E-05
ENSGOQ000105996 3199 HOXAZ 1.60 5.72E-08 1.55E-05
ENSGO00GO130234 59272 ACEZ -1.52 6.19E-08 1.55E-05
ENSGOOO00162881 165140 COXERL 1.30 5.81E-08 1.55E-05
ENSGO0000G177058 6330 SCN4B 1.12 6.10E-08 1.55E-05
ENSGOOO00007312 974 CD738k 2.13 6.62E-08 1.58E-05
ENSGO00001635838 230879 LiPH -0.81 6.52E-08 1.58E-05
ENSGOOO00189377 284340 CXCL17 -1.17 6.53E-08 1.58E-05
ENSGO00001985814 2710 GK -0.83 6.79E-08 1.59E-05
ENSGOOO00076944 6813 STXBP2 -3.56 7.52E-08 1.71E-05
ENSGO0000G153902 163175 LGid 174 7.53E-08 1.71E-05
ENSGOOO00117448 10327 AKR1IAL -0.63 7.74E-08 1.73E-05
ENSGO0000164530 221476 Pile 2.17 8.33E-08 1.84E-05
ENSGOO0O00233297 NA RASA4DP 2.29 3.0%E-08 1.87E-05
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Change

Ensembl D Entrez ID Gene symbol | {UIP/NonliP) | Pvalus FDR Pvalue
ENSGOO00QL82718 302 ANXAZ -0.62 9.95E-08 2.13E-05
ENSGOO0O00110455 84680 ACCS .98 1.03E-07 2.17E-G5
ENSGO000GQ197253 64499 TPSB2Z 2.07 1.10E-07 2.29E-05
ENSGOQ000125999 92747 BPIFBL -1.76 1.158-07 2.37E-05
ENSGO0000211936 NA NA 2.23 1.228-07 2.47E-05
ENSGOO0O00108852 4355 MPP2 1.68 1.28E-07 2.55E-05
ENSGO000GO1L18514 79695 GALNTZ2 -0.60 1.64E-07 3.18E-05
ENSGOO000146021 26249 KLHL3 136 1.63E-07 3.18E-05
ENSGO0O00QL73702 56667 MUCL3 -2.33 1.78E-07 3.41E-05
ENSGOQD00116748 270 AMPD1 1.80 1.85E-07 3.50E-05
ENSGO000Q196411 2050 EPHB4 .86 2.08E-G7 3.91E-05
ENSGOR000086061 3301 DNAJAL -0.73 2.20E-07 4.07E-05
ENSGO000O074181 4854 NOTCH3 0.92 2.24E-G7 4.Q7E-05
ENSGOOO00181234 922093 TMEM132C 2.08 2.26E-07 4.07E-05
ENSGO00000G74530 38381 NUAKL 1.27 2.47E-07 4.39E-05
ENSGOOD00154263 10349 ABCALD 1.44 2.92E-07 5.14E-05
ENSGO0000186322 NA NA 1.99 3.30E-07 5.74E-05
ENSGOOO00130164 3949 LDLR -1.00 3.36E-07 5.77E-05
ENSGO000G133935 1iisl Cidorfl -0.76 3.54E-07 5.9%E-05
ENSGOOO00151892 2674 GFRAL 1.9¢6 3.57E-07 5.99E-05
ENSGO0000196628 6825 TCF4 .93 3.65E-07 6.06E-05
ENSGOOBOO106070 2887 GRB1O 122 3.94E-07 6.46E-05
ENSGOO00G0G76555 32 ACACE 1.06 4.48E-07 7.27E-05
ENSGOOO00173947 128344 PIFO -1.26 4.74E-07 7.61E-05
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smaokers Log? Fold

Change

Ensembl D Entrez ID Gene symbol | {UIP/NonliP) | Pvalus FDR Pvalue
ENSGO0000004468 852 CD38 -1.40 5.09E-07 3.08E-05
ENSGOQ0O00154330 5239 PGMS3 172 5.62E-07 8.83E-05
ENSGOO0GO085135 63035 BCORLY 0.61 5.71E-07 3.88E-05
ENSGOO0O00157933 6497 SKi 8.57 577E-07 8.89E-05
ENSGOO0GOQR0854 22897 IGSFOR 1.56 6.01E-07 9.16E-05
ENSGOQ000244734 3043 HEB 2.28 6.25E-07 9.42E-05
ENSGOO0GOQ80572 138212 PIHLID3 -1.44 6.80E-07 1.02E-04
ENSGOQ0R00154529 728577 CNTNAP3E 1.83 7.23E-07 1.07E-04
ENSGO000Q142731 10733 PLKA -1.30 9.19E-07 1.34E-04
ENSGOO000146425 6993 DYNLT1 -1.05 G.34E-07 1.35E-04
ENSGO000GQL095861 1075 Crsc -0.92 9.89E-07 1.42E-04
ENSGOQ000118640 8673 VAMPSZ -0.83 1.00E-06 1.43E-04
ENSGO000Q00 1262 368 ABCCE -0.97 1.05E-06 1.48E-04
ENSGOOO00012124 933 cD22 1.84 1.08E-06 1.48E-04
ENSGO0000079337 10411 RAPGEF3 1.63 1.09E-06 1.48E-04
ENSGOOO00113161 3156 HMGCR -1.13 1.09E-06 1.48E-04
ENSGO0000183346 215621 Ci0orflo7? -1.22 1.07E-06 1.48E-04
ENSGOODB001L57705 57565 KLHL14 2.01 1.11E-06 1.48E-04
ENSGO000G215217 134121 {50rf49 -1.20 1.14E-06 1.52E-04
ENSGOOO33070190 27071 DAPPL -1.19 1.19E-06 1.55E-04
ENSGO0000165434 283209 PGMZLY -0.92 1.18E-06 1.55E-04
ENSGOOO00102738 18240 MRPS31 -3.97 1.22E-06 1.56E-04
ENSGO0000132658 57111 RABZ5 -0.79 1.22E-06 1.56E-04
ENSGOOD00186105 100130733 | LRRC70 177 1.24E-06 1.58E-04
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smaokers Log? Fold

Change

Ensembl D Entrez ID Gene symbol | {UIP/NonliP) | Pvalus FDR Pvalue
ENSGO0000123983 2181 ACSL3 -0.87 1.38E-06 1.72E-04
ENSGOQ0O0O188010 729967 MORN2 -1.27 1.37E-06 1.72E-04
ENSGO00GO138670 153020 RASGEF1B -0.83 1.56E-06 1.94E-04
ENSGOQ000152104 5784 PTPN14 3.94 1.62E-06 1.98E-04
ENSGOO00GO165995 783 CACNBZ 1.24 1.62E-06 1.98E-04
ENSGOQD00109586 531809 GALNT? -0.94 1.73E-06 2.10E-04
ENSGO000Q129946 25759 SHCZ 1.66 1.82E-06 2.18E-04
ENSGOQ00C0135910 4857 NOVAL 2.15 1.99E-06 2.37E-04
ENSGOO0OGOL88175 253012 HEPACAM2 -1.75 2.01E-C6 2.37E-04
ENSGOO000174405 3981 LG4 -0.58 2.04E-06 2.37E-04
ENSGOO0OGOL81835 1366 CLDN7Y -1.13 2.03E-C6 2.37E-04
ENSGOQ0R00187134 1645 AKRICL -0.86 2.07E-06 2.38E-04
ENSGO0000253731 56109 PCDHGAS 1.18 2.08E-C6 2.3GE-04
ENSGOOO00050006 8425 LTBP4 1.38 2.13E-06 2.42E-04
ENSGO0000176438 161176 SYNE3 3.98 2.18E-06 2.44E-04
ENSGOOO00188536 3040 HBAZ 2.17 2.17E-06 2.44E-04
ENSGO0000141158 14040 TOM1LL -0.57 2.27E-06 2.50E-04
ENSGOOO00164124 55314 TMEM144 -3.88 2.26E-06 2.50E-04
ENSGO0000068912 27248 ERLECH -0.48 2.33E-06 2.55E-04
ENSGOOB001L67779 3489 IGFBPS 1.85 2.44E-06 2.65E-04
ENSGO0000159212 54102 CLICS -0.80 2.50E-06 2.70E-04
ENSGOOB00116833 2494 NR5AZ 1.84 2.54E-06 2.72E-04
ENSGO0000197614 8076 MFAPS 2.15 2.70E-06 2.87E-04
ENSGOOO00152518 678 ZFP3612 .79 2.81E-06 2.96E-04
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Change

Ensembl D Entrez ID Gene symbol | {UIP/NonliP) | Pvalus FDR Pvalue
ENSGOO00QL77156 6388 TALDO1 -0.45 2.83E-06 2.96E-04
ENSGOQ000144619 152330 CNTN4 8.79 2.89E-06 3.01E-04
ENSGO000Q124772 57659 CPNES 1.80 2.98E-06 3.04E-04
ENSGOQ000166908 79837 PIP4AK2C -0.49 2.99E-06 3.04E-04
ENSGOO00GQL6R76S 2848 GSTM4 0.72 2.95E-06 3.04E-04
ENSGOQ0D00105928 1687 DFNAS 1.47 3.02E-06 3.05E-04
ENSGO000Q186471 158758 AKAPL4 -1.21 3.04E-06 3.05E-04
ENSGOQ000183604 NA SMG1PS 1.68 3.12E-06 3.31E-04
ENSGOO00QL82272 338707 BAGALNT4 1.65 3.32E-06 3.29E-04
ENSGOQ0R001L70017 214 ALCAM -1.08 3.37E-06 3.32E-04
ENSGO0000Q163181 6282 $100A11 -0.92 3.77E-06 3.69E-04
ENSGOO000100243 1727 CYB5SR3 8.31 3.83E-06 3.70E-04
ENSGOO00GOL19616 51077 FCF1 -0.57 3.81E-06 3.70E-04
ENSGOOO00106852 26468 LHX6 171 3.86E-06 3.70E-04
ENSGO0000164056 10252 SPRY1 1.10 4,26E-06 4.06E-04
ENSGOOO00256870 1607248 SLC5A8 -1.68 4.31E-06 4,08E-04
ENSGO0000112110 28074 MRPLLS -0.74 4.36E-06 4.10E-04
ENSGOO0O00243716 440345 NPIPBS .46 4.42E-06 4,13E-04
ENSGO000G182083 7485 WRE -0.58 4.63E-06 4.30E-04
ENSGOOO00213398 3931 LCAT .87 4.66E-06 4,31E-04
ENSGO0000079453 2222 FDFT1 -0.89 4,75E-06 4.36E-04
ENSGOOO00163082 130367 SGPP2 -0.75 4.82E-06 4.40E-04
ENSGO0000181722 26137 287820 3.71 4.96E-06 4.50E-04
ENSGOOD00152953 55351 STK32B 2.03 5.05E-06 4,55E-04
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Ensembl D Entrez ID Gene symbol | {UIP/NonliP) | Pvalus FDR Pvalue
ENSGO00GG070193 2255 FGF10 1.8% 5.24E-06 4.67E-04
ENSGOQ000106404 24146 CLDN15S 2.03 5.27E-06 4.67E-04
ENSGO000QL07281 56654 NPDCL 1.21 5.22E-06 4.67E-04
ENSGOQ0R00107949 56647 BCCP -0.61 5.32E-06 4 .68E-04
ENSGOO00GQL61055 92304 SCGR3AL -1.74 6.01E-06 5.25E-04
ENSGOQ000087916 NA NA -1.75 6.14E-06 5.34E-04
ENSGO000GQ1L19139 9414 TiP2 -0.47 6.21E-06 5.36E-04
ENSGOQ0D00151468 83643 CCDAC3 174 6.27E-06 5.39E-04
ENSGOO00QZ205809 3822 KLRC? -1.67 6.68E-06 5.70E-04
ENSGOQ000131374 9779 TBCIDS (.35 6.76E-06 5.71E-04
ENSGOO00QL78741 9377 COX5A -0.63 6.73E-06 5.71E-04
ENSGQO0O00075142 6717 SRi -0.78 6.86E-06 5.73E-04
ENSGO000GO141720 NA NA 0.40 6.87E-06 5.73E-04
ENSGOOO00159167 6781 STCL 191 6.99E-06 5.80E-04
ENSGO00000815818 56131 PCOHB4A 1.46 7.29E-06 5.95E-04
ENSGOOD001L35773 10753 CAPNS -03.90 7.27E-06 5.95E-04
ENSGO0000165300 26050 SLITRKS 1.88 7.26E-06 5.95E-04
ENSGOOO00133321 5920 RARRES3 -1.58 7.92E-06 6.43E-04
ENSGO00003160447 28541 PKN3 1.30 8.24E-06 6.66E-04
ENSGOOO00136859 23452 ANGPTL2 1.38 8.33E-06 6.69E-04
ENSGO0000G222003 149478 BTBD1G 1.14 8.54E-06 6.82E-04
ENSGOOOOO185250 285755 PPRiLe -1.17 8.59E-06 6.83E-04
ENSGO0000164330 1879 EBF1 173 8.71E-06 6.86E-04
ENSGOOO00182771 28394 GRID1 1.81 8.73E-06 6.86E-04
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Ensembl D Entrez ID Gene symbol | {UIP/NonliP) | Pvalus FDR Pvalue
ENSGOO00QL375842 80021 TMEMGZ -0.91 8.80E-06 6.88E-04
ENSGOQ000088538 1795 DOCK3 1.25 3.88E-06 6.91E-04
ENSGOO00QL78966 80010 RMiL -0.93 9.01E-06 6.97E-04
ENSGOO000133665 84332 DYDCZ -1.18 S.18E-06 7.06E-04
ENSGO0O00QL17322 1380 CR2 2.00 9.44E-06 7.23E-04
ENSGOQ0RCO100170 6523 SLCEAL -1.54 1.00E-05 7.61E-04
ENSGO00GQL01384 182 JAGL 0.73 1.00E-05 7.61E-04
ENSGOQD00120756 5357 PLSt -1.01 1.10E-05 8.29E-04
ENSGO000QL02008 10389 SCML2 141 1.12E-05 3.41E-04
ENSGOQ000114200 590 BCHE 1.93 1.13E-05 8.41E-04
ENSGOO00GQ0L3275 5704 PSMC4A -0.67 1.15E-05 3.50E-04
ENSGOO0O00108953 7531 YWHAE -0.48 1.15E-05 8.50E-04
ENSGO000GQL40181 NA NA 1.02 1.17E-05 3.53E-04
ENSGOOO00152939 153562 MARVELD2 -0.86 1.16E-05 8.53E-04
ENSGO0000162882 23488 HAAD 1.22 1.28E-05 8.2GE-04
ENSGOOO00088448 55608 ANKRDIO .59 1.31E-05 9.49E-04
ENSGO0000G272636 3447 DOC2ZB 1.36 1.34E-05 S.64E-04
ENSGOOO00052802 6307 MaMO1 -1.29 1.36E-05 9.70E-04
ENSGO000G0G77063 43892 CTTNBPRZ 1.25 1.37E-05 S.70E-04
ENSGOOO00112972 3157 HMGCS1 -1.11 1.36E-05 9.70E-04
ENSGO0000G133018 113t CHRM3 1.44 1.37E-05 S.70E-04
ENSGOOO00069329 55737 VPS35h -3.48 1.40E-05 9.88E-04
ENSGO000G166265 116159 CYYR1 1.63 1.42E-05 S.94E-04
ENSGOOO00159399 3099 HK2 -1.04 1.44E-05 1.00E-03
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ENSGO000Q257057 NA Cilorfo7 -1.40 1.47E-05 1.02E-03
ENSGOQ000065618 1308 COLI7AL 162 1.52E-05 1.05E-03
ENSGO000Q163624 1040 CDst -1.61 1.67E-05 1.14E-03
ENSGOQ000164764 157869 SBSPON 1.82 1.67E-05 1.14E-03
ENSGO000GO1L71444 4183 MCC 0.99 1.67E-05 1.14E-03
ENSGO0000183323 202243 CCDC125 -1.05 1.66E-05 1.14E-03
ENSGO0O00Q152332 127933 UHMKL -0.55 1.71E-05 1.16E-03
ENSGOQ0R00205277 10071 MUCI12 1.47 1.75E-05 1.18E-03
ENSGO000A001582 22861 NLRP1 0.84 1.77E-05 1.18E-03
ENSGOQ0R0O101230 140862 ISM1 131 1.77E-05 1.18E-03
ENSGO000O112981 8382 NMES -1.10 1.79E-05 1.18E-03
ENSGOO000196263 57573 ZNF4A71 8.81 1.79E-05 1.18E-03
ENSGOO00QL49809 7108 TM7SF2 -0.74 1.81E-05 1.19E-03
ENSGOOO00135644 7009 TAMBIMGE -0.60 1.83E-05 1.20E-03
ENSGO0000116138 23341 DNAICTE -0.51 1.88E-05 1.21E-03
ENSGOO0O00143248 844¢ RGS5 170 1.88E-05 1.21E-03
ENSGO0000183644 358949 {ilori88 -1.23 1.88E-05 1.21E-03
ENSGOOO00108814 7358 UGDH -3.76 1.89E-05 1.22E-03
ENSGO000G131475 84313 VPS25 -0.57 1.94E-05 1.24E-03
ENSGOOO00183454 2903 GRINZA 1.84 1.98E-05 1.26E-03
ENSGO0000057252 6640 SOATL -0.77 2.07E-05 1.31E-03
ENSGOOD00106123 2051 EPHBS 112 2.11E-05 1.31E-03
ENSGO000G133067 58352 LGRo6 1.51 2.11E-05 1.31E-03
ENSGOOO001L38356 316 AOX1 179 2.0%E-05 1.31E-03
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ENSGO0O00QL73269 79812 MMRN2Z 1.6% 2.08E-05 1.31E-063
ENSGOO000186642 53138 PDE2A 1.94 2.12E-05 1.31E-03
ENSGOO0OGOL78053 4291 MLFL -1.06 2.15E-05 1.33E-03
ENSGOO0O00087995 339175 METTLZA -0.57 2.18E-05 1.34E-03
ENSGO00GO130600 283120 Hig 1.87 2.18E-05 1.34E-03
ENSGO0000114573 523 ATPEVIA -0.62 2.24E-05 1.35E-03
ENSGOO00GO131203 3620 D01 -1.91 2.23E-05 1.35E-03
ENSGOQ000143036 126969 SLCA4A3 -0.74 2.21E-05 1.35E-03
ENSGO0000262209 56102 PCDOHGR3 1.37 2.22E-05 1.35E-03
ENSGOQ000168079 286133 SCARAS 1.77 2.29E-05 1.37E-03
ENSGO000GQ163534 115350 FCRLL 1.93 2.35E-05 1.40E-03
ENSGOQ000165304 9833 MELK -1.58 2.36E-05 1.40E-03
ENSGO000QL01421 128866 CHMPAB -0.48 2.37E-05 1.41E-03
ENSGOOO00162961 84661 DPY30 -0.75 2.53E-05 1.49E-03
ENSGO0O000188931 257177 CFAPL2G -1.15 2.53E-05 1.49E-03
ENSGOOO00129467 19638383 ADCY4 1.60 2.55E-05 1.49E-03
ENSGO0000173530 8783 TNFRSFIOD 3.83 2.54E-05 1.49E-03
ENSGOOD00158683 168507 PKDLILY 1.68 2.68E-05 1.56E-03
ENSGOO00G000003 7105 TSPANG -1.01 2.70E-05 1.56E-03
ENSGOOO00135679 4193 MDM2 -3.59 2.70E-05 1.56E-03
ENSGO0000241244 NA IGKV1D-16 179 2.76E-05 1.58E-03
ENSGOOO00086548 4680 CEACAMSB -1.11 2.86E-05 1.64E-03
ENSGO0000G005108 221881 THSD7A 1.06 2.87E-05 1.64E-03
ENSGOOO00163001 112942 CFAP36 -03.57 2.91E-05 1.65E-03

103




WO 2016/073768 PCT/US2015/059309
Table 18. Non-
smaokers Log? Fold

Change

Ensembl D Entrez ID Gene symbol | {UIP/NonliP) | Pvalus FDR Pvalue
ENSGOO00GQ178445 2731 GLDC 1.32 2.92E-05 1.65E-03
ENSGOQD00196586 4646 MYOOG -0.56 2.94E-05 1.66E-03
ENSGO00GO130300 83483 PLVAP 1.8% 2.97E-05 1.66E-03
ENSGOQD00173068 54796 BNC2Z 1.44 2.98E-05 1.66E-03
ENSGO0000211972 NA IGHV3-66 1.82 2.98E-05 1.66E-03
ENSGOQ0O00163531 23114 NFASC 3.75 3.10E-05 1.72E-03
ENSGO0O00QL45287 51316 PLACS -1.30 3.13E-05 1.72E-03
ENSGOQD0O157764 673 BRAF .36 3.14E-05 1.72E-03
ENSGO000Q1L9795% 26052 DNM3 1.0% 3.12E-05 1.72E-03
ENSGOQ0R00119138 687 KLFQ 1.20 3.18E-05 1.74E-03
ENSGOO0GQLE5760 56479 KCNQS 162 3.26E-05 1.78E-03
ENSGOO0O00066382 744 MPPED2 1.28 3.35E-05 1.80E-03
ENSGOO00OO88986 8655 DYNLUL -0.77 3.32E-05 1.8CE-03
ENSGOOD00104413 54845 ESRPL -0.77 3.35E-05 1.80E-03
ENSGO00001169056 3443 GNPAT -0.33 3.32E-05 1.80E-03
ENSGOOO00165716 138311 FAMESR 1.58 3.34E-05 1.80E-03
ENSGO000G163263 388701 Ciorfi89 -1.27 3.44E-05 1.83E-03
ENSGOOD00163993 6286 2140P -1.73 3.46E-05 1.84E-03
ENSGO0000102287 2564 GABRE 1.02 3.59E-05 1.90E-03
ENSGOOO00011523 23377 CEP&SE .74 3.67E-05 1.94E-03
ENSGO0000149212 143686 SESN3 3.83 3.74E-05 1.96E-03
ENSGOOO00174059 947 CD34 178 3.73E-05 1.96E-03
ENSGOO00G178125 286187 PPP1IR42 -1.05 3.74E-05 1.96E-03
ENSGOOO00145494 4726 NDUFS6 -3.39 3.84E-05 2.00E-03
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ENSGO000Q166562 90701 SECIIC -0.65 3.97E-05 2.06E-03
ENSGOQ000261934 56107 PCDHGAS 3.90 3.9%E-05 2.06E-G3
ENSGOO00GQ126895 554 AVPR2Z 1.24 4.01E-05 2.06E-03
ENSGOQ000131844 64087 MCCC2 -0.44 4.04E-05 2.07E-G3
ENSGO0000Q1665813 374654 KIF7 1.34 4 12E-05 2.31E-03
ENSGOO000185245 2811 GPLBA 1.18 4.22E-05 2.15E-03
ENSGOO0GOOK7704 57458 TMICC3 1.54 4.29E-05 2.18E-03
ENSGOQ0D00148541 220965 FAMI3C 1.17 4.38E-05 2.21E-G3
ENSGO0000224114 NA -1.66 4. 44E-05 2.24E-03
ENSGOQ000068796 3796 KIF2A -0.75 4.51E-05 2.26E-03
ENSGO0000254986 10072 DPP3 -0.57 4.52E-05 2.26E-03
ENSGOQ000266714 NA MYO15B .93 4.52E-05 2.26E-03
ENSGO000Q1455824 9547 CXCLi4 1.80 4.67E-05 2.32E-03
ENSGOOO00262576 56111 PCDHGA4 135 4.70E-05 2.33E-03
ENSGO0000204604 90333 ZNF468 -0.74 4.96E-05 2.45E-03
ENSGOO000111834 345895 RSPH4A -1.07 5.07E-05 2.46E-03
ENSGO0000134202 2847 GSTM3 1.58 4.95E-05 2.46E-03
ENSGOO0B00139193 939 ch27 161 5.06E-05 2.46E-03
ENSGO0000142687 79832 KIAAG31SL -0.66 5.07E-05 2.46E-03
ENSGOOD00143653 51097 SCCPDH -3.61 5.05E-05 2.46E-03
ENSGO0000187244 4059 BCAM 3.98 5.00E-05 2.46E-03
ENSGOOO00225698 NA IGHV3-72 1.84 5.26E-05 2.54E-03
ENSGO0000162836 5284 PIGR -1.10 5.29E-05 2.54E-03
ENSGOOD00253485 56110 PCDHGAS 1.40 5.32E-05 2.55E-03
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ENSGO00GQ103184 9717 SECL4LS -1.57 5.39E-05 2.57E-03
ENSGOQ0R00117399 991 CDC2O -1.23 5.38E-05 2.57E-G3
ENSGO000Q128581 2318 FLNC 171 5.43E-05 2.57E-03
ENSGOQ000153291 9481 SLC25A27 3.80 5.42E-05 2.57E-G3
ENSGO000GG143153 481 ATPIBL -0.71 5.54E-05 2.62E-03
ENSGOQ000161798 362 AQFS -1.15 558E-05 2.63E-03
ENSGOO00GO138413 3417 IDH1 -0.56 5.62E-05 2.64E-03
ENSGOO0O00070182 6710 SPTB 1.24 5.67E-05 2.65E-03
ENSGOO00Q165325 159589 CCDee? -1.20 5.68E-05 2.65E-03
ENSGOQ00O073060 949 SCARB1 1.42 5.92E-05 2.75E-G3
ENSGO000Q120437 39 ACATZ -1.08 5.99E-05 2.77E-03
ENSGOQ0R00181789 22820 COPGL -0.45 6.0LE-05 2.77E-G3
ENSGO0000265150 NA NA 1.14 6.00E-05 2.77E-03
ENSGOO000211934 NA IGHVL-2 176 6.10E-05 2.80E-03
ENSGO0000143772 3707 ITPKB 0.62 6.17E-05 2.82E-03
ENSGOOO00109846 1410 CRYAB 1.44 6.45E-05 2.93E-03
ENSGOO000138031 149 ADCY3 1.04 6.49E-05 2.93E-03
ENSGOOO00148180 2934 GSN .67 6.43E-05 2.93E-03
ENSGO0000253910 56103 PCOHGB2 1.36 6.45E-05 2.93E-03
ENSGOOO00156966 93010 B3GNT7 -0.86 6.54E-05 2.94E-03
ENSGO0000130770 893874 ATPIFL -0.63 6.74E-05 3.02E-03
ENSGOOO00170312 983 CDK1 -1.01 6.74E-05 3.02E-03
ENSGO000G140263 6652 SORD -1.46 6.79E-05 3.03E-03
ENSGOOD00139625 7786 MAP3K1Z .86 7. 13E-05 3.17E-03
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ENSGOO00O089356 5349 FXYD3 -1.41 7.18E-05 3.189E-03
ENSGOQD00172349 3603 iL1s 8.87 7.60E-05 3.36E-03
ENSGO000GQ1L03534 79838 TMCE -1.14 7.68E-05 3.38E-03
ENSGOO0O00138175 403 ARL3 -0.75 7.75E-05 3.40E-03
ENSGO0000204632 3135 HLA-G -1.80 7.73E-05 3.40E-03
ENSGOO0O0O156675 80223 RABLIIFIPL -0.72 7 .88E-05 3.44E-03
ENSGOO0GOAR 1870 51668 HSPBLL -0.85 7.95E-05 3.45E-03
ENSGOQ0D00133056 5287 PIK3C2B 80.47 7.94E-05 3.45E-03
ENSGOO00GG133313 55748 CNDP2 -0.77 7.98E-05 3.46E-03
ENSGO0000184903 83943 IMIMP2L .82 3.32E-05 3.60E-03
ENSGOO00Q068976 5837 PYGM 1.50 8.37E-05 3.60E-03
ENSGQO0O00037042 27175 TUBG? 8071 3.40E-05 3.61E-03
ENSGOO00QL68056 4054 LTBP3 0.85 8.45E-05 3.61E-03
ENSGOOO00168067 5871 MAPA4K2Z .60 8.44E-05 3.61E-03
ENSGO0000119630 5228 PGF 1.77 8.51E-05 3.62E-03
ENSGOOO001L16678 3953 LEPR 154 8.58E-05 3.64E-03
ENSGO0000166226 10576 CCr2 -0.59 8.78E-05 3.72E-03
ENSGOOO00167088 6632 SNRPD1 -3.54 8.80E-05 3.72E-03
ENSGO00008105636 25789 TMEMBSL 1.67 8.95E-05 3.73E-03
ENSGOOO00105711 6324 SCN1B 1.26 8.96E-05 3.73E-03
ENSGO0000134339 6289 SAAZ -1.78 8.97E-05 3.73E-03
ENSGOOO00139631 51380 CSAD .90 8.83E-05 3.73E-03
ENSGO0000162928 5i84 PEX13 -0.59 8.91E-05 3.73E-03
ENSGOOO00005189 81691 -3.88 3.05E-05 3.74E-03
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ENSGO000Q137947 2859 GTF2B -0.53 9.01E-05 3.74E-03
ENSGOO000166793 219539 YPEL4 1.34 9.06E-05 3.74E-03
ENSGOO00Q156299 7074 TIAML 0.80 9.12E-05 3.75E-03
ENSGOO0O00138385 6741 558 -0.66 9.17E-05 3.77E-03
ENSGO000023125% NA 0.99 9.22E-05 3.77E-03
ENSGOO0O00150773 120379 PIHID2 -1.07 9.31E-05 3.80E-03
ENSGO0O00QL72586 118487 CHCHDY -0.80 9.32E-05 3.80E-03
ENSGOQ0D00134058 10272 CDK?7 -0.78 9.48E-05 3.84E-03
ENSGO000Q1L96636 57001 SDHAF3 -0.92 9.47E-05 3.84E-03
ENSGOQ0D00116288 11315 PARKY -3.33 9.92E-05 4 .00E-03
ENSGOO00OQ78596 9452 ITM2ZA 1.13 1.01E-04 4.05E-03
ENSGOQ000092096 531310 SLC22A%7 1.07 1.01E-04 4 .05E-03
ENSGO0000233974 NA 1.28 1.01E-04 4.05E-03
ENSGOOO00104419 10397 NDRGL 1.20 1.02E-04 4.07E-03
ENSGO000G197933 3792 KEL 1.38 1.02E-04 4.08E-03
ENSGOOO00000419 8813 DPM1 -3.56 1.03E-04 4.08E-03
ENSGO0000G075083 64431 ACTRe -0.66 1.04E-04 4.08E-03
ENSGOO0B00101443 10406 WFDC2 -1.35 1.04E-04 4.08E-03
ENSGO0000140526 11057 ABHDZ -0.77 1.03E-04 4.08E-03
ENSGOOO00158087 23607 CD2AR -03.57 1.04E-04 4.08E-03
ENSGO0000149150 3501 SLC4A3A1 3.96 1.05E-04 4.11E-03
ENSGOOO00251039 NA IGKV2D-40 153 1.05E-04 4, 11E-03
ENSGO000G172935 116535 MRGPRF 1.56 1.06E-04 4.13E-03
ENSGOO000221716 677799 SNORALL 1.44 1.06E-04 4, 14E-03
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ENSGO00GO148400 4851 NOTCH1 0.61 1.08E-04 4.16E-03
ENSGOQ000224411 NA HSP20AAZP -0.80 1.07E-04 4. 16E-03
ENSGO000QL03168 3013 TAFLC 0.98 1.11E-04 4.28E-03
ENSGQO0O00032742 8100 iF788 -0.68 1.13E-04 4.34E-03
ENSGO000QL12297 202 AIM1 -0.48 1.15E-04 4.42E-03
ENSGOQ0R00172037 3913 LAMBZ 80.72 1.15E-04 4. 42E-03
ENSGO000Q119328 54942 FAMZ206A -0.63 1.17E-04 4.45E-03
ENSGOQ000164114 79884 MAP2 -0.78 1.17E-04 4 45E-03
ENSGOO0GQL00581 10598 AHSAL -0.74 1.22E-04 4.62E-03
ENSGOQ0D00127884 1897 ECHST -0.42 1.24E-04 4.62E-03
ENSGO000Q134709 51361 HOOKL -0.81 1.23E-04 4.62E-03
ENSGOQ000153904 23576 DDAHL -0.53 1.22E-04 4.62E-03
ENSGO000Q165929 123036 TC2N -0.81 1.24E-04 4.62E-03
ENSGOOBOO1L68550 143662 MUCIS -1.09 1.23E-04 4.62E-03
ENSGO0000G214776 NA 1.28 1.23E-04 4.62E-03
ENSGOOO00163406 6565 SLC15A2 -3.97 1.24E-04 4.63E-03
ENSGO0000177054 54503 ZDHHCLS -0.84 1.24E-04 4.63E-03
ENSGOOO00100626 57452 GALNT16 134 1.27E-04 4,70E-03
ENSGO000G129055 25847 ANAPCL3 -0.81 1.278-04 4.70E-03
ENSGOOO00080824 3320 HSPSOAAL -0.67 1.28E-04 4,72E-03
ENSGO0000119912 3416 IDE -0.54 1.318-04 4.81E-03
ENSGOOO00148346 3934 LONZ -1.55 1.31E-04 4.82E-03
ENSGO0000211453 NA MT-RNR1 3.83 1.32E-04 4.85E-03
ENSGOOO001L75309 85007 PHYKPL .77 1.33E-04 4.87E-03
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ENSGO00GOL78460 157777 MOMDC2 -1.36 1.33E-04 4.87E-03
ENSGOQ0R00159079 56683 C21orf59 -1.02 1.37E-04 4. 99E-03
ENSGO000Q137681 85016 Cilorf70 -1.62 1.38E-04 5.02E-03
ENSGOO0O0O185585 169611 CLFML2A 1.02 1.39E-04 5.02E-03
ENSGO0O00Q1L275838 25853 PNKD -0.49 1.40E-04 5.06E-03
ENSGOQ0D00143387 1513 CT5K 1.44 1.40E-04 5.06E-03
ENSGO000G0O142733 9064 MAP3KS 0.60 1.42E-04 5.11E-03
ENSGOO000147862 4781 NFiB g.61 1.46E-04 5.22E-03
ENSGOO00OL15339 2581 GALNT3 -0.20 1.46E-04 5.23E-03
ENSGOQ000073969 4905 NSF -0.51 1.48E-04 5.28E-03
ENSGOO0GQL09971 3312 HSPAS -0.53 1.48E-04 5.28E-03
ENSGOQ000116299 57535 KIAALZZ24 -0.76 1.51E-04 5.35E-03
ENSGO0000002421 57556 SEMAGA 1.60 1.52E-04 5.36E-03
ENSGOOD00129493 25938 HEATR5A -3.39 1.52E-04 5.36E-03
ENSGO0000197279 7718 ZNF165 -0.88 1.51E-04 5.36E-03
ENSGOOO00161544 114757 CYGH (.93 1.54E-04 5.41E-03
ENSGO0000211830 NA IGHAZ 1.70 1.54E-04 5.42E-03
ENSGOOD00133063 1118 CHITL 1.69 1.57E-04 5.50E-03
ENSGO0000160463 34446 BRSK1 1.36 1.62E-04 5.63E-03
ENSGOOO00185681 254956 MORNS -1.18 1.61E-04 5.63E-03
ENSGO0000122420 5737 PTGFR -1.33 1.63E-04 5.66E-03
ENSGOOO00130066 6303 SATL -0.63 1.63E-04 5.66E-03
ENSGO0000179222 8500 MAGEDL -0.58 1.65E-04 5.72E-03
ENSGOOB30095380 54187 NANS -0.75 1.68E-04 5.79E-03
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ENSGO000Q089127 4938 0OASY -1.21 1.68E-04 5.83E-03
ENSGOO0O00066185 84217 ZMYNDI2 -1.04 1.70E-04 5.83E-03
ENSGO0000234745 3106 HLA-B -0.84 1.71E-04 5.85E-03
ENSGOO0O00175792 8607 RUVBLL -0.80 1.72E-04 5.88E-03
ENSGOO00GQL01846 412 STS -0.54 1.75E-04 5.97E-03
ENSGOQ000206149 440248 HERC2PS 3.90 1.78E-04 6.06E-03
ENSGO000GG076685 22878 NT5C2 -0.42 1.78E-04 6.09E-03
ENSGOO000065702 7049 TGFBR3 3.94 1.80E-04 6.10E-03
ENSGOO00Q153282 266977 ADGRFL -1.45 1.81E-04 6.11E-03
ENSGOO0O00055145 64718 UNKL .91 1.83E-04 6.14E-03
ENSGOO00QL13212 56129 pPCOHBY 1.36 1.83E-04 6.14E-03
ENSGOOO0O17 7455 930 CD1% 171 1.82E-04 6.14E-03
ENSGO000GQ106433 6424 SFRP4 162 1.83E-04 6.14E-03
ENSGOOO00013016 30845 EHD3 111 1.85E-04 6.18E-03
ENSGO0000168961 3865 LGALSY -0.70 1.85E-04 6.13E-03
ENSGOOO00163131 1520 €158 -0.77 1.87E-04 6.24E-03
ENSGO0000147041 94122 SYTLS -1.4z2 1.88E-04 6.25E-03
ENSGOOO00214517 51400 PPMEL -0.60 1.89E-04 6.25E-03
ENSGO0000211956 NA IGHV4-34 1.68 1.88E-04 6.26E-03
ENSGOOD001L10675 55531 ELMOD1 1.58 1.91E-04 6.29E-03
ENSGO0000128039 79644 SRD5A3 -0.87 1.83E-04 6.35E-03
ENSGOOD00185813 5833 PCYT2 -3.92 1.95E-04 6.40E-03
ENSGO0000184254 220 ALDHZIA3 -0.68 2.01E-04 6.53E-03
ENSGOOO00084207 2950 GSTPL -0.85 2.03E-04 6.59E-03
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ENSGO0000123243 80760 ITIH5 1.40 2.03E-04 6.59E-03
ENSGOQ000143106 5686 PSMAL -0.56 2.02E-04 6.59E-03
ENSGOO00GQL67775 51293 D320 0.85 2.03E-04 6.59E-03
ENSGOQ000187391 9863 MAGI2 8.92 2.03E-04 6.59E-03
ENSGO0O00QL68477 7148 THNXB 1.50 2.08E-04 6.74E-03
ENSGOO0O00241755 NA IGKVi-Q 1.66 2.11E-04 6.81E-03
ENSGOO0GO136810 7295 TKN -0.77 2.13E-04 6.87E-03
ENSGO0O000104332 6422 SFRP1 1.68 2.14E-04 6.87E-03
ENSGOO00QL84076 28796 UQCR10 -0.78 2.14E-04 6.87E-03
ENSGOQ0R00106537 27075 TSPANLS -0.82 2.15E-04 6.88E-03
ENSGO000Q1L27362 50831 TAS2R3 1.02 2.16E-04 6.91E-03
ENSGOO000160213 1476 CSTH -0.51 2.17E-04 6.91E-03
ENSGO00GOQ67064 3422 iDit -0.95 2.18E-04 6.95E-03
ENSGOOO00143196 1805 DPT 157 2.21E-04 7.00E-03
ENSGO0000G105923 53617 ATPEVDAL -1.54 2.24E-04 7.09E-03
ENSGOO0O00145391 80854 SETD7Y .69 2.27E-04 7.16E-03
ENSGO000G066735 26153 KiF26A 1.55 2.28E-04 7.19E-03
ENSGOOO00108179 10105 PRIF -0.65 2.30E-04 7.22E-03
ENSGO00001241407 6580 SLP -1.05 2.30E-04 7.22E-03
ENSGOOO00163902 6184 RPN1 -0.42 2.31E-04 7.22E-03
ENSGO0000198913 9660 DZIP3 -0.79 2.31E-04 7.22E-03
ENSGOO0B00134363 10468 FST 1.30 2.32E-04 7.24E-03
ENSGO00001333528 54879 HRASLSZ -1.41 2.35E-04 7.32E-03
ENSGOOO00100968 4776 NFATCS 1.14 2.36E-04 7.33E-03
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ENSGO0O0GQQQ7007 25 ABLL 0.38 2.41E-04 7.46E-03
ENSGOO0O00147 155 10682 EBP -0.75 2.41E-04 7.46E-03
ENSGO000Q184432 9276 COPB2 -0.48 2.43E-04 7.50E-03
ENSGOQD00135387 4476 CAPRIN1 -0.38 2.44E-04 7.52E-03
ENSGOO00GQL77169 8408 ULKL 0.49 2.47E-04 7.58E-03
ENSGOO000086232 27102 EIF2AKL -0.46 2.4GE-04 7.63E-03
ENSGO0000O132141 10693 CCTel -0.92 2.50E-04 7.66E-03
ENSGOQ0R0CO102900 9688 NUPS3 -0.43 2.51E-04 7.66E-03
ENSGO000QL17528 5825 ABCD3 -0.57 2.52E-04 7.67E-03
ENSGOO000167523 124045 SPATAZSZ -0.90 2.54E-04 7.74E-03
ENSGO000G0203734 345930 ECT2L -0.91 2.60E-04 7.88E-03
ENSGOO000044115 1495 CTNNAL -0.40 2.65E-04 8.04E-03
ENSGO000O065361 2065 ERBR3 -0.86 2.67E-04 3.06E-03
ENSGOOO00138294 NA NA -1.54 2.67E-04 8.06E-03
ENSGO00003197657 NA NA -0.77 2.68E-04 8.07E-03
ENSGOOD00184983 4700 NDUFAS -3.52 2.6%9E-04 8.07E-03
ENSGO0000155254 83742 MARVELDL 1.25 2.73E-04 8.17E-03
ENSGOOB30081760 65985 AALS -03.64 2.74E-04 8.17E-03
ENSGO0000132746 222 ALDH3B2 -1.46 2.74E-04 8.17E-03
ENSGOOO00151364 65987 KCTD14 -1.25 2.73E-04 8.17E-03
ENSGO0000164347 34340 GFM2 -0.86 2.75E-04 8.17E-03
ENSGOODO0L05875 29062 WDRS1 .65 2.77E-04 8.21E-03
ENSGO000G136153 4008 LMO7 -0.80 2.81E-04 8.31E-03
ENSGOO0O00116133 1718 DHCR24 -3.76 2.83E-04 8.35E-03
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Table 18. Non-
smaokers Log? Fold

Change

Ensembl D Entrez ID Gene symbol | {UIP/NonliP) | Pvalus FDR Pvalue
ENSGO0000124201 57169 INFXL -0.52 2.84E-04 3.37E-03
ENSGOQ000158234 55179 FAIM -0.82 2.85E-04 8.38E-03
ENSGO0000144834 28114 TAGLN3 -1.37 2.86E-04 3.41E-03
ENSGOQ000095290 387680 FAMZI1A -1.43 2.87E-04 8.42E-03
ENSGO000GQL49021 7356 SCGRIAL -1.45 2.80E-04 3.459E-03
ENSGOQ0D00135378 79056 PRRG4 -0.92 2.92E-04 8.54E-03
ENSGO000GQ134744 23318 ZCCHCLY 0.50 2.9%E-04 3.71E-03
ENSGOO0O0O005175 79657 RPAP3 -0.38 3.01E-04 8.77E-03
ENSGO000QL73467 155465 AGHR3 -0.78 3.04E-04 3.81E-03
ENSGOQ0D00164251 2150 FZRL1 -0.87 3.12E-04 9.03E-03
ENSGO0000253250 100127983 | C80rf88 146 3.34E-04 9.009E-03
ENSGOR0R00090061 8812 CCNK -0.34 3.23E-04 9.32E-03
ENSGO00GQL01204 1137 CHRNA4 1.64 3.23E-04 9.32E-03
ENSGOOO00143127 8515 ITGALG 1.00 3.26E-04 9.36E-03
ENSGOO0G01873800 375033 PEARL 1.54 3.29E-04 3.45E-03
ENSGOOO00162909 824 CAPNZ -3.49 3.32E-04 9.51E-03
ENSGO0000103316 1428 CRYM -1.06 3.34E-04 3.55E-03
ENSGOOO00069869 4734 NEDDA4 .92 3.37E-04 9.58E-03
ENSGO0000162407 8613 PPAP2E 1.12 3.37E-04 3.58E-03
ENSGOO0B00143933 8065 CALM2Z -3.58 3.40E-04 9.66E-03
ENSGO0000G125827 56255 ThMX4 .60 3.41E-04 3.67E-03
ENSGOODO0185055 NA EFCABLO -1.13 3.47E-04 9.82E-03
ENSGO0000029933 3149 HMGHR3 -0.86 3.54E-04 3.94E-03
ENSGOOO00135424 3679 ITGA7 1.29 3.53E-04 9.94E-03
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Table 10. Non-
smokers Log? fold

Change

Ensembl D Entrez ID Gene symbol | {UIP/NonliP) | Pvalus FDR Pvalue
ENSGO0000158373 3017 HISTIH2BD -0.54 3.52E-04 9.94E-03
ENSGO000C0165097 221656 KDM1B -(3.71 3.53E-04 9.94E-03
ENSGO00060173432 62838 SAAL -1.61 3.55E-04 9.95E-03

JIP (n=3 samples); Non-UIF (n=3 samples). Positive log? fold change value indicates over-

expression in UILP relative 1o Non UIP; negative log2 value indicares under-expression in
ULP relative to Non UIP. In this analysis only patients without any smoking historv were
evaluated, hence this subset harbored only non-smokers.

{B186] Table 11. Differentially expressed geunes m UIP samples fromn smokers vs. Noo-UIP

samples from smokers.

Table 11. Smokers Log2 Fold
Change

Ensembl D Entrez iD Gene symbol | {UIP/NonliP) | pvalus FDR Pvalue
ENSGO0000137968 204962 SLC44A5 3.58 2.38E-20 3.68E-16
ENSGO0000059368 23786 BCL2L13 -0.68 3.12E-18 2.41E-14
ENSGO0C00168323 1524 {X3CR1 2.27 8.45E-14 4.35E-10
ENSGO00(0088882 56265 CPXM1 2.72 1.16E-11 4. 48E-08
ENSGO0000152672 165530 CLECAF 2.63 1.78E-11 5.4GE-08
ENSGO0000129204 9098 usks 2.74 5.40E-11 1.38E-07
ENSGO0000132823 51526 OSERL -0.56 3.27E-10 7.21E-07
ENSGO0000177566 57104 PNPLAZ -0.84 9.60E-10 1.85E-06
ENSGO0C00125730 718 3 1.60 1.11E-08 1.90E-08
ENSGO0000198074 57016 AKR1IBIO -2.89 1.97E-08 3.04E-06
ENSGO0C00158142 65124 SOWAHC -1.00 3.0%E-08 4. 34E-06
ENSGO0C00112130 9025 RNF& -0.56 4 53E-09 5.83E-06
ENSGO0000255112 57132 CHMPIB -0.86 1.84E-08 2.31E-05
ENSGO00(0145888 2741 GLRAL 2.18 2.15E-08 2.37E-05
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Table 11, Smokers Log2 Fold
Change

Ensembl D Entrez iD Gene symbol | {UIP/NonUiP} | pvalue FDR P value
ENSGOOC00151632 1646 AKR1IC2 -2.37 2.60E-08 2.68E-05
ENSGO0000238741 677767 SCARNATY (.58 2.90E-08 2.80E-05
ENSGO0O000148948 57689 LRRCAC 2.14 3.13E-08 2.84E-05
ENSGO0000179344 31198 HLA-DGB1 2.30 2.88E-07 2.35E-04
ENSGO0OC00211789 NA TRAV12-2 2.44 2.75E-07 2.35E-04
ENSGO0000106565 28959 TMEM1768 1.55 3.23E-07 2.44E-04
ENSGO0000204338 MNA CYP21A1P 2.23 3.32E-07 2.44E-04
ENSGO0O000010332 2326 FMO1 217 4.30E-07 3.01E-04
ENSGOOC00103742 57722 IGDCCA 2.37 4.82E-07 3.24E-04
ENSGO0000162692 7412 VCAMI 212 5.91E-07 3.80E-04
ENSGO0O000158481 911 CDAC 1.96 6.26E-07 3.87E-04
ENSGO0O000136098 4752 NEK3 0.67 6.66E-07 3.95E-04
ENSGO0O000134375 10440 TIMM17A -0.48 7.00E-07 4.00E-04
ENSGO0O000127351 10875 FGLZ 1.23 1.18E-08 6.49E-04
ENSGO0O000185022 23764 MAFF -1.68 1.22E-08 6.48E-04
ENSGOO000100078 3857 LGALS2 1.83 1.51E-08 7.56E-04
ENSGO0O000151572 121601 ANQ4 2.28 1.57E-08 7.56E-04
ENSGQO000238460 NA 1.65 1.52E-08 7.56E-04
ENSGO0OC00187527 344905 ATP13A5 -2.18 1.99E-08 9.28E-04
ENSGOO000176153 2877 GPX2 -2.11 2.28E-08 1.04E-03
ENSGO0OC00105559 57664 PLEKHAS 1.30 2.99E-08 1.32E-03
ENSGQO0000178115 NA GOLGABQ 2.05 3.27E-06 1.40E-03
ENSGO0O000137033 90865 1133 1413 4.10E-08 1.68E-03
ENSGO0000196735 3117 HLA-DQOAL 2.10 4.14E-06 1.68E-03
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Table 11, Smokers Log2 Fold
Change

Ensembl D Entrez iD Gene symbol | {UIP/NonUiP} | pvalue FDR P value
ENSGO0OC00007844 29116 MYLIP -0.46 4 53E-06 1.73E-03
ENSGO0000130635 64793 CEP8S -0.76 4. 86E-06 1.88E-03
ENSGOOC00262539 NA -2.01 5.01E-06 1.83E-03
ENSGO0000174194 NA NA 1.27 5.42E-08 1.99E-03
ENSGOOC00178187 285676 INF454 1.08 6.40E-06 2.25E-03
ENSGO0000204256 6046 BRD2 -0.33 6.28E-08 2.25E-03
ENSGO0O000002933 55365 TMEM176A 1.30 6.91E-06 2.36E-03
ENSGO0000196138 8644 AKRIC3 -1.45 7.02E-06 2.36E-03
ENSGOOC00186529 4051 CYP4F3 -1.80 8.32E-06 2.66E-03
ENSGO0O000227097 NA RPS238P7 1.58 B.45E-06 2.66E-03
ENSGO0000244486 91179 SCARF2 1.00 8.18E-06 2.66E-03
ENSGO0000172985 344558 SH3RF3 0.84 9.51E-06 2.94E-03
ENSGO0O000023171 57476 GRAMDI1B -1.22 1.13E-05 3.21E-03
ENSGOO000065613 9743 5K -0.48 1.08E-05 3.21E-03
ENSGO0O000143603 3782 KCNN3 1.08 1.07E-05 3.21E-03
ENSGO00001540%6 7070 THY1 2.05 1.14E-05 3.21E-03
ENSGO0O000178562 940 D28 2.08 1.13E-05 3.21E-03
ENSGO0000196838 100 ADA 1.10 1.16E-05 3.21E-03
ENSGO0000159618 221188 ADGRGS 1.58 1.23E-05 3.27E-03
ENSGO00001238308 4357 MPST -0.73 1.36E-05 3.61E-03
ENSGO0O000168229 5729 PTGDR 1.6% 1.38E-05 3.62E-03
ENSGQO000125510 4987 OPRLY 1.56 1.45E-05 3.73E-03
ENSGO0O000017427 3479 IGF1 1.86 1.54E-05 3.83E-03
ENSGO0000159228 873 CBR1 -1.00 1.53E-05 3.83E-03
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Table 11, Smokers Log2 Fold
Change

Ensembl D Entrez iD Gene symbol | {UIP/NonUiP} | pvalue FDR P value
ENSGO0OC00136490 80774 LiMiD2 1.68 1.76E-05 4. 18E-03
ENSGO0000177156 6888 TALDO1 -0.78 1.76E-05 4.19E-03
ENSGO0OC00225614 84627 INF46% (.98 1.72E-05 4. 18E-03
ENSGO0000218336 55714 TENM3 1.63 1.88E-05 4. 40E-03
ENSGO0000151693 8853 ASAP2 -0.60 1.97E-05 4 54E-03
ENSGO0000211841 NA IGHY3-11 2.04 2.00E-05 4. 54E-03
ENSGO0O000140861 29948 OSGINI -1.25 2.11E-05 4.73E-03
ENSGO0000124782 6239 RREB1 -0.41 2.30E-05 5.08E-03
ENSGOOC00103222 4383 ABCCE -0.81 2.55E-05 5.47E-03
ENSGO0000196664 51284 TLR7 1.53 2.54E-05 5.47E-03
ENSGO0O000148357 256158 HMCNZ 1.92 2.61E-05 5.53E-03
ENSGO0000124151 82302 NCOA3 -0.38 2.87E-05 6.00E-03
ENSGOO000211653 MNA IGLY1-40 1.99 2.98E-05 6.06E-03
ENSGO0O000230006 645784 ANKRD36BPZ 1.82 2.97E-05 6.06E-03
ENSGO0OC00106809 4569 OGN 1.85 3.11E-05 6.23E-03
ENSGO0O000162877 148311 PM20D1 1.70 3.17E-05 6.28E-03
ENSGO0O000128016 7538 ZFP38 -1.41 3.51E-05 6.77E-03
ENSGO0000196345 55888 ZKSCANT (.83 3.48E-05 6.77E-03
ENSGO0OC00108871 1277 CoL1AL 1.88 3.56E-05 6.78E-03
ENSGOO000137573 23213 SULF1 1.63 3.68E-05 6.93E-03
ENSGO0O000187993 3792 KEL 1.86 3.93E-05 7.32E-03
ENSGOO000170153 57484 RNF150 1.44 4.36E-05 8.00E-03
ENSGO0O000130513 9518 GDF15 -1.73 4 55E-05 8.20E-03
ENSGO0000174123 81793 TLR1C 1.81 4 57E-05 8.20E-03
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Table 11, Smokers Log2 Fold
Change

Ensembl D Entrez iD Gene symbol | {UIP/NonUiP} | pvalue FDR P value
ENSGO0OC00110076 9379 NRXN2 1.95 4.68E-05 8.30E-03
ENSGO0000182551 55256 ADI1 -0.52 5.20E-05 3.08E-03
ENSGOOC00182557 201305 SPNS3 1.65 5.23E-05 9.08E-03
ENSGO0000117215 26279 PLA2G2D 1.84 5.54E-05 3.50E-03
ENSGO0000128285 2847 MCHR1 1.85 5.80E-05 9.83E-03
ENSGO0000183813 1233 CCR4 1.80 6.00E-05 1.03E-02
ENSGO0O000007312 974 CD798 1.81 6.30E-05 1.04E-02
ENSGO0000163817 54716 SLCBA20 1.85 6.43E-05 1.06E-02
ENSGOOC00102802 84935 MEDAG 1.85 6.68E-05 1.08E-02
ENSGO0O000101134 55816 DOKS 1.80 7.00E-05 1.10E-02
ENSGO0O000102362 94121 SYTLA -0.80 6.85E-05 1.10E-02
ENSGOO000128000 163131 ZNF780B (.66 7.03E-05 1.10E-02
ENSGO0O000256229 50649 ZNF486 1.00 7.04E-05 1.10E-02
ENSGO0000086102 4789 NFX1 -0.38 7.46E-05 1.14E-02
ENSGOOC00088875 2872 MKNK2 -0.58 7.58E-05 1.14E-02
ENSGOO000171502 255631 COL24A% 1.24 7.68E-05 1.14E-02
ENSGO0000211837 MNA IGLV4-63 1.91 7.68E-05 1.14E-02
ENSGO0000244731 730 CAA 1.50 7.70E-05 1.14E-02
ENSGO0O000082841 4779 NFEZLT -0.32 7.78E-05 1.14E-02
ENSGO0O000136802 56262 LRRCBA -0.91 8.12E-05 1.18E-02
ENSGO0OC00225784 MNA NA 1.81 8.26E-05 1.18E-02
ENSGO0000181631 53829 P2RY13 1.57 8.40E-05 1.20E-02
ENSGO0O000116031 50489 cp207 1.47 8.80E-05 1.25E-02
ENSGO0O000108106 27338 UBEZS -0.71 9.40E-05 1.32E-02
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Table 11, Smokers Log2 Fold
Change

Ensembl D Entrez iD Gene symbol | {UIP/NonUiP} | pvalue FDR P value
ENSGO0OC00105639 3718 JAK3 1.60 1.06E-04 1.43E-02
ENSGO0000125804 284800 FAMI8ZA 1.82 1.07E-04 1.43E-02
ENSGOOC00139722 79720 VPS3I7R -0.67 1.07E-04 1.43E-02
ENSGO0000157557 2114 EYS2 -0.85 1.03E-04 1.43E-02
ENSGO0OC00165841 1557 CYP2C19 -1.37 1.07E-04 1.43E-02
ENSGO0000182487 654816 NCF1B 1.53 1.05E-04 1.43E-02
ENSGO0O000171847 55138 FAMSOOAL 1.18 1.08E-04 1.43E-02
ENSGO0O000162804 25892 SNED1 0.71 1.08E-04 1.43E-02
ENSGO0C00186184 51082 PCLRID -0.67 1.13E-04 1.43E-02
ENSGO0000172493 4289 AFF1 -0.34 1.14E-04 1.47E-02
ENSGO0OC00179854 284297 S8CED 1.43 1.15E-04 1.47E-02
ENSGO0000244682 NA FCGR2C 1.54 1.17E-04 1.48E-02
ENSGO0O000081148 50939 IMPG2 (.85 1.23E-04 1.54E-02
ENSGO0000126353 1236 CCRY 1.51 1.26E-04 1.57E-02
ENSGOO000187705 57565 KEHL14 1.75 1.27E-04 1.57E-02
ENSGO0000232268 380037 OR52{1 1.53 1.30E-04 1.58E-02
ENSGO0OC00089204 3983 ABLIM 1 -0.69 1.32E-04 1.61E-02
ENSGO0000158477 808 CO1A 1.84 1.38E-04 1.68E-02
ENSGO0O000172336 10248 POP7 -0.45 1.40E-04 1.68E-02
ENSGO0000138108 1559 CYP2C8 -1.47 1.44E-04 1.73E-02
ENSGO0000124766 6659 SOX4 -0.89 1.50E-04 1.77E-02
ENSGO0000114115 5847 RBP1 (.96 1.57E-04 1.84E-02
ENSGO0O000156463 153763 SH3RF2 -1.28 1.62E-04 1.88E-02
ENSGO0O000038358 23644 EDC4 -0.28 1.64E-04 1.88E-02
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Table 11, Smokers Log2 Fold
Change

Ensembl D Entrez iD Gene symbol | {UIP/NonUiP} | pvalue FDR P value
ENSGO0OC00211899 NA IGHM 1.7¢ 1.64E-04 1.88E-02
ENSGO0000263503 NA 1.70 1.66E-04 1.88E-02
ENSGO0000005955 NA NA -0.32 1.71E-04 1.91E-02
ENSGO0000144040 94097 SFXN5 .69 1.71E-04 1.91E-02
ENSGOOC00105058 26017 FAMI2A -0.37 1.90E-04 2.31E-02
ENSGO0000135837 9857 CEP350 0.29 1.92E-04 2.12E-02
ENSGO0000205148 MNA NA 1.63 1.93E-04 2.12E-02
ENSGO0000028277 5452 POUZF2 1.61 1.97E-04 2.15E-02
ENSGO0O000211747 NA TRBV2G-1 1.78 2.04E-04 2.20E-02
ENSGQ0O000148730 1879 EiF4EBPZ -0.51 2.25E-04 2.40E-02
ENSGO0O000181036 343413 FCRLS 1.52 2.26E-04 2.40E-02
ENSGQO000138660 55435 APIAR -0.81 2.28E-04 2.431E-02
ENSGO0000144819 152330 CNTN4 1.25 2.28E-04 2A41E-02
ENSGOO000000371 3075 CFH (.81 2A43E-04 2.46E-02
ENSGO0O000089251 158160 HSD17B7P2 (.95 2.44E-04 2.46E-02
ENSGQOO000156140 9508 ADAMTS3 1.24 2A43E-04 2.46E-02
ENSGO0O000163113 MNA NA -0.63 2.431E-04 2.46E-02
ENSGO0000181458 55076 TMEMA4BA 1.40 237E-04 2.46E-02
ENSGO0O000251287 644974 ALGLL2 1.42 2.44E-04 2.46E-02
ENSGO0O000086544 80271 ITPKC -0.57 2.53E-04 2.52E-02
ENSGO0OC00167584 167358 NLRC3 1.07 2.55E-04 2.54E-02
ENSGO0000149633 854489 KIAALTSES 1.68 2.538E-04 2.56E-02
ENSGO0O000102271 56062 KLHL4 1.75 2.62E-04 2.58E-02
ENSGOO000137815 23168 RTF1 -0.38 2.81E-04 2.72E-02
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Table 11, Smokers Log2 Fold
Change

Ensembl D Entrez iD Gene symbol | {UIP/NonUiP} | pvalue FDR P value
ENSGO0OC00141682 5366 PMAIPL -1.36 2.81E-04 2.72E-02
ENSGO0000179303 7718 ZNF154 1.14 2.80E-04 2.72E-02
ENSGOOC00110427 25758 KIAALS4GL 1.52 2.89E-04 277802
ENSGO0000144567 79137 FAM134A -0.43 2.97E-04 2.83E-02
ENSGO0OC00206561 8292 COLO (.81 3.01E-04 2.85E-02
ENSGO0C00100304 23170 TTiL12 -0.92 3.11E-04 2.86E-02
ENSGO0O000108852 4355 MPP2 1.6% 3.07E-04 2.86E-02
ENSGQO000181350 388341 LRRC75A 1.56 3.11E-04 2.86E-02
ENSGO0OC00186350 6256 RXRA -0.53 3.08E-04 2.86E-02
ENSGO0000253816 NA (.93 3.05E-04 2.86E-02
ENSGO0O000026751 57823 SLAMF7Y 1.36 3.13E-04 2.86E-02
ENSGO0000142178 150094 SiK1 -1.4% 3.17E-04 2.86E-02
ENSGO0000148848 3038 ADAMIZ 1.18 3.16E-04 2.86E-02
ENSGO0000148338 114789 SLC25A25 -0.71 3.20E-04 2.88E-02
ENSGO0O000137747 34000 TWPRSS13 -0.89 3.23E-04 2.88E-02
ENSGO0000164061 8927 BSN 1.16 3.28E-04 2.92E-02
ENSGO0O0001022721 9767 JADE3 -0.48 3.34E-04 2.95E-02
ENSGO0000134291 78022 TMEM106C -0.84 3.67E-04 3.20E-02
ENSGO0O000160007 2909 ARHGAP35 -0.32 2.68E-04 3.20E-02
ENSGQO000198060 54708 MARCHS -0.38 3.67E-04 3.20E-02
ENSGOO000111725 5564 PRKABI -0.72 3.71E-04 3.20E-02
ENSGO0000211598 NA IGKV4-1 1.72 3.76E-04 3.23E-02
ENSGO0OC00101096 4773 NFATC2 (.89 3.82E-04 3.25E-02
ENSGO0000215156 646652 1.07 3.83E-04 3.25E-02
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Table 11, Smokers Log2 Fold
Change

Ensembl D Entrez iD Gene symbol | {UIP/NonUiP} | pvalue FDR P value
ENSGO0C00117090 6504 SLAMF1 1.64 3.89E-04 3.26E-02
ENSGO0000211892 NA IGHG4 1.71 3.88E-04 3.26E-02
ENSGO0000128245 9513 FXR2 -0.35 4.00E-04 3.33E-02
ENSGO0000211685 NA IGLC7 1.71 4.06E-04 3.37E-02
ENSGO0000085265 2218 FCNT 1.67 4.11E-04 3.38E-02
ENSGO00001086591 6347 CCLz 1.64 4. 16E-04 3.38E-02
ENSGO0O000109787 51274 KLF3 -0.67 4.15E-04 3.38E-02
ENSGO0000243264 NA IGKV2D-29 1.71 4.13E-04 3.38E-02
ENSGOOC00178199 340152 ZCAHAZD 1.65 4.19E-04 3.38E-02
ENSGO0000152413 9456 HOMER1 -0.58 4.24E-04 3.38E-02
ENSGOO000211893 MNA IGHG2 1.70 4. 25E-04 3.38E-02
ENSGOO000241755 NA IGKV1-9 1.70 4.21E-04 3.38E-02
ENSGO0O000017797 10928 RALBP1 -0.39 4.36E-04 3.44E-02
ENSGO0000136826 9314 KiFa -1.18 4.37E-04 3.44E-02
ENSGO0O000102245 959 CD4A0LG 1.65 4.53E-04 3.48E-02
ENSGO0000144792 285349 ZNFe60 .91 4 51E-04 3.48E-02
ENSGO0O000151012 23657 SLC7A11 -1.55 4 45E-04 3.48E-02
ENSGO0000182218 84439 HHIPLT 1.55 4 48E-04 3.48E-02
ENSGO0000204861 §9752 PCDHAS 1.13 4 54E-04 3.48E-02
ENSGO0000160228 NA ZNF&6 0.77 4. 59E-04 3.51E-02
ENSGO0O000087842 8544 PIR -0.84 4.67E-04 3.55E-02
ENSGO0O000108344 5709 PSMD3 -0.35 4.76E-04 3.60E-02
ENSGO0O000167077 150365 MEI 1.53 4 87E-04 3.67E-02
ENSGO0000211625 NA IGKV3D-20 1.68 4.91E-04 3.68E-02
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Table 11, Smokers Log2 Fold
Change

Ensembl D Entrez iD Gene symbol | {UIP/NonUiP} | pvalue FDR P value
ENSGOOC00087152 56970 ATHNTLS -0.27 5.08E-04 3.80E-02
ENSGO0000138166 1847 DUSPS -1.57 5.15E-04 3.82E-02
ENSGOOC00187987 222696 ZSCAN23 1.1¢ 5.20E-04 3.84E-02
ENSGO0000166676 780776 TVP23A 1.60 5.24E-04 3.85E-02
ENSGOOC00107736 64072 CDH23 1.28 5.27E-04 3.86E-02
ENSGO0000109685 7468 WHSCL -0.43 5.41E-04 3.93E-02
ENSGO0O000240382 MNA IGKV1-17 1.67 5.43E-04 3.93E-02
ENSGO0000196724 147686 ZNF418 0.80 5.47E-04 3.95E-02
ENSGOOC00178031 92949 ADAMTSLI 1.64 5.54E-04 3.98E-02
ENSGO0O000109854 10553 HTATIP2 -0.72 5.68E-04 4.03E-02
ENSGO0O000128506 10234 LRRC17 1.37 5.65E-04 4.03E-02
ENSGO0000211974 NA 1.66 5.68E-04 4.03E-02
ENSGO0O000145002 653333 FAMBS6R2 1.42 5.90E-04 4.14E-02
ENSGO0000185271 123103 KiHL33 1.66 5.88E-04 4.34E-02
ENSGO0OC00147394 7738 ZNF185 -0.95 6.04E-04 4.22E-02
ENSGOO0001053638 973 CO79A 1.65 6.08E-04 4.23E-02
ENSGO0O000205403 3426 CF (.87 6.11E-04 4.23E-02
ENSGO0000242732 340526 RGAGS (.68 6.16E-04 4.24E-02
ENSGO0OC00074410 771 CAL2 -1.59 6.25E-04 4.28E-02
ENSGQOC00107020 55848 PLGRKT (.66 6.34E-04 4.31E-02
ENSGO0O000145555 4651 MYO10 -0.45 6.31E-04 4.31E-02
ENSGO0000183486 4600 MX2 -1.28 6.46E-04 4.37E-02
ENSGO0O000066827 57623 ZFAT (.33 6.62E-04 4. 46E-02
ENSGO0000225217 NA HSPAT 1.46 6.65E-04 4 46E-02
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ENSGO0OC00143851 5778 PTENTY 1.35 6.77E-04 4 50E-02
ENSGO0000161381 57125 PIXDCT 1.44 6.76E-04 4 50E-02
ENSGO0000134775 80206 FHOD3 1.24 6.89E-04 4 55E-02
ENSGO0000154040 26256 CABYR -1.18 6.89E-04 4 55E-02
ENSGO0OC00239951 NA IGKV3-20 1.64 6.97E-04 4.58E-02
ENSGO0000137708 25833 POULZ2F3 -0.82 7.04E-04 4.60E-02
ENSGO0O000123159 10755 GIPCL -0.48 7.11E-04 4.61E-02
ENSGO0000211938 NA NA 1.63 7.10E-04 4.61E-02
ENSGO0OC00211666 NA IGLV2-14 1.63 7.17E-04 4.63E-02
ENSGO0O000227507 4050 LTB 1.60 7.24E-04 4.66E-02
ENSGO0OC00171714 203859 ANOS 1.12 7.41E-04 4.75E-02
ENSGOO0000738588 27334 P2RY1C 1.38 7.53E-04 4.76E-02
ENSGO0OC00108381 443 ASPA 1.44 7.50E-04 4.76E-02
ENSGQ0O000186310 4675 NAPIL3 1.58 7.47E-04 4.76E-02
ENSGO0000164398 23305 ACSLE 1.18 7.61E-04 4.80E-02
ENSGO0000117122 4237 MFAPZ 1.28 7.65E-04 4.80E-02
ENSGO0O000145536 170630 ADAMTS16 1.62 7.71E-04 4.80E-02
ENSGO0O000251402 NA FAMBOAZSP 1.02 7.70E-04 4.80E-02
ENSGO0O000161881 50944 SHANK1 1.62 7.95E-04 4.93E-02
ENSGO0O000130584 140685 ZBTB46 (.98 8.00E-04 4.93E-02
ENSGO0O000204839 642475 MROHG -1.17 8.02E-04 4.93E-02
ENSGO0O000204544 384263 MUCZ1 -1.52 B.06E-04 4.94E-02
ENSGO0O000112245 7303 PTP4AT -0.59 8.14E-04 4.97E-02
ENSGOO000137265 3662 IRF4 1.61 B.28E-04 5.04E-02
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Ensembl D Entrez iD Gene symbol | {UIP/NonUiP} | pvalue FDR P value
ENSGO0OC00105364 51073 MRPLA -0.56 8.39E-04 5.06E-02
ENSGO0000178922 81883 HY! (.84 8.36E-04 5.06E-02
ENSGO0O000118849 54918 RARRES1 1.24 8.47E-04 5.08E-02
ENSGO0000212743 NA 1.23 8.58E-04 5.13E-02
ENSGO0OC00135074 8728 ADAMIS 1.42 8.76E-04 5.16E-02
ENSGO0000152683 25780 RASGRP3 1.42 8.72E-04 5.16E-02
ENSGO0OC00154640 10850 BYG3 -0.77 8.74E-04 5.16E-02
ENSGO0000196581 55866 AJAPT -1.58 B.74E-04 5.18E-02
ENSGO0OC00211850 NA IGHV1-24 1.60 8.04E-04 5.30E-02
ENSGO0000188171 189777 ZNF626 0.72 9.17E-04 5.36E-02
ENSGO0OC00134490 85019 TMEM241 (.50 9.27E-04 5.40E-02
ENSGO0000186854 128293 TRABDZA 1.13 9.34E-04 5.42E-02
ENSGO0O000173198 10800 CYSLTR] 1.16 9.39E-04 5.43E-02
ENSGO0O000132663 54453 RiN2 -0.47 9.54E-04 5.48E-02
ENSGO0OC00211640 MNA IGLY6-57 1.58 9.52E-04 5.48E-02
ENSGQOO000159450 7062 TCHH -1.34 9.58E-04 5.48E-02
ENSGO0O000143515 57198 ATP3BZ (.78 9.73E-04 5.54E-02
ENSGO0000198734 2153 F5 1.10 9.90E-04 5.62E-02
ENSGO0O000228645 MNA NA 1.32 9.99E-04 5.65E-02
ENSGO0000106333 5118 PCOLCE 1.21 1.02E-03 5.68E-02
ENSGO0000166869 63928 CHP2 1.48 1.03E-03 5.66E-02
ENSGO0000243238 NA IGKV2-30 1.58 1.02E-03 5.68E-02
ENSGO0O000259236 MNA GOLGASVE 1.52 1.03E-03 5.66E-02
ENSGO0000240864 NA IGKY1-16 1.58 1.02E-03 5.67E-02
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ENSGO0OC00170509 345275 HSD17B13 1.4¢ 1.03E-03 5.68E-02
ENSGO0000235602 642559 POUSF1P3 151 1.06E-03 5.84E-02
ENSGO0000125813 5075 PAX1 1.57 1.10E-03 6.04E-02
ENSGO0000138413 3417 IDH1 -0.69 1.11E-03 6.04E-02
ENSGO0OC00161896 117283 1P6K3 -1.20 1.13E-03 6.04E-02
ENSGO0000183624 56941 HMCES -0.49 1.11E-03 6.04E-02
ENSGO0OC00186834 653269 POTEI 1.56 1.13E-03 6.04E-02
ENSGO0O000110777 5450 POUZAFL 1.42 1.14E-03 6.10E-02
ENSGO0000183773 1502098 AIFM3 1.17 1.14E-03 6.10E-02
ENSGO0O000225698 NA IGHV3-72 1.57 1.13E-03 6.10E-02
ENSGO0O000023445 330 BIRC3 (.84 1.18E-03 6.27E-02
ENSGOO000100078 50487 PLAZG3 1.42 1.18E-03 6.27E-02
ENSGO0OC00116690 10216 PRG4A 1.56 1.19E-03 6.27E-02
ENSGO0000136011 55576 STAB2 1.54 1.18E-03 6.27E-02
ENSGO0O000172886 727936 GXYLT2 (.82 1.19E-03 6.27E-02
ENSGO0000196344 131 ADH7 -1.54 1.18E-03 6.27E-02
ENSGO0O000187006 51108 METTLS -0.35 1.23E-03 6.33E-02
ENSGO0000087303 22795 NIDZ 1.37 1.22E-03 6.34E-02
ENSGO0000211847 MNA IGHV3-21 1.56 1.23E-03 6.38E-02
ENSGO0O000170471 57148 RALGAPRB -0.27 1.23E-03 6.35E-02
ENSGO0OC00146374 34870 RSPO3 1.55 1.25E-03 6.45E-02
ENSGQO000221870 346528 ORZAL 1.48 1.26E-03 6.43E-02
ENSGO0OC00163354 127573 DCST2 1.15 1.27E-03 6.50E-02
ENSGOO000008277 53616 ADAM22 0.80 1.28E-03 6.51E-02
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ENSGOOC00188829 56670 SUCNRL 1.51 1.27E-03 6.51E-02
ENSGO0000145808 171019 ADAMTS1S 1.13 1.23E-03 6.51E-02
ENSGOOC00187102 1778 DYNCiH1 -0.25 1.29E-03 6.51E-02
ENSGO0000148821 919 Ch47 1.40 1.30E-03 6.58E-02
ENSGO0000221814 5520 PPEPIRZA -0.38 1.32E-03 6.64E-02
ENSGO000007889%8 80341 BPiFR2 -1.47 1.36E-03 6.68E-02
ENSGO0OC00122140 51116 MRPS2 -0.56 1.35E-03 6.68E-02
ENSGQO0000123595 9367 RABYA -0.50 1.35E-03 6.65E-02
ENSGOOC00145782 9140 ATG12 (.46 1.35E-03 6.68E-02
ENSGO0000163297 118429 ANTXR2 0.84 1.35E-03 6.65E-02
ENSGO0O000180479 51276 ZNF571 (.65 1.36E-03 6.68E-02
ENSGO0O000182578 1436 CSFIR 1.23 1.35E-03 6.65E-02
ENSGO0O000185518 9399 SV28 1.22 1.37E-03 6.71E-02
ENSGOO000056586 54542 RC3HZ -0.24 1.38E-03 6.74E-02
ENSGO0OC00021574 6683 SPAST -0.28 1.39E-03 6.76E-02
ENSGO0O000008394 4357 MGSTL -0.73 1.40E-03 6.77E-02
ENSGOO000112715 7422 VEGFA -1.0% 1.40E-03 6.77E-02
ENSGO0O000171724 57687 VATIL 1.54 1.41E-03 6.81E-02
ENSGO0O0001242726 55905 RNF114 -0.35 1.43E-03 6.87E-02
ENSGO0000147458 80005 DOCKS -0.44 1.45E-03 6.93E-02
ENSGO0OC00147140 4841 NONO -0.27 1.46E-03 6.98E-02
ENSGO0000118322 11278 KiFi2 0.78 1.48E-03 7.08E-02
ENSGO0O000142731 10733 PLK4 -1.30 1.50E-03 7.A2E-02
ENSGO0000159388 7832 BTG2 -1.23 1.50E-03 7.A2E-02
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ENSGO0C001685804 123355 LRRC28 -0.39 1.53E-03 7.20E-02
ENSGO0000234231 NA 1.34 1.53E-03 7.20E-02
ENSGO0OC00187446 11261 CHPL -0.52 1.54E-03 7.22E-02
ENSGO0000180251 389015 SLC9A4 -1.51 1.55E-03 7.25E-02
ENSGOOC00165912 247863 PACSING -0.86 1.55E-03 7.25E-02
ENSGO0000165178 654817 NCF1C 1.35 1.56E-03 7.25E-02
ENSGO0O000128333 200315 APOBEC3A 1.48 1.58E-03 7.38E-02
ENSGO0O000155158 158219 TTC398 -0.48 1.60E-03 7.40E-02
ENSGOOC00224041 NA IGKY3D-15 1.51 1.62E-03 7.45E-02
ENSGO0O000101782 8780 RIOK3 -0.40 1.65E-03 7.55E-02
ENSGO0OC00108871 5717 PSMD11 -0.30 1.65E-03 7.55E-02
ENSGO0O000135821 2752 GLUL -0.54 1.65E-03 7.55E-02
ENSGOO000076053 10179 RBM7 -0.35 1.68E-03 7.62E-02
ENSGO0O000122366 11113 it -1.03 1.68E-03 7.62E-02
ENSGOO000253755 MNA IGHGP 1.52 1.68E-03 7.62E-02
ENSGO0000120128 1843 DUSP1 -1.38 1.73E-03 7.64E-02
ENSGO0O000121807 728230 CCR2 1.2¢8 1.72E-03 7.64E-02
ENSGO0000134046 8932 MBDZ -0.24 1.73E-03 7.64E-02
ENSGOO000135773 10753 CAPNS -1.11 1.73E-03 7.64E-02
ENSGOOC00136830 64855 FAM1298 -0.31 1.72E-03 7.64E-02
ENSGO0O000157601 4599 MX1 -1.06 1.72E-03 7.64E-02
ENSGO0O000162348 893291 CAPN1Z (.98 1.68E-03 7.64E-02
ENSGO0O000173653 9586 RCEL -0.43 1.73E-03 7.64E-02
ENSGOO000177106 64787 EPS8L2 -0.65 1.73E-03 7.64E-02

129




WO 2016/073768 PCT/US2015/059309
Table 11, Smokers Log2 Fold
Change
Ensembl D Entrez iD Gene symbol | {UIP/NonUiP} | pvalue FDR P value
ENSGO0OC00115590 7850 IL1R2 -1.50 1.74E-03 7.65E-02
ENSGO0000136816 27348 TOR1B -0.45 1.75E-03 7.68E-02
ENSGOOC00081831 2099 ESR1 1.43 1.78E-03 7.76E-02
ENSGO0000101544 22850 ADNP2 -0.34 1.78E-03 7.76E-02
ENSGO0OC00086548 4680 CEACAMBG -1.10 1.79E-03 7.78E-02
ENSGO0000141738 2886 GRBY -0.76 1.73E-03 7.78E-02
ENSGO0000224078 MNA SNHG14 (.61 1.80E-03 7.78E-02
ENSGO0000131408 7376 NR1H2 -0.42 1.81E-03 7.80E-02
ENSGO0OC00111412 79784 CiZorfds -0.81 1.82E-03 7.84E-02
ENSGO0000124356 10617 STAMBP -0.33 1.85E-03 7.95E-02
ENSGO0O000232216 MNA IGHV3-43 1.48 1.86E-03 7.86E-02
ENSGO0000115963 3380 RND3 -0.88 1.90E-03 8.05E-02
ENSGO0O000120847 84318 Cepeyy -0.46 1.90E-03 B.05E-02
ENSGQOO000141540 94015 TTYH2 1.04 1.90E-03 8.05E-02
ENSGO0OC00147234 84443 FRMPD3 1.24 1.90E-03 B.05E-02
ENSGO0000189221 4128 MAOA -1.08 1.91E-03 8.08E-02
ENSGO0OC00125430 9953 HS35T3B1 -0.95 1.94E-03 B.15E-02
ENSGO0000144191 1261 CNGA3 1.43 1.94E-03 8.15E-02
ENSGO0O000132405 57533 TBC1b14 -0.40 1.95E-03 B.16E-02
ENSGQOC00179840 644897 PIK3CB-AS1 1.50 1.96E-03 8.18E-02
IGHV4OR1E-

ENSGO0000259261 NA 8 1.48 1.96E-03 8.16E-02
ENSGO0000147168 3561 IL2RG 1.31 1.98E-03 8.21E-02
ENSGO0000164692 1278 COL1AZ 1.46 2.03E-03 8.40E-02
ENSGO0000013563 1774 DNASELL] -0.82 2.04E-03 8.42E-02
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ENSGOOC00103522 50615 21K 1.46 2.04E-03 8.42E-02
ENSGO0000108051 8030 CCnes -0.36 2.11E-03 8.64E-02
ENSGOOC00157854 26100 WiPl2 -0.40 2.11E-03 8.64E-02
ENSGO0000070214 23446 SLC44A1 -0.42 2.13E-03 8.70E-02
ENSGO0C00156671 142891 SAMDE -0.38 2.17E-03 8.80E-02
ENSGO0000174807 57124 248 1.4% 2.37E-03 8.80E-02
ENSGO0O000154277 7345 UCHLL -1.35 2.18E-03 B.82E-02
ENSGOO000157766 176 ACAN 1.48 2.18E-03 8.82E-02
ENSGO0000171475 1471739 WIPF2 -0.44 2.19E-03 8.82E-02
ENSGO0000211945 NA IGHV1-18 1.48 2.18E-03 8.82E-02
ENSGO0O000186407 342510 CD300E 1.46 2.21E-03 8.86E-02
ENSGO00002118658 NA IGLV3-25 1.48 2.21E-03 8.86E-02
ENSGO0O000167797 10263 CDK2AR2 -0.53 2.24E-03 B.92E-02
ENSGO0000132465 3512 JCHAIN 1.47 2.25E-03 8.95E-02
ENSGO0O000201643 6877801 SNORAL4A (.93 2.25E-03 B.95E-02
ENSGOOC00036530 10858 CYP4SAL 1.15 2.26E-03 8.96E-02
ENSGO0O000162782 163588 TORDS 1.42 2.27E-03 B.96E-02
ENSGQO0000224373 NA IGHV4-59 1.47 2.28E-03 8.96E-02
ENSGO0000132838 23281 MTUS2 1.44 2.28E-03 B.96E-02
ENSGO0000112298 8876 VNI 1.37 2.35E-03 9.18E-02
ENSGO0OC00164100 9348 NDST3 1.12 2.36E-03 9.22E-02
ENSGO0O000165348 3429 F127 -1.30 2.36E-03 9.22E-02
ENSGO0O000107643 5599 MAPKS -0.33 2.38E-03 9.28E-02
ENSGO0000184481 4303 FOXO4 -0.55 2.40E-03 9.28E-02
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ENSGOOC00105122 64926 RASAL3 1.32 2.43E-03 9.40E-02
ENSGO0C00167100 201191 SAMD14 1.44 2.44E-03 9.42E-02
ENSGO0OC00158848 1066 CES -1.10 2.51E-03 9.63E-02
ENSGO0000211%64 NA IGHY3-48 1.45 2.50E-03 9.63E-02
ENSGOOC00089958 91319 DERL3 (.80 2.51E-03 9.63E-02
ENSGO0000010017 10048 RANBFPS -0.43 2.54E-03 B.68E-02
ENSGO0OC00188056 5649 RELN 1.38 2.54E-03 9.68E-02
ENSGO0000213288 7643 ZNF30 (.83 2.57E-03 9.74E-02
ENSGO0OC00232810 7124 THNF 1.30 2.57E-03 9.74E-02
ENSGO0000011295 54802 TYC18 -0.30 2.58E-03 9.75E-02
ENSGO0O000126062 11070 TMEM115 -0.34 2.61E-03 9.82E-02
ENSGO0000211933 NA IGHVE-1 1.44 2.61E-03 9.82E-02
ENSGO0O000181588 3599664 MEX3D -0.62 2.62E-03 9.84E-02
ENSGO0000122188 54800 LAX1 1.37 2.64E-03 9.85E-02
ENSGO0O000162772 467 ATF3 -1.35 2.65E-03 9.90E-02
ENSGO0O000157064 23057 NMNAT2 1.33 2.67E-03 9.95E-02

JIP (n=12 samples); Non UIP (n=4 samples). Positive log2 fold change value indicates
over-expression in UIP relative to Non UlIP; negative log? value indicates under-expression
in UIP relative to Non UIP. In this analvsis only patients with a smoking history were

evaluated, hence this subset harbored only smolers.

{#187] The various cmbodiments described above can be combined to provide further

cmbodiments. All of the U.S. patents, US. patent apphceation publications, U.S. patent

application, foreign patents, foreign patent application and non-patent publications referred to

in this specification and/or listed wn the Application Data Sheet are incorporated herein by

reference, in their entirety. Aspects of the embodiments can be modified, if necessary to

employ coucepts of the various patents, apphcation and publications to provide yet further

embodiments.
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{#188] These and other changes can be made to the embodiments in light of the above-
detailed description. lo general, in the following claims, the terms used should wvot be
construed to limit the claims to the specific embodiments disclosed in the specification and
the claims, but should be construed to include all possible cmbodiments along with the full
scope of equivalents to which such claims are entitled. Accordingly, the claims are not

fimited by the disclosure.

[#189] Some ecmbodiments described herein relate to a corputer storage product with a non-
transitory computer-readable medium {also can be referred to as a non-transitory processor-
readable medium) having instructions or computer code thercon for perforrning various
computer-implemented operations. The computer-readable medium {or processor-readable
medium) is non-transitory in the sense that it does not include transitory propagating signals
per se {e.g., a propagating electromagnetic wave carrying information on a fransmission
medium such as space or a cable). The media and computer code (also can be referred to as
code) roay be those designed and constructed for the specific purpose or purposes. Examples
of non-transitory computer-readable media include, but are not limited to, magnetic storage
raedia such as hard disks, floppy disks, and magnetic tape; optical storage rucdia such as
Compact Disce/Digital Video Discs {CIV/DVDs), Compact Disce-Read OUnly Memories (CD-
ROMs), and holographic devices, magneto-optical storage media such as optical disks;
carricr wave signal processing modules; and hardware devices that are specially configured to
store and cxecute program code, such as Application-Specific Integrated Circuits (ASICs),
Programmable Logic Devices (PLDs), Read-Ounly Memory (ROM) and Random-Access
Memory (RAM) devices. Other embodiments described herein relate to a computer program
product, which can include, for example, the instructions and/or computer code discussed

herein.

{#198] Some embodiments and/or methods described hercin can be performed by software
{executed on hardware}, hardware, or a combination thercof. Hardware modules may
include, for example, a general-purpose processor, a field programmable gate array (FPGA),
and/or an application specific integrated circuit (ASIC).  Sefiware modules (executed on
hardware) can be expressed in a variety of software languages {(c.g., computer code),
mcluding C, C++, Java™, Ruby, Visual Basic™, R, and/or other object-oriented, procedural,
statistical, or other programming language and development tools. Examples of computer
code include, but are not limited to, micro-code or micro-instructions, machine instructions,

such as produced by a compiler, code used to produce a web service, and files containing
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higher-level instructions that are executed by a computer using an interpreter.  For example,
embodiments may be implervented using imperative programming languages {e.g., C,
Fortran, ctc.}), functional programming languages {(c.g.,, Haskell, Erlang, ctc.), logical
programming languages (c.g., Prolog), object-oriented programming languages (¢.g., Java,

CH++, ete.), sia R, ¢tc.y or other

suitable programming languages and/or development tools. Additional cxamples of
computer code include, but are not limited to, control signals, encrypted code, and

compressed code.
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CLAIMS
What is claimed is:

i. A method of detecting whether a hung tissue savaple 18 positive for usual interstitial

pacumonta (UIP) or non-usual interstitial pneumonia (non-UIP), comprising:

Assaying the expression level of each of a first group of transcripts and a second
group of transcripts in a test sample of a subject, wherein the first group of transcripts
mcludes one or roore sequence corresponding to any one of the genes overexpressed
in UIP and histed in any of Tables 5, 7,9, 10, 11, and 12 and the second group of
transcripis includes one or more sequence corresponding to any one of the genes

under-expressed in UIP and listed in any of Tables 5, 8, 9, 18, 11, or 12; and

comparing the expression level of cach of the first group of transcripts and the second
group of transcripts with reference expression levels of the corresponding transcripts
to (1) classify said lung tissue as usual interstitial pucurnonia (UIP) if there 15 (a) an
increase in an expression level corresponding to the first group and/or (b) a decrease
in an expression level corresponding to the second group as compared to the reference
expression levels, or (2) classify the hung tissue as non-usual interstitial pneumonia
{non-UlIP) if there 1s (¢} an increase in the expression level corresponding to the
second group and/or (d} a decrease in the expression fevel corresponding to the first

group as compared to the reference expression ievels.

2. A method of detecting whether a lung tissue sample is positive for usual interstitial

preumonia {UIP) or non-usual interstitial pneurnonia (non-UIP), comprising:

assaying by sequencing, array hybridization, or nucieic acid amplification the
expression fevel of each of a first group of transcripts and a second group of
transcripts in a test sample from a lung tissue of a subject, wherein the first group of
transcripts inchudes one or more sequence corresponding to any one of the genes
overexpressed in UIP and histed in any of Tables 5,7, 9, 18, 11, and 12 and the second
group of transcripts includes one or more sequence corresponding to any one of the

genes under-expressed in UIP and listed in any of Tables 5,8, ¢, 10, 11, or 12, and
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comparing the expression level of cach of the first group of transcripts and the second
group of transcripts with reference expression levels of the corresponding transcripts
to (1) classify said hung tissuc as usual interstitial pncumonia (UIP) if there is {a) an
inercase in an expression level corresponding to the first group and/or (b} a decrease
in an expression level corresponding to the second group as compared to the reference
cxpression levels, or (2} classify the lung tissue as non-usual interstitial pneumonia
{non-UlP) if there is (¢} an increase in the expression level corresponding to the
sccond group and/or (d) a decrease in the expression level corresponding to the first
group as corapared to the reference expression levels.

3. A method of detecting whether a lung tissue sample is positive for UIP or non-UlP,

comprising:

measuring the expression fevel of two or roore franscripts expressed m the sarople;

and
using a computer generated classifier to classify the sample as UIP and non-UTP;

wherein the classifier was trained using a heterogeneous spectrum of non-UlP
pathology subtypes coruprising HP, NSIP, sarcoidosis, RB, bronchiolitis, and

organizing pneumonia {OP).

4. The method of any one of claims 1-3, wherein the test sample is a biopsy sample or a

bronchoalveolar lavage sample.
5. The rocthod of auy oue of clams 1.3, wherein the test sample is fresh-frozen or fixed.

6. The method of any one of ¢clairns 1-3, wherein the expression levels are determined by
¥ s

RT-PCR, DNA microarray hybridization, RNASeq, or a combination thereof.

7. The method of any one of claims 1-3, wherein the method comprises detecting cDNA
Y . 2

produced from RNA cxpressed 1o the test saraple.

8. The method of claim 7, wherein prior to the detecting step, the ¢cDNA 1s amplified

from a plurality of cEINA transcripts.

9. The method of any one of claims 1-3, wherein one or more of the transcripts is

labeled.

139



WO 2016/073768 PCT/US2015/059309

10,  The method of any one of claims 1-3, further comprising measuring the expression

level of at least one control nucleic acid 1o the test sample.

1. The method of any ove of clains 1-3, wherein the lung tissue is classified as any one

of interstitial lung diseases (LD}, a particular type of ILD, a non-ILD, or non-diagnostic.

12, The method of any one of claims 1-3, wherein the lung tissue is classified as cither

idiopathic pulmonary fibrosis (IPF) or Nonspecific interstitial pneamonia (NSIP).

13, The method of claim 1 or 2, wherein the method comprises assaying the test sample

for the expression level of one or more transcripts of any one of SEQ 1D NOS: 1-22.

14, The method of claim 13, further comprising assaying the test sample for the

expression level of froro 1 to 20 other genes.

1S. The rocthod of claira 3, wherein the method comprises assaying the test sample for

the cxpression level of one or more transcripts of any one of SEQ ID NOS: 1-22.

16.  The method of any one of claims 1-2, further comprising using smoking status as a

covariate to the classification step of (1) or (2).

17.  The method of claim 16, wherein smoking status is determived by detecting an

expression profile indicative of the subject’s smoker status.

18.  The method of any one of the preceding claims, wherein classification of the sample
comprises detection of the expression levels of one or more transcripts that are susceptible to
smoker status bias, and wherein the transcripts that are susceptible to smoker status bias are

weighted ditferently than franseripts that are not susceptible to smoker bias.

19, The method of any one of the preceding clairas, wherein classification of the sample
comprises detection of the expression levels of one or more transcripts that are susceptible to
smoker status bias, and wherein the transcripts that are susceptible to smoker status bias are

excluded from the classification step.

20, The method of any one of claivas 1-2, wherein the first group comprises 2 or more
different transcripts, or 3 or more, 4 or more, 5 or more, 10 or more, 15 or more, 20 or more,

or more than 20 different transcripts.
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21, The method of any onc of claims 1-2, wherein the second group comprises 2 or more
different trauscripts, or 3 or more, 4 or more, S or more, 10 or more, 15 or more, 20 or more,

or more than 20 different transcripts.

22, The method of claim 13 or 15, comprising detecting 2 or more different transeripts of
any one of SEQ 1D NOS:1-22, or 3 or more, 4 or more, 5 or more, 10 or more, 15 or more, 20

or more, or more than 20 different transcripts of any one of SEQ 1D NOS:1-22.

23, The method of claim 13 or 15, comprising assaying the test sample for the expression

icvel of all of the transcripts of SEQ 1D NOS: 1-22.

24, The method of claim 15, 22, or 23, further comprising assaying the test sample for the

expression level of from 1 to 20 other genes.

25.  The method of claim 24, wherein the other genes comprise or consist of HMCNZ,
ADAMTSLL CD79B, KEL, KLHL 14, MPP2Z, NMNATZ, PLXDCIL, CAPNS, TALDOL,
PLE4, IGHV3-72, IGKV1-9, and UNTN4.

26.  The method of claim 3, further comprising using smoking status as a covariate to the

classitication step.

27.  The method of claim 16 or 27, wherein the method uses smoking status as a covariate

prior to the classification step.

28, The method of any one of the preceding claims, comprising implementing a classifier
trained using one or more feature sclected from gene expression, variants, mutations, fusions,

loss of heterozygoxity (LOH), and biological pathway effect.

29.  The method of claim 29, wherein the classifier is trained using features including gene
CXpression, sequence variants, mutations, fusions, loss of heterozygoxity {LOH), and

biological pathway effect.

34, The method of any one of the preceding claims, wherein the classification step further
compriscs detecting sequence variants in the test sample and comparing the sequence variants

to the respective sequences 1o a reference sample to classify the sample as UIP or non-UIP.
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