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ABSTRACT

The present invention relates to the discovery that of a panel
of serum or plasma markers may be used to diagnose Idio-
pathic Pulmonary Fibrosis (“IPF”’) and distinguish this con-
dition from other lung ailments. It further relates to the iden-
tification of markers associated with IPF disease progression.
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MARKER PANELS FOR IDIOPATHIC
PULMONARY FIBROSIS DIAGNOSIS AND
EVALUATION

PRIORITY CLAIM

[0001] This application is a continuation of U.S. patent
application Ser. No. 13/039,989, filed on Mar. 3, 2011, which
is a continuation of International Application No. PCT/
US2009/056085, filed Sep. 4, 2009, which claims priority to
U.S. Provisional Application Ser. No. 61/094,725, filed Sep.
5, 2008, the contents of all of which are hereby incorporated
by reference in their entireties.

GRANT INFORMATION

[0002] The subject matter disclosed herein was developed
at least in part under grants HIL.073745, HL0793941,
HIL0894932, and HLL0O95397 from the National Institutes of
Health, so that the United States Government has certain
rights herein.

1. INTRODUCTION

[0003] The present invention relates to the discovery that of
a panel of serum or plasma markers may be used to diagnose
Idiopathic Pulmonary Fibrosis (“IPF”) and distinguish this
condition from other lung ailments. It further relates to the
identification of markers associated with IPF disease progres-
sion.

2. BACKGROUND OF THE INVENTION

[0004] Idiopathic pulmonary fibrosis (IPF), a progressive
fibrotic interstitial lung disease (ILD) with median survival of
2.5-3 years, is largely unaffected by currently available medi-
cal therapies (Kim D S et al., 2006). The disease is character-
ized by alveolar epithelial cell injury and activation, fibro-
blast/myofibroblast foci formation, and exaggerated
accumulation of extracellular matrix in the lung parenchyma.
Recent studies employing high-throughput genomic tech-
nologies to analyze samples from IPF patients or genetically
modified animals have highlighted the complexity of the
pathways involved in the disease (Kaminski N and Rosas [ O,
2006; Gibson K F and Kaminski N, 2004; Keane M P et al.,
2005). While these studies have improved the understanding
of the molecular mechanisms underlying lung fibrosis, they
did not translate well into the clinical arena.

[0005] Identification of peripheral blood biomarkers may
facilitate the diagnosis and follow-up of patients with IPF as
well as the implementation of new therapeutic interventions.
Currently, establishing a diagnosis of IPF may require surgi-
cal lung biopsy in patients with atypical clinical presentations
or high-resolution computed tomography (HRCT) scans.
Patients with IPF are often evaluated by serial pulmonary
physiology measurements and repeated radiographic exami-
nations. These studies provide a general assessment of the
extent of disease, but do not provide information about dis-
ease activity on a molecular level. Higher plasma concentra-
tions of surfactant proteins (Greene K E et al., 2002), KL-6
(Yokoyama A et al., 1998), FASL (Kuwano K et al., 2002),
CCL-2 Suga M et al., 1999), a-defensins (Mukae H et al.,
2002), and most recently SPP1 (Kadota J et al., 2005) have
been reported in patients with IPF and other ILDs but most of
these studies were modest in size and assayed only a single or
afew protein markers simultaneously. Matirx metalloprotein-
ase-8 (“MMPS8”) has been implicated as playing a role in

Nov. 13,2014

tissue remodeling in IPF, but also in sarcoidosis (Henry, M T
et al., (2002), making it a non-specific marker of IPF. Simi-
larly, matrix metalloproteinase-7 (“MMP7”") was reported to
be elevated in bronchoalveolar fluid from both IPF patients as
well as patients suffering from cryptogenic organizing pneu-
monia (“COP”; Huh, ] W et al., 2008).

3. SUMMARY OF THE INVENTION

[0006] The present invention relates to panels of markers
and their use in diagnosing and evaluating the severity and/or
progression of IPF. Itis based, atleast in part, on the discovery
that identifying increases in the plasma levels of MMP7,
MMP1 and MMPS, as well as IGFBP1 and/or TNFRSF1A,
indicates a diagnosis of IPF with a high degree of sensitivity
and specificity. Identifying a decrease in the plasma level of
AGER further confirms the IPF diagnosis. Further markers
which indicate a diagnosis of IPF include an increase in
plasma levels of SFTPD, MEG3 and/or ID-1 and/or a
decrease in serum levels of IL-4, ICOS, and/or CCR7.
Accordingly, in various embodiments, the present invention
provides for methods of diagnosis as well as diagnostic kits.
[0007] The invention is further based, in part, on the dis-
covery that certain markers are associated with and predictive
of progression of IPF. Such markers include, but are not
limited to, increases in plasma levels of MMP7, DEFA-1,
DEFA-2, DEFA-3,S100A12, CCNA2, and IL12P40. In vari-
ous embodiments, the present invention provides for methods
of evaluating the progression of disease as well as kits for this

purpose.

4. BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1A-C. (A) Heatmap of proteins measured in
the plasma of IPF and control patients. Individual patients are
represented in columns, and proteins are represented in rows.
Every protein level was divided by the geometric mean of
values for the same proteins for all patients and log based 2
transformed. Increasing shades of yellow—increased.
Increased shades of purple—decreased. Gray—unchanged.
Proteins were clustered using Genomica. Vertical Line 1 indi-
cates the cluster of proteins increased in IPF. Vertical Line 2
indicates the cluster of proteins decreased in IPF. (B) Classi-
fication tree obtained by CART applied to plasma protein
concentration data from IPF patients and controls. Boxes
identify a terminal node as Control or IPF. All counts are
listed as Control/IPF. Concentrations are in ng/ml. In the
subgroup with high MMP7 concentration but low MMP1
concentration (14 IPF samples, 5 control samples), splitting
on IGFBP1 and TNFRSF1A improves classification, while in
the subgroup with low MMP7, MMPS8 improves classifica-
tion. (C) ROC curves for using each of five markers, or their
combination, to classity samples as IPF or control. Sensitiv-
ity, or true positive rate, is plotted on the y-axis and false
positive rate, or 1 minus specificity, on the x-axis. The area
under each ROC curve is equivalent to the numerator of the
Mann-Whitney U statistic comparing the marker distribu-
tions between IPF and control samples. The magenta line
labeled “Combined” is for the combinatorial classifier using
all five markers. The identity line at 45 degrees represents a
marker that performed no better than classifying samples as
IPF or Control by flipping a fair coin.

[0009] FIG. 2A-C. MMP7 and MMP1 gene and protein
levels were significantly increased in the lungs of patients
with IPF. (A) Average gene expression levels (log scale)
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measured using gene expression microarrays of genes that
encode the 49 protein markers in IPF lungs (y axis) compared
to control lungs (x axis). Colored squares (black or dark grey)
are genes that encode proteins that changed significantly in
plasma. Genes marked by an asterisk (*) are genes that
changed significantly (SAM Q value <5%) in gene expression
data and that encode proteins measured in peripheral blood.
Oblique lines denote 2-fold change. MMP7 (B) and MMP1
(C) concentrations (ng/ml) were significantly (p<0.00001
and p=0.018 respectively) higher in BAL fluid of patients
with IPF (n=22) compared to control subjects (n=10).
[0010] FIG. 3A-B. MMP7 and MMP1 plasma concentra-
tions were high in IPF, but not sarcoidosis or COPD. Concen-
trations (ng/ml) of MMP7 (A) and MMP1 (B) were signifi-
cantly higher in patients with IPF (n=74; p<0.00001 and
p=0.018 respectively), compared to controls (n=53), but not
sarcoidosis (n=47; p=0.78 and p=0.28, respectively) com-
pared to controls (n=53) or COPD (n=73; p=0.21 and 0.85,
respectively, stratified by GOLD class, as 0-1, 11, and I1I-IV).
[0011] FIG. 4A-E. MMP7 and MMP1 plasma concentra-
tions were higher in IPF, compared to HP. Concentrations
(ng/ml) of MMP7 (A) and MMP1 (B) in the blood were
significantly higher in patients with IPF (n=34), than in
patients with HP (n=41). (C) Average gene expression levels
(log scale) in IPF samples (y axis) compared to HP (x axis)
measured by gene expression microarrays. Gray circles—all
genes on the array. Circles with asterisk (*) indicate MMP1
and MMP?7. Oblique lines denote 2 fold change. (D) Combi-
nations of plasma MMP7 (y axis) and MMP1 concentrations
(x axis) in IPF (closed circles) and HP patients (open circles).
Corners represent points in which the trade-off between posi-
tive predictive value (PPV) and negative predictive value
(NPV) are optimal for ruling out IPF (i) or concluding IPF (ii)
based on MMP1 and MMP7 concentrations. (E) ROC curves
for using MMP1, or MMP?7, or their combination, to classify
samples as IPF or HP. Sensitivity, or true positive rate, is
plotted on the y-axis and false positive rate, or 1 minus the
specificity, on the x-axis. The identity line at 45 degrees
represents a marker that performed no better than classitying
samples as IPF or HP by flipping a fair coin.

[0012] FIG.5A-D. MMP7 concentrations significantly dis-
tinguished control from sub-clinical ILD, familial or sporadic
IPF (A). Dark solid lines show median concentrations in each
group. The interquartile range (IR), or middle 50%, of con-
centrations is delimited by a box. Data are expressed on a log
base 2 scale. (B) ROC curves for using MMP1 or MMP7, or
their combination, to classify samples as IPF (sporadic or
familial) or control in validation cohort. Plasma MMP7 con-
centrations moderately correlated with decreases in FVC %
predicted (C) and DLCO % predicted (D). Linear regressions
and 95% confidence inversely related MMP7 concentration
(ng/ml) to FVC %, and DLCO %. * represents p<0.05; **
represents p<0.01; and *** represents p<0.001.

[0013] FIG. 6. Change in pulmonary function tests (PFT)
over time. The number on the ordinate indicates the number
of'the FVC % measurement, first through sixth. Average time
between visits was 100 days.

[0014] FIG. 7. Plasma protein levels of IPF versus controls
new cohort (28 IPF, 10 controls).

[0015] FIG. 8. Trend in IFGFBP1 and MMP7 concentra-
tions.
[0016] FIG. 9. Heatmap of gene expression patterns in

Peripheral Blood Mononuclear Cells (PBMC) obtained from
IPF patients and controls.
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[0017] FIG. 10. Functional theme analysis of genes
changed during disease progression.

[0018] FIG.11. Heatmap ofthe top 318 genes having a fold
change >2 and FDR <5%. A comparison between 10 IPF
patients and 10 Controls from the University of Pittsburgh
cohort showed a difference of 1019 genes with FDR<5%, ifa
Fold change >2 is added, the difference is reduced to 162
up-regulated genes and 156 down-regulated genes.

[0019] FIG. 12. Selected genes that distinguished IPF from
Controls. Representation of the genes that differentiated IPF
from control in the cohort of IPF patients from the University
of Pittsburgh. ID1, SFTPD and MEG3 were among the up-
regulated genes, and CCR7 and 1.4 were among the down-
regulated genes

[0020] FIG. 13. Comparison of commonly expressed genes
between University of Pittsburgh and University of Chicago
IPF cohorts. The genes in the right upper part are the com-
monly expressed up-regulated genes in the two cohorts, the
commonly expressed down-regulated genes are represented
in the left lower part. The gene expression between the two
IPF cohorts showed very similar patterns.

[0021] FIG. 14A-B. A. Ingenuity Tox list analysis of the top
up-regulated genes showed enrichment for annotations
related to oxidative stress, TGF-B signaling pathway and
acute phase response proteins. A Tox list by Ingenuity of the
top up-regulated genes in IPF showed gene enrichment for
known mechanisms involved in the disease such as the
TGF-B signaling and oxidative stress pathways. These genes
were also enriched with annotations related to cellular growth
proliferation and morphology. B. Ingenuity analysis of the
top down-regulated genes in IPF showed enrichment in anno-
tations related to cellular development and antigen presenta-
tion. The enrichment analysis of the top down regulated genes
in IPF showed annotations related to cellular development,
antigen presentation and cell death. The Tox list didn’t show
enrichment in this group.

[0022] FIG. 15. gRT-PCR showed similar gene expression
in the two independent cohorts (University of Pittsburgh and
University of Chicago) of patients with IPF. Validation was
performed in commonly expressed genes in the two cohorts
by microarray (ID1, IL4, CCR7, ICOS), and in the differen-
tially expressed genes with probes unique to the Agilent
microarray platform (SFTPD and MEG3). Similar values
were found for all the validated genes in the two independent
cohorts with statistically significant difference when compare
to controls.

[0023] FIG. 16. Time course analysis by qRT-PCR of
SFTPD and IL-4 in 20 IPF patients showed consistent values.
A biomarker filter performed of the top up-regulated and
down-regulated genes by Ingenuity showed SFTPD and 1L.-4
as candidate biomarkers in PBMC. 20 patients with IPF were
followed during a period of 10 months with an average inter-
val of five months between visits. qRT-PCR average showed
consistent increase of SFTPD at each time point with statis-
tically significant values when compare to controls, the oppo-
site phenomenon was found with the expression of 1L.-4.
[0024] FIG. 17. When compared with control samples,
gene expression signatures of acute exacerbation of IPF (IPF-
AEx) and IPF are similar, as demonstrated in the heatmap.
Every row represents a gene and every column represents a
patient. The rectangles with asterisk (*) represent genes
expressing similar patterns in IPF and IPF-AEx; the rect-
angles with double asterisks (**) represent genes expressing
different patterns in IPF and IPF-AEx.
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[0025] FIG.18A-D. Relative gene expression levels of rep-
resentative genes that distinguish idiopathic pulmonary fibro-
sis (IPF) from control samples, and their behavior in acute
exacerbation of IPF (IPF-AEx). Gene expression levels of (A)
MMP1, (B) MMP7, (C) AGER, and COL1A2 (D) were mea-
sured by microarray (hatched bars) and real-time quantitative
reverse transcription-polymerase chain reaction (QRTPCR)
(solid bars) (*q<S5 by microarray and P<0.05 by qRT-PCR).
[0026] FIG.19A-D. Signature of acute exacerbation of IPF
(IPF-AEx) and validation of up-regulation of CCNA2. A.
Direct comparison of stable IPF with IPF-AEx reveals 579
differentially expressed genes between these two groups, as
shown in the heatmap. B. Among them CCNA2 was one of
the most up-regulated genes in the IPF-AEx group. C.
CCNA2 gene expression as determined by (hatched bars)
microarray was confirmed by (solid bars) real-time quantita-
tive reverse transcription polymerase chain reaction (qRT-
PCR). D. CCNA2 protein expression was determined by
Western blot (*q<5 for microarray and P<0.05 for qRT-PCR).
[0027] FIG. 20. RT-PCR for EBNA1 showed negative for
both stable IPF and IPF-AEx. EB3 B-cell lymphoma cell line
was used for positive control.

[0028] FIG.21. A scatter plot of the genes involved in viral
infections annotated by the gene ontology (GO) database. X
axis represents average gene expression in IPF; Y axis repre-
sents average gene expression in IPF-AEx. The two solid
lines indicate two-fold-change difference between the
groups. Except for a-defensins, most of the highlighted spots
are within two solid lines that indicate 2-folds change.
[0029] FIG.22A-L. A-C. Localization of CCNAZ2 in tissue
obtained from patients with IPF-AEx (original magnifica-
tions: A, 320; B, 320; C, 320 merge): CCNA2 (green) is
co-localized with cytokeratin (red). D-F. CCNA2 (green)
does not co-localize with vimentin (red) (original magnifica-
tions: D, 320; E, 320; F, 320 merge). G and H. Confocal
microscopy of CCNA2 and cytokeratin. CCNA2 (green) and
cytokeratin are co-localized in the basal portion of bronchial
epithelium (G; original magnification, 340). Co-expression
of CCNA2 and cytokeratin is also observed in the alveolar
epithelium (H; original magnification, 360). Co-expression
of CCNA2 (green) and Ki-67 (red), a proliferation marker, is
observed in IPF-AEx tissue (I; original magnification, 340).
In situ terminal deoxynucleotidyltransferase dUTP nick end-
labeling (TUNEL) reveals positive stains in hyaline mem-
branes (arrows in J; original magnification, 340) and alveolar
epithelium (arrows in K; original magnification, 340) in lung
tissues with diffuse alveolar damage superimposed on the
usual interstitial pneumonia pattern. In lungs with normal
morphology, TUNEL-positive structures are observed pre-
dominantly in the alveolar macrophages (arrows in L; origi-
nal magnification, 340).

[0030] FIG. 23A-F. A. Gene expression of a-defensins
(DEFA1-3) observed by microarray (hatched bars) or real-
time quantitative reverse transcription-polymerase chain
reaction (solid bars). Gene expression levels of a-defensins
were significantly higher in patients with IPF-AEx compared
with patients with stable IPF or control subjects. B. ELISA for
a-defensins in plasma obtained from control subjects,
patients with stable IPF, and patients with IPF-AEx. Plasma
levels of a-defensins in patients with IPF-AEx were signifi-
cantly higher (*q<5 for microarray and P<0.05 for ELISA).
C-E. Histological localization of a-defensins in tissues from
patients with IPF-AEx (original magnification, 360). C.
(green) a-Defensins were present in cells expressing surfac-
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tant protein C (D, red and E, merge), suggesting type 1I
pneumocytes as one of the cellular sources for a-defensins. F.
a-Defensins are elevated in the peripheral blood of patients
with IPF-Aex. The panel shows the result of ELISA with
plasma obtained from IPF-Aex patients. ai-Defensin levels
also showed the tendency to elevate in the pre- and post-acute
exacerbations groups.

[0031] FIG. 24. Transplant-free survival for IPF patients
(see Table 11). Median interval from blood draw to lung
transplant or death was 2.1 years, 95% C.I. 1.6 to 2.9 years
[0032] FIG. 25. Transplant-free survival with respect to
plasma concentration of MMP7 for IPF patients. The median
interval from blood draw to lung transplant or death for
patients whose plasma concentrations of MMP7 were at least
4426 pg/ml, was 1.1 years, and the median interval to lung
transplant or death for patients whose plasma concentrations
of MMP7 were less than 4426 pg/ml., was 3.0 years. The p
value for comparing the interval to lung transplant or death
with respect to plasma concentrations of MMP7 was 0.003.
[0033] FIG. 26. Transplant-free survival with respect to
plasma concentration of MMP3 for IPF patients. The median
interval from blood draw to lung transplant or death, for
patients whose plasma concentrations of MMP3 were at least
7.3 ng/ml, was 1.6 years, and the median interval to lung
transplant or death for patients whose plasma concentrations
of MMP3 were less than 7.3 ng/mL., was 2.6 years. The p
value for comparing the interval to lung transplant or death
with respect to plasma concentrations of MMP3 was 0.05.
[0034] FIG. 27. Transplant-free survival with respect to
plasma concentration of Cancer_Antigen 125 (CA125) for
IPF patients. The median interval from blood draw to lung
transplant or death for patients whose plasma concentrations
of CA125 were at least 11.0 U/mL, was 1.7 years, and the
median interval to lung transplant or death for patients whose
plasma concentrations of CA125 were less than 11.0 U/mlL,,
was 3.0 years. The p value for comparing the interval to lung
transplant or death with respect to plasma concentrations of
CA125 was 0.048.

[0035] FIG. 28. Transplant-free survival with respect to
plasma concentration of S100A12 for IPF patients. The
median interval from blood draw to lung transplant or death
for patients whose plasma concentrations of SI00A12 were at
least 24.0 ng/ml., was 0.9 years, and the median interval to
lung transplant or death for patients whose plasma concen-
trations of S100A12 were less than 24.0 ng/ml., was 3.0
years. The p value for comparing the interval to lung trans-
plant or death with respect to plasma concentrations of
S100A12 was 0.005.

[0036] FIG. 29. Transplant-free survival with respect to
plasma concentration of SPD for IPF patients. The median
interval from blood draw to lung transplant or death for
patients whose plasma concentrations of SPD were at least
337.0 ng/mL, was 1.3 years, and the median interval to lung
transplant or death for patients whose plasma concentrations
of SPD were less than 337.0 ng/mL., was 2.7 years. The p
value for comparing the interval to lung transplant or death
with respect to plasma concentrations of SPD was 0.03.
[0037] FIG. 30. Transplant-free survival with respect to
plasma concentration of TIMP1 for IPF patients. The median
interval from blood draw to lung transplant or death for
patients whose plasma concentrations of TIMP1 were at least
64.0 ng/ml. was 1.9 years, and the median interval to lung
transplant or death for patients whose plasma concentrations
of TIMP1 were less than 64.0 ng/ml, was 3.0 years. The p
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value for comparing the interval to lung transplant or death
with respect to plasma concentrations of TIMP1 was 0.037.
[0038] FIG. 31. Progression-free survival with respect to
plasma concentrations of MMP7 and MMP1 for patients who
did receive lung transplant. The median interval from blood
draw to 10% or greater decline in FVC % predicted within
one year, for patients whose plasma concentrations of MMP7
and MMP1 were at least 4.3 ng/mL. and 0.54 ng/mL., respec-
tively, was 0.98 years, and the median interval from blood
draw to 10% or greater decline in FVC % predicted within
one year for patients whose plasma concentrations of MMP7
and MMP1 did not both exceed 4.3 ng/ml and 0.54 ng/mL.,
respectively, was 2.0 years. The p value for comparison of
progression-free survival with respect to plasma concentra-
tions of MMP7 and MMP1 was 0.016.

[0039] FIG. 32. Progression-free survival with respect to
plasma concentration of I1.12p40 for patients who did not
receive lung transplant. The median interval from blood draw
to 10% or greater decline in FVC % predicted within one year,
for patients whose plasma concentrations of IL.12p40 were at
least 0.15 ng/ml., was 0.3 years, and the median interval from
blood draw to 10% or greater decline in FVC % predicted
within one year, for patients whose plasma concentrations of
1L12p40 were less than 0.15 ng/ml. was 1.3 years. The p
value for comparison of progression-free survival with
respect to plasma concentrations of IL.12p40 was 0.0003.
[0040] FIG. 33. Progression-free survival with respect to
plasma concentration of MMP7 for patients who did not
receive lung transplant. The median interval from blood draw
to 10% or greater decline in FVC % predicted within one year,
for patients whose plasma concentrations of MMP7 were at
least 4155 pg/mL, was 0.9 years, and the median interval from
blood draw to 10% or greater decline in FVC % predicted
within one year, for patients whose plasma concentrations of
MMP7 were less than 4155 pg/ml, was 2.1 years. The p value
for comparison of progression-free survival with respect to
plasma concentrations of MMP7 was 0.006.

[0041] FIG. 34. Progression-free survival with respect to
plasma concentration of I[.4 for patients who did not receive
lung transplant. The median interval from blood draw to 10%
or greater decline in FVC % predicted within one year, for
patients whose plasma concentrations of I[.4 were at least 11
pg/mL, was 0.9 years, and the median interval from blood
draw to 10% or greater decline in FVC % predicted within
one year, for patients whose plasma concentrations of 1.4
was less than 11 pg/ml. was 1.7 years. The p value for com-
parison of progression-free survival with respect to plasma
concentrations of 1L4 was 0.04.

[0042] FIG. 35. Progression-free survival with respect to
plasma concentration of Tissue Factor for patients who did
not receive lung transplant. The median interval from blood
draw to 10% or greater decline in FVC % predicted within
one year, for patients whose plasma concentrations of Tissue
Factor were at least 0.2 ng/ml., was 1.3 years, and the median
interval from blood draw to 10% or greater decline in FVC %
predicted within one year, for patients whose plasma concen-
trations of Tissue Factor was less than 0.2 nng/ml. was 1.3
years. The p value for comparison of progression-free sur-
vival with respect to plasma concentrations of Tissue Factor
was 0.69.

[0043] FIG. 36. Progression-free survival with respect to
plasma concentration of TNFRII for patients who did not
receive lung transplant. The median interval from blood draw
to 10% or greater decline in FVC % predicted within one year,
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for patients whose plasma concentrations of TNFRII were at
least 5 ng/ml, was 0.94 years, and the median interval from
blood draw to 10% or greater decline in FVC % predicted
within one year, for patients whose plasma concentrations of
TNFRII were less than 5 ng/ml. was 1.33 years. The p value
for comparison of progression-free survival with respect to
plasma concentrations of TNFRII was 0.13.

5. DETAILED DESCRIPTION OF THE
INVENTION

[0044] The present invention relates to methods and kits for
diagnosing or evaluating the progression of IPF.

[0045] For clarity of description, and not by way of limita-
tion, the detailed description of the invention is divided into
the following subsections:

[0046] (i) markers for IPF diagnosis;
[0047] (ii) markers for IPF progression;
[0048] (iii) methods of use; and
[0049] (iv) kits.
5.1 Markers for IPF Diagnosis
[0050] The present invention provides for panels of plasma

markers which may be used to establish a diagnosis of IPF
and to distinguish this condition from other lung diseases
with substantial confidence (preferably, but not by limitation,
a sensitivity and specificity each of which are at least 90
percent and more preferably at least 95 percent).

[0051] In one set of non-limiting embodiments, the panel
comprises MMP7, MMP1, and MMPS as well as either or
both of IGFBP1 and TNFRSF1A. In particular non-limiting
embodiments, if there are additional markers included in the
panel, MMP7, MMP1, MMP8 and IGFBP1 and/or
TNFRSF1A constitute at least 20 percent, at least 30 percent,
at least 40 percent, at least 50 percent, at least 60 percent, at
least 70 percent, at least 80 percent, at least 90 percent or at
least 95 percent of the total markers present in the panel.
[0052] In another set of non-limiting embodiments, the
panel comprises MMP7, MMP1, MMP8 and AGER as well
as either or both of IGFBP1 and TNFRSF1A. In particular
non-limiting embodiments, if there are additional markers
included in the panel, MMP7, MMP1, MMP8, AGER and
IGFBP1 and/or TNFRSF1A constitute at least 20 percent, at
least 30 percent, at least 40 percent, at least 50 percent, at least
60 percent, at least 70 percent, at least 80 percent, at least 90
percent or at least 95 percent of the total markers present in the
panel.

[0053] In another set of non-limiting embodiments, the
panel comprises MMP7, MMP1, MMPS8 and at least two, at
least three, at least four, at least five, at least six, at least seven,
at least eight, at least nine, or at least ten, or at least fifteen, or
at least twenty, markers selected from the group consisting of
IGFBP1, TNFRSF1A, TNFRSF1B, MMP2, MMP3, AGER,
CXCL10, CCL11, CCL2, FAS, IL12B, IL1RA, S100A12,
B2M, MPO, ICAM-1, TF, VWF, SPA, SPD, MUCI (KL-6),
SFTPD, ID1, MEG-3, IL4, CCR7, ICOS, CA125, TIMPI,
and IL.12P40. In particular non-limiting embodiments, if
there are additional markers included in the panel, MMP7,
MMP1, MMPS and the at least two at least three, at least four,
at least five, at least six, at least seven, at least eight, at least
nine, or at least ten, or at least fifteen, or at least twenty, of
IGFBP1, TNFRSF1A, TNFRSF1B, MMP2, MMP3, AGER,
CXCL10, CCL11, CCL2, FAS, IL12B, IL1RA, S100A12,
B2M, MPO, ICAM-1, TF, VWF, SPA, SPD, MUCI (KL-6),
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SFTPD, ID1,MEG3, L4, CCR7,1COS, CA125, TIMP1, and
1L.12P40 constitute at least 20 percent, at least 30 percent, at
least 40 percent, at least 50 percent, at least 60 percent, at least
70 percent, at least 80 percent, at least 90 percent or at least 95
percent of the total markers present in the panel.

5.2 Markers for IPF Progression

[0054] The present invention provides for one or more
marker of IPF progression.

[0055] In a first non-limiting embodiment, the marker of
IPF progression is DEFA-1.

[0056] Inasecond non-limiting embodiment, the marker of
IPF progression is DEFA-2.

[0057] In a third non-limiting embodiment, the marker of
IPF progression is DEFA-3.

[0058] In a fourth non-limiting embodiment, the marker of
IPF progression is SI00A12.

[0059] In a fifth non-limiting embodiment, the marker of
IPF progression is CCNA2.

[0060] In a sixth non-limiting embodiment, the marker of
IPF progression is MMP7.

[0061] In a seventh non-limiting embodiment, the marker
of IPF progression is IL.12P40. In further non-limiting
embodiments, the invention provides for a panel or markers
correlating with IPF progression comprising at least two of
the aforelisted markers of IPF progression, namely DEFAL,
DEFA2, DEFA3, S100A12, CCNA2, MMP7, and IL.12P40.
In particular non-limiting embodiments, if there are addi-
tional markers included in the panel, the at least two of DEFA-
1, DEFA-2, DEFA-3, S100A12, CCNA2, MMP7, and
1L.12P40 constitute at least 20 percent, at least 30 percent, at
least 40 percent, at least 50 percent, at least 60 percent, at least
70 percent, at least 80 percent, at least 90 percent or at least 95
percent of the total markers present in the panel.

[0062] In further non-limiting embodiments, the invention
provides for a panel of markers of IPF progression, compris-
ing a marker selected from at least two, at least three, at least
four, or at least five of the categories set forth in FIG. 10. In
particular non-limiting embodiments, if there are additional
markers included in the panel, said at least two, at least three,
at least four, or at least five of the categories set forth in FIG.
10 constitute at least 20 percent, at least 30 percent, at least 40
percent, at least 50 percent, at least 60 percent, at least 70
percent, at least 80 percent, at least 90 percent or at least 95
percent of the total markers present in the panel.

5.3 Methods of Use

[0063] In a first set of non-limiting embodiments, the
present invention provides for a method of diagnosing IPF in
a subject, comprising measuring the plasma levels of a plu-
rality of markers comprising the panel of markers MMP7,
MMP1, and MMP8 as well as either or both of IGFBP1
and/or TNFRSF 1a, wherein increases (relative to control val-
ues) in the levels of MMP7, MMP1, and MMPS8 as well as
either or both of IGFBP1 and TNFRSF1A collectively indi-
cate a diagnosis of IPF (collectively meaning that these
changes (here, increases) in the expression levels of all the
genes in the panel together indicate a diagnosis of IPF, as
opposed to change in a single gene level correlating with IPF).
[0064] In a second set of non-limiting embodiments, the
present invention provides for a method of diagnosing IPF in
a subject, comprising measuring the plasma levels of a plu-
rality of markers comprising the panel MMP7, MMPI,
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MMP8 and AGER as well as either or both of IGFBP1 and
TNFRSF1A, wherein increases (relative to control values) in
the level of MMP7, MMP1, and MMPS as well as either or
both of IGFBP1 and TNFRSF1A, and a decrease (relative to
a control value) in the level of AGER, collectively indicate a
diagnosis of IPF.

[0065] In a third set of non-limiting embodiments, the
present invention provides for a method of diagnosing IPF in
a subject, comprising measuring the plasma levels of a plu-
rality of markers, wherein changes (relative to control values)
in the level of a panel of markers comprising MMP7, MMP1,
MMPS and at least two, at least three, at least four, at least
five, at least six, at least seven, at least eight, at least nine, or
at least ten, or at least fifteen, or at least twenty, markers
selected from the group consisting of IGFBP1, TNFRSF1A,
TNFRSF1B, MMP2, MMP3, AGER, CXCL10, CCL11,
CCL2, FAS, IL12B, IL1RA, S100A12, B2M, MPO, ICAM-
1, TE,VWF, SPA, SPD, MUC1 (KL-6), SFTPD, ID1, MEG3,
IL4,CCR7,ICOS, CA125, TIMP1, and IL 12P40 collectively
indicate a diagnosis of IPF.

[0066] In a fourth set of non-limiting embodiments, the
present invention provides for a method of diagnosing IPF in
a subject, comprising measuring the plasma levels of a plu-
rality of markers, wherein an increase in the plasma level of a
plurality of at least two of, at least three of, at least four of or
at least five of MMP7, MMPl, MMP8, IGFBPI,
TNFRSF1A, SFTPD, ID-1, and/or MEG3, wherein said plu-
rality preferably includes MMP7, indicates a diagnosis of
IPF. Identifying a decrease in the plasma level of one or more
of AGER, IL-4, ICOS and/or CCR7 further confirms the IPF
diagnosis.

[0067] With regard to any of the diagnostic methods
described in the preceding paragraph, a positive result indica-
tive of the diagnosis of IPF may be followed by a further
diagnostic step, including but not limited to bronchioalveolar
lavage and/or surgical lung biopsy, to confirm the diagnosis.
Where a surgical lung biopsy is performed, an IPF diagnosis
is confirmed by showing a histologic pattern of usual inter-
stitial pneumonia.

[0068] Plasma levels may be measured by any method
known in the art, including but not limited to multiplex analy-
sis as provided by the technology of Luminex Corp., Austin,
Tex., as well as antibody array, ELISA (enzyme-linked
immunoabsorbent assay), IRMA (two-site immunoradiomet-
ric assay), Western blot, flow cytometry, etc. Plasma levels
may be evaluated essentially simultaneously or sequentially.

[0069] An “increase” as that term is used herein means an
increase of at least about 25% or of at least about 50% relative
to control (normal plasma/plasma) values or to the mean of a
plurality of normal values.

[0070] A “decrease” as that term is used herein means a
decrease of at least about 25% or of at least about 50% relative
to control (normal plasma) values or to the mean of a plurality
of' normal values.

[0071] Table 1 presents a list of non-limiting specific
examples of normal plasma values for particular markers.
Note that other normal values are also possible according to
the invention, for example, depending on sample population
or method of measurement.
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TABLE 1

MARKER NORMAL PLASMA LEVEL
MARKER (ABBREV.) (Interquartile Range)
Matrix metalloproteinase-7  MMP7 1.0-1.7 ng/mL
Matrix metalloproteinase-1 MMP1 0.13-0.36 ng/mL
Matrix metalloproteinase-8 MMP8 0.5-1.3 ng/mL
Insulin-like growth factor ~ IGFBP1 0.4-1.7 ng/mL
binding protein-1
Advanced glycosylation AGER 1.1-13.5 ng/mL
end product-specific
receptor
ENRAGE S100A12 5.4-11.0 ng/mL
Surfactant Protein D SFTPD 41.7-72.2 ng/mL
Interleukin 4 L4 7 pg/mL
[0072] In a fifth set of non-limiting embodiments, the

present invention provides for a method of identifying pro-
gression of IPF in a subject, comprising measuring the plasma
level of MMP7 and optionally MMP1, wherein an increase
(relative to a previous value in the subject) in the plasma level
of MMP7 and optionally MMP1, indicates progression of
IPF.

[0073] In a sixth set of non-limiting embodiments, the
present invention provides for a method of identifying pro-
gression of IPF in a subject, comprising measuring the plasma
level of DEFA-1, wherein an increase (relative to a previous
value in the subject) in the plasma level of DEFA-1 indicates
progression of IPF.

[0074] In a seventh set of non-limiting embodiments, the
present invention provides for a method of identifying pro-
gression of IPF in a subject, comprising measuring the plasma
level of DEFA-2, wherein an increase (relative to a previous
value in the subject) in the plasma level of DEFA-2 indicates
progression of IPF.

[0075] In an eighth set of non-limiting embodiments, the
present invention provides for a method of identifying pro-
gression of IPF in a subject, comprising measuring the plasma
level of DEFA-3, wherein an increase (relative to a previous
value in the subject) in the plasma level of DEFA-3 indicates
progression of IPF.

[0076] In a ninth set of non-limiting embodiments, the
present invention provides for a method of evaluating prog-
nostics for survival and/or identifying progression of IPF in a
subject, comprising measuring the plasma level of SI00A12,
wherein an increase (relative to a previous value in the sub-
ject) in the plasma level of SI00A12 indicates a prognostics
of survival and progression of IPF.

[0077] In a tenth set of non-limiting embodiments, the
present invention provides for a method of identifying pro-
gression of IPF in a subject, comprising measuring the plasma
level of CCNA2, wherein an increase (relative to a previous
value in the subject) in the plasma level of CCNA2 indicates
progression of IPF.

[0078] Inan eleventh set of non-limiting embodiments, the
present invention provides for a method of identifying pro-
gression of IPF in a subject, comprising measuring the plasma
level of 11.12P40 wherein an increase (relative to a previous
value in the subject) in the plasma level of I1.12P40 indicates
progression of IPF.

[0079] In a twelfth set of non-limiting embodiments, the
present invention provides for a method of identifying pro-
gression of IPF in a subject, comprising measuring the plasma
level of at least two markers selected from MMP7, DEFA-1,
DEFA-2, DEFA-3, S100A12, CCNA2, and IL12P40,
wherein an increase in MMP7, an increase in DEFA-1, an
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increase in DEFA-2, an increase in DEFA-3, an increase in
S100A12, anincrease in CCNA2, and an increase in IL.12P40
indicate progression of IPF.

[0080] In athirteenth set of non-limiting embodiments, the
present invention provides for a method for evaluating the
survival prognosis of an IPF patient, comprising determining
the plasma concentration of MMP7 in a plasma sample from
the patient, wherein if the plasma concentration is greater
than or equal to 4426 pg/mL the prognosis for the patient,
without transplant, is survival for 1.1 year and, if the plasma
concentration is less than 4426 pg/mlL,, the prognosis for the
patient, without transplant, is survival for 3.0 years, with a p
value of 0.003. After deter mining the plasma concentration
and the associated prognosis, the patient may then be advised
regarding the prognosis and options for treatment (e.g. trans-
plant), and may optionally receive one or more further diag-
nostic step (e.g., broncheolar lavage or biopsy) and or treat-
ment (e.g., lung transplant).

[0081] Inafourteenth set of non-limiting embodiments, the
present invention provides for a method for evaluating the
survival prognosis of an IPF patient, comprising determining
the plasma concentration of MMP3 in a plasma sample from
the patient, wherein if the plasma concentration is greater
than or equal to 7.3 ng/mL the prognosis for the patient,
without transplant, is survival for 1.6 year and, if the plasma
concentration is less than 7.3 ng/mL, the prognosis for the
patient, without transplant, is survival for 2.6 years, with a p
value 0f 0.05. After determining the plasma concentration and
the associated prognosis, the patient may then be advised
regarding the prognosis and options for treatment (e.g. trans-
plant), and may optionally receive one or more further diag-
nostic step (e.g., broncheolar lavage or biopsy) and or treat-
ment (e.g., lung transplant).

[0082] In a fifteenth set of non-limiting embodiments, the
present invention provides for a method for evaluating the
survival prognosis of an IPF patient, comprising determining
the plasma concentration of CA125 in a plasma sample from
the patient, wherein if the plasma concentration is greater
than or equal to 11.0 U/mL the prognosis for the patient,
without transplant, is survival for 1.7 year and, if the plasma
concentration is less than 11.0 U/mL., the prognosis for the
patient, without transplant, is survival for 3.0 years, with a p
value of 0.048. After determining the plasma concentration
and the associated prognosis, the patient may then be advised
regarding the prognosis and options for treatment (e.g. trans-
plant), and may optionally receive one or more further diag-
nostic step (e.g., broncheolar lavage or biopsy) and or treat-
ment (e.g., lung transplant).

[0083] In a sixteenth set of non-limiting embodiments, the
present invention provides for a method for evaluating the
survival prognosis of an IPF patient, comprising determining
the plasma concentration of SI00A12 in a plasma sample
from the patient, wherein if the plasma concentration is
greater than or equal to 24.0 ng/mL the prognosis for the
patient, without transplant, is survival for 0.9 year and, if the
plasma concentration is less than 24.0 ng/mL, the prognosis
for the patient, without transplant, is survival for 3.0 years,
with a p value of 0.005. After determining the plasma con-
centration and the associated prognosis, the patient may then
be advised regarding the prognosis and options for treatment
(e.g. transplant), and may optionally receive one or more
further diagnostic step (e.g., broncheolar lavage or biopsy)
and or treatment (e.g., lung transplant).
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[0084] In a seventeenth set of non-limiting embodiments,
the present invention provides for a method for evaluating the
survival prognosis of an IPF patient, comprising determining
the plasma concentration of SPD in a plasma sample from the
patient, wherein if the plasma concentration is greater than or
equal to 337.0 ng/mL the prognosis for the patient, without
transplant, is survival for 1.3 year and, if the plasma concen-
tration is less than 337.0 ng/ml., the prognosis for the patient,
without transplant, is survival for 2.7 years, with a p value of
0.03. After determining the plasma concentration and the
associated prognosis, the patient may then be advised regard-
ing the prognosis and options for treatment (e.g. transplant),
and may optionally receive one or more further diagnostic
step (e.g., broncheolar lavage or biopsy) and or treatment
(e.g., lung transplant).

[0085] In an eighteenth set of non-limiting embodiments,
the present invention provides for a method for evaluating the
survival prognosis of an IPF patient, comprising determining
the plasma concentration of TIMP1 in a plasma sample from
the patient, wherein if the plasma concentration is greater
than or equal to 64.0 ng/mL the prognosis for the patient,
without transplant, is survival for 1.9 year and, if the plasma
concentration is less than 64.0 ng/mL, the prognosis for the
patient, without transplant, is survival for 3.0 years, with a p
value of 0.037. After determining the plasma concentration
and the associated prognosis, the patient may then be advised
regarding the prognosis and options for treatment (e.g. trans-
plant), and may optionally receive one or more further diag-
nostic step (e.g., broncheolar lavage or biopsy) and or treat-
ment (e.g., lung transplant).

[0086] Inanineteenthset of non-limiting embodiments, the
present invention provides for a method for evaluating the
prognosis for disease progression of an IPF patient, compris-
ing determining the plasma concentrations of MMP7 and
MMPI in a plasma sample from the patient, wherein if the
plasma concentrations of MMP7 and MMP1, respectively,
are greater than or equal to 4.3 ng/ml and 0.54 ng/ml, the
prognosis for the patient, without transplant, is an interval of
0.98 year until progression, and, if the plasma concentrations
of MMP7 and MMP1, respectively, are less than 4.3 ng/mL
and 0.54 ng/ml, the prognosis for the patient, without trans-
plant, is an interval of 2.0 years until progression, with a p
value of 0.016. After determining the plasma concentrations
and the associated prognosis, the patient may then be advised
regarding the prognosis and options for treatment (e.g. trans-
plant), and may optionally receive one or more further diag-
nostic step (e.g., broncheolar lavage or biopsy) and or treat-
ment (e.g., lung transplant).

[0087] Inatwentieth set of non-limiting embodiments, the
present invention provides for a method for evaluating the
prognosis for disease progression of an IPF patient, compris-
ing determining the plasma concentration of IL.12P40 in a
plasma sample from the patient, wherein if the plasma con-
centration of ILL12P40, is greater than or equal to 0.15 ng/mL.,
the prognosis for the patient, without transplant, is an interval
01'0.3 year until progression, and, if the plasma concentration
of IL.12P40, is less than 0.15 ng/ml., the prognosis for the
patient, without transplant, is an interval of 1.3 years until
progression, with a p value of 0.0003. After determining the
plasma concentrations and the associated prognosis, the
patient may then be advised regarding the prognosis and
options for treatment (e.g. transplant), and may optionally
receive one or more further diagnostic step (e.g., broncheolar
lavage or biopsy) and or treatment (e.g., lung transplant).
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[0088] In a twenty-first set of non-limiting embodiments,
the present invention provides for a method for evaluating the
prognosis for disease progression of an IPF patient, compris-
ing determining the plasma concentration of MMP in a
plasma sample from the patient, wherein if the plasma con-
centration of MMP7, is greater than or equal to 4155 pg/mL,
the prognosis for the patient, without transplant, is an interval
01'0.9 year until progression, and, if the plasma concentration
of MMP?7, is less than 4155 pg/ml, the prognosis for the
patient, without transplant, is an interval of 2.1 years until
progression, with a p value of 0.006. After determining the
plasma concentrations and the associated prognosis, the
patient may then be advised regarding the prognosis and
options for treatment (e.g. transplant), and may optionally
receive one or more further diagnostic step (e.g., broncheolar
lavage or biopsy) and or treatment (e.g., lung transplant).
[0089] In a twenty-second set of non-limiting embodi-
ments, the present invention provides for a method for evalu-
ating the prognosis for disease progression of an IPF patient,
comprising determining the plasma concentration of [L.4 in a
plasma sample from the patient, wherein if the plasma con-
centration of 1[4, is greater than or equal to 11 pg/ml, the
prognosis for the patient, without transplant, is an interval of
0.9 year until progression, and, if the plasma concentration of
114, is less than 11 pg/mlL., the prognosis for the patient,
without transplant, is an interval of 1.7 years until progres-
sion, with a p value of 0.04. After determining the plasma
concentrations and the associated prognosis, the patient may
then be advised regarding the prognosis and options for treat-
ment (e.g. transplant), and may optionally receive one or
more further diagnostic step (e.g., broncheolar lavage or
biopsy) and or treatment (e.g., lung transplant).

[0090] With regard to any of the methods ofidentifying IPF
progression described in the preceding paragraphs, a positive
result indicative of progression of IPF may be followed by a
further step, including a lung biopsy, broncheoalveolar lav-
age, and/or a recommendation that the subject receive a lung
transplant or by such procedure itself.

5.4 Kits

[0091] Inone set of non-limiting embodiments, the present
invention provides for a kit comprising means for determin-
ing the plasma levels of a panel of markers comprising
MMP7, MMP1, and MMPS8 as well as either or both of
IGFBP1 and TNFRSF1A, wherein said kit may be used in the
diagnosis of IPF, and wherein, preferably, said aforelisted
markers (MMP7, MMP1, MMP8 and IGFBP1 and/or
TNFRSF1A) constitute at least 30 percent, at least 40 percent,
at least 50 percent, at least 60 percent, at least 70 percent, at
least 80 percent or at least 90 percent of the total markers in
the panel. This latter phrase referring to preferred embodi-
ments indicates that the means for determining the plasma
levels of the listed markers constitute at least 30 percent, at
least 40 percent, at least 50 percent, at least 60 percent, at least
70 percent, at least 80 percent or at least 90 percent of the total
means for measuring marker levels present in the kit; so that,
for example, if the means for measuring the plasma level of
each marker is a species of antibody specific for each marker
(or fragment thereof) bound to beads, then the number of
types of antibody (or fragment thereof)-coated beads corre-
sponding to the listed markers (e.g., in this paragraph MMP7,
MMP1, MMPS8 and IGFBP1 and/or TNFRSF1A) constitute
at least 30 percent, at least 40 percent, at least 50 percent, at
least 60 percent, at least 70 percent, at least 80 percent or at
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least 90 percent of the total number of types of antibody (or
fragment thereof)-coated beads present in the kit.

[0092] In another set of non-limiting embodiments, the
present invention provides for a kit comprising a means for
determining the plasma levels of a panel of markers compris-
ing MMP7, MMP1, MMP8 and AGER as well as either or
both of IGFBP1 and TNFRSF1A, where said kit may be used
in the diagnosis of IPF and wherein, preferably, said
aforelisted markers (MMP7, MMP1, MMPS, AGER and
IGFBP1 and/or TNFRSF1A) constitute at least 30 percent, at
least 40 percent, at least 50 percent, at least 60 percent, at least
70 percent, at least 80 percent or at least 90 percent of the total
markers in the panel.

[0093] In another set of non-limiting embodiments, the
present invention provides for a kit comprising a means for
determining the plasma levels of a panel of markers compris-
ing MMP7, MMP1, MMP-8 and at least two, at least three, at
least four, at least five, at least six, at least seven, at least eight,
atleastnine, or at leastten, or at least fifteen, or at least twenty,
markers selected from the group consisting of IGFBPI,
TNFRSF1A, TNFRSF1B, MMP2, MMP3, AGER, CXCL10,
CCL11,CCL2,FAS, IL12B, IL1RA, S100A12, B2M, MPO,
ICAM-1, TF, VWF, SPA, SPD MUC1 (KL-6), SFTPD, ID1,
MEG3, IL4, CCR7, ICOS, CA125, TIMP1, and IL12P40
where said kit may be used in the diagnosis of IPF, and
wherein, preferably, said aforelisted markers (MMP7,
MMP1, MMP-8 and at least two, at least three, at least four, at
least five, at least six, at least seven, at least eight, at least nine,
or at least ten, or at least fifteen, or at least twenty, of IGFBP1,
TNFRSF1A, TNFRSF1B, MMP2, MMP3, AGER, CXCL10,
CCL11,CCL2,FAS, IL12B, IL1RA, S100A12, B2M, MPO,
ICAM-1, TF, VWF, SPA, SPD, MUC1 (KL-6), SFTPD, ID1,
MEG3, 1L4, CCR7, ICOS, CA125, TIMP1, and 11.12P40)
constitute at least 30 percent, at least 40 percent, at least 50
percent, at least 60 percent, at least 70 percent, at least 80
percent or at least 90 percent of the total markers in the panel.

[0094] In another set of non-limiting embodiments, the
present invention provides for a kit comprising a means for
determining the plasma levels of one or more of MMP-7,
DEFA-1, DEFA-2 DEFA-3, S100A12, CCNA2, and/or
1L.12P40, wherein said kit may be used to determine the
progression of IPF. In a specific, non-limiting embodiment,
said kit for determining progression of IPF does not contain
means for determining the plasma levels of more than twenty,
or more than fifty, or more than one hundred other markers.

[0095] In specific non-limiting embodiments said means
for determining a plasma level comprises, for each molecule
to be tested, a capture agent selected from the group consist-
ing of an antibody, a portion of an antibody, a single chain
antibody, a non-immunoglobulin receptor for the molecule, a
peptide ligand for the molecule, and an oligonucleotide
ligand for the molecule, where said capture agent may, in
non-limiting embodiments, be bound to a solid support,
which may be, but is not limited to, a bead.

[0096] Inaddition to comprising means for determining the
levels of plasma markers indicative of a diagnosis of IPF or its
progression, said kits may further comprise means for deter-
mining the levels of plasma markers which represent control
values of molecules which are not associated with IPF, such
as, among many examples, albumin, MMP12, and CRP.

[0097] In addition to said means for determining levels of
markers and optionally control molecules, said kits may fur-
ther comprise a reagent necessary or desirable for determin-
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ing marker/control levels, for example, but not by way of
limitation, a labeled secondary antibody, an enzyme, avidin
or streptavidin, etc.

[0098] In addition to said means for determining levels of
markers and optionally control molecules, said kits may fur-
ther comprise a positive control sample, for example a lyo-
philized control sample which may be reconstituted to pro-
vide levels of markers as may occur in a subject with IPF. For
example, such a positive control sample may, when reconsti-
tuted, comprise MMP7, MMP1, MMP8, IGFBP1 and/or
TNFRSF1A at levels increased relative to normal plasma
levels, and optionally AGER at a level decreased relative to its
normal plasma level. In a non-limiting embodiment, the posi-
tive control sample may be a plasma sample from an IPF
patient which has been frozen, lyophilized or otherwise pre-
served.

[0099] Additional markers which may be used in the diag-
nosis and/or a prognostic evaluation of IPF are set forth in the
examples below, the disclosure of which is hereby incorpo-
rated into this Detailed Description of the Invention section
by reference.

6. EXAMPLES
6.1 Example 1

6.1.1 Materials and Methods

[0100] Initial IPF Derivation Cohort:

[0101] This study included 74 patients with IPF evaluated
at the University of Pittsburgh Medical Center. The diagnosis
of IPF was established based on published criteria (dm J
Respir Crit Care Med (2000); 161: 646-664), and surgical
lung biopsy when clinically indicated (Katzenstein A L. and
Myers I L, Am J Respir Crit Care Med (1998); 157: 1301-
1315). Clinical data were available through the Simmons
Center database. Smoking status was defined as previously
described (King T E Jr. et al., Am J Respir Grit Care Med
(2001); 164: 1171-1181). Fifty-three control subjects were
obtained from the pulmonary division sample collection core.
Baseline demographic information is detailed in Table 2. The
mean FVC % predicted of IPF patients was 61.9+20.8, and
the mean DLCO % predicted was 42.1+17.4.

[0102] Chronic Obstructive Pulmonary Disease (COPD):

[0103] Plasma samples from 73 patients with COPD evalu-
ated at the University of Pittsburgh were available for this
study. Individuals were clinically stable at the time of exami-
nation, had tobacco exposure of at least 10 pack-years and had
no clinical diagnosis of rheumatologic, infectious or other
systemic inflammatory disease. Disease severity was mea-
sured using the GOLD classification as previously described
(Pauwels R A etal., Am J Respir Crit Care Med (2001); 163:
1256-1276). The COPD cohort included 13 patients with
GOLD class 1-1, 21 patients with GOLD II and 39 patients
with GOLD

[0104]

[0105] Plasma samples from 47 patients with sarcoidosis
evaluated at the University of Pittsburgh Medical Center were
tested. Patients with lung disease (n729) demonstrated an
average FVC % predicted of 76.7+22.1, and average DLCO
% predicted of 72.9£25.5. The diagnosis and staging of dis-
ease was determined according to American Thoracic Society
and European Respiratory Society criteria, as described in

Sarcoidosis:
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Costabel U and Hunninghake G W, Eur Respir J (1999); 14:
735-737 and Am J Respir Crit Care Med (1999); 160: 736-
755.

[0106]

[0107] Plasma samples from 41 patients with subacute/
chronic HP and 34 patients with IPF evaluated at Instituto
Nacional de Enfermedades Respiratorias in Mexico were
available for this study. Diagnosis of IPF and HP has been
described for this cohort in Bustos M L etal., Am J Respir Crit
Care Med (2007); 176: 90-95 and Selman M et al., Am J
Respir Crit Care Med (2006); 173: 188-198. Briefly, HP
patients showed the following features: a) antecedent bird
exposure and positive plasma antibodies against avian anti-
gens; b) clinical and functional features of ILD; ¢) HRCT
showing diffuse centrilobular poorly defined micronodules,
ground glass attenuation, focal air trapping and mild to mod-
erate fibrotic changes and d) greater than 35% lymphocytes in
bronchoalveolar lavage (BAL) fluid. Forty-four percent of the
patients had a surgical lung biopsy; in all cases lung histology
was consistent with the diagnosis of HP. The average FVC %
predicted was 60.3x15.3 for HP and 59.1£17.2 for IPF
patients.

[0108] Independent Validation Cohort:

[0109] Plasma samples from 20 control subjects, eight
patients with sub-clinical idiopathic ILD, 16 patients with
familial pulmonary fibrosis and nine with sporadic IPF, evalu-
ated at the Warren Grant Magnussen Clinical Center of the
National Institutes of Health (NIH), were available for this
study. Patients with sub-clinical disease were first-degree
relatives of patients with familial pulmonary fibrosis; they
were asymptomatic, with normal pulmonary function tests
but HRCT findings consistent with early ILD. The definition
of familial pulmonary fibrosis was described in Steele M P et
al. Am J Respir Crit Care Med (2005); 172: 1146-1152.
Normal volunteers were used as controls.

[0110] Each of the above cohorts have been described in
Ren P et al. Am J Respir Crit Care Med (2007); 175: 1151-
1157 and Rosas [ O et al. Am J Respir Crit Care Med (2007);
176: 698-705. Briefly, the mean FVC % predicted values for
patients with sporadic IPF and familial pulmonary fibrosis
were 59.4£19.7 and 75.7+£16.7, respectively. Eight patients
with familial pulmonary fibrosis were diagnosed with early
asymptomatic ILD using HRCT (Rosas I O et al. Am J Respir
Crit Care Med (2007); 176: 698-705); the mean FVC %
predicted in this group was 101.3x10.1. Gender, age, ethnic
origin and smoking status for all groups are presented in Table
3.

[0111] Lung tissue samples for microarray analysis were
obtained through the University of Pittsburgh Health Sci-
ences Tissue Bank as described in Pardo A et al. PLoS Med
(2005); 2(9): e251. Twenty-three samples were obtained from
surgical remnants of biopsies or lungs explanted from
patients with IPF who underwent pulmonary transplant and
14 control normal lung tissues obtained from the disease free
margins with normal histology of lung cancer resection speci-
mens. The morphologic diagnosis of IPF was based on typical
microscopic findings consistent with usual interstitial pneu-
monia (Katzenstein A L and Myers J L, Am J Respir Crit Care
Med (1998); 157: 1301-1315; Am J Respir Crit Care Med
(2001); 165: 277-304). All patients fulfilled the diagnostic
criteria for IPF outlined by the American Thoracic Society
and European Respiratory Society (4dm J Respir Crit Care
Med (2000); 161: 646-664).

Hypersensitivity Pneumonitis (HP):
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[0112] All studies were approved by the Institutional
Review Board at the University of Pittsburgh, the National
Heart, Lung, and Blood Institute or the National Institute of
Respiratory Diseases, Mexico. Informed consent was
obtained from all patients.

[0113] Blood Samples:

[0114] 45 ml of blood was drawn from subjects using stan-
dardized phlebotomy procedures. Plasma or plasma was
separated by centrifugation, and all specimens were immedi-
ately aliquoted and frozen.

[0115] Bronchoalveolar Lavage (BAL):

[0116] BAL was performed through flexible fiberoptic
bronchoscopy as part of the diagnostic process, as described
in Selman M et al. Am J Respir Grit Care Med (2006); 173:
188-198; Pardo A et al. PLoS Med (2005); 2(9): €251; Selman
M et al. (2007) PLoS ONE; 2(5): e482. Supernatants were
kept at =70° C. until use. BAL samples from 22 IPF patients
(age 62.2+7.2 years) and 10 normal controls (age 41.5+5
years) were available for this study.

[0117] Multiplex Analysis:

[0118] Assayswere performed using L.uminex xMAP tech-
nology (Luminex Corp., Austin, Tex.) in 96-well microplate
format according to appropriate manufacturers’ protocols
(Invitrogen, Camarillo, Calif., and R&D Systems, Minneapo-
lis, Minn.), as described in Gorelik E et al. Cancer Epidemiol
Biomarkers Prey (2005); 14: 981-987.

[0119] Bead-Based Immunoassays:

[0120] A 34-plex assay was performed for IL1A, IL1RA,
IL1B, 112, IL2R, IL.4, 115, 1.6, 11.7,11.8, 1L.10, IL12B, IL.13,
115, IL17, TNFA, IFNA, IFNG, GMCSF, EGF, VEGF,
GCSF, FGF2, HGF, CXCL9, CXCL10,CCL2,CCL3,CCL4,
CCLS5,CCL11, TNFRS1A, TNFRS1B and TRAIL-R2 (Invit-
rogen). MMPs assays included MMP1, MMP2, MMP3,
MMP7, MMP8, MMP9, MMP12, and MMP13 (R&D Sys-
tems).

[0121] Assays for FAS, EGFR, FASL, Cyfra 21-1
(CKRT19 fragment), IGFBP1, KI.LK10, were developed in
the Pittsburgh Luminex Core Facility. The assays were vali-
dated as described in Gorelik E et al. Cancer Epidemiol
Biomarkers Prev (2005); 14: 981-987.

[0122] ELISA:

[0123] Quantitative sandwich enzyme immunoassay for
human MMP1, MMP7 and AGER was performed as recom-
mended by the manufacturer (R&D Systems, Minneapolis,
Minn.).

[0124] Oligonucleotide Microarray Experiments:

[0125] Briefly, total RNA was used as a template for syn-
thesis of cDNA as recommended by the manufacturer of the
arrays (Agilent Technologies, Santa Clara, Calif.). The cDNA
was used as a template to generate Cy3 labeled cRNA that
was used for hybridization on Agilent Whole Human Genome
4 X 44K multi pack arrays (Agilent Technologies, Santa
Clara, Calif.). After hybridization, scanning and feature
extraction, data files were imported into a microarray data-
base and linked with updated gene annotations using
SOURCE (http://genome-wwwS5 stanford.edu/cgi-bin/
SMD/source/sourceSearch) and then normalized using cyclic
LOESS (Wu W et al. BMC Bioinformatics (2005); 6:309).
Differentially expressed genes were identified using Signifi-
cant Analysis of Microarrays (SAM) (Tusher V G et al., Proc
Natl Acad Sci USA (2000; 98: 5116-5121. Probes corre-
sponding to the 49 protein markers were identified through
their gene symbols. Expression levels for the probes that
corresponded to these markers were extracted. In the case of
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redundant probes, those with the highest expression level and
with the lowest Q-value were selected for presentation.
[0126] Statistical Analysis:

[0127] A protein was considered differentially expressed
when there was a change of at least 25% in concentration and
statistical significance at p-value <0.05 corrected for multiple
testing. Data were reported as meanzstandard deviation. The
Wilcoxon rank-sum test was used to identify potential biom-
arkers that univariately distinguish IPF samples from con-
trols. For multiple testing the Bonferroni method was used to
control the family-wise error rate at 5%. Data were analyzed
using the R language for statistical computing (Thaka R and
Gentleman R, Journal of Computational and Graphical Sta-
tistics (1996); 5: 299-314; http://www.r-project.org). Classi-
fication and Regression Trees (CART) methodology was
used to identify potential combinations of peripheral blood
biomarkers that could be used to distinguish IPF from con-
trols. CART was performed using the mart package for recur-
sive partitioning. Classification performance was assessed
using the ROCR package (http://rocr.bioinf.mpi-sb.mpg.de).
SAM was applied for oligonucleotide data analysis (Tusher V
G et al., Proc Natl Acad Sci USA (2001); 98: 5116-5121).
Data visualization and clustering were performed using
Genomica (http://genomica.weizmann.ac.il/index.html)
(Novershtern N et al., Am J Respir Cell Mol Biol. (2008);
38(3):324-36) and Spotfire Decision Site 9 (TIBCO, Palo-
Alto, Calif).

[0128] Entrez Gene IDs of Mentioned Proteins:

[0129] The Entrez Gene IDs for AGER, CCL11, CXCL10,
1L12B, IGFBP1, MMP1, MMP3, MMP1, MMP8, MMP?9,
TNFRSF1A, and TNFRSF1B are 177, 6356, 3627, 3593,
3484,4312,4314,4316,4317,5318,7132, and 7133, respec-
tively.

6.1.2 Results

[0130] Plasma Proteins Distinguished IPF Patients from
Controls in Derivation Cohort:

[0131] Forty eight of 49 markers analyzed were detectable
in plasma (FIG. 1A); univariate analysis identified 12 pro-
teins that were differentially expressed in IPF compared to
controls (Table 4). Five MMPs (MMP7, MMP1, MMP3,
MMPS8, MMP9), two chemokines (CXCL 10, CCL11), FAS,
IL12B, and the soluble TNF receptors (TNFRSFIA,
TNFRSF1B) were found to be significantly over-expressed;
AGER was found to be significantly under-expressed in
plasma of patients with IPF compared to controls. MMP7 and
MMP1, which have previously been shown to play a role in
IPF pathogenesis, were the top-ranked proteins in univariate
analysis (Table 4). Significant differences persisted when age,
gender, or smoking status was statistically controlled.
[0132] To determine whether combinations ofthese plasma
proteins correctly classify IPF patients, recursive partitioning
was applied to the entire set of 49 markers and it was found
that plasma protein profiles clearly distinguished IPF patients
from normal controls. CART analysis showed that MMP7
and MMP1, in addition to being the two most significant
biomarkers, are key components of a combinatorial classifier
that also includes MMPS8, IGFBP-1 and TNFRS1A (FIG.
1B). Sensitivity and specificity of the classifier were 98.6%
(95% C.1. 0f 92.7% to 100%) and 98.1% (95% C.1. of 89.9%
to 100%), respectively. High concentrations of MMP7 alone
(21.99 ng/ml) correctly classified 69 of 74 IPF patients (93.
2%) but incorrectly classified five normal samples as IPF and
five IPF samples as controls, whereas the combination of high
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plasma concentrations of both MMP7 (21.99 ng/ml) and
MMP1 (22.15 ng/ml) excluded all controls. Thus the combi-
nation of high MMP7 and high MMP1 concentrations can
distinguish IPF patients from controls. Receiver operating
characteristic curves (ROCs) (FIG. 1C) has confirmed that
MMP?7 is the best univariate classifier although the combina-
tion of five markers performs somewhat better (FIG. 1C), as
does the combination of MMP7 and MMP1.

[0133] MMP7 and MMP1 were Increased in the Lung and
BAL Fluid of Patients with IPF:

[0134] To determine whether protein concentration differ-
ences in peripheral blood reflect gene expression differences
present in the lung, gene expression patterns were analyzed in
23 IPF and 14 control lungs using oligonucleotide microar-
rays (FIG. 2A). Of the five plasma proteins in the CART
plasma signature (FIG. 1B), only the genes for MMP7 and
MMP 1 were found to be significantly over-expressed in IPF
lungs compared to controls (SAM Q value=0 for both genes;
7.3- and 15.7-fold increase, respectively). Of the 10 other
proteins that were significantly different in the plasma of
patients with IPF (Table 4), the genes for MMP3, AGER and
1L 12B were also significantly differentially expressed in IPF
lungs (FIG. 2A).

[0135] To determine whether MMP7 and MMP1 proteins
are secreted into the alveolar microenvironment, their con-
centrations were measured in bronchoalveolar lavage fluid
(BAL) obtained from 22 patients with IPF and 10 control
subjects. MMP7 and MMP 1 BAL concentrations were
observed to be significantly higher in IPF patients compared
to controls (p<0.00001 and =0.018, respectively) (FIGS. 2B
and 2C). Hence, elevated MMP7 and MMP1 levels in the lung
microenvironment are the most likely source for their
increased concentrations in peripheral blood.

[0136] MMP7 and MMP1 were not Increased in Patients
with COPD or Sarcoidosis:

[0137] To determine whether concentrations of MMP7 and
MMP1 are increased in other common chronic lung diseases,
plasma concentrations were measured in patients affected
with sarcoidosis or COPD. The 47 sarcoidosis patients were
stratified into those with evidence for parenchymal lung dis-
ease (stage 2 or greater; n=29) and those with no lung paren-
chymal involvement (n=18). As shown in FIG. 3A-B, no
significant differences were found in plasma concentrations
of MMP7 (p=0.78) (FIG. 3A) or MMP 1 (p=0.27) (FIG. 3B)
between the sarcoidosis groups with or without lung abnor-
malities when compared to controls. COPD subjects were
grouped by GOLD class, into 0-1 (n=13), I (n=21), and I1I-IV
(n=39). No significant differences were found in plasma con-
centrations of MMP7 (p=0.21) or MMP1 (p=0.85) between
groups of COPD patients stratified by GOLD class (FIGS.
3A-B, respectively).

[0138] The Plasma Concentrations of MMP7 and MMP1
were Significantly Higher in Patients with IPF Compared to
Patients with HP:

[0139] To determine whether peripheral blood concentra-
tions of MMP7 and MMP1 distinguish IPF from other com-
mon forms of ILD, their levels were measured in 41 patients
with HP and 34 patients with IPF. Univariately, plasma con-
centrations of MMP7 (p=0.01) and MMP1 (p=<0.001) were
significantly higher in IPF compared to HP; fold changes for
MMP1 and MMP7 were 2.3 and 1.31, respectively (FIGS.4A
and 4B).

[0140] Similar results were observed in a re-analysis of a
published DNA microarray dataset (Selman M et al., Am J
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Respir Crit Care Med (2006); 173: 188-198) comparing
gene-expression in lung tissue obtained from IPF and HP
patients. In this re-analysis, MMP7 and MMP1 levels were
significantly higher in IPF compared to HP (FDR <5%),
however, as observed in the peripheral blood, the change in
MMP?7 levels was moderate when compared to the increase in
MMP 1 (FIG. 4C).

[0141] Combinations of plasma MMP 1 and MMP7 con-
centrations had positive predictive values for determining that
a patient had IPF ranging from 91% (MMP7 >2.6 ng/ml and
MMP1 >8.9 ng/ml) to 66%, and negative predictive value
(ruling out IPF) ranging from 96% (MMP7 <2.9 ng/ml and
MMP1 >3.5 ng/ml) to 70% (FI1G. 4D). Additionally, the com-
bination of high MMP7 and high MMP1 peripheral blood
concentrations distinguished IPF from HP with 96.3% sensi-
tivity (95% C.I. of 81.0% to 100%) and 87.2% specificity
(95% C.I. of 72.6% to 95.7%) (FIG. 4E), further supporting
that MMP1 in combination with MMP?7 distinguish IPF from
HP.

[0142] The Plasma Concentrations of MMP7 and MMP1
were Significantly Higher in an Independent Validation
Cohort:

[0143] To verify the above findings, plasma concentrations
of MMP7 and MMP1 were measured in an independent vali-
dation cohort comprised of patients affected with IPF, famil-
ial pulmonary fibrosis or sub-clinical ILD, and control sub-
jects. This cohort has been described in Rosas I O et al.,
American Journal of Respiratory and Critical Care Medicine
(2007); 176:698-705. Even though concentrations were mea-
sured in plasma and not plasma, significantly higher concen-
trations of MMP7 and MMP1 were found in patients with
pulmonary fibrosis compared to controls (p<0.001 and =0.01,
respectively). Notably, plasma concentrations of MMP7 in
patients with sub-clinical ILD were significantly higher com-
pared to control subjects (p=0.019) and significantly lower
compared to patients with full-blown IPF (p<0.0001) (FIG.
5A), suggesting that MMP7 may serve as a biomarker for
disease progression. There was no significant difference in
MMP?7 concentrations between patients with familial or spo-
radic IPF, consistent with the findings of Yang et al (Yang [V
etal., Am J Respir Crit Care Med (2007); 175: 45-54).

[0144] In this cohort elevated plasma concentrations of
MMP 1 combined with high plasma concentrations of
MMP?7, can distinguish IPF from controls with 89.2% sensi-
tivity (95% C.1. of 71.8% to 91.7%) and 95.0% specificity
(95% C.1. of 75.1% t0 99.9%), supporting the findings in the
derivation cohort (FIG. 5B).

[0145] The Plasma Concentrations of MMP7 Correlated
Moderately with Disease Severity:

[0146] To determine whether concentrations of MMP7 or
MMPI1 correlate with disease severity, pulmonary function
measurements were compared with plasma concentrations of
MMP7 and MMP1 in the validation cohort. A significant
correlation was found between higher plasma concentrations
of MMP7 and disease severity as measured by FVC % pre-
dicted (FIG. 5C) and DLCO % predicted (FIG. 5D). Fitted
models predict a decline of 4.1% in DLCO % predicted
(p=0.002, r=-0.53) and 4.0% in FVC % predicted (p=0.002,
r=—0.51) for each increment of 1 ng/ml in plasma MMP7. No
statistically significant correlation was found between MMP
1 concentrations and pulmonary function measurements.
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TABLE 2

Derivation Cohort Patient Characteristics

IPF Control
(N =74) (N =53)
Sex Male 49 (66.2%) 22 (41.5%)
Female 25 (33.8%) 31 (58.5%)
Race Caucasian 73 (98.6%) 47 (88.7%)
African-American 1 (1.4%) 4 (7.5%)
Unknown 0 (0.0%) 2 (3.8%)
Smoking Current 2 (2.7%) 3 (5.7%)
Former 56 (75.7%) 22 (41.5%)
Never 16 (21.6%) 26 (49.1%)
Unknown 0 (0.0%) 2 (3.8%)
Age (yrs) Mean = SD 65.9+94 50.5 £15.7
TABLE 3
Validation Cohort Patient Characteristics
Sporadic Sub-clinical Familial
IPF Control ILD IPF
(N=9) (N =20) (N=8) (N=16)
Sex
Male 2 (22%) 9 (45%) 6 (75%) 7 (44%)
Female 7 (78%) 11 (55%) 2 (25%) 9 (56%)
Race
Caucasian 7 (78%) 15 (75%) 7 (87%) 15 (94%)
Hispanic 0 (0%) 1 (5%) 1 (13%) 1 (6%)
Asian 2 (22%) 1 (5%) 0 (0%) 0 (0%)
AA 0 (0%) 3 (15%) 0 (0%) 0 (0%)
Smoking
Current 0 (0%) 0 (0%) 2 (24%) 2 (18%)
Former 3 (33%) 6 (30%) 1 (13%) 6 (35%)
Never 6 (67%) 14 (70%) 5 (63%) 8 (47%)
Age (yrs)
Mean = SD 66 =8 39 =17 49 £11 64 11
TABLE 4
Plasma proteins that distinguish IPF from controls
Symbol Fold p-value
MMP1 4.6 <0.000001
MMP7 3.2 <0.000001
MMP8 2.6 <0.000001
CXCL10 23 <0.000001
MMP9 2 <0.000001
TNFRSF1A 1.8 <0.000001
MMP3 1.8 <0.000001
AGER 0.66 <0.000001
FAS 1.7 <0.001
CCL11 1.7 <0.001
TNFRSF1B 1.4 <0.001
IL12B 1.3 <0.001
6.1.3 Discussion
[0147] Overall, the first evidence for a peripheral blood

protein signature in IPF patients has been demonstrated.
MMP7 and MMP1, two matrix metalloproteases, previously
implicated in the pathogenesis of IPF (Pardo A and Selman
M, Proc Am Thorac Soc (2006); 3: 383-388) were signifi-
cantly increased in plasma, BAL fluid and lung tissue of IPF
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patients suggesting that increased levels of MMP7 and
MMP1 inthe peripheral blood are indicative of the pathologic
changes that characterize the IPF alveolar microenvironment.
Used in combination, blood levels of MMP1 and MMP7 can
distinguish IPF patients from diverse types of chronic lung
disease including HP, a common interstitial pneumonia that
can sometimes be indistinguishable from IPF (Perez-Padilla
R etal. Am Rev Respir Dis (1993); 148: 49-53; Ohtani Y etal.,
Thorax (2005); 60: 665-671; Churg A et al., Am J Surg Pathol
(2006); 30: 201-208). Increases in blood concentrations of
MMP7 were observed in patients with sub-clinical familial
pulmonary fibrosis and higher levels of MMP7 were associ-
ated with disease severity. Taken together these findings sup-
port the use of MMP1 and MMP7 as IPF biomarkers and
suggest that their role in diagnosis, early detection and moni-
toring of disease progression should be further investigated.

[0148] Multiple MMPs are among the 12 proteins signifi-
cantly increased in the blood of IPF patients. The roles of
MMPs have been intensively studied and debated in IPF
(Gadek JE etal., N Engl I Med (1979); 301: 737-742). While
multiple and often contrasting roles have been proposed for
MMPs in regulating abnormal epithelial response to injury,
fibroblast proliferation, extracellular matrix accumulation
and aberrant tissue remodeling, the consensus is that this
family of matrix degrading enzymes is involved in disease
pathogenesis (Pardo A and Selman M, Proc Am Thorac Soc
(2006); 3:383-388; Suga M et al., Am J Respir Crit Care Med
(2000); 162: 1949-1956; Selman M et al., Am J Physiol Lung
Cell Mol Physiol (2000); 279: 1.562-574; FukudaY etal., Lab
Invest (1998); 78: 687-698; Zuo F et al., Proc Natl Acad Sci
USA (2002); 99: 6292-6297; Pardo A et al., Int J Biochem Cell
Biol (2008); 40(6-7):1141-55). Thus, it is noteworthy that the
two top-ranked proteins, MMP7 and MMP1, are the MMPs
known to be significantly over-expressed in the activated
alveolar epithelium in IPF lungs. MMP1, a matrix metallo-
protease that primarily degrades fibrillar collagen, is rarely
expressed under normal conditions, but is highly over-ex-
pressed in reactive alveolar epithelial cells in IPF lungs (Zuo
F et al., Proc Natl Acad Sci US4 (2002); 99: 6292-6297).
MMP7, a matrix metalloprotease with multiple local inflam-
matory regulatory roles (Li Q et al., Cell (2002); 111: 635-
646; McGuire J K et al., Am J Pathol (2003); 162: 1831-
1843), is also highly up-regulated in alveolar epithelial cells
in IPF (Zuo F et al., Proc Natl Acad Sci USA (2002); 99:
6292-6297; Cosgrove P et al., Chest (2002); 121: 25S-268S).
Furthermore, MMP7 knockout mice are relatively protected
from bleomycin-induced fibrosis (Zuo F et al., Proc Natl
Acad Sci USA (2002); 99: 6292-6297) suggesting that MMP7
may have a pro-fibrotic effect in IPF. Taken in the above
context, the above results strongly suggest that activated epi-
thelial cells in IPF lungs are the likely source of elevated
peripheral blood concentrations of MMP1 and MMP7, thus
supporting their use as biomarkers for disease detection and
progression.

[0149] It has been shown that neither patients with COPD,
a chronic progressive lung disease, nor patients with sarcoi-
dosis, a chronic granulomatous ILD, expressed significantly
increased peripheral blood concentrations of MMP7 or
MMP1. Further, elevated peripheral blood concentrations of
MMP1, in the presence of elevated concentrations of MMP7
distinguished IPF from HP. A similar trend in gene expression
of MMP7 and MMP1 was found in the lungs of patients with
IPF and HP also supporting the notion that the changes in
peripheral blood concentrations of MMP7 and MMP 1 are

Nov. 13,2014

reflective of the lung gene environment and constitute a dis-
ease specific signal. This may be very important clinically,
because sub-acute HP is frequently misdiagnosed as idio-
pathic nonspecific interstitial pneumonia (NSIP), and in its
chronic advanced form HP can be undistinguishable from IPF
(Perez-PadillaR etal., Am Rev Respir Dis (1993); 148: 49-53;
Ohtani Y et al., Thorax (2005); 60: 665-671; Churg A et al.,
Am J Surg Pathol (2006); 30: 201-208). In fact, recent studies
have demonstrated that histopathologic and HRCT abnor-
malities observed in chronic HP often overlap with those of
usual interstitial pneumonia (UIP), representing an important
challenge to the differential diagnosis of these conditions
(Perez-PadillaR etal., Am Rev Respir Dis (1993); 148: 49-53;
Ohtani Y et al., Thorax (2005); 60: 665-671; Churg A et al.,
Am Surg Pathol (2006); 30: 201-208). Thus, the elevated
peripheral blood concentrations of MMP7 and MMP1
observed in IPF are not due to a systemic stress response to a
chronic lung disease and distinguish COPD, sarcoidosis, and
HP from IPF.

[0150] Itis important to note that IPF was not compared to
other idiopathic interstitial pneumonias such as NSIP, so that
the usefulness of MMP7 and MMP1 in distinguishing IPF
from these conditions is not evaluated in this example section.
In fact, the finding of elevated MMP7 in patients with sub-
clinical ILD may be indicative that this increase may be
present in other idiopathic ILDs. Furthermore, gene expres-
sion patterns were found to be extremely similar in IPF and
NSIP (Yang IV etal., Am J Respir Crit Care Med (2007); 175:
45-54; Rosas 1 O and Kaminski N, Am J Respir Crit Care Med
(2007); 175: 5-6) and BALL MMP7 levels were also recently
found to be similar in patients with IPF and NSIP (Vuorinen
Ketal., Apmis (2007); 115: 969-975). The major limitation in
these studies was the small number of eases with NSIP
because of the significant rarity of isolated NSIP.

6.2. Example 2

[0151] Samples were collected for a cross-sectional study,
and 199 patients with IPF were enrolled, including one
American Indian, four African Americans, 62 females and
137 males. 73 of these 199 patients were enrolled before the
planning phase of the project. For the longitudinal study 65
IPF patients (41 males and 24 females) were recruited. Of
them 63 are Caucasian, one is African American and one is
American Indian. Twenty-eight patients have currently more
than three visits (follow up longer than a year) 14 patients two
visits and 23 one visit. The average age of patients upon
enrollment to the longitudinal study is 67.2 (+/-10), FVC %
71.5% (+/-17), DLCO % 48.5 (+/-18). So far eight patients
have died and eight had a lung transplant. Of the patients who
have more than three visits, 14 are currently stable as can be
judged by no change in PFT or clinical presentation. Fourteen
others experienced a decrease of 10% in PFTs (FIG. 6). These
results suggest that as there is a high enough event rate to
identify patterns that characterize disease deterioration.
Samples were separated into plasma, plasma, PBMC, ali-
quoted and snap frozen. On the average there were 2 mL of
plasma per blood draw, 6 mL of Plasma and two trizol ali-
quotes. RNA was extracted from 142 samples at a quality and
level sufficient for microarray analysis (85% of samples
yielded >1.5 microgram). A database was developed for
sample allocation and tracking and for patient follow-up. A
tablet PC application has been created to improve patient
intake in the clinic. In addition, an early disease cohort was
aliquoted and initially analyzed. Outcome was analyzed in a
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Simmons Center cohort. Greater than 120 microarrays of
PBMC were analyzed considering more than 100 protein
markers in cross sectional analysis of serum and plasma as
well as 15 markers in longitudinal analysis.

[0152] Cross Sectional Analysis of Proteins in Plasma or
Serum of Patients with IPF.

[0153] The concentrations of 49 proteins in the plasma of
74 patients with IPF and in the plasma of 53 control individu-
als were analyzed. A combinatorial signature of five proteins,
MMP7, MMP1, MMPS8, IGFBP1, and TNFRSF1A, was
identified—that was sufficient to distinguish patients from
controls with a sensitivity of 98.6% (95% confidence interval
(C1) 92.7%-100%) and specificity of 98.1% (95% C.I.
89.9%-100%). Additional proteins which were significantly
increased in plasma of IPF patients were MMP2, MMP3 and
MMP8, CXCL10, CCL11, FAS, 1IL12B, and TNFRSF1B.
Only one protein, AGER, was found to be significantly
decreased in plasma of patients with IPF. Eight of the IPF
patients were treated with prednisone, three with interferon-y
(IFN-y), 16 with IFN-y and Prednisone, and 47 were untreated
at the time of sampling. Patients on IFN-y had substantially
higher levels of CXCL10, IGBP1 and IFNG though only
CXCL10 passed the Bonferroni criterion for multiple testing.
No effect of prednisone treatment on plasma protein concen-
trations was observed.

[0154] The significant differences in plasma protein con-
centrations between IPF and controls persisted in a patient
population controlled statistically for age, gender, and smok-
ing status. Increases in levels of MMP1 and MMP7 were also
observed in lung tissue and bronchoalveolar lavage fluid
obtained from IPF patients. The plasma concentrations of
MMP7 and MMP 1 were not increased in patients with
chronic obstructive pulmonary disease or sarcoidosis and
distinguished IPF compared to subacute/chronic hypersensi-
tivity pneumonitis, a disease that may mimic IPF, with a
sensitivity 0 96.3% (95% CI 81.0%-100%) and specificity of
87.2% (95% C172.6%-95.7%). These results were verified in
an independent validation cohort composed of patients with
IPF, familial pulmonary fibrosis, subclinical interstitial lung
disease (ILD), as well as with control individuals (FIG. 5).
The concentrations of MMP7 and MMP1 were significantly
higher in IPF patients compared to controls in this cohort.
Furthermore, the plasma concentrations of MMP7 were
elevated in patients with subclinical ILD and negatively cor-
related with percent predicted forced vital capacity (FVC %)
and percent predicted carbon monoxide diffusing capacity
(DLCO %). These results provided the first evidence for a
peripheral blood protein signature in IPF. The two main com-
ponents of this signature, MMP7 and MMP1, were over-
expressed in the lung microenvironment and distinguished
IPF from other chronic lung diseases.

[0155] Inordertoidentify additional markers, an additional
panel of 83 markers (Rules By Medicine) was evaluated in
153 plasma samples from patients with IPF and 70 from
controls. The initial 74 patients and 53 controls were included
in this cohort. These markers overlapped in cytokines with
previous markers but lacked MMPs and IGFBs. CCL2 and
TNFRSF1B that showed up in the previous analysis were also
higher in plasma of patients with IPF in this cohort. Addi-
tional molecules included S100A12, B2M, MPO, TF, ICAM-
1, IL1IRA. These results indicate the diagnostic utility of a
plasma marker panel comprised of MMP7, MMP1, MMPS,
IGFBP1, TNFRSF1A, TNFRSF1B, MMP2, MMP3, AGER,
CXCL10, CCL11, CCL2, FAS, IL12B, IL1RA, S100A12,
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B2M, MPO, ICAM-1, TF, VWF, and the previously reported
surfactant proteins (SPA and SPD) and MUC1 (KL-6).
[0156] Protein Signatures During Disease Progression:
[0157] Protein expression was analyzed in sera of 28
patients that had more than three visits (follow up longer than
a year), of which 11 had four visits, five had five visits and
four had six visits (two years follow-up). Two patients died.
One had an acute exacerbation after the sixth visit. Fifteen
proteins were analyzed (CCL2, CCL11, CXCL12, CXCL11,
CXCL10, MMP1, MMP7, MMP8, IGFBP1, AGER, SPP1,
SAA1, TGFBI,SPC, SPD). Ten controls were included in the
analysis.

[0158] PBMC signatures were used to confirm the repro-
ducibility of the results (FIG. 7). Interestingly, longitudinal
analysis suggested that IGFBP1 was significantly increased
with time in IPF patients regardless of disease progression
(FIG. 8) while MMP7 was increased only when disease pro-
gressed.

[0159] PBMC Gene Expression Signatures During Disease
Progression.
[0160] For PBMC gene expression, 25 patients were ana-

lyzed, 22 of whom had more than three visits. Only three
patients had two visits. Two Patients died, one died from acute
exacerbation. One patient was followed over the time and in
the sixth visit developed an acute exacerbation. Twenty-four
analysis arrays of control subjects were prepared. Agilent
whole genome arrays were used. Gene expression patterns
were found to be dramatically different between PBMC from
IPF patients and controls (FIG. 9). To determine how gene
expression patterns changed over time, the samples were
analyzed without the controls. Cluster analysis was per-
formed to identify gene expression patterns that corre-
sponded with time and to identify clusters that were signifi-
cantly enriched with functional gene annotations, using gene
ontology annotation database. Significant enrichment was
determined by Fisher Exact and corrected for multiple test-
ing. This analysis indicated that genes increased in PBMC
were enriched for developmental pathways, while genes
decreased in PBMC were enriched with response to stimulus
and immune function.

6.3 Example 3

Gene Expression Patterns of Peripheral Blood
Mononuclear Cells in Patients with IPF

[0161] Patients Diagnosed with IPF were enrolled in two
independent cohorts. Table 5 describes the patient population.
Blood and pulmonary function tests (FVC/DLCO) were
obtained in each IPF patient and in healthy donors. Mono-
nuclear cells were extracted by centrifugation, and RNA was
processed by using the Trizol protocol (Invitrogen). Gene
expression microarrays were performed on Oligo DNA
microarray System from Agilent Technologies (Santa Clara,
Calif.) in the samples from the University of Pittsburgh and
with DNA Microarrays System from Affymetrix in the
samples from the University of Chicago. Microarray data
normalizations were performed by using Bioconductor pack-
age for R (www.r-project.org) and Scoregene (fgusheba.cs.
huyji.ac.il/software.htm). Statistically significant genes were
identified by using R, SAM (www-stat.stanford.edu/~tibs/
SAMY/) and Spotfire (TIBCO Spotfire, Somerville, Mass.).
Microarray significance was defined as FDR <5%. Analysis
of'the up-regulated (increased) genes was performed by using
Ingenuity Pathway Analysis Software (Ingenuity Systems,
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Reedwood City, Calif.). qRT-PCR was performed to validate
the microarray data and for a time course analysis of the
biomarker candidates genes by using Tagman gene expres-
sion assays from Applied Biosystems (Foster City, Calif.).
ddCT method was applied to calculate gene expression levels
of qRT-PCR and significance was define as a p-value <0.05 by
unpaired two tailed T-Test.

TABLE §

Description of the study population used for
the Microarrays and gRT-PCR validation

IPF - University of IPF - University of

Pittsburgh Chicago
Number of patients 25 23
Average of Age 65.32 67.95
Average FVC % 66.29 (+/-13.9) 64.39 (+/-12.61)
Average DLCO % 45.68 (+/-13.36) 45.08 (+/-16.48)
Deaths 4 4
Male/Female 15/10 17/6
[0162] PBMC Gene Expression Patterns Distinguished IPF

Patients from Controls from the University of Pittsburgh
Cohort:

[0163] A comparison between 10 IPF patients and 10 con-
trols from the U of Pittsburgh cohort showed a difference of
1019 genes with FDR<5%. If a fold change >2 is added, the
difference is reduced to 318 genes including 162 up-regulated
(increased) genes which were found to be over-expressed,
and 156 down-regulated (decreased) genes which were found
to be under-expressed in plasma of patients with IPF com-
pared to controls. (FIG. 11). Furthermore, it was found that
among these 318 genes, ID1, SFTPD and MEG3 were found
to be significantly over-expressed, and CCR7 and 1.4 were
found to be significantly under-expressed (FIG. 12).

[0164] Gene Expression Between IPF University of Pitts-
burgh and University of Chicago Cohorts Showed Similar
Patterns:

[0165] Thecommonly expressed genes between University
of Pittsburgh and University of Chicago cohorts were com-
pared as in FIG. 13. 14 genes: PDGFRB, FOS, FOSB, ID1,
EGR1, EGR2, HMOX1, FOSL2, SOCS3, SOD2, MMP 19,
IGFBP2, AREG, and JUNB were the commonly over-ex-
pressed (up-regulated) genes, and 10 genes: CCR7, IL7R,
LRRN3, NOG, CD22, IL4, CD200, CD79A, CD19 and
CXCR6 were commonly under-expressed (down-regulated)
genes in both University of Pittsburgh and University of Chi-
cago cohorts.

[0166] Protein Signature was Associated with Known
Mechanisms of IPF:

[0167] A Tox list generated by Ingenuity of the top over-
expressed (up-regulated) genes in IPF showed gene enrich-
ment for known mechanisms involved in the disease such as
the TGF-B signaling and oxidative stress pathways (FIG.
14A). These genes were also enriched with annotations
related to cellular growth proliferation and morphology. The
enrichment analysis of the top under-expressed (down-regu-
lated) gene in IPF showed annotations related to cellular
development, antigen presentation and cell death. The Inge-
nuity Tox list didn’t show gene enrichment in these under-
expressed (down-regulated) genes (FIG. 14B).

[0168] qRT-PCR Results Showed that SFPTD, ID1, and
MEG3 were Significantly Increased in PBMC from Patients
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with IPF and TL-4, CCR7 and ICOS were Significantly
Decreased Compared to Controls:

[0169] qRT-PCR was performed to validate the microarray
data in the two independent cohorts (FIG. 15). Validation was
performed in commonly expressed genes in the two cohorts
by microarray (ID1, IL4, CCR7, ICOS), and in the differen-
tially expressed genes with probes unique to the Agilent
microarray platform (SFTPD and MEG3). Similar values
were found for all the validated genes in the two independent
cohorts with statistically significant difference when compare
to controls.

[0170] Time Course Analysis by qRT-PCR of SFTPD and
IL-4 in 20 IPF Patients Showed Consistent Values:

[0171] A biomarker filter performed on the top over-ex-
pressed (up-regulated) and under-expressed (down-regu-
lated) genes by Ingenuity showed SFTPD and IL.-4 as candi-
date biomarkers in PBMC. 20 patients with IPF were
followed during an period of 10 months with an average
interval of five months between visits. qRT-PCR average
showed consistent increase of SFTPD at each time point with
statistically significant values when compare to controls, and
the opposite phenomenon was found with the expression of
1L-4 (FIG. 16).

[0172] Conclusion:

[0173] PBMC gene expression distinguished IPF from con-
trols. There is an overall signal of reduced immune activity.
The findings were corroborated in two independent cohorts of
IFP patients from University of Pittsburgh and from Univer-
sity of Chicago. 1019 genes were significantly different
(9<5). Genes increased in PBMC were enriched for annota-
tions associated with oxidative stress, TGF-B signaling and
positive acute phase response proteins. A decrease in Band T
cell markers was found in the PBMC in IPF patients. SFPTD
and 114 were shown as candidate genes by a biomarker filter
from Ingenuity. The qRT-PCR results showed that SFTPD, ID
1 and MEG3 were significantly increased in PBMC from
patients with IPF and Interleukin-4, CCR7, and ICOS were
significantly decreased compared to controls. Increased lev-
els of SFTPD in the serum of patients with IPF have been
previously demonstrated and proposed as a possible biomar-
ker at the protein level. The above studies demonstrates that
there is also an over expression of SFTPD with consistent
values across time at the mRNA level in PBMC, the opposed
phenomenon happens with the expression of 1L.4.

6.4 Example 4

Gene Expression Profiles of Acute Exacerbations of
IPF

Methods

[0174] IRB:

[0175] The studies were approved by the Institutional
Review Board at the University of Pittsburgh Medical Center
(Pittsburgh, Pa., USA) and Asan Medical Center (Seoul,
South Korea) as well as the Institutional local Committee for
Oversight of Research Involving the Dead (CORID) of the
University of Pittsburgh. Informed consent was obtained in
all cases it was required.

[0176] Study Population:

[0177] Lung tissue samples for microarray analysis were
obtained through the University of Pittsburgh Health Sci-
ences Tissue Bank (Pittsburgh, Pa.) as described in Pardo A et
al., PLoS Med 2005; 2:e251. Those included 23 lungs from
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patients whose clinical course did not suggest the occurrence
of acute exacerbations (Demedts M et al., Eur Respir J
(2002); 19:794-796) (stable IPF), 8 lungs from patients with
acute exacerbation of IPF (IPF-AEx; obtained from
explanted lungs or via the warm autopsy protocol) (Lindell K
Oetal., PLoS Med (2006); 3: €234; AkiraM et al., AJR Am J
Roentgenol (1997); 168:79-83; Collard H R et al., Am J
Respir Crit Care Med (2007); 176:636-643), and normal lung
histology samples from control subjects. The stable IPF
samples were surgical remnants of biopsies or lungs
explanted from patients with IPF undergoing pulmonary
transplant, two IPF-AEx tissues were obtained from
explanted lungs and six from the warm autopsy protocol
(Lindell K O etal., PLoS Med (2006); 3: €234). Controls were
normal histology tissues obtained from normal disease free
margins of lung cancer resection specimens. The control
lungs and stable IPF samples were the same samples as used
in Rosas JO et al., PLoS Med (2008); 5:€93. The lung tissues
were obtained from UPMC Tissue Bank. The tissues were
snap frozen in liquid nitrogen, embedded in OCT polymer, or
fixed in 5% formaldehyde then embedded in paraffin blocks.
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Plasma samples of patients with stable IPF (n=10), patients
with IPF-AEx (n=16), and healthy control subjects (n=12)
were obtained from Asan Medical Center (Seoul, South
Korea). The diagnosis of IPF was based on the American
Thoracic Society and European Respiratory Society defini-
tion (Am J Respir Crit Care Med (2000); 161: 646-664). The
definition of IPF-AEx was based on criteria provided by
Collard and colleagues (Collard H R et al., Am J Respir Crit
Care Med (2007); 176:636-643) or Akira and colleagues
(Akira M, et al., AJR Am J Roentgenol (1997); 168: 79-83).
All cases were reviewed by expert pulmonologists and
pathologists. Detailed clinical information about the subjects
with IPF-AEX is provided in Tables 6 and 7.

[0178] The mean forced vital capacity (expressed as a per-
centage of the normal expected value) (FVC %) and diffusing
capacity for carbon monoxide (expressed as a percentage of
the normal expected value) (DLCO %) of patients with stable
IPF and patients with IPF-AEx are provided in Tables 8A and
8B. All studies were approved by the Institutional Review
Boards at the University of Pittsburgh and Asan Medical
Center.

TABLE 6

Acu

te exacerbation cases from University of Pittsburgh

Patient Age Gender Race Clinical  Pathology  Sampling method FVC % DLCO %
AEx1 60-69 F caucasian IPF UIP + DAD autopsy 45.73 36.54
AEx2 40-49 M caucasian IPF UIP + DAD autopsy 48.37 33.89
AEx3 60-69 M caucasian IPF UIP + DAD autopsy 36.00 32.00
AEx4 60-69 M caucasian IPF UIP + DAD autopsy 40.71 25.00
AEx5 80-89 F caucasian IPF UIP + DAD autopsy 90.00 na
AEx6 60-69 M caucasian IPF UIP + DAD autopsy 83.68 56.82
AEx7 80-89 M caucasian IPF UIP + DAD explant 41.00 na
AFx8 60-69 M caucasian IPF UIP + DAD explant 60.32 32.83
TABLE 7
Acute exacerbation cases from Asan medical Center
Initial
biopsy CT UIP Initial Initial
patient age gender race confirmed pattern FVC % DLCO % CT*: AEx. FVC %: AEx
AFEx1 60-69 M asian no Typical 78 83 GGO: diffuse
AEx2 70-79 F asian no Typical 80 56 GGO: subpleural 61
AEFEx3 70-79 M asian yes Atypical 94 73 GGO: dfiffuse 54
AFEx4 60-69 M asian no Typical 89.5 na GGO: subpleural 59
AEXS5 70-79 F asian no Typical 102 77 GGO: multifocal 66
AEx6 50-59 M asian yes Atypical 52 65 GGO: diffuse
AEx7 60-69 F asian no Typical 63 60 GGO: diffuse
AFEx8 80-89 F asian no Typical 78 70 GGO: multifocal
AEx9 40-49 F asian yes Atypical 66 62 GGO: diffuse 40
AEx10  50-59 M asian yes Atypical 47 47 GGO: diffuse
AEx11  60-69 M asian yes Atypical 84 60 GGO: multifocal
AEx12  50-59 F asian yes Atypical 51 33 GGO: multifocal
AEx13  70-79 M asian no Typical 73 82 GGO: multifocal
AEx14  50-59 M asian yes Atypical 73 66 GGO: Subpleural 54
AEx15  70-79 F asian yes Atypical 63 63 GGO: diffuse 51
AEx16  70-79 M asian no Typical 86 86 GGO: diffuse

*GGO—ground glass opacities
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TABLES 8A and 8B

Characteristics of patients with stable IPF
and patients with acute exacerbation of IPF

Variable Stable IPF IPF-AEx

A. Patients from University of Pittsburgh Medical Center

23 8
61.71 (£5.51) 68.25 (£10.22)
5149 (£11.29) 55.73 (£15.85)*
40.26 (+16.19) 36.61 (£12.06)*

Number of subjects
Average age, yr
Average FVC %
Average Dy ., %

Male/female 19/4 6/2
B. Patients from Asan Medical Center
Number of subjects 10 16

Average age, yr
Average FVC %
Average Dy ., %
Male/female

63.60 (£9.94)

81.1 (11.97)

66.40 (£12.77)
10/0

65.50 (£10.30)
55.0 (=8.3)(m=7)
389 (x13.3)F (n=7)
9/7

Definition ofabbreviations: Dy ., = diffusing capacity of carbon monoxide; IPF = idiopathic
pulmonary fibrosis; [PF-AEx ="acute exacerbation of idiopathic pulmonary fibrosis.
*Last before [PF-AEx.

TAt the time of [PF-AEx.

[0179] Oligonucleotide Microarray Experiments:

[0180] Total RNA extracted from snap-frozen lung tissue
was used as template for the generation of labeled cRNA that
was hybridized to Agilent 4x44k whole human genome
microarrays and scanned with an Agilent scanner (Agilent
Technologies, Santa Clara, Calif.) as recommended and pre-
viously described in Rosas, 1. O. et al., PLoS Med (2008); 5,
€93. The complete data set is available in the Gene Expression
Omnibus  database  (http://www.ncbi.nlm.nih.gov/geo/;
accession number GSE10667).

[0181] The details for extraction of total RNA from lung
tissue are as follows: 25-50 pg of snap frozen lung tissue were
homogenized in 1 mL of TRIZOL (15596-026, Invitrogen
Corporation, Carlsbad, Calif.) with an electric homogenizer.
Manufacturer’s protocol for RNA isolation was followed in
order to extract total RNA (Chomezynski P and Sacchi N,
Analytical biochemistry (1987); 162:156-159). Extracted
total RNA was then purified with RNeasy Mini spin columns
(74104, Qiagen, Germantown, Md.) using the manufacturer’s
protocol for RNA cleanup. The yields and the quality of
extracted RNA were assayed using NanoDrop and Bioana-
lyzer (Agilent Technologies, Santa Clara, Calif.).

[0182] Lung samples were lysed in ice cold Trizol (Invit-
rogen) and total RNA was extracted and used as a template for
double stranded cDNA synthesis. RNA quantity was deter-
mined by NanoDrop at 260 nm and RNA integrity by Bio-
analyzer (Agilent Technologies). Labeling was performed
using the Agilent Low RNA Input Linear Amplification Kit
PLUS, one color (5184-3523, Agilent Technologies). Briefly,
first strand cDNA synthesis was performed using an oligo
(dT)24 primer containing a T7 RNA polymerase promoter
site. The ¢cDNA was used as a template to generate Cy3
labeled cRNA that was used for hybridization. After purifi-
cation and fragmentation aliquots of each sample were
hybridized to Agilent Whole Human Genome 4x44K arrays
(G4112F, Agilent Technologies). After hybridization, each
array was sequentially washed and scanned by Agilent
Microarray Scanner. Arrays were individually visually
inspected for hybridization defects and quality control pro-
cedures were applied, as recommended by the manufacturer
of the arrays. For array readout we used Agilent Feature
Extraction 9.5.3 Software. Bioconductor for R was used to
normalize the Processed Signal (Zhang J et al., Bioinformat-
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ics (Oxford, England) (2003); 19:155-156). Probes with
annotations for Entrez Gene ID were extracted, and cyclic
LOESS was applied to normalize the gene expression signals.
In case of redundant probes we took the average over the
values representing the gene expression levels. Differentially
expressed genes were identified using Significant Analysis of
Microarrays (14) (SAM) (http://www-stat.stanford.edu/
~tibs/SAM). A q-value of 5 that corresponds to a false dis-
covery rate (FDR) of 5% was set as the threshold for signifi-
cance.

[0183] Blood Samples:

[0184] 8 ml of blood was drawn from subjects using stan-
dardized phlebotomy procedures. Plasma or plasma was
separated by centrifugation, and all specimens were immedi-
ately aliquoted and frozen at —-80° C.

[0185] Antibodies:

[0186] The antibodies and the optimal dilutions used in this
study were as follows; Rabbit polyclonal cyclin-A antibody
raised against the C-terminal domain of CCNA2 was used at
a dilution of 1:200 for immunofluorescence (IF), 1:1000 for
western blots (ab 7956; Abcam™, Cambridge, Mass.). The
following mouse monoclonal antibodies were used for IF at
dilutions as described: Ki-67 nuclear antigen at a dilution of
1:200 (ab6526; Abeam), HNP 1-3 (a-defensins) at a dilution
of 1:100 (HM2058; Hycult Biotechnologies, Uden, The
Netherlands), cytokeratin (clone AE1/AE3) at a dilution of
1:100 (VP-C419; Vector Labs, Burlingame, Calif.) and
vimentin (clone VIM 3B4) (VP-V683; Vector Labs) at a dilu-
tion of 1:100. Biotinylated secondary antibody against rabbit
IgG, or mouse IgG were obtained (BA-1000 or BA-9200,
Vector Labs) and was used at a dilution of 1:500 for IF. Mouse
Monoclonal antibodies against beta-actin was obtained (P/N
A2228; Sigma-Aidrich, St, Louis, Mo.) and used at a dilution
01'1:3000 for western blots. HRP conjugated secondary anti-
body rabbit IgG, or mouse IgG were obtained (A0545,
A9044; Sigma Aldrich) and used at a dilution of 1:10000 for
western blots.

[0187] Real-Time Quantitative Reverse Transcription-
Polymerase Chain Reaction:

[0188] The same RNA samples used for microarray experi-
ments were used to run real-time quantitative reverse tran-
scription-polymerase chain reaction (QRT-PCR) on TagMan
system (Applied Biosystems, Foster City, Calif.). PCR was
performed with TagMan universal PCR master mix (Applied
Biosystems) for the following genes: CCNA2, DEFA1-3,
AGER, COL1A2, MMP1, MMP7, and GUSB. 1 pg of total
RNA was primed with random hexamer and Superscript 11
(Invitrogen) was used to obtain first strand cDNA in each 20
ul. reaction. PCR was performed with TagMan Universal
PCR Master Mix (P/N 4370048, Applied Biosystems) with
the following inventoried forward and reverse primers/probes
at optimized concentrations; CCNA2 (assay ID
Hs00153138_ml), DEFA1-3 (Hs00414018 ml), AGER
(Hs00153957_ml), MMP1 (Hs00233958_ml), MMP7
(Hs01042795_ml), COL1A2 (Hs01028970_ml) and GUSB
(4333767F). Reactions were performed in a total volume of
10 pl and the PCR plates were run at University of Pittsburgh
Genomics and Proteomics Core Laboratories. Conditions for
the PCR were: 95° C. for 10 min followed by 40 cycles of 95°
C.for 15sand 60° C. for 1 min in the ABI 7900 real-time PCR
system. The results were analyzed by the AAC, method and
(GUSB, encoding f-glucuronidase) was used as a housekeep-
ing gene. Fold change was calculated by taking the average
over all the control samples as the baseline.
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[0189] Immunohistochemistry:

[0190] OCT-embedded sections of normal and IPF-AEx
samples were used for fluorescence immunohistochemistry.
Rabbit polyclonal antibody against cyclin A2 (CCNA2;
Abeam, Cambridge,
(Abeam), and mouse monoclonal antibodies for cytokeratin

Mass.), prosurfactant protein C

(Vector Laboratories, Burlingame, Calif.), vimentin (Vector
Laboratories), Ki-67 (Abeam), and a.-defensins (Hycult Bio-
technology, Uden, The Netherlands) were used. OCT embed-
ded frozen tissues were subject to immunohistochemistry/
confocal microscopy to study the histological properties of
the following proteins; CCNA2, Ki67, prosurfactant protein
C, a-defensins, cytokeratin. The sectioned tissues were fixed
inice-cold acetone for 15 minutes and air-dried, then rinsed in
Tris-buffer-saline (TBS) twice for 5 minutes. Endogenous
avidin and biotin were blocked using the Avidin/Biotin block-
ing kit (SP-2001; Vector Labs). Sections were incubated with
avidin solution for 15 minutes, followed by another 15 min-
utes of incubation in the biotin solution. Non-specific binding
blocking was performed by incubating sections for 20 min-
utes with TBS containing 5% normal goat plasma (NS). For
labeling the first antigen, primary antibodies were diluted at
optimal dilutions in 5% goat plasma/TBS and incubated at 4°
C. overnight. The sections were then washed with TBS and
incubated with secondary antibody for 30 minutes at room
temperature. The sections were rinsed with TBS again, and
labeled with FITC green. The labeling-visualization process
was repeated for the second antigens and visualized with
Texas Red. As a negative control, normal mouse or rabbit IgG
were used instead of the primary antibodies. The sections
were subjected to mounting and observation under Olympus
Provis fluorescent microscope or Olympus Fluorview 1000
confocal microscope. Therefore, each antigen-antibody com-
plex was labeled with biotinylated antibody against mouse or
rabbit IgG, and visualized with fluorescein green or Texas red
(Vector Laboratories). Nuclei were counterstained with 49,6-
diamidino-2-phenylindole (Sigma-Aldrich, St. Louis, Mo.).

[0191] ELISA:

[0192] Plasma concentrations of c.-defensins were deter-
mined with an ELISA kit for a-defensins (DEFA1-3) (Hycult
Biotechnology). Enzyme-Linked ImmunoSorbent Assay
(ELISA) for human neutrophil peptides (HNP 1-3) was per-
formed as recommended by the manufacturer (HK317;
Hycult Biotechnology). Patient samples were prepared by
diluting 1:3 in the plasma diluents provided with the kit. The
HNP 1-3 standard was reconstituted as recommended by the
manufacturer. Standards assembled on the plate ranged from
41 to 10000 pg/mL, with appropriate calibrator diluent. All
samples and standards were run in duplicate and incubated
for one hour at room temperature. Following four washes,
Conjugate was added to each well and incubated. After one
hour at room temperature, the reagents were aspirated and the
plate was washed an additional four times. Shielded from
light, the samples were incubated with substrate solution at
room temperature for 30 minutes. After color development,
the reaction was stopped and the optical density of the
samples measured at 450 nm on a microplate reader.
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[0193] Western Blot:

[0194] Total protein was denatured by adding Laemmli
sample buffer (Bio-Rad, Hercules, Calif.) 2-mercaptoethanol
and boiling. Fifteen micrograms of total protein was used in
the immunoblotting process. Western blotting for CCNA2
was done as follows: 15 pg of total protein lysates were
subject to 10% SDS-PAGE. Transfer was carried out at 300
mA for 90 minutes at 4 C in a buffer of Trizma base (3
g/L)-glycine (14.4 g/L.)-methanol on PVDF membranes.
Blots were blocked with 5% skim milk buffer in TBS-0.1%
Tween20 (block bufter) for 1 hour at room temperature. Pri-
mary antibody was prepared at optimal dilution in block
buffer and applied to the membranes at 4° C. overnight. Blots
were rinsed with TBS-0.1% Tween20 for 5 minutes, 3 times,
and incubated with HRP-conjugated secondary antibodies
prepared in block buffer for 1 hour at room temperature. Blots
were processed with Advance ECL (RPN2135, GE Amer-
sham™, Piscataway, N.J.) for 3 minutes, and exposed to film
for 1 to 10 minutes.

[0195] Terminal Deoxynucleotidyltransferase dUTP Nick
End Labeling:
[0196] Formalin-fixed, paraffin-embedded tissue samples

were used for the terminal deoxynucleotidyltransferase
dUTP nick end labeling (TUNEL) assay, done with an in situ
cell death detection kit (Roche Applied Sciences, Indianapo-
lis, Ind.). After proteinase digestion the sections were incu-
bated in a mixture containing terminal deoxynucleotidyl-
transferase and fluorescein isothiocyanate-labeled dUTP. The
TUNEL conjugates were labeled with alkaline phosphatase,
visualized with Vector red, and counterstained with hema-
toxylin. The samples were observed under a light microscope.

[0197] Statistical Analysis:

[0198] Array images were processed according to the Agi-
lent Feature Extraction protocol (Zahurak M et al., BMC
Bioinformatics (2007),8:142). All arrays were cyclic-LOESS
normalized, using the Bioconductor package as described in
Wu W et al., BMC Bioinformatics (2005); 6: 309. For statis-
tical analysis, significance analysis of microarrays (SAM)
was applied (Segal E et al., Nat Genet (2005);37:S38-S45). A
q value of 5, which corresponds to a 5% false discovery rate,
was used as a cutoft of statistical significance in microarray
data. Data visualization and clustering were performed with
Genomica (Segal E et al., Nat Gener (2005); 37:S38-845),
Scoregene (Dave N B and Kaminski N, Methods Mol Med
(2005); 117:333-358), and Spotfire DecisionSite 9 (TIBCO,
Palo Alto, Calit.). For qRT-PCR, the Student t test was used
and significance was defined as P<0.05.

Results

[0199] Global Gene Expression Patterns of IPF-AEx and
IPF were Similar Compared with Control Samples:

[0200] When compared with control samples, the global
gene expression patterns of IPF-AEx were almost identical to
those of stable IPF (FIG. 17A). To better characterize this
similarity, genes that characterized IPF lungs (FIG. 17B)
were studied and compared their expression in [IPF-AEx with
that in stable IPF (FIG. 17C). Impressively, all the highlighted
genes were not significantly different between IPF and IPF-
AEx (FIG. 17C; see also Table 9). These results indicate that
compared with control samples, IPF-AEx exhibits a fibrosis
signature that is identical to that of stable IPF.
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Genes that distinguish stable IPF from control samples did not
ignificantly distinguish IPF from acute exacerbation of IPF

q Value q Value Direction  Direction
Gene Stable IPF/ IPF-AEx/ Stable IPF/  IPF-AEx/

Probe ID Symbol Control Stable Control Stable
A_23_P2492  CIS 0 50.81235685 Up Up
A_23 P119943 IGFBP2 0 65.54015605 Up Up
A_23_P100660 SERPINF1 0 51.91200838 Up Up
A_23_P142533 COL3Al 0 76.39075568 Up Down
A_23_P207520 COLI1Al 0 63.33144534 Up Down
A_23 P52761 MMP7 0 22.96815416 Up Down
A_23_P27133  KRTI5 0 42.91521282 Up Down
A_23_P201706 S100A2 0 68.1759329 Up Up
A_23_P213745 CXCL14 0 11.47868805 Up Down
A_23 P7313  SPPI 0 75.66331514 Up Up
A_23_P1691  MMPI 0 63.33144534 Up Down
A_23_P108062 LGALS7 0 70.79949555 Up Down
A_23_P218047 KRTS 0 74.65137647 Up Down
A_23 P85209  ILI3RA2 0 4219172327 Up Down
A_23_P13907 IGF1 0 61.75314131 Up Down
A_23_P501010 COL17Al 0 15.70941508 Up Down
A_23_P87653  KRT6A 0 61.75314131 Up Up
A_23 P13094 MMPI0 0 55.98632176 Up Up
A_23_P153571 IGFL2 0 7.018853253 Up Down
A_23_P93360 AGER 0 42.91521282 Down Down
A_24 P12626 CAV1 0 24.69547444 Down Down
A_23_P70398 VEGFA 0 31.68574174 Down Down
[0201] To confirm this observation, qRT-PCR was per- TABLE 10-continued
formed for MMP1, MMP7, COL1A2, and AGER, which are
among the genes that consistently distinguish patients with Top 20 up-regulated probes that distinguish
IPF from control subjects (Rosas, 1 O etal. PLoS Med (2008); IPF-AFx from stable IFF
5, €93; Zuo F et al., Proc Natl Acad Sci USA (2002); 99: q Value
6292-6297) (FIG. 18A-D). As expected, COL1A2, MMP1, Gene IPF-AEx/ Fold Ratio
and MMP7 were significantly higher and AGER was signifi- Probe ID Symbol Stable AEx/Stable
cantly lower in IPF and IPF-.AE;X compe}red with .contrc.)l A_23._P329593 SEC24A 0 2604
samples, but there was no significant difference in their A__24_P933565 PGAP1 0 2.4868
expression between IPF and IPF-AEx. A_23_P431734 SLC25A37 0 2.4823

. . A_23__P368740 HDACI10 0 2.4006
[0202] Direct Comparison of IPF-AEx and Stable IPF: A_03_P381431 NPL 0 5.3055
[0203] To identify the subtler gene expression changes that A_23_P3643 DNASE1L2 0 2.3867
distinguish IPF-AEx from stable IPF, and to focus on clusters 275375122?24 Eﬁ??}?zAD 8 ;gggg
of genes that seemeq differentially e?(pressed in IPF and IPF- A3 P111132 HSPALA 0 329
AEx (rectangles with double asterisks (**); FIG. 17A), a A_23_P58321 CCNA2 0 2.271
direct comparison of IPF-AEx and stable IPF was performed. A__23_P333484 HIST1H3H 0 2.1118
579 significantly differentially expressed genes (q<5) were A_23_P30799 HISTTH3F 0 20654
identified (FIG. 19A). Among them were genes related to
stress response such as heat shock proteins and a-defensins [0204] Impressively, the gene expression signature of IPF-

and mitosis-related genes including histones and CCNA2
(FIG. 19B and Table 10).

TABLE 10

Top 20 up-regulated probes that distinguish
IPF-AEx from stable IFF

q Value

Gene IPF-AEX/ Fold Ratio
Probe ID Symbol Stable AFEx/Stable
A_ 23 P31816 DEFA3 0 15.452
A_23__P326080 DEFA4 0 13.436
A_23_P219045 HIST1H3D 0 5.0072
A_32_P221799 HISTIH2AM 0 4.1309
A_ 23 P20022 HIG2 0 3.3581
A_23_P74059 NPPA 0 3.3542
A_24 P123616 HSPAIA 0 3.3534
A_23_P93258 HIST1H3B 0 3.0033

AEx did not exhibit an increase in inflammatory response
compared with stable IPF. Genes known to be associated with
the general inflammatory response, adaptive or innate immu-
nity, were not significantly enriched in genes that characterize
IPF-AEX (see FIG. 20). Similarly, only two (the a-defensins
DEFA3 and DEFA4) of the 100 genes on the array that belong
to gene ontology (GO) annotations associated with response
to viral infection were significantly changed (see FIG. 21).

[0205] CCNAZ2 was Over-Expressed in IPF-AEx:

[0206] When compared with stable IPF, CCNA2 was one of
the top 20 up-regulated genes, with a q value of 0 and a
2.27-fold increase (Table 10). Since this gene is a regulator of
the cell cycle, its expression was validated and localized.
qRT-PCR confirmed the microarray data (FIGS. 19B and
19C), and Western blots indicated an increase in CCNA2
protein (FIG. 19D). To localize CCNA2 over-expression,
double-fluorescence labeling for CCNA2 with either cytok-
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eratin or vimentin was performed. The double labeling dem-
onstrated co-expression of CCNA2 with cytokeratin (FIGS.
22A-C), but not with vimentin (FIGS. 22D-F), indicating that
the increase in CCNA2 was localized to epithelial cells and
not fibroblasts. Confocal microscopy revealed localization of
CCNAZ2 in the alveolar epithelium as well as the basal portion
of the bronchial epithelium (FIGS. 22G-H). To determine
whether increases in CCNA2 were associated with cellular
proliferation, IPF-AEx tissues were double-labeled with
CCNA2 and Ki-67. CCNA2 and Ki-67 co-localized to the
pulmonary epithelium (FIG. 221), suggesting accelerated
epithelial cell proliferation, potentially as a compensatory
response of the injured epithelium.

[0207] IPF-AEx Lungs Exhibited Widespread Epithelial
Apoptosis:
[0208] To determine whether increased epithelial prolifera-

tion was associated with epithelial cell death in IPF-AEXx,
apoptosis in IPF-AExX tissues was studied by in situ TUNEL
assay. It was observed that significant and widespread posi-
tive epithelial TUNEL staining in IPF-AEx tissues (FIG.
22K). This pattern was consistent with previous observations
in IPF (Plataki M et al., Chest (2005); 127:266-274). In addi-
tion, positive TUNEL stains were also observed in the hyaline
membranes typical of diffuse alveolar damage, a pathological
hallmark of IPF-AEx (FIG. 22]). In control lungs, rare
TUNEL-positive structures were predominantly observed in
apoptotic bodies engulfed by alveolar macrophages (FIG.
22L).

[0209] a-Defensin Expression is Increased in Lungs and
Peripheral Blood of Patients with IPF-AEx:

[0210] Gene expression of a-defensins (DEFA3 and
DEFA4) was significantly increased in IPF-AEx lungs com-
pared with stable IPF in the microarray data (FIG. 19B), and
the increase was confirmed by qRT-PCR (FIG. 23A). To
determine whether a-defensins may serve as peripheral blood
markers for IPF-AEX, their levels in the plasma of patients
with IPF-AEx from Asan Medical Center were analyzed.
Plasma concentration of c-defensin were significantly higher
in patients with IPF-AEx compared with control subjects
(P=0.0007) or patients with stable IPF (P=0.025) (FIG. 23B).
The plasma concentration of a.-defensins in the controls, IPF,
IPF-AEx were 1916.46 (+/-2163.93), 2541.91 (+/-2334.86),
6002.50 (+/-4579.46) pg/mL. The plasma concentrations of
a-defensins were also shown the tendency to elevate in pre-
and post-acute exacerbations group compared to the stable
IPF (FIG. 23F). To determine the cellular origins of a-de-
fensins in IPF-AEx, double labeling on IPF-AEx lung sec-
tions with antibodies against a-defensins and against the
alveolar type I1 cell marker surfactant protein C (SFTPC) was
performed. These experiments identified alveolar type Il cells
as the source of a-defensins in IPF-AEx (FIGS. 23C-E).

Discussion

[0211] In this study, gene expression microarrays were
used to characterize acute exacerbations of IPF. Compared
with control samples, IPF and IPF-AEx lungs exhibited simi-
lar gene expression signatures. However, on direct compari-
son of IPF and IPF-AEx, differentially expressed genes were
identified and validation on CCNA2 and a-defensins was
performed. CCNA2, a general regulator of the cell cycle, was
among the most up-regulated genes in IPF-AEx. Increased
CCNA2 protein expression was localized to proliferating epi-
thelial cells but not to mesenchymal cells. TUNEL staining
was also positive and localized to the epithelium in IPF-AEx.
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Gene expression levels of a-defensins were up-regulated in
IPF-AEx and their protein expression was localized to the
alveolar epithelium in IPF-AEx. Plasma a-defensin concen-
trations were higher in patients with IPF-AEx compared with
those with stable IPF or control subjects. Taken together,
these results indicate the central role of the pulmonary epi-
thelium in IPF-AEx and suggest a potential role for a-de-
fensins as peripheral blood biomarkers in IPF-AEx.

[0212] It is impressive to observe the relative similarity of
the gene expression patterns that distinguish IPF or IPF-AEx
from control lungs. It has been reported the up-regulation of
matrix metalloproteinase-7 (MMP7), matrix metalloprotein-
ase-1 (MMP1), collagens I and III, and osteopontin (Cos-
grove G P et al., Am J Respir Crit Care Med (2004); 170:242-
251;Pardo A etal., PLoS Med (2005);2:e251;Rosas [ Oetal.,
PLoS Med (2008); 5:¢93; Selman M et al., Am J Respir Crit
Care Med (2006); 173:188-198; Selman M et al. PLoS One
2007; 2:e482; Kaminski N et al., Proc Natl Acad Sci USA
(2000); 97:1778-1783; Zuo F et al. Proc Natl Acad Sci USA
(2002); 99:6292-6297; Yang 1V et al., Am J Respir Crit Care
Med (2007); 175:45-54.), as well as down-regulation of
caveolin-1 (Wang X M et al., J Exp Med (2006); 203:2895-
2906) and advanced glycosylation end products-specific
receptor (AGER) (Englert ] M et al., Am J Pathol (2008);
172:583-591), in IPF. All these genes behaved similarly in
stable IPF and IPF-AEX, as did the majority of all other genes
that distinguished IPF from control samples. No dramatic
shift in gene expression that would indicate a new process or
a dramatic shift in lung cellular phenotype or content was
detected. Although increases in some genes associated with
response to stress (HMOX1 and HSP1A1) were found, no
changes in known inflammation-related genes, such as IL-1,
IL-6, tumor necrosis factor-c., or NF-kB target genes in the
comparison of IPF and IPF-AEx were found. Interestingly,
other genes increased in acute lung injury such as AGER, a
known marker of generalized inflammation (Uchida T et al.,
Am J Respir Crit Care Med (2006); 173:1008-1015), were not
increased in IPF-AEx lungs. In fact, AGER was significantly
decreased in IPFA-Ex compared with control samples, poten-
tially reflecting loss of type I alveolar epithelial cells (Rosas
1O etal., PLoS Med (2008); 5:¢93; Englert ] M et al., Am J
Pathol (2008); 172:583-591). Taken together, these results do
not support an overwhelming lung inflammatory response as
apotential mechanism for acute exacerbation. It has not been
found any gene expression patterns indicative of aresponse of
the lung to viral or bacterial infections, a mechanism
observed in animals (McMillan T R et al., Am J Respir Crit
Care Med (2008); 177:771-780) but not yet confirmed in
human IPF-AEx (Tomioka H et al., Respirology (2007);
12:700-706; Saydain G et al., Am J Respir Crit Care Med
(2002); 166:839-842). Although these results do not rule out
an occult viral infection or a previous viral infection as the
triggering mechanism for IPF-AEXx, neither do they support a
role for an active infection during the last phase of the syn-
drome.

[0213] Naturally, the analysis is limited by the dependence
on tissue harvested at explant or warm autopsy. It is entirely
possible that by the time the patients experienced the final
deterioration all evidence of response to an infection or
infected tissue was destroyed. In this context the finding of
increased a.-defensin levels and the evidence of epithelial
injury may be interpreted as remnants of an infectious process
that triggered the acute lung injury but was cleared by the time
the lungs were harvested. Although this interpretation cannot
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be disapproved, the lack of expression of viral response genes
is not likely to reduce the likelihood of an active infection. A
definite answer regarding the role of infections will require
sampling earlier at presentation and longitudinal studies of
the same patient, a task impossible with lung tissue but attain-
able with bronchial lavage or peripheral blood samples.

[0214] One of the remarkable features of the study is the
localization of increased CCNA2 expression to the alveolar
epithelium, rather than to fibroblasts or myofibroblastic foci.
CCNA2 is the main A-type cyclin present in somatic cells
(Gong D et al., Curr Biol (2007); 17:85-91) and a mediator of
the cell cycle. The over-expression and localization of
CCNA2 to epithelial cells but not to mesenchymal cells sug-
gests that IPF-AEXx is probably an extension of the epithelial
injury and dysregulation that characterizes IPF (Selman M et
al., Proc Am Thorac Soc (2006); 3:364-372) and definitely is
not a result of uncontrolled fibroblast proliferation. The fact
that the majority of CCNA2-expressing cells were also posi-
tive for Ki-67, a proliferation marker, suggests that CCNA2
expression represents a proliferative response of the epithe-
lium. In light of the positive TUNEL staining in the epithe-
lium and hyaline membranes, it is tempting to hypothesize
that this enhanced proliferation represents a failed compen-
satory response to injury, localizing the pathogenesis of IPF-
AEx to the epithelium.

[0215] One use of lung gene expression data is in the iden-
tification of differentially expressed genes that encode
secreted proteins. Such secreted proteins may be detected in
the alveolar fluid or peripheral blood and thus be useful as
potential surrogate markers for disease activity (Rosas [ O et
al., PLoS Med (2008); 5:¢93). Previous studies suggested that
peripheral blood IL-8, KL-6, and most recently circulating
fibrocytes may be increased in IPF-AEx (Moeller A et al., Am
J Respir Crit Care Med (2009); 179:588-594; Tajima S et al.,
Chest (2003); 124:1206-1214; Ziegenhagen M W et al., Am J
Respir Crit Care Med (1998); 157:762-768.). In this study,
the genes encoding a.-defensins were significantly increased
in IPF-AEx lungs compared with stable IPF or control
samples, and their protein expression was increased in the
plasma of patients with IPF-AEx. a-Defensins are innate
immunity antimicrobial peptides abundant in neutrophil
granules and mucosal surfaces (Boman H G, Annu Rev Immu-
nol (1995); 13:61-92; Zasloff M, Nature (2002); 415:389-
395). a-Defensins affect various immune functions. a-De-
fensins are involved in activation of the classical complement
pathway (van den Berg R H et al., Blood (1998); 92:3898-
3903; Prohaszka Z et al., Mol Immunol (1997); 34; 809-816).
In vitro a-defensins induce the production of heat shock
proteins and type I collagens in human lung fibroblasts
(Yoshioka S et al., Life Sci (2007); 80:1839-1845), and stimu-
late cytokine production of bronchial epithelial cells (Saka-
moto N et al., Am J Physiol (2005); 288:1.508-1.513). Eleva-
tion of a-defensins has been described in pulmonary alveolar
proteinosis (Mukae H et al., Respir Med 2007, 101:715-721),
al-antitrypsin deficiency (Spencer L T et al., Am J Physiol
(2004); 286:1.514-1.520), acute respiratory distress (Ashitani
J et al., Life Sci (2004); 75:1123-1134), and chronic lung
allograft rejection (Nelsestuen G L et al., Proteomics (2005);
5:1705-1713) and in patients with IPF but not in the context of
acute exacerbation (Mukae H et al., Thorax (2002); 57: 623-
628). In this context, it is important to note that it was
observed a-defensin expression in surfactant protein C-ex-
pressing cells in IPF-AEx lungs—a finding that suggests that
the plasma increases in a-defensins may be indicative of the
lung microenvironment in IPF-AEx and again highlights the
central role of the epithelium in IPF-AEx.
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[0216] In summary, gene expression patterns indicate that
IPF-AEX represents an extension of the molecular process
that underlies IPF and not a new process. Although expression
patterns that distinguish stable IPF and IPF-AEx lungs from
normal lung are similar, genes that are differentially
expressed in a direct comparison of IPF and IPF-AEx lungs
were identified. The increased expression of CCNA2 and
a-defensins is localized to the epithelium of IPF-AEx lungs,
where widespread proliferation and apoptosis are detected,
suggesting that the central molecular events in IPF-AEx are
localized to the alveolar epithelium. Taken together, these
results indicate the central role of alveolar epithelial injury in
IPF-AEx and thus support the study of agents that protect the
epithelium as therapeutic measures in this devastating syn-
drome. The identification of increases in plasma concentra-
tions of proteins originating from the pulmonary epithelium
in patients with IPF-AEx suggests their use as tools for evalu-
ating patients with IPF during the course of the disease.

6.5 Example 5

[0217] 149 patients with IPF were enrolled, including one
American Indian, one African American, 45 females and 105
males. The average age of these 149 patients upon enrollment
was 67.0 (+/-8.3). Gender, age, ethnic origin and status for all
groups are presented in Table 11. Of these patients 107
patients with IPF with an FVC measurement within 90 days
of blood draw were enrolled in the FVC analysis, including
one American Indian, one African American, 36 females and
71 males. The average age of these 107 patients upon enroll-
ment was 66.9 (+/-8.0). So far 41 of these 107 patients have
died including 4 having had a lung transplant Gender, age,
ethnic origin and status for all groups are presented in Table
12.

TABLE 11

All 149 patients with IPF

Sex Male 104 (69.8%)
Female 45 (30.2%)
Race Caucasian 146 (98.0%)

African-American 1 (0.67%)

American Indian 1 (0.67%)

Unknown 1 (0.67%)
Age at Total 67.0 £8.3
blood draw Male 68.9 8.5
(Mean = SD) Female 66.3 8.1
Status Alive and untransplanted 62 (41.6%)

Alive and transplanted
Died without transplant

19 (12.8%)
58 (38.9%)

Died after transplant 10 (6.7%)
baseline FVC within 90 days of 115 (77.2%) 62.0 £19.6
blood draw
baseline DLCO within 90 days of 103 (69.1%) 454 +17.0
blood draw

TABLE 12
107 patients in the FVC analysis
Sex Male 71 (66.4%)

Female 36 (33.6%)
Race Caucasian 105 (98.1%)

African-American 1 (0.9%)

American Indian 1 (0.9%)

Unknown 0 (0.0%)



US 2014/0335547 Al

TABLE 12-continued

107 patients in the FVC analysis

Age at Total 66.9 = 8.0
blood draw Male 67.5+8.4
(Mean = SD) Female 65.9 8.0
Status Alive and untransplanted 51 (47.7%)

Alive and transplanted
Died without transplant

15 (14.0%)
37 (36.6%)

Died after transplant 4 (3.7%)
baseline FVC within 90 days of 87 (81.3%) 66.1 £18.6
blood draw
baseline DLCO within 90 days of 82 (76.6%) 454 +£17.0
blood draw
[0218] Amongthe 149 patients as described in Table 11, 68

patients died including 10 patents who had a lung transplant
and 58 patients who did not receive lung transplant. Nineteen
patients are alive after a lung transplant, and 62 patients are
alive without a lung transplant. The median interval from
blood draw until death or lung transplant was 2.1 years with
95% C.1. 1.6 to 2.9 years (FIG. 24).

[0219] MMP7 and S100A12 are Independent Predictors
for Progression of IPF:

[0220] MMP7, MMP3, Cancer_Antigen_ 125 (CA125),
S100A12, SPD, and TIMP1 were studied. The results have
shown that the median interval from blood draw to lung
transplant or death for patients whose plasma concentrations
of MMP7 were at least 4426 pg/mlL., was 1.1 years, and the
median interval to lung transplant or death for patients whose
plasma concentrations of MMP7 were less than 4426 pg/mlL.,
was 3.0 years. The p value for comparing the interval to lung
transplant or death with respect to plasma concentrations of
MMP7 was 0.003 (FIG. 25). The median interval from blood
draw to lung transplant or death, for patients whose plasma
concentrations of MMP3 were at least 7.3 ng/ml, was 1.6
years, and the median interval to lung transplant or death for
patients whose plasma concentrations of MMP3 were less
than 7.3 ng/ml, was 2.6 years. The p value for comparing the
interval to lung transplant or death with respect to plasma
concentrations of MMP3 was 0.05 (FIG. 26). The median
interval from blood draw to lung transplant or death for
patients whose plasma concentrations of CA125 were at least
11.0 U/mL, was 1.7 years, and the median interval to lung
transplant or death for patients whose plasma concentrations
of CA125 were less than 11.0 U/mL, was 3.0 years. The p
value for comparing the interval to lung transplant or death
with respect to plasma concentrations of CA125 was 0.048
(FIG. 27). The median interval from blood draw to lung
transplant or death for patients whose plasma concentrations
of S100A12 were at least 24.0 ng/mlL., was 0.9 years, and the
median interval to lung transplant or death for patients whose
plasma concentrations of S100A12 were less than 24.0
ng/ml,, was 3.0 years. The p value for comparing the interval
to lung transplant or death with respect to plasma concentra-
tions of S100A12 was 0.005 (FIG. 28). The median interval
from blood draw to lung transplant or death for patients
whose plasma concentrations of SPD were at least 337.0
ng/ml,, was 1.3 years, and the median interval to lung trans-
plant or death for patients whose plasma concentrations of
SPD were less than 337.0 ng/mL, was 2.7 years. The p value
for comparing the interval to lung transplant or death with
respect to plasma concentrations of SPD was 0.03 (FIG. 29).
The median interval from blood draw to lung transplant or
death for patients whose plasma concentrations of TIMP1
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were at least 64.0 ng/ml. was 1.9 years, and the median
interval to lung transplant or death for patients whose plasma
concentrations of TIMP1 were less than 64.0 ng/ml was 3.0
years. The p value for comparing the interval to lung trans-
plant or death with respect to plasma concentrations of
TIMP1 was 0.037 (FIG. 30).

[0221] The observed differences in years of lung transplant
free survival for patients with respect to plasma concentra-
tions of MMP7, CA125, SI00A12, SPD, or TIMP1, were all
statistically significant at p value <0.05. Furthermore, the
observed differences in years of lung transplant free survival
with respect to plasma concentrations of MMP7 or S100A12
were statistically significant at p value <0.01. Therefore,
MMP7 and S100A12 are independent predictors for the pro-
gression of IPF. High plasma concentration of MMP7 indi-
cates high risk of death in IPF and indicates progression of
IPF. High plasma concentration of S100A12 indicates high
risk of death in IPF and indicates progression of IPF.

6.6 Example 6

[0222] As illustrated in Example 5, 149 patients with IPF
were enrolled, including one American Indian, one African
American, 45 females and 105 males. The average age of
these 149 patients upon enrollment was 67.0 (+/-8.3). Gen-
der, age, ethnic origin and status for all groups are presented
in Table 11. Of these patients 107 patients with IPF with an
FVC measurement within 90 days of blood draw were
enrolled in the FVC analysis, including one American Indian,
one African American, 36 females and 71 males. The average
age of these 107 patients upon enrollment was 66.9 (+/-8.0).
So far 41 of these 107 patients have died including 4 having
had a lung transplant Gender, age, ethnic origin and status for
all groups are presented in Table 12.

[0223] MMP1 and MMP?7 are Predictors for Progression of
IPF.
[0224] The median disease progression free interval, from

blood draw to 10% or greater decline in FVC % predicted
within one year, for patients whose plasma concentrations of
MMP7 and MMP1 were at least 4.3 ng/mL and 0.54 ng/mL.,
respectively, was 0.98 years, and the median interval from
blood draw to 10% or greater decline in FVC % predicted
within one year for patients whose plasma concentrations of
MMP7 and MMP1 did not both exceed 4.3 ng/ml and 0.54
ng/ml, respectively, was 2.0 years. The p value for compari-
son of progression-free survival with respect to plasma con-
centrations of MMP7 and MMP1 was 0.016 (FIG. 31). The
median disease progression free interval for patients whose
plasma concentrations of MMP7 were at least 4155 pg/mlL.,
was 0.9 years, and the median interval from blood draw to
10% or greater decline in FVC % predicted within one year
for patients whose plasma concentrations of MMP7 were less
than 4155 pg/mL, was 2.1 years. The p value for comparison
of progression-free survival with respect to plasma concen-
trations of MMP7 was 0.006 (FIG. 33). Thus, high plasma
concentration of MMP7 indicates increased risk for IPF dis-
ease progression, as determined by decline in pulmonary
function measured by FVC % predicted, and simultaneously
high plasma concentration of MMP1 increases this risk of IPF
disease progression even more.
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6.7 Example 7
[0225] MMP7 is a Predictor for Progression of IPF:
[0226] IL.12p40, MMP7, IL4, Tissue Factor, and TNFRII

were studied. The median interval from blood draw to 10% or
greater decline in FVC % predicted within one year for
patients whose plasma concentrations of I.12p40 were at
least 0.15 ng/ml., was 0.3 years, and the median interval from
blood draw to 10% or greater decline in PVC % predicted
within one year for patients whose plasma concentrations of
1L.12p40 were less than 0.15 ng/ml., was 1.3 years. The p
value for comparison of progression-free survival with
respect to plasma concentrations of IL.12p40 was 0.0003
(FIG. 32). The median interval from blood draw to 10% or
greater decline in FVC % predicted within one year, for
patients whose plasma concentrations of MMP7 were at least
4155 pg/mL, was 0.9 years, and the median interval from
blood draw to 10% or greater decline in FVC % predicted
within one year, for patients whose plasma concentrations of
MMP7 were less than 4155 pg/ml, was 2.1 years. The p value
for comparison of progression-free survival with respect to
plasma concentrations of MMP7 was 0.006 (FIG. 33). The
median interval from blood draw to 10% or greater decline in
FVC % predicted within one year, for patients whose plasma
concentrations of IL.4 were at least 11 pg/mL., was 0.9 years,
and the median interval from blood draw to 10% or greater
decline in FVC % predicted within one year, for patients
whose plasma concentrations of 1[.4 was less than 11 pg/mL
was 1.7 years. The p value for comparison of progression-free
survival with respect to plasma concentrations of 1.4 was
0.04 (FIG. 34). The median interval from blood draw to 10%
or greater decline in FVC % predicted within one year, for
patients whose plasma concentrations of Tissue Factor were
at least 0.2 ng/ml., was 1.3 years, and the median interval
from blood draw to 10% or greater decline in FVC % pre-
dicted within one year, for patients whose plasma concentra-
tions of Tissue Factor was less than 0.2 ng/ml. was 1.3 years.
The p value for comparison of progression-free survival with
respect to plasma concentrations of Tissue Factor was 0.69
(FIG. 35). The median interval from blood draw to 10% or
greater decline in FVC % predicted within one year, for
patients whose plasma concentrations of TNFRII were at
least 5 ng/ml, was 0.94 years, and the median interval from
blood draw to 10% or greater decline in FVC % predicted
within one year, for patients whose plasma concentrations of
TNFRII was less than 5 ng/ml. was 1.33 years. The p value for
comparison of progression-free survival with respect to
plasma concentrations of TNFRII was 0.13 (FIG. 36).

[0227] The results have shown that MMP is an independent
predictor of progression of IPF. High plasma concentration of
MMP?7 indicates progression of IPF, as determined by decline
in pulmonary function measured by FVC % predicted.

[0228] Various publications are cited herein, the contents of
which are hereby incorporated by reference in their entireties.

What is claimed is:

1. A method of diagnosing idiopathic pulmonary fibrosis in
asubject, comprising measuring the serum or plasma levels of
a plurality of markers, wherein increases in the levels of
MMP7, MMP1, and MMPS8 as well as either or both of
IGFBP1 and TNFRSF1A collectively indicate a diagnosis of
idiopathic pulmonary fibrosis.

2. The method of claim 1, wherein increases in the levels of
MMP7, MMP1 and MMPS8 as well as either or both of
IGFBP1 and TNFRSF1A have been determined, further com-
prising the step of confirming the diagnosis of idiopathic
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pulmonary fibrosis by a procedure selected from the group
consisting of broncheoalveolar lavage and surgical lung
biopsy.

3. A method of diagnosing idiopathic pulmonary fibrosis in
asubject, comprising measuring the serum or plasma levels of
a plurality of markers, wherein increases in the levels of
MMP7, MMP1, and MMPS8 as well as either or both of
IGFBP1 and TNFRSF1A, and a decrease in the level of
AGER, collectively indicate a diagnosis of idiopathic pulmo-
nary fibrosis.

4. The method of claim 3, wherein increases in the levels of
MMP7, MMP1 and MMPS8 as well as either or both of
IGFBP1 and TNFRSF1A and a decrease in the level of AGER
have been determined, further comprising the step of con-
firming the diagnosis of idiopathic pulmonary fibrosis by a
procedure selected from the group consisting of broncheoal-
veolar lavage and surgical lung biopsy.

5. A method of diagnosing idiopathic pulmonary fibrosis in
asubject, comprising measuring the serum or plasma levels of
a plurality of markers, wherein changes in the levels of
MMP7, MMP 1, MMPS8 and at least two markers selected
from the group consisting of IGFBP1, TNFRSFIA,
TNFRSF1B, MMP2, MMP3, AGER, CXCL10, CCL11,
CCL2, FAS, IL12B, IL1RA, S100A12, B2M, MPO, ICAM-
1, TF, VWFE, SPA, SPD, and MUC1 (KL-6) collectively indi-
cate a diagnosis of idiopathic pulmonary fibrosis.

6. The method of claim 5, wherein changes in the levels of
MMP7, MMP1, MMPS8 and at least two markers selected
from the group consisting of IGFBP1, TNFRSFIA,
TNFRSF1B, MMP2, MMP3, AGER, CXCL10, CCL11,
CCL2, FAS, IL12B, IL1RA, S100A12, B2M, MPG, ICAM-
1, TF, VWE, SPA, SPD and MUCI1 (KL-6) have been deter-
mined, further comprising the step of confirming the diagno-
sis of idiopathic pulmonary fibrosis by a procedure selected
from the group consisting of broncheoalveolar lavage and
surgical lung biopsy.

7. A method of identifying progression of idiopathic pul-
monary fibrosis in a subject, comprising measuring the serum
or plasma level of a marker selected from the group consisting
of MMP7, DEFA-3, SI00A12, and IL12P40, and a combina-
tion thereof, wherein an increase in the level of MMP7, an
increase in the level of DEFA-1, an increase in the level of
DEFA-2, an increase in the level of DEFA-3, an increase in
the level of SI00A12, and an increase in the level of 1L12P40
indicate progression of idiopathic pulmonary fibrosis.

8. The method of claim 7, wherein an increase in the level
of MMP7, an increase in the level of DEFA-1, an increase in
the level of DEFA-2, an increase in the level of DEFA-3, an
increase in the level of S1I00A12, and an increase in the level
of IL.12P40, has been determined, further comprising the step
of recommending or performing a lung transplant.

9. A kit for diagnosing idiopathic pulmonary fibrosis com-
prising means for determining the plasma levels of a panel of
markers comprising MMP7, MMP1, and MMP8 as well as
either or both of IGFBP1 and TNFRSF1A, wherein the set of
markers MMP7, MMP1, MMP8 and IGFBP1 and/or
TNFRSF1A constitute at least 30 percent of the total markers
in the panel.

10. A kit for diagnosing idiopathic pulmonary fibrosis
comprising a means for determining the plasma levels of a
panel of markers comprising MMP7, MMP1, MMPS8 and
AGER as well as either or both of IGFBP1 and TNFRSF1A,



US 2014/0335547 Al

wherein MMP7, MMP1, MMP8, AGER and IGFBP1 and/or
TNFRSF1A constitute at least 30 percent of the total markers
in the panel.

11. A kit for diagnosing idiopathic pulmonary fibrosis,
comprising a means for determining the plasma levels of a
panel of markers comprising MMP7, MMP1, MMP-8 and at
least two markers selected from the group consisting of
IGFBP1, TNFRSF1A, TNFRSF1B, MMP2, MMP3, AGER,
CXCL10, CCL11, CCL2, FAS, IL12B, IL1RA, S100A12,
B2M, MPO, ICAM-1, TF, VWF, SPA, SPD, and MUC1 (KL-
6), wherein MMP7, MMP1, MMP-8 and at least two of
IGFBP1, TNFRSF1A, TNFRSF1B, MMP2, MMP3, AGER,
CXCL10, CCL11, CCL2, FAS, IL12B, IL1RA, S100A12,
B2M, MPO, ICAM-1, TF, VWF, SPA, SPD, and MUC1 (KL-
6), constitute at least 30 percent of the total markers in the
panel.
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12. A kit for evaluating the progression of idiopathic pul-
monary fibrosis in a subject, comprising a means for deter-
mining the plasma levels of a marker selected from the group
consisting of MMP7, DEFA-1 DEFA-2, DEFA-3, S100A12,
and IL12P40, wherein said kit does not contain means for
determining the plasma levels of more than twenty other
markers.

13. A kit for diagnosing idiopathic pulmonary fibrosis
comprising means for determining the plasma levels of a
panel of markers comprising MMP7, MMP1, and MMPS as
well as either or both of IGFBP1 and TNFRSF1A, further
comprising a positive control sample which, when reconsti-
tuted, comprises MMP7, MMP1, MMPS, IGFBP1 and/or
TNFRSF1A at levels which are increased relative to normal
plasma levels and optionally AGER at a level which is
decreased relative to its normal plasma level.
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