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(57) Abstract: Methods for determining the presence, severity, and/or predisposition of Idiopathic Pulmonary Fibrosis (IPF) in an
individual are disclosed. The methods utilize at least one diagnostic marker of a dynamic process of extracellular matrix synthesis and/
or extracellular matrix degradation from said sample. The at least one diagnostic marker may be selected from the group consisting of
tissue metallopeptidase inhibitor 1 (TIMP1), hyaluronan (HA), and/or Procollagen Type III N-terminal propeptide (PIIINP).
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BIOMARKERS FOR IDIOPATHIC PULMONARY FIBROSIS AND
METHODS OF PRODUCING AND USING SAME

CROSS REFERENCE TO RELATED APPLICATIONS
§001] This application clabms priority or the benefit under 3% US.C § 112 of U5
provisional patent application no. £3/363,282 filed on 20 April 2022, the contents of which
are fully incorporated herein by reference.
SEGUENCE LISTING
{00z] The sequences referred 1o hersin are  Hisied  in the Begusnce Listing submilted  as
an ASCH texd file entifed "blomarker ST28axmil® - 8§ KB and was created on 18 Apni
2023 herein incorporated by reference in its entiraty.
BACKGROUND
[003] idiopathic sulmanary fibrosis {IPF} is a life-threatening fibratic fung disease of
unknown eticlogy that affects up to 185,000 individuals in the United States. There are no
effective therapies for IPF, leading to significant morbidity and mentality. The pathogenesis of
IPF is not fully understood. Although IPF was initially thought o resull from generalized
pulmonary inflammation leading to fibrosis, the current paradigm has shifted towards
alveoiar enithelial call dysfunciion and dizorderad fibroproliferation.
{0047 Aithough the median survival is 2-3 years, there IS a wide spectrum of disease
courses that can be zeneralized into three categories: stability or very slow decline, rapid
deterioration, and pericds of stability interspersed with periods of decline. Currently, it is
difficulr for clinicians to predict the disease course for an individual patient; as there are no
accepted surrogates of these clinical courses.
inns] Biomarkers act as surrogates for clinically meaningful outcomes and may or may
ot reflect the pathogenesis underlying a disease. Examples of clinical utility inchede
diagnosis, the prediction of disease progression or regression, and prognostication of
mortality, A biomarker should be sasily acguired, reliably measured, and available for serial
monitoring. ideally, it would also provide an advantags of currently used clinical measures in
gase, timeframe, and/or expense.
sy Howevear, no reliabie dood-based biomarkers have been identified as individuai
biomarkers or combination biomarkers {blood-based, imaging, or patient clinical data) that

are effective at aiding in the diagnosis and progression of 1PF,
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{6071 Therefore, there is a need in the art for blomarkers and assays for IPF. It is 1o such
biomarkers, as well as compositions/devices/assays containing reagents for measuring said

biomarkers, along with methods of using same, that the present disciosure is directed,

BRIEF DESCRIPTION OF THE DRAWINGS
{00R] Embodiments of the presant disclosure, briefly summarized above and discussed
in greater detall below, can be understood by reference to the HHustrative embodiments of
the disclosure depicted in the appended drawings. However, the appended drawings
iitustrate only typical embodiments of the disclosure and are therefore not 1o be considered
limiting of scope, for the disclosure may admit to other egually effective smbodimeants.
fo0e] FiG. 1 graphicaliy depicts a receiver operator curve (ROC) lustrating the predictive
valua of the biomarker tissue metaliopeptidase inhibitor 1 {TIMP1} alone to identify IPF, in
accordance with the present disciosure,
{80107 FIG. 2 depicts an exemplary block diagram of a computer system 1100
{0011} FiG. 3 depicts an exemplary flow chart of a method 1200,
16012] FiG. 4 depicts an exemplary fow chart of a method 1300,
i6013] To facilitate understanding, identical reference numerals have been used, where
possibla, to designate identical elements that are common to the figures, The figures are not
drawn to scale and may be simplified for clarity. Flemeants and features of one embodiment

may be beneficially incorporatad in other embodiments without further recitation.

DETAILED DESCRIPTION
[6014] Before explaining at ieast one embodiment of the present disclosure in detail by
way of exemplary language and results, It s 1o be understood that the present disclosure is
not fimited in s appiication o the details of construction and the arrangement of the
components set forth in the following description. The present disclosure is capable of other
embodiments or of being practiced or carried out in various ways. As such, the language used
herein is intended to be given the broadest possible scope and meaning; and the
ambodiments are maant 1o be examplary - not exhaustive. Alsg, 111 to be understood that
the phraseology and terminciogy employed herein is for the purpose of description and

should not be regarded as limiting.
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{60157 Uniess otherwise defined herein, scientific and technical terms used in connection
with the presant disclosure shali have the meanings that are commoniy understood by those
of ordinary skill in the art. Further, unlass otherwise required by context, singular terms shall
include pluralities and plural terms shall includa the singuiar. The foregoing technipues and
proceduras are generally performed according to convantional methods well known in the
art and as described in varipus general and more specific references that are cited and
discussed throughout the present specification. The nomenclatures utilized In connection
with, and the laboratory procedures and techninues of, analyvtical chemistry, synthetic organic
chemistry, and medicinal and pharmaceutical chemistry described herein are those well-
known and commonly used in the art,

{o01e] All patents, published patent applications, and nor-patent publications mentioned
in the spacification are indicative of the level of skill of those skilled in the art to which the
prasent disclosure pertains. All patents, published patent applications, and non-patent
publications refarenced in any portion of this application are herein expressly incorporated
by reference in their entirety 1o the sams extent as if each individual patent or publication
was specifically and individually indicated 1o be incorporated by reference,

{6017] All of the composhions, devices, kits, and/or methods disclosed herein can be
made and executed without undue experimentation in light of the present disclosura. While
the compositions, devices, kits, and/or methods have been described in terms of particular
embodiments, it will be apparent to those of skill in the art that variations may be applied to
the compositions, devices, kits, andfor methods and in the steps or in the seguence of stens
of the methods desoribed herein without departing from the concent, spirit, and scope of the
present disclosure, All such similar substitutions and modifications apparent 1o those skilied
in the art are deemed 10 be within the spirit, scope, and concent of the present disciosure as
defined by the appanded claims,

o018} As utilized in accordance with the present disclosure, the following terms, unless
otherwise indicated, shall e yunderstood to have the following meanings:

{6013] Tha use of the ferm “g” or “an” when used in conjunction with the tsrm
“cormprising” in the claims and/or the specification may mean “one,” byt it s also consistent

PN {4

with the meaning of “ons or more,” “at least one,” and “one or more than one.” 4s such, the
terms "8, "an,” and “the” include plural referents uniess the context clearly indicates

ctherwise. Thus, for example, reference to "g compound” may refer to one or more
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compounds, two or mere compounds, thres or more compounds, four or more compounds,
or greagter numbers of compounds. The term “plurality” refers 1o “two or mora.”

00261 The yse of the term "at least one” will be understooed to include one as well as any
guantity more than one, including but not limited to, 2, 3, 4, 5, 18, 15, 20, 30, 48, 50, 100, etc.
The term “at least one” may extend up to 100 or 1600 or more, depending on the term o
which it is attached; in addition, the guantities of 100/1000 are not to be considerad limiting,
as higher lirnits may alse produce satisfactory results. In addition, the use of the term “at least
ane of XY, and 77 wili be understond to include X alone, Y along, and 7 alone, as well as any
combination of X, Y, and 7,

(8021} The use of ordinal number terminoiogy {ie., “first,” "sacond,” "third,” “fourth,”
etc.) is solely for the purpose of differentiating hebween two or more ems and, uniess
axplicitly stated otherwise, is not meant o imply any sequence or order o imporiance o ong
item over another or any order of addition, for exampia,

6022] The use of the term “or” inthe claims is usaed to mean an inclusive "and/or” unless
explicitly indicated to refer to alternatives only or unless the alternatives are mutuaily
axclusive. For example, a condition “A or B” s satisfied by any of the following: Als true {or
prasent) and B is false {or not prasent), A is false {or not present) and B is true {or presant),

and hoth A and B are true {or prasentl.

7”0 LTS

{6023] As used herein, any reference 1o “one embodiment,” "an embodiment,” “came

LN 4 Ilf:

embodiments,” “one example,” “for example,” or “an example” means that a particular
aslemant, feature, structure, or characteristic described in connection with the embodiment
is inchuded in at least one embodiment. The appearance of the phrase “in some
embodiments” or “one example” in varicus places in the specification is not necessarily all
referring 1o the same embodiment, for example. Further, sl references to ong or more
smbodimeants or examples are to be construed as non-liimiting to the ciaims,

{00247 Throughout this application, the term “about” is used to indicate that a3 value
inciudes the inherent variation of error for a composition/apparatus/ device, the method
being emploved to detarmine the value, or the variation that exists among the study subjects.
For example, but not by way of imitation, when the term “about” is utilized, the designated
value may vary by plus or minus twenty percent, or fifteen percent, or twelve percent, or
eleven percent, or ten percent, or nine percent, or eight percent, or saven percant, or six

percent, or five percent, or four pgercent, or thres percent, or two percent, or one percent
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from the specified value, as such variations are appropriate 1o perform the disclosed methods
and as undersiood by persons having ordinary skill in the art.

[6025] The term "antibody” is used herein in the broadest sense and refers to, for
example, intact monocional antibodies and polvclonal antibodies, multispecific antibodiss
{e.g., bispecific antibodies), antibody fragments and conjugates thereof that exhibit the
desired biclogical activity of analyte binding {such as, but not imited to, Fab, Faby', Flab'l2, Py,
schv, Fd, dighodies, single-chain antibodies, and other antihody fragments and conjugates
thereot that retain at least a portion of the variable region of an intact antibody), antibody
substitute  proteins  or peptides {i.e, enginesred binding proteins/peptides), and
combinations or derlvatives thereof, The antibedy can ba of any type or class {e.g., 186, IgE,
i, 120, and 1gA) or sub-class {e.g., lgGl, 12G2, 1gG3, 1gG4, igal, and 1gA2)

16G26] Biomarker: The term “plomarker” or “biclogical marker” is used herein, consistent
with its use in the art, to refer 1o an entity whose presance, ievel, or form, correlates with a
particular biplogical event or state of interest; se that it is considered to be a “marker” of that
event or sigte. To give but a few exampies, in some embodiments, a biomarker may e or
include g marker for a particular disease state, or for likelhood that a particular disease,
disorder or condition may develop, ocour, or recccur. In seme embodiments, a biomarker
may be or include a marker for a particular disease or therapeutic cutcome, or likelihood
thereof. Thus, in soms embodiments, a biomarker s predictive, in some embodiments, a
biomarker is prognostic, in some embodiments, a biomarker is diagnostic, of the relevant
biclogical event or state of interest,  In some embediments, a biomarker is a possibie
biomarker of the relevant biological event or state of interest. A biomarker may be an entity
of any chemical class. For example, in some embodiments, a biomarksr may be or include a
rucleic acid, a polypeptide, a small molecuie, or a combination thereof.  In some
smbodimeants, a blomarker is a celf surface marker. In some ambodiments, a biomarker is
intraceiludar. in some embodiments, a biomarker is found in a particular tissue {s.g., lung
tissuel. In some embodiments, a blomarker is found outside of calls {e.g., is secreted or s
otherwise generatad or present outside of cells, e.g., in a body fluid such as blood, urine,
tears, saliva, cerebrospinal fluid, e,

60271 As describad herein, in some embodimants, a Bicmarker is an IPF Blomarker. An
“VPF Biomarker” as used herein refers to g biclozgical marker for idiopathic puimonary fibrosis

{iPF}). In some ambodimenis, one or more one or more PP Biomarkers include tissue
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metaliopeptidase inhibitor 1 {TIMEPL), hyaluronan [HA} and Procoilagen Type B N-terminal
propeptide {PHINP), or a combination thereof. In embodiments, an IPF Biomarker includes 3
gene product associated with the spacific recited biomarker. For example, depending on
context, “TIVMPL” refers to 3 nucieotide encoding TIMPL or o characteristic or functional
fragment thereof, as well as a TIMPL protein or 3 characteristic or functional fragment
thereot.

in028] Characteristic fragment: The term "characteristic fragmert” refers to a fragment
of & biomarker {e.g., IPF Biomarker) that ic sufficient to idertify the biomarker from which the
fragment was derived. For example, in some embodiments, a “characteristic fragment” of a
biomarker is one that contains an aming acid seguence, or a collection of aming acid
seguances, that together allow for the biomarker from whick the fragment was derived to be
distinguished from other possibie biomarkers, proteins, or polypeptides.  In some
ambodimeants, a characteristic fragment inciudes at least 10, at least 20, at igast 30, at isast
40, or at least 530 aminoe aclds. In embodiments, a characteristic fragment refers te a fragment
of a piomarker that has at least 90%, at ieast 95%, at least 9% seguence identity to the
Blomarker from which the characteristic fragment was derived.

jaaRe] Gene product or expression product: As used herein, the term “gane product”
generally refers 1o an BNA transcribed from the gene {pre-andfor post-processing) or a
polypeptide {pre- and/or post-modification) encoded by an ENA transcribed from the gene,
{6030] Hyhridization: The term “hybridization” refers to the physical property of single-
stranded nucleic acid molecuies {e.g., DNA or BNA} to annaal to complemeantary nucleic acid
moiecules. Hybridization can typically be assessed in a variety of contexts— including where
interacting nucleic acid molecules are studisd in isolation or in the context of mors complex
sysiems {2.g., while covalently or otherwise associated with 2 carrier entity and/or in a
blological system or celll.  In some embodiments, hybridization can be detected by a
hybridization technigue, such as & technigue selected from the group consisting of in situ
hybridization {I5H), microarray, Northern slot, and Southern blot. In some embodiments,
hybridization refers to 100% annsaiing between the single-stranded nucleic acid molecules
and the complemantary nuclelc acld molecule, In soms embodiments, annealing is less than
i00% {e.g., at least 5%, at leasi 90%, at least 85%, at least 80%, at least 75%, at least 70% of
a single-stranded nucleic acld moleculs anneals o a complementary nuciels acid molecule),

Hyridization technigues, and methods for evaluating hybridization, are weil known in the
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art. See, ez, Sambrook, et al, 1988, Molecular Cloning: A Laboratory Banual, Sscond
Edition, Cold Spring Harbor Prass, Plainviaw, N.Y. Those skilled in the art undarstand how to
astimate and adjust the stringency of hybridization conditions such that sequances having at
feast a desired level of complementary will stably hybridize, while those having lower
complermentary will not. For examuples of hvbridization conditions and parameters, see, 2.8,
Sambrock, et al,, 1889, Muolecuiar Cloning: A Laboratory Manual, Second Edition, Cold Spring
Harbor Press, Plainview, N.Y. Ausubel F. M. et all 1994, Current Protoools in Molecular
Biology. inhn Wiley & Sons, Secaunus, N4

{0031] Detection agent: The term “detection agent” as used hereinrefers to any element,
molecule, functional groun, compound, fragment or moiety that is detectable. In some
embodiments, a detection agent is provided or utilized alone. In some embodiments, a
detection agent is provided and/or utilized in association with {2.g,, joined to} anothar agent.
Examples of detection agents include, bul are not limited to: varicus ligands, radionuclides
(e‘g’) 3H, 14{; 18;) EEF! 32;3! '«’25) ESS;[ 1?.5;; 123i, 64(:!.,!, ]879\8, “]Eﬂ, 90\(’ 99!{1‘!"(:) E77LU, 892!’ e‘tc.},
fiuorascent dyves, chamiluminescent agents {such as, for example, scridinum asters, stabilized
dioxetanes, and the fikel, bioluminescent agents, spectraily resolvable inorganic fluorescent
semicanductors nanocrysials {i.e, guantum dois), metal nanoparticles {e.g., gold, silver,
copper, platinurm, et} nanoclusters, paramagnetic metal lons, enzymas, colorimetric labals
{such a5, for example, dyes, colloidal goid, and the like}, bintin, dicxigenin, haptens, and
nroteins for which antisera or monoclonal antibodies are availabla,

16032] Diagrostic test: As usad herein, “diggnostic test” is 3 step or series of steps that is
or has heen performed 1o attain information that is useful in determining wheather a patient
has a dissase, disorder or condition and/or in classifying a disease, disorder or condition into
a phenotyplo category or any category having significance with regard to prognosis of @
disease, disorder or condition, or likely response {0 treatment {either treatmeant in general or
any particular treatment) of a disease, disorder or condition. Similarly, “diagnosis” refers to
providing any type of disgnostic information, inciuding, but not imited to, whethar a subject
is likely to have or develop a disease, disorder or condition, siate, staging or characieristic of
a diseass, disorder or condition as manifested in the subject, information related to the
nature or classification of a tumor, information related to prognosis and/or information ussful
in selecting an appropriate treatment or additional diagnostic testing. Selection of treatment

may include the choice of 3 particuiar therapeutic agent or efher treatment modality such as

o
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surgery, radiation, elc, a cholce about whether to withhold or deliver therapy, a choice
relating 1o dosing regimen {e.g., frequency or level of ong or more dosas of a particular
therapeutic agent or combination of therapeutic agents), ete.  Selection of additional
diagnostic testing may include more specific testing for a given diseass, disorder, or condition,
{60331 As used in this specification and claimis), the words “comprising” {and any form of
comprising, such as “comprise™ and “comprises”), “having” {and any form of having, such as
“have” and "has”™}, “including” {and any form of including, such as “includes” and “include”},
or “containing” {and any form of containing, such as “contains” and “contain”} are inclusive
or open-ended and do not sxclude additional, unrecited elements or method steps. For
example, a process, method, article, or apparatus that comprises a list of elements is not
necessarily iimited to only those elements but may include other elements not expressly listed
or inherently present therain,

60341 The term “or comizinations thereof” gs used hergin refers to all permutations and
combinations of the listed tams preceding the term. For example, “4, B, C, or combinations
thereot” is intended o include af least one oft A, B, £, AB, AC, BC, or ABC, and ¥ order is
important in g particular context, also BA, CA, CB, CBA, BCA, ACE, BAC, or CAR. Continuing
with this example, expressiy included are comizinations that contain repeats of one or more
item or term, such as BB, AAA, AAR, BBC, AAARCCCC, CRBAAA, CABABR, and so forth, The
siciited artisan will understand that typicaily thers is no limit on the number of fams or terms
in any combination, uniess otherwise apparent from the context,

035] As used harain, the term “substantially” means thal the subssgquently dasoribed
event or circumsiance completely occurs or that the subsegquently described svent or
circumstance oocurs o a great extent or degree. For example, when associated with a
particular avent or circumstance, the term “substantizlily” means thaet the subssquently
dascribed event or circumstancs occurs at least 80% of the time, or at isast 85% of the time,
or at ieast 90% of the time, or at least 95% of the time. The term “substantially adjacent” may
mean that two items are 100% adjacent to ong another, or that the two tems are within close
provimity 1o one another Ul not 100% adjacent 1o one ancther, or that a portion of one of
the two items is not 100% adjacent to the other item but is within close proximity to the other
ften.

8036} As used herein, the phrase "associated with” includes both direct association of

two moleties to one another as well as indirect association of two moisties o one another.
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Non-limiting examples of associations include covalent binding of one muoiety 1o another
moiety either v g direct bond or through a spacer group, non-covaient binding of one moisty
to another moiety either directly or by means of specific binding pair members bound to the
moisties, incorporation of one molety into another molety such as by dissolving one moiety
in anether molety or by synthesis, and coating one molety on ancther moiety.

100371 The term “hislogical fluid sampie” as used herein will be undearstood 1o include
any liquid test sample that may be obtained from a patient and utilized in accordance with
the present disclosure. Examples of biclogical fluid samplas that may be wiiiized inchude, but
are not limited to, whole blood or any portion thereof {i.e., plasma or serumy), saliva, sputum,
mucus, nasal, nasopharyngeal, anterior nasal, oropharyngesl, trachesl, bronchoalvaolar,
cerabrospinag! fluid {CSF), intestinal fluld, intraperitoneal fluld, cystic fuid, sweat, interstitial
fiuid, tears, combinations thereof, and the like.

iGG38) As uysed herein, the term “voiuma” as it relates to the Hguid test samplaes utilized
in accordance with the present disclosure typically refars to a volume of liguid test sample in
arange of from about 8.1 ul to ebout 100 i, or a rarge of from about 1wl 1o about 75 4, or
a range of from about 2 ul o about 60 ui, or a value less than or egual to about 30 1, orthe
fike.

{8039] The term “patient” as utilized herein includes human and veterinary subjects. in
cartain non-imiting embodiments, a patient s 3 mammal In certain other non-limiting
embodiments, the patient s a human The iterm “mammal” for purposes of
diagnosisfreatment refers to any animal classified a5 a mammal, including human, domaestic
and farm animals, nonhuman primates, and zoo, sports, or pet animals, such as dogs, horses,
cats, cows, efc.

{6040] A “health care provider” or "health care decision maker” includes any individua!
authorized to diagnose or treat a patient, or to assist in the diagnosis or treatment of a
patient, in the context of identifying useful new drugs 1o treat lung disease, a health care
provider can be an individual who is not authorized to dizgnose or treat a patient, of 1o assist
in the diagnasis or treatment of a patiant.,

{0041} “Point of care testing” refers to real time diagnostic testing that can be done ina
rapid time frame e that the resulting test is performed faster than comparable tests that do
not amploy this system. Point of care testing can be performed rapidly and on sfte, such as in

a doctor's office, at a badside, in g stat laboratory, emergency room, or other such iocales,
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particuiarly where rapid and accurate resuits are required. The patient can be present, but
such prasance is not required. Point of care includes, butis not limited to: emergency rooms,
operating rooms, hospital aboratories and other clinical laboratories, doctor's offices, inthe
field, or in any situation in which a rapld and accurats resuit is desirad,

{6042} The term “specific binding partner,” as used in particular {but not by way of
firnitation) herein in the term “farget anaiyte-specific binding partner,” will be understond to
refer to any molecule capable of specifically associating with the target analvie. For example,
but not by way of limitation, the binding partner may be an antibody, a receptor, a ligand,
aptamers, molecular imprinted polymers {l.e., inorganic matrices), combinations or
derivatives thereof, as well as any other molecules capable of specific binding to the target
analyte.

[0043] The term “immunoassay” as utifized herein refers 1o an assay 1o determine the
prasence of a diagnostic dlomarker in 3 biclogical sampie by reacting the sampie with an
antibody {or fragment theraof} that specifically binds to the diagnostic blomarker, wherein
the reaction is carried out for a time and under conditions that aliow for the formation of an
irmmunscompiex between the antibody {or fragment thereof) and the diggnostic blomarker,
The quantitative determination of such an immunocomplex is then performed.

{60447 in certaln particwlar {(but non-limitingd embodiments, the immuncassays may
detect an immobilized compiex between a serum marksr and a serum marker-binding
antibody using a second antibody that is labeled and binds 1o the first antibody. Alternatively,
the first version features a sandwich format in which the second antibody also binds a serum
marker. In the sandwich immunoassay procedures, a serum marker-hinding antibody can be
a capture antibody attachad to an insciuble material and the second antibody can be a
labeling antihody. The above-described sandwich immuineassay procsdures can be used with
the antibodies describad hereinafter,

{00451 in other particular {but non-limiting} embodiments, the immunoassays may detect
a complex between a serum marker and g serum marker-binding antibody using a detection
moiecule {i.e., second reagent} that is capahie of binding to the serum marker-hinding
antibody and aiso capable of being detected when bound te the Immunocompliex. For
sxample {but not by way of iimitation), the second reagent may include a label attached toa

receptor, a ligand, or even ancther copy of the serum marker,
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{30467 Turning now to particular non-limiting embodiments of the present disclosure,
embodiments of the present disclosure include individual hiomarkers for {PF, as well as
compositions/devices/assays containing same, methods of producing and using same, Kits,
and diagnostic tests related thereto. The identification of one or more bicmarkers for IPF i
atiractive and advantageous for several reasons, First, the currently used diagnostic oritaeria
for IPF rely on radingraphic imaging and/or surgical lung biopsies interpratad by physicians
with expertise in interstitial lung diseases. This expertise is often found only at tertiary care
centers, which may be geographically distant from patients and their primary shysicians, The
identifization of one or more serum biomarkers that are diagnostic for IPF will be helpful for
both clinicians and patients, particularly in cases where g surgical lung bicpsy cannot be
obtained or access to dedicated interstitial lung disease physicians is limited. Secondly, the
discovary of peripheral biood biomarker{s} that reflect disease activity will aliow for serial
monitoring as well as provide an objective marker{s) to assess {reatment efficacy. Lastly, an
IPE biomarker that provides prognostic information about disease course and/or mortality
will be valuabie for both dlinical care and ressarch study design. The present disciosure
focuses on {but is not Imited 10) biomarkers that are present in peripheral blood, as they are
2asy to obtain, can be measured longitudinally, and have the greatest likelihood of achieving
clinical utiity, Prior to the present disclosure, there were no validated biomarkers that were
routinely used in the dinical care of patients with 1PF

{0047} Certain non-iimiting embaodiments of the present disclosure are directad to &
method of determining the presance, severity, and/or predisposition of idiopathic Pulmonary
Fibyrogis {IPF} in an individual using a single blomarker. The method includes the steps of: {a}
cbtaining a biological fiuid sample from an individual, {b} incubating the biological fiuid
sample with an antibody that specificaily binds to tissue metallopeptidase inhibitor 1 {TIMIPL}
under conditions that allow for formation of an antibody-TIMPL Immunocomplex; {0
measuring an amount of antibody-TIMPL immunccomplex formed 1o obiained & measured
value for TIRPL in the sample; and {d) using a mathematical algorithm to obtain an IPF score
based on the measured value of TIMP1 in the sample.

[O048] Any biological fluld sample known in the art or otherwise contemplated herein
that may contain TIRMP1 that is detectabie by an anti-TIMP1 antibody and that is indicative of
IPF may be utilized in accordance with the present disclosure. Examples of biclogical fluid

samples thai may be utilized include, but are not limited to, blood, serum, plasma, safiva,
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sputurm,  mucus, nasal, nasopharyngesl,  anterior nasal, oropharyngeal, tracheal,
bronchoalveniar, combinations thereot, and the like.

{00481 Anti-TIAPL antibodies are well known in the art, are widely commerciaily
avatiaive, and have been vastly studied. For exampie {but not by way of Imitation), a few
commercial sources of anti-TIMPL monodonal and/or nolvcional antibodies include Abcam
{Cambridge, UK} Biolegand, Inc. {San lose, CA); Bio-Rad Laboratories, Inc. {Hercules, CA}; Cali
Signaling Technology, Inc. {Danvers, MAY, Billipore Sigma (Burlingion, MA) Santa Cruz
Biotechnoiogy, nc. {Dallas, TX); Sing Binlogical US Inc. {Wayne, PA); Thermo Fisher Scientific
{Waitham, MA}L and many others, However, this list 13 not inclusive, and there are many
additional commercial sources of anti-TIMPL antibodies that can be utilized in accordance
with the present disclosure. Thus, a person having ordinary skill in the art will clearly and
unambizuously be able to identify and select a varlety of anti-THMPL antibodias that can be
utilized in acoordance with the present disclosure, and as such, no further description of the
ant-TIMPL antibodiss or the characteristics thereof is deemed necassary,

{0050] Non-limiting examples of TIMPL Immunoassays, reagents utifized therein, and
alporithms that may be utilized in accordance with the prasent disclosure are described in
detail in US Patent No. 7,141,380, issuad November 28, 2004; and LIS Patent Mo, 7,668,661,
fsaued February 33, 2010, The entire contents of each of the above-referenced patents are
hereby expresshy incorporated herein by referance.

{0051} In certain particular {(but non-limiting) embodiments, the IPF score s used to
support, predict, or substitute the histological score of a lung biopsy.

{60521 In certain particuiar {but non-Himiting} embodiments, the mathematical algorithm
is a discriminant function algorithm, such as {but not imited 1o} a linear discriminant function
algorithm.

[G053] In certain particular (but non-iimiting) embodimeants, the [PF score is at least one
factor to determineg a treatment strategy for the individual,

{6054] In certain particular (but non-iimiting) embodiments, the IPF score is at least one
factor used to monitor the efficacy of an implemented treatment strategy for the individual.
[O055] i cartain particular (but non-limiting) embodiments, the IPF score §s at least one
factor used to determine whether the individuat should abtain a lung biopsy.

[B056] In certain particular (but non-limiting) embodiments, the IPF score is at least one

factor used 1o evaluale the degree of IPF in the individual,
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030571 Cartain non-limiting embodiments of the present disclosure are directed 1o a
method of determining the presence, severity, and/or predisposition of idiopathic Pulmonary
Fibrosis {IPF} in an individual that utilizes two biomarkers. This method includes the staps of:
{a} oibtaining a biclogical fiuid sample from an individua! or patient; {b) selecting at least two
diagnostic markers of a dynamic process of extraceliular matrix synthesis and/or extracellular
matrix degradation from said sample, wherein the at lzast two diagnostic markers are
selected from the group consisting of tissue metailopeptidase inhibitor 1 {TIMP1), hyaluronan
{HA}, and Procoliagen Tyne Il N-terminal propeptide (PHINPY {0} measuring the amount of
each of the at least two disgrostic markers in the sample 1o obtain a measurad value for each
of the at least two diagnostic markers; and {d} combining the measurad vaiues of the at least
two diagnostic markers using a mathematical algorithm to obtain an IPF score,

fahne] in certain particular [bul non-iimiting) embodiments, the at least two diagnostic
markers are TIMP1 and HA.

3059] In certain particular {but non-limiting) embodiments, the at least two diagnostic
markers are TIMPL and PHINP,

{00606} in certain particular (but non-iimiting) embodiments, the at least two diagnostic
markers inciude TIMPL, HA, and PIINP, and wherein step {d} is further defined as combining
the measured values of the three diagnostic markers using the mathermatical algoerithm to
obtain the IPF score. In ambodiments, the TIMP1 and PHINF {or PENPY is characterized as
kurman,

{0061} HA binding proteins and/or anii-HA antibodies are well known in the art, are
widely commercially available, and have been vastly studied. For example {but not by way of
imitation}, & few commercial sources of anti-HA monoclonal and/or polycional antibodies
inchude Abbexa Ltd {Housion, T Bio-Rad Laboratories, Inc. {Hercules, A} Biorbyt Led. (St
Louis, MO}, Creative Diagnostics {Shirley, NYE; GeneTex, Inc {irvine, CA); LifeSpan BioScienceas
{Seattle, WA); MyBioSource, inc. {San Diego, CAY; US Bislogical Life Sciences {Salem, MA); and
many others. However, this list is not inclusive, and there are many additional commercial
sources of anti-HA antibodias that can be utilized In accordance with the present disciosure.
Thus, a person having ordinary siiit in the art will clearly and unambiguously be able o
identify and select a variety of anti-HA antibodies that can be utllized in accordance with the
present disclosure, and as such, no further description of the anti-HA antibodies or the

characteristics thereof is deemed necassary.
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[8062] Anti-PRINP antibodies are well known inthe art, are widely commaercially available,
and have been vastly studied. For exampie {but not by way of limitation), s few commercial
sources of anti-PHINP monodlonal and/or polyclonal antibodies include Abbexa L1d {Houston,
TX); Abcam {Cambridge, UK) Abnova Corporation {Wainut, CA} Antibodizs-Online inc.
{Limerick, PAY; Cedarlans {Burlington, Ontario); Creative Biagnostics {Shirley, NY); Millipore
Sigma {Burlington, MA); MyBioSource, inc. {5an Diego, TA}; 5ino Biclegical US inc. {Wayne,
PAY and many others. However, this list is not inclusive, and there are many additional
commuercial sources of anth-PHINE antibodies that can be utilized in accordance with the
present disciosure. Thus, a person having ordinary skill in the art will clearly and
unambiguously be able 1o identify and select a variety of anti-PHINP antibodies that can be
utilizad in accordance with the present disclosure, and as such, no further description of the
anti-FHNP antibodies or the characteristics thereof is deemed necessary.

{0663] Non-limiting exampies of TIMPL, HA, and PHINP immuunoassays, reagenis utilized
therein {including antibodies utiiized therein}, and zigorithms that may be utilized in
accordance with the present disclosure gre describbed in detail in US Patent No. 7,141,380,
issusd November 2§, 2006; US Patent No. 7,668,681, issued February 23, 2010; and U
7,541,149, issued luns 2, 2008. The entire contents of each of the above-referenced patenis
are hereby expressly incorporaied hereln by reference.  In embodiments, a suitable
bicmarker for use herein includes a polygeptide having the amino acid sequencs shown in
{iniProt Accession No. PO1033) such as:
MAPFEPLASGHLEIWLIAPSRACTOVERPHPOTARCHNSDLVIRAKFVGTRPEYNOTTLYORYEIKMTKMYKG
FOALGDAADIRFVYTPAMESVEGY FHRSHNRSEEFUAGKIQDGLIEHITTOSFVAPWRNSLSLAQRRGFTYK
TYTVGCIECTVEPCLSIPCKLOSGTHOLWTDOLLOGSEKGFOSEHLACLPREPGLUTWOSLREQIA  {B3EQ
D NOLL or fragments o variants thereof, .z, variants having at ieast 5%, at ieast 87%, or
at least 99% seguence identity to this biomarker seguence. i embodiments, 3 suitable
biomarker for use herein includes a polypeptide having the amino acid seguence shown in
{UniProt Accession Nos. PO2461 or PO2461.1) such as:
MMSFVQKGSWLLLALLHPTILAQQEAVEGGCSHLGQSYADRDVWKPEPCQICVCDSGSVLCDDIICDD
QELDCPNPEIPFGECCAVCPQPPTAPTRPPNGQGPQGPKGDPGPPGIPGRNGDPGIPGQPGSPGSPGP
PGICESCPTGPQNYSPQYDSYDVKSGVAVGGLAGYPGPAGPPGPPGPPGTSGHPGSPGSPGYQGPPGE
PGQAGPSGPPGPPGAIGPSGPAGKDGESGRPGRPGERGLPGPPGIKGPAGIPGFPGMKGHRGFDGRN
GEKGETGAPGLKGENGLPGENGAPGPMGPRGAPGERGRPGLPGAAGARGNDGARGSDGQPGPPGP
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PGTAGFPGSPGAKGEVGPAGSPGSNGAPGQRGEPGPQGHAGAQGPPGPPGINGSPGGKGEMGPAGI
PGAPGLMGARGPPGPAGANGAPGLRGGAGEPGKNGAKGEPGPRGERGEAGIPGVPGAKGEDGKDGS
PGEPGANGLPGAAGERGAPGFRGPAGPNGIPGEKGPAGERGAPGPAGPRGAAGEPGRDGVPGGPG
MRGMPGSPGGPGSDGKPGPPGSQGESGRPGPPGPSGPRGOQPGVYMGFPGPKGNDGAPGKNGERGG
PGGPGPQGPPGKNGETGPQGPPGPTGPGGDKGDTGPPGPQGLOGLPGTGGPPGENGKPGEPGPKG
DAGAPGAPGGKGDAGAPGERGPPGLAGAPGLRGGAGPPGPEGGKGAAGPPGPPGAAGTPGLOGMP
GERGGLGSPGPKGDKGEPGGPGADGVPGKDGPRGPTGPIGPPGPAGQPGDKGEGGAPGLPGIAGPR
GSPGERGETGPPGPAGFPGAPGONGEPGGKGERGAPGEKGEGGPPGVAGPPGGSGPAGPPGPQGVK
GERGSPGGPGAAGFPGARGLPGPPGSNGNPGPPGPSGSPGKDGPPGPAGNTGAPGSPGVSGPKGDA
GQPGEKGSPGAQGPPGAPGPLGIAGITGARGLAGPPGMPGPRGSPGPQGVKGESGKPGANGLSGERG
PPGPQGLPGLAGTAGEPGRDGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAG
KSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKGHRGFPGNPGAPGSPGPAG
QQGAIGSPGPAGPRGPVGPSGPPGKDGTSGHPGPIGPPGPRGNRGERGSEGSPGHPGQPGPPGPPGA
PGPCCGGVGAAAIAGIGGEKAGGFAPYYGDEPMDFKINTDEIMTSLKSYNGQIESLISPDGSRKNPARNC
RDLKFCHPELKSGEYWVDPNQGCKLDAIKVFCNMETGETCISANPLNVPRKHWWTDSSAEKKHVWFG
ESMDGGFQFSYGNPELPEDVLDVHLAFLRLLSSRASQNITYHCKNSIAYMDQASGNVKKALKLMGSNEG
EFKAEGNSKFTYTVLEDGCTKHTGEWSKTVFEYRTRKAVRLPIVDIAPYDIGGPDQEFGVDVGPVCFL
(SEQ ID NO:2), or fragments or variants thereof, e.g., variants having at least 95%, at least
97%, or at least 99% sequence identity to this biomarker.x
As used herein, the term “"sequence identity” refers to the percent identity of basas or amino
acids determined by comparing a first polynuclectide or polypeptide t© a second
polvnucleotide  or  polypeptide using  algorithms  having  various weighting
parametars, Sequence identity between two polypentides or twe polynuclectides can be
determined using sequence alignment by varicus methods and computer programs {e.g.,
BLAST, FASTA, L-ALIGN, efc}, available throughthe worldwide web at sites including
GENBAMNK {nchinlm.nih.zov/genbank/) and ERBL-EBI
{ebi.ac.uk.]. Sequence identity between two poiynucieotides or two polypeptide seqgusnces
is generally calculated using the standard default parameters of the varinus methods or
COMpDULRr Drograms,

{6064] In certain particular {but non-limiting} embodiments, the [PF score is used 1o

support, predict, or substitute the histological score of a lung biopsy.
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[3065] In certain particuiar (but non-Hmiting} embodiments, the mathematical algorithm
is & discriminant function algorithm, such as {but not limited 1o} 3 linear discriminant function
algorithm.

{GORE] In certain particular (but non-iimiting) embodiments, the IPF score is at least one
factor to determine a treatment strategy for the individual.

10067] In certain particular {but non-iimiting) embodiments, the IPF score is at lzast one
factor used 1o monitor the efficacy of an implemented treatment strategy for the individual,
[G0Ra] In certain particular (but non-imiting) embodiments, the IPF score is at least one
factor usad to determineg whether the individual should obtain a lung biopsy.

{8069} in certain particular {but non-limiting) embodiments, the IPF score is at laast one
factor used 1o evaluale the degree of IPF in the individual.

1GG70] The current reference standard 1o assess fibrosis in the lung is the lung biopsy. In
a iopsy, tissug samples randomly taken out of the iung are cut into slices which are examined
by an expert using a microscopea,

{6071 There ars numerous problems associated with lung bicpsies, including the
following sources of uncertainty: distribution of fibrosis in the lung {(where there s clustered
fibrosis, the needle might have hit regions of the lung not affected by fibrosis), falled sample
preparation {s.g. not encugh tissus matsrial), and pathologist subiectivity, Furthermore, the
fibwatic state of the lung is usually described using scores and there are many different, and
possibly incompatible, scoring systems {eg, CRP-scoring systems. For example, two
independent pathologists may have o score the same biopsy samples for the same patient
at two different time-points using two different scoring systems.

{0072} The prasent disclosure facilitates point of care or remote diagnosss of IPF and
assists health care providers in monitoring the status or progress of IFF at bwo or more time
points. Significantly, the present disclosure provides haaith care dacision makers with an
alternative to potentially inaccurate and risky lung biopsiss,

{6073] The present disclosure employs computar-impiementable algorithmic methods
which utilize one or more IPF-related marker values. The predictive value of the present
disclosurs has been validated inclinical studies which monitored the status or progress of IPF
Thase clinical trials validated the present disclosure on a cross-sectional basis, in which
analyses were conducted at discrete time points, and longitudinally, in which analyses were

conducted at two or more time points,
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[3074] Accordingly, the present disclosure can be used to: {a) measure the dynamic
processes of extraceilular matrix synthesis {fibrogenesis} and extracelivlar matrix degradation
{fibrobysisy; and {b) obiain resuits that reflect the degree of filrosis and the dynamic changes
oocurring in lung tissue through prediction of an IPF histological score.

{a07s] The present disciosure is especiaily useful In aiding In the diagnosis and treatment
of natiznis for whom 2 lung biogsy would be very risky. Such patients may suffer fram
ceagulopathy, may be averse to undergoing a biopsy, or may not have a00ess 1o expert
histonatholpgy. In addition, the present discipsure can be used by heaith care decision maksars
to assess IPF. Further, the present disclosure is especially useful in cases where fibrosis may
be unevenly distributed, and sampling errors pose a significant profzlent,

{o07e] in one non-limiting embodiment, the present disclosure provides a method that
aids in the diagnosis of the status or progress of IPF in a patient by determining at one or more
time goints a predictor valus for each time point, wherain 3 comparison at one or mora time
points of the predictor value and a comparative data set is used by a health care decision
maker o asceriain the status or progress of patient IPF, and wherein patient predictor values
are calculated by inputting data for one or more blood markers {e.g., one or more plasma or
serum markers), and optionally one or more supplementary markers, into a linear or
noniinear function algerithm derbvad by correlating reference IPF histopathological and blood
markers (2.8, plasma or serum marker data).

{0077 A “comparative data set” can include any data reflecting any qualitative or
guantitative indicia of histopathoiogical conditions. In one non-limiting embodiment, the
comparative data set can include one or more numerical values, or range of numerical values,
asscoiated with histopathological conditions, For example, a comparative data set may
inciude various integer seis {e.z., the integers § through 5}, wherein different groupings of
those six integers correlate to different IPF disease states {a.g., -1 may correlate to a mild
dizsease state, 2-3 correlate (¢ a moderate disease state, and 4-5 may correiate o a severe
disease state), Therefore, a comparative data sel may correlate to an astablished lung biopsy
scoring system {e.g., clinical-radiographic-physiciogic {CRP} scoring system).

{007 E] ir a particular {but non-limiting) embodiment, blood markars are serum markers
that are selected from one or more of the following: tissue metallopeptidase inhibitor 1
{TIpMIPL), Neterminal procoliagen l propeptide {PHINP), and Hyaluronan, Supplementary

markers inciude, but are not limited to, patient weight, sex, age, and transaminase lavel
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[3g79] in another non-limiting emboediment of the present disclosure, the linear or
roniinear function algorithm is derived by correisting referencs IPF histopathoiogical and
blood marker {e.g., plasma and serum rmarker) data using either discriminant function analysis
or nonparametric regrassion analysis, References IPF histopathological and blood marker data
{e.g., plasrma and serum marker datal can include dats indicative of fibrogenesis or fibrobysis,
elevated IFF serum markers, or pther PF clinical symptoms.

{B08RG] in one non-limiting embodiment, reference IPF histopathologizal and blood
marker data {#.g., plasma and serum marker data) is hased upon data raiating (o one or more
subjects other than the diagnosed patient. In another non-limiting embodiment, reference
{PF nistopathological and blood marker data {e.g., plasma and serum marker data) is based
upon data previously obtained from the diagnosed patient, and is optionally also based on
data cbiained from ogne or more other subjscis.

{066a1] in ong non-fimiting embodiment, g linear or nonlinear function aigorithm is
derived by correlating reference IPF histopathological and bigod marker data {e.g., plasma
and serum marker data) by: {a) compiling 2 data set including dlood marker data{e.g., plasma
or serum marker data) and histopathological data for a first groun of subjects; (bl deriving a
linear or nerlingar funclion algerithm from the compiled data set through application of an
anabytical methodology; (¢} calculating validation blopsy score values for a second group of
subjects by inputting data including blood marker data {e.g., plasma or serum marker data)
values for the second group of subjects into the algorithm derived in step (b)) and {d}
comparing validation biopsy score values calculatad in step {c} with IFF histopathological
scoras for the second group of subjects; and {&] if the validation blopsy scores determinad in
step {£} do not correiate within a clinically-acceptable tolerance level with [PF
Histonathological scores for the second group of subiects, performing the foliowing
operations {i}-{01) until such tolerance is satisfiad: {I) modifying the algorithm on a basis or
bases including {1} revising the dats set for the first group of subjects, and {3} revising or
changing the aralvtical methodology {il) calculating validation hinpsy score values for the
second group of subjects by inputting dais including blood marker data {e.g., plasma or serum
marker datal values for the second groun of sublects into the modified algorithm {H1) assessing
whether validation biopey score values calculated using the modified algorithm correlate with
lung histopathological scores for the second group of subjects within the dlinically-acceptable

tolerance lavel.
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6ga2] The analytical methodology may  include  statistical technigues including
discriminant function analysis and nonparametric regression analysis, as weall as technigues
such as classification trees or neural netwaorks,

jaoas] in anciher non-limiting embodiment, the present disciosure provides a data
structure stored in 3 computer-readable medium that may be read by a microprocessor and
that inciudes at least one code that uniguely identifies a linear or noniinear function aigorithm
derived in a manner described herein,

gl in another non-iimiting ambodimeant, the prasent discinsure provides a diagnostic
kit including: {a} a data structure stored In a computer-readable medium that may be read by
a microprocassor and that includes at least one cods that uniquely identifiss g linear or
roniinear function algorithm derived in 2 manner described herein; and {b} one or more
immunoassays that detect and determine patient serum marker values,

G085 in another nor-limiting embodiment, the present disclosure provides computer-
implementable methods and systemns for determining whether a compeosition is useful in the
treatmeant of IPF including evaluating data useful in diagnosing the status or grogress of IPF in
a patient treated with the composition, wherein: {a} the diagnosis s made by a haaith care
provider by determining sigorithmicaily at one or more time poinis a predictor value for each
time poing (b a comparison at one or more time points of the predictor value and a
comparative data set s used by a heaith care provider to ascertain the status or progress of
patient IPF; and (¢} patient predictor values are calculated by inputting data for one or more
blood markers {g.g., plasma or serum markars) into a linear or nonlinesar function aigorithm
derived by correlating reference IPF histopathological and blood marker data {e.g., plasma or
serum marker datal.

{G0R8] The aforementionsd methods, systems, and Kits of the present disclosure can aiso
be usad by health care providers to: {1} determine treatment regimens for patients that are
predisposed 1o, or suffer from, 1BF; and {7} design dlinical programs useful in monitoring the
status or progress of 1PF in one or more patients.

{0087 “Discriminant function analysis” is a technigus used 1o determine which variables
discriminate betwean two or more naturally ocourring mutually exclusive groups, The basic
idea underlving discriminant function analysis is to determine whether groups differ with
regard to a set of predictor variabiles which may or may not be independent of sach other,

and then to use those variahies to pradict group membership {8.g., of naw casas).
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{agagl Discriminant function analysis starts with an outcome variable that is categoerical
{two or more mwtusily sxclusive leveisl. The modsel assumses that these levels can be
discriminated by a set of predictor variables which, like ANOVA {analysis of variance)}, can be
continuous or categorical and, like ANOVA, assumes that the underlying discriminant
functions are linear. Discriminant analysis doss not "partition variation.” 1t does inok for
canonical correlations among the set of predictor variabies and uses thess correlatas 1o bulld
eigenfunctions that axplain percentages of the 1olal variation of ail predictor variables over
ail ieveis of the putcome variable.

{a0as] The putput of the analysis is a set of linear discriminant functions {elgenfunctions)
that use combinations of the predictor variables to generate 3 “discriminant score” regardiess
of the level of the outcome variable. Tha percentage of total variation is prasented for each
function. In additdon, for each eigenfunction, a set of Fisher Discriminant Functions are
developed that produce a discriminant score based on combinations of the pradictor
variables within each level of the outcome variable,

{0096] Usually, sevaral variables are included in a study in order to see which onefs)
contribute to the discrimination between groups. in that case, a matrix of total variances and
co-variances is generated. Similarly, a matrix of posled within-group variances and co-
variances may be generated. A comparison of those two matrices via multivariate F tests is
made in order to determing whether or not there are any significant differences {with regard
to all variables) between groups. This procedure s identical to multivariate analysis of
variance or MANOVA, As in MANGVA, one could first perform the multivariate test, and, if
statistically significant, proceed to ses which of the variables have significantly different
means across the groups.

a1l For a set of observations containing one or raore guaniitative variahies and a
classification variable defining groups of sbservations, the discrimination procedure deveions
a discriminant criterion o classify each cbservation into one of the groups. In order o get an
idea of how well a discriminant oriterion “performs,” it is necessary 1o classify {a nriori}
different cases, that is, cases that were not used 1o estimate the discriminant criterion. Only
the classification of new cases enables an assessment of the predictive validity of the
discriminant criterion.

6092} in order 1o validate the derived criterion; the dassification can be applisd to other

data sets. The dala set used io derive the discriminant criterion is calied the training or
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calibration data set or patient training cohort, The data set used to validate the performance
of the discriminant criteria is called the validation data set or validation cohort,
[6083] The discrimminant criterion {function{s} or algorithm), determines a measurs of
zenerglized squared distance, These distances are based on the pooled covariance matrix,
Fither Mahalanobis or Fuclidean distance can be used to determine proximity. These
distances can be usad 1o identify groupings of the outcome ievels and so determine a possidie
reduction of levels for the variable.
in0%4] A “pocled co-variance matrix” 5 a numearical matrix formed by adding together
the components of the covariance matrix for each subpopulation in an analyvsis.
[0095] A “predictor” is any variable that may be applied 1o a2 funclion to generate 3
dependent or response variable or a “predictor valua” In one non-limiting embodimeant of
the present disciosure, a predicior value may be a discriminant score determined through
discriminant function analysis of two of more patient blood markers {e.g., plasma or serum
markers), For example, a linear moedel specifies the {linear) relationship between a dependent
{or response) variable ¥, and a set of pradictor variables, the X's, so that
Y=bo+biXi+b2Xo+...+biXk
[G0o6] in this eguation b is the regression coefficient for the imtercept and the b, valuss
are the regression coeffliclents {for variables 1 through K computed from the data
{6097] “Clagsification trees” are usad o predicd membershin of cases or objects in the
classes of a categorical dependent varigble from thelr measuremanis on one or more
predicior variables, Classification tree analysis is one of the main technigues used in so-calied
Data Mining. The goal of classification trees is to predict or axplain responses on a categorical
dependent variable, and as such, the available technigues have much in common with the
technigues used in the more traditional methods of Discriminant Analysis, Cluster Analysis,
Nonparametric Statistics, and Nonlinear Estimation.
i00s8] The flexibility of classification trees makes them a very attractive analysis option,
but this is not to say that their use is recommended o the exclusion of more traditional
methods., Indesd, when the typicaily more siringent theoretical and distributional
assumptions of more traditional methods are met, the traditional methods may be
preferabie. But as an expioratory technigue, or as a technigue of {ast resort when traditional
methods fail, classification tress are, In the opinion of many rasearchers, unsurpassed.

Classification trees are widely used in asppiled fields as diverse as medicing {diagnosis),
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computer science {data structuras), botany {classification), and nsychology {decision theory).
Classifization trees readily lend themselves to being displayed graphically, heiping to make
tham easier to interpret than they would be if only a strict numerical interpretation were
possible,

13099} Neural Networks” are analytic technigues modeled after the {(hypothesized)
pracasses of lzarning in the cognitive systam and the neurclogical functions of the brain and
capahbie of predicting new observations {on specific variables) from other observations {on
the same ar pther variables) after executing a process of sp-calied learning from existing data.
Meural Natworks is one of the Data Mining technigues. The first step s 1o design a specific
network architecture {that inciudes a spacific number of “layers” each consisting of a certain
rmber of “neurons”}. The size and structure of the network neads to match the nature {e.g.,
the formal complexity) of the investigated phenomenan, Because the latter is obviously not
known very waeli gt this early stage, this task is not 2asy and often involives multiple “irizis and
errors.”

[OOL88]  The neural network is then subjected to the process of “training.” in that phase,
compuier memaory acts as neurons that apply an fterative process 1o the number of inputs
{variables) to adjust the weights of the network in order to ontimally predict the sample data
on which the “training” iz performed. After the phase of izarning from an existing data set,
the new network is ready and it can then be used to ganarate predictions.

[O0LBLY  In one non-limiting embodiment of the present disclosure, neural networks can
include memories of one or more persenal or mainframe computers or computerized point
of care davice,

(081821 While the present disclosure will be described in the general context of computear-
exacutable instructions of a computer program that runs on a personal computer, those
skifled in the art will recognize that the present disclosurs also may bhe implemented in
combination with other program modules. Gererally, program modules include routines,
programs, components, and data structures thal perform particular tasks or implement
particular abstract data types. Moreover, those skilled in the art will appreciate that the
present disclosure may be practiced with other computer system configurations, including
hand-held devices, muiti-processor systems, microprocessor-based or programmable
consumer electronics, minicomputers, mainframs computers, and the like. The present

disclosure may also be practiced in distributed computing environments where tasks are
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performed by remote processing devices that are linked through a communications network,
In a distributed computing environment, program moduies may b2 located in both local and
remotle memory storage devices,

IGOIG3] A disgnostic system of the present disclosure may include a3 handheld device
usaful in point of care applications or may e 3 system that operates remotely from the point
of patient care, in either casa the system can include companion software programmed in
any useful language toimplement diagnostic methods of the present disclosure in accordance
with aigorithms or other analvtical techniques described hersin,

[00104]  “Validation cohort marker score values” means a numerical score derived from the
linear combination of the discriminant waights obtained from the training cohort and marker
values for each patient in the validation cohort

[GOIG5] “Patient diagnostic marker cut-off values” means the valus of a marker or
compinagtion of markers at which a gredetermined sensitivity or specificity is achieved.
I001066] “Nepgative Pradictive Power” {"NPV"} refers to the probability of not having a
disease given that a marker valug {or set of markar values) is not elevatad above a defined
cutoff,

{GOAG7]  “Positive Predictive Yalua” {"PPVY”) refers to the probability of having a disease
given that a maker value {or set of marker valuss) s elevatad above a defined cutoff

{B0108]  “Recsiver Operator Characteristic Curve” {“ROCYY refers to a graphical
represerdation of the functional relationship between the distribwtion of a marker's
sensitivity and 1-spacificity values in @ cohort of diseased persons and in a cohort of non-
diseased persons.,

[001088]  “Area Under the Curve” {(“AUCY} is a number which represants the area under g
Feceiver Gperator Characteristic curve, The closer this number is to ong, the more the marker
valuas discriminate between diseased and non-diseasad cohorts

(6011067 "MoNemar Chissguare Test” {"The MoNemar 2 test”} is 3 statistical test used to
determine if two correlatad nroportions {proportions that share a comman numerator but
different denominators) are significantly different from each other,

f60111] A “nonparametlric regression analysis” is a set of statistical technigues that allows
the fiting of a line for bivariate data that makes little or no assumptions concerning the
distribution of each variable or the error in estimation of each variable. Mon-limiting examples

inciude Thell estimators of location, Passing-Babiok regression, and Deming regrassion,
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[60222] “Cut-off values” are numerical values of a marker {or set of markers) that define a
specified sensitivity or specificity.

Kits
IG0113]  Also provided by the present disciosure are kKils including ong or more anii-IPF
Biomarker agents and instructions for use {e.g,, treatment, prophyiactic, or disgnostic usel
In some embodiments, the Kitis used for an in vitro diagnostic assay io diagnose IPF. nsome
embodirments, the one or more ant!-IPF Biomarker agents inciude antibody agenis. In some
smbodimants, one or more of the antibody agents are labeled with a detectabls maolety. In
some embodirents, the kit further includes a detaction agent {e.2., one or morea acridinium
ester molacules). In some embodiments, one or more of the antibody agents are labelzd with
one or more of the acridinium ester melecules, Insome embodiments, the kit further includes
one of more secondary antibody agents that specifically bind to one or more of the anti-iPF
Biomarker antibody agents.
[60114] Insome emmbodiments, the one or more anti-IPF Blomarker agents include nucleic
acid probes. In some embodiments, gt least a portion of each nucleic acid probs hybridizes
to one or more portions of g nuclectide that encodes an IPF Biomarker {s.g., tissus
metalinpeptidase inhibitor 1 {TIMP1}, hyaluronan {HA}L and Procoilagen Type i N-terminal
propentide (PHNP, or combinations thereof), Nucleotides that encode an IPF Biomarkar can
be DNA {a.g., cDINAY or BNA {e.g. mRNAYL In some embaodiments, the nucieic acld probes are
labeled with one or more detection agents {e.z., wherein the detection agents indicaie
presence of nucleotides that encode an IPF Biomarker).
(36115] In some embodiments, the kit further includes one or more control samples. In
seme embodiments, the control samples include one or more IPF Biomarker standards. In
some embodiments, an 1PF Biomarker standard includes recombinant IPF Biomarker {e.g.,
tissus metalinpeptidase inhibitor 1 {TIMPLY, hyaluroran (HA), and FProcoilagen Type I N-

terminal propeptide (PHINP), or combinations thereof). In some embodiments, an IPF

Biomarker standard includes synthetic IPF Biomarker {2.8., tissue metailopeptidase inhibiter
1 {TikiP1}, hvaluronan {HA}), and Procollagen Type Hl N-terminal propeptide {(PHINP), or
cembinations thereof) nuclels acids,

{60118]  In addition to the above, a kit can include other ingredients, such as a solvent or
buffer, a stabilizer or a preservative, and/or an agent for freating a condition or disorder

described herein. Albsrnatively, other ingredients can be inciuded in a3 kit, but in different
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compositions or containers than the anti-IPF Biomarker agents. In such embodiments, a kit
can inciude instructions for admixing the anti-iPF Biomarkesr agents and the other ingredianis,
or for using the antidPF Biomarker together with the other ingrediants,
IGG117]  incertainembodiments, kits for use in accordance with the present disclosurs may
include, a reference or control sarmplels), instructions for processing samples, performing
tests on sampies, instructions for interpreting the results, buffers and/or other reagents
necessary for performing 1ests.
{G0118]  The present disclosure also provides that receognition that certain single 1PF
Biormarkers can be helpful for detecting and/or diagnosing IPF. The present disciosure further
provides the insight that particuiar combinations of IPF Biomarkers ars espacially useful for
detecting and/or diagnosing IPF. Thus, methods, compositions, and kits described hersin can
be used for assays to assess the risk of IPF, assess whether a subject should undergo further
pulmonary tests, and/or diagnose IPF based on detection or measurement of 1PF Biomarkers
inasample, e.g., a biclogical sample obtained from a subject.
(601197  Methods and kits provided herein are able to detect IPF in 2 sample with a
sensitivity and g specificity that renders the oulcome of the test reliable enough o be
medically actinnable. Methods and kits described herein for detection and/or disgnosis of
PP in g subject detects IPF with a sensitivity greater than 75%, greater than 80%, greater than
BE5%, greater than 90%, sraater than 85%, greater than 96%, grester than 97%, greater than
A8, greater than 29%, or shout 100%. In some embodiments, methods and Kits provided
harsin can detect IPF with a sensitivity that is between about 70%-100%, betwean about 30%-
1003%, or between about 93-100%. in some embodiments, methods and kits provided herein
can detect IPF with a sensitivity and a specificity that is between about 50%-100%, between
about 60%-100%, between about 70%-1030%, between about 80%6-100%, or bebween about
40-100%.

Compositions
601281 Also provided hersin are compositions.  In some embodimeants, a composition
includes one ar more IPF Biomarkers and one or more anti-IPF Biomarker agents. 11 some
ambodiments, one or more IPF Biomarkars include tissue metallopeptidase inhibitor 1
{TipiP1}, hyaluronan {HA), and Procoliagen Type I N-terminal propeptide [PHINPY, or
combinations thereof, and one or more ant-IPF Biomarker agents include an anti-TIMPL

agent, an anti-HA agent, an anti-PHINF agent, or a combination thereof.

b=
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60122 In some embodiments, a compoesition includes a combination {e.g., ong or more,
two oF more, or three of IPF Biomarkers and a corresponding combinstion of anti-iPF
Biomarker agents. in embodiments, the one or more, two or more, of three of IPF Biomarkers
are present in an amount sufficient to demoenstrate the presence of PF in g patient,
{001221  In some embodiments, a composition includes two or more IPF Biomarkers and
wo or more anti-1PF Bicmarker agents. In some embodiments, two or more 1PF Biomarikers
include tissue metaliopeptidase inhibitor 1 {TIMPL}, hyaiuronan {HA}, and Procollagen Type
I N-terminal propeptide {PHINP), or a combinations thereof, and two or more anti-IPF
Biormarker agents include an anti-TIMPBlagent, an anti-HA agent, an anti-PHINP agent, or a
combination tharaot.,
f60123] Insome embodiments, a compaosition includes three IPF Biomarkers and three or
more anti-iPF Biomarker agents. In some embodiments, three IPF Biomarkers include tissue
metaliopeptidase inhibitor 1 {TIMP1), hyaluronan {HA}, and Procoilagen Type B N-terminal
propeptide (PHINP), or g combinations thereof. In some embodiments, three or more anti-
IPF Biomarker agents include an anti-TIMP1 agent, an anti-HA agent, an anti-PHINP agent, or
a combination thereof,

Computer systems
[00124]  Methods described herein can be implemented In a compuier system having a
processor that exscutes specific instructions in a computer program. In some ambodiments,
a computer system may be arranged to output an IPF Biomarker score basad on receiving an
IPF Biomariker profile and/or a ievel of two or more 1PF Biomarkers, Particularly, a computer
program may include instructions for the systam to select appropriate next steps, including
additional medication, a treatment, and/or additional tasting for a subject,
001251 In some embodiments, the computer program may be configurad such that the
computer system can identify a subject for further testing {e.g., pulmonary tests), identify a
subjgct as being at risk or having 1PF, and/or identify a subject to receive medication based
on recelved data {e.g., an IPF Blomarker profile) and use the data to calculate an IPF Biomarker
score. A systemy may be able to rank-order identified next sieps based on an IPF Biomarker
profile with demographic factors and/or Imaging-based biomarkears. A system may e able to
adjust the rank ordering based on, e.g., a clinical response of a subject or of a family member

of the subject who has oris suspected of having 1PF,
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[G0136]  FIG. 2 is a block diagram of a computer system 1100 that can be used in the
operations described above, according to ong emiodiment. The system 1100 includes 3
processor 1130, a2 memory 1120, a storage device 1130 and an input/ouiput device 13140,
Each of the components 1110, 1120, 1130 and 1140 ara interconnectad using a system bus
1158 Tha system may include analyzing equipment 1160 for determining 2 level of one or
more biomarkers of the presant disclosure in a sample.

[00127] In embodimeants, the processor 1110 s capable of processing Instructions for
sxecution within the system 1100 In one embodiment, the processor 1118 s 3 single-
threaded processor. in another embodiment, the processor 1110 is 2 mulli-threaded
processer. The procasser 1110 is capable of processing instructions stored in the memory
1120 or on the storage device 1130 including for receiving or sending information through
the input/output device 1140,

IGOI28] In embodiments, the memaory 1120 stores information within the system 1300, In
cne embodiment, the mamory 1120 s 2 computer-readable medium. in one embodiment,
the memory 1120 is a volatile memory unit. In another embodiment, the memory 112005 3
non-voiatiie memoery unit,

{0012%9] The siorage device 113015 capable of providing mass storage for the system 1100,
in one emboediment, the storage device 1130 s a computer-readable medium.

{00138] The inputfoulnut device 1140 provides input/output operations for the system
1180, ir one embodiment, the input/ouiput device 1140 includes a kevhboard and/or pointing
device, In one embodiment, the inputioutput device 114G includes a display unit for
dispiaying graphical user interfaces.

[08131] The system 1100 can be used to build a database. FIG. 3 shows a flow chart of 8
method 1200 for building a database for use in identifying a subject for further testing (e,
IPF tests), identifying a subBject as being at risk or having IPF, and/or identifying a subject to
receive medication. Preferably, a method 1200 0s performed in a system 1100, For example,
a computer program product can include instructions that cause a processor 1110 to parform
the steps of a method 1200 or a3 method 1300,

[0132] Referring now 1o FIG. 3, meathod 1200 includes the following steps. Racelving, in
step 1218, 3 subject’s IPF Biomarker Profile {e.g., levels of one or more IPF Blomarkers in a
sample). A computer program in the systemn 1100 may include instructions for presenting a

suitable graphical user interface on input/output device 1148, and the graphical user
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interface may prompt the user to enter the levels 1170 using the input/outpul device 11440,
such as a kevioard, Caloulating, instep 1220, an IPF Biomarker score from an IPF Biomarker
profile. As described herein, calcuiating, in step 1226, an 1PF Biomarker score from {i} an IPF
Biorarker profile and (i) demographic factors andfor mage-based biomarkers. Storing, in
step 1336, an IPF Biomarker score. The system 1100 may store an IPF Blomarker score inthe
sigrage device 1130, Additionaily or aiternatively, a system 1100 may provide z readout
including an IPF Biomarker score. A readoul may also include proposed next steps for a
subject and/or a confidence leve! associated with an IPE Blomarker scors.

{B0133]  Referring now to FIG. 4, method 1300 includes the following steps. Detecting, in
step 1316, levels of one or more IPF Biomarkers in a sample, e.g., from a subject. Using, in
step 1320, levels of one or more IPF Biomarkers to obtain an IPF Bilomarker Profile
Calcuiating, in step 1330, an IPF Biomarker score from an [PF Biomarker profile. As describad
herein, calculating, in step £330, an IPF Biomarker score from {i} an IPF Biomarker profile and
{iiy demographic factors andfor image-based biomarkers. Storing, in step 1340, an PF
Biomarker score. The system 1100 may store an IPF Biomarker score in the siorage device
1136 additionally or alternatively, a system 1100 may provide a readout inciuding an IPF
Biomarker score. A readout may also include proposed next steps for a subject and/or a
cornfidence level associated with an IPF Biomarker scora.

I60134] Additionally, non-transitory computer readable medis containing executable
instructions that when executed cause a processor 1o perform eperations inciuding & method
as provided herein are provided. For exampls, a non-transitory computer readable medium
containing executable instructions that when sxecuted cause a processor to perform
operations including a method of 1200 or 1300 descrived above. In embodiments, a non-
transitory compuler readable medium inchides a hard drive, externg! hard drive, dises, Chs,
DYDs, and the like that stores data. It embodiments, software disposed within a physical
medium s suitebie for use herein,

0681351  iIn some embediments, a non-fransitory computer readable media containing
executable instructions that when exscuted cause 3 processor Io perform operations
including a methed of determining the presence, severity, and/or pradisposition of idispathic
Pulmonary Fibrosis {iPF} in an individual, the method including the steps of: {a}  incubating
a biclogical fluid sample with an antibody that specifically binds to tissue metaliopeptidase

inhibiter 3 {TIMPL} under conditions that ailow for formation of an antibody-TIMPI
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immunoccompiex; {b) measuring an amount of antibedy-TIMPI bmmunocomplex formed to
obtained a measured valug for TIMPL in the sample; and {2} using & mathematica! aigorithm
to obtain an {PF score based on the measured value of TIMPY in the sample.

EXEMPLARY NUMBERED EMBODIMENTS
001367  Embodimentd. A method of determining the pressnce, severity, and/or
predisposition of idiopathic Puimonary Fibrosis {IPF} in an individual, the method including
the steps oft {3) obtaining & biological fluld sample from an individual; {b) incubsting the
biologizal fluid sample with an antibody that specifically binds 1o tissue metailopeptidase
inhibitor 1 {TiMP1} under conditions that allow for formation of an antibody-TIMP1
immunccompiex; {¢; measuring an amount of antibedy-TIMPI Immunocomplax formed to
ohtained a measured value for TIPL in the sample; and {d) using 3 mathematical algorithm
1o obtain an (PF score based on the measured value of TIMPL in the samplie.
061371 Embodiment 2. The method of embodiment 1, wherein the biclogical fluid
sample is selected from the group consisting of bloond, serum, plasma, saliva, sputurm, mucus,
nasal, nasopharyngeal, anterior nasal, coropharyngeal, tracheal, bronchoalveclar, and
combinations thereof,
i001328]  Embodiment 3. The method of embodiment 1, wherein the IPF score is used 1o
support, predict, or substitute the histological score of a lung biopsy.
I60138]  Embodiment 4. The method of embodiment 1, wharein the mathematical
algorithm is a discriminant function algorithm,
{60348] Embodiment 5. The method of smbodiment 1, wherein the discriminant
function algorithm is g lingar discriminant function algorithm.
[60141] Embodiment 6. The method of emboediment 1, wherein the IPF score is at least
onre factor to determine a treatment strategy for the individual,
{66142]  Embodiment 7. The method of embodiment 1, wherein the IPF score is at least
one facior used to meonitor the efficacy of an implemenied treatment sirastegy for the
individual,
{60143] Embodiment 8. The method of embodiment 1, wherein the [PF store is at least
one factor used to determing whether the individual should obtain a ung biopsy.
601447  Embodiment 3. The method of embodiment 1, wherein the IPF score i5 at least

one factor used to evaluate the degree of IPF in the individual,
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001457  Embodiment 10, A method of determining the presence, severity, andfor
predisgosition of idiopathic Pulmonary Fibrosis {IPF) in an individual, the method including
the steps of: {3) obtaining a biological fluid sample from an Individual; {b} selecting at lpast
two diagnostic markers of a dynamic process of exirzscellular matrix synthesis andfor
extracellular matrix degradation from said sample, wherein the at least two diagnostic
markers are selected from the group consisting of fissue metallopantidase inhibitor 1
{TiIngPL), hyaluronan {HAY, and Procolizgen Type B N-terminal propeptide {PHINPY (o
measuring the amount of aach of the at least two diagnostic markers in the sample to obiain
a measured value for each of the at least two diagnostic markers; and {d) combining the
measured values of the at least two diagnostic markers using a mathematical algorithm to
ohtain an IPF score.

[08146] Embodiment 12, The method of smbodiment 10, wherein the at lzast two
diagnostic markers are TIMP1 and HA,

[0147] Embodiment 12, The method accerding to embodiment 10, wherein the at least
two diagnostic markers are TIMP1 and PHINP.

[60148] Embodiment 13: The method gocording to embodiment 18, wherein the at least
two diagnostic markers include TIMPY, HA, and PHINE, and wherein step {d) is further defined
as combining the measured values of the three diagnostic markers using the mathernatical
aigorithm o obtain the PF scors.

{00142]  Embodiment 14, The method according 1o embodiment 10, whearain the IPF score
is used to support, predict, or substitute the histological score of a lung biopsy.

[60153]  Embodiment 15, The method according 1o embodiment 10, wherein the
mathematical slgorithm is a discriminant funciion algorithm,

{00151)  Embodiment 16, The method according to embodiment 15, whersin the
discriminant function algorithm is g linear discriminant function algorithm.

{60152] Emboediment 17, The method according to embeodiment 16, wherein the [PF
score is at ieast one factor to determine a treatment strategy for the individual

{60153] Embodiment 18, The method according 1o embodiment 10, wherein the IPF
scora is at least one factor usaed to monitor the efficacy of an implementad treatment strategy

for the ingdividual.
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[603154] Embodiment 19, The method according to embodiment 10, wherein the {PF
score is at ieast one factor usad o determine whether the individual should obtain a fung
biopsy.
{6615%]  Embodiment 20. The method according to embodiment 10, wherein the 1PF
score s at keast one factor used to evaluate the degree of 1PF in the individual,
{06156] Embodiment 21, A non-transitory  computsr  readabie medium containing
executable instructions that when execuled cause a processor o perform operations
including the method of any one of embodiments 1-20
{60157]  Embodiment 220 A composition inchuding:
(a) one or more IPF Biomarkers, wherein the one or more IPF Biomarkers include:

tissue metallopeptidase inhibitor 1 (TIMP1), hyaluronan (HA), and Procollagen Type Il N-
terminal propeptide (PIIINP), or a combination thereof; and (b} one or more anti-IPF
Biomarker agents, wherein the one or more anti-IPF Biomarker agents include: an anti-
TIMP1 agent, an anti-HA agent, an anti-PIlINP agent, or a combination thereof. In
embodiments, the one or more anti-IPF Biomarker agents are man-made or synthetic.
[O0L58]  Embodiment 230 A Kt for detecting IPF, said kit including: {a} one or more anti-
IPF Biomarker agents, wherein the one or more anti-iPF Biomarker agents include:

() an anti-TIMP1agent,

(ii) an anti-HA agent,

(iii) an anti-PIlINP agent,

(iv) a combination thereof; and

(b) instructions for use.

[00159]  Embodiment 24: A Kit for detecting IPF, said kit including: {3} one or mors anti-
IPF Blomarker agents, wherein the one or more anti-1PF Biormarker agents include {3 an antl-
TIMPL agent and an anti-HA agent, {1} an anti-PHINP agent and an amti-TIMP1 agent, or {iif}
an anti-HA agent, an ant-PRINP agent, and an anti-TIMP1 agent; and (B} instructions for use,
[00168]  Embodiment 25 A kit including: {3} one or more anil-IPF Biomarker agants,
wherain the one or maors anti-iPF Blomarker agents include an antl-TIMPT agent, an anti-HA
agent, and an anii-PHINP agent; and {b} Instructions for use.

{00181]  Embodiment 26: The kit of any one of embodiments 23-25, wherein the one or

more anti-IPF Biomarker agents include one or more antibody agents.
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[60162]  Embodiment 27, The kit of smbodiment 26, wherein one or more of the antibody
agents are iabsled with 3 detectable moisty,

[60183] Embodiment 28 The kit of emboediments 23-27, further including one or more
controd samples.

[00164] Embodiment 28, Tha kit of embodiment 28, wherein the control samples include
cne or more (PF Biomarker standards,

fo01es]  Embodiment 38, Use of 3 Kit according t© embodiments 23-29 in an in vitrg

diagrostic assay o diagnose IPF in a subject.

EXAMPLES
D186 An Example is provided hereinbelow, Howsver, the present disciosure s to be
understood to not be limited in s appiication to the specific experimentation, rasults, and
laboratory procedures disciosed herein after. Rathar, the Example is simply provided as ons
of varicus embodiments and s meant to be exemplary, not exhaustive,
[00L67]  This Bample concerns the measurement of IPF blomarkers in a convenient blood
sample o accurately identify (e, ald In diagnosisy and potentially monitor the progression
of IPF in patients.
[00468]  The biomarkers tested were tissus metaliopeptidase inhibitor 1 {TIMP1},
hyaluronan (HA), and Procoliagen Type i N-terminal propsptide (PHINPL These fests are
immunpassays that run on various automated immuncassay pletforms {such as, but not
imited to, ATELLICA® and ADVIA CENTAUR® Immunopassay Analyzer Systems {Siemens
Healthineers, inc.; Malvern, PA) The hiomarkers can be used alone or in combination with
one ansther and/or in combination with other patient clinical data o accurately identify [PF
patienis.
IG60188] Inthis Example, 98 patient sarum samples were tested using Siemens TIMPL, HA,
and PIHNP immunoassay tests. There were 53 samples from confirmed IPF patients and 46
control patient samples consisting of 23 smokers and 23 non-smokers.
[00L78] A logistic regression was used [0 compare biomarkers 1o predict the probability of
IPF versus controls.
{60171] The performance results were calculated by doing a ‘leave 10 put’ cross validation,
where the logistic model was reconstructed five hundred times. Bach time the model was

constructed, oniy 8Y out of 99 of the specimens ware used to construct the model The mode!
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was then used to predict the remaining 10 specirmens. The sensitivity and specificity from
comparing these 18 spacimens o ciinical truth was averaged across ail 500
simulations/iterations to arrive at cross-validated performance for sensitivity and specificity.
{60172} The predictive value of TIMPL alone to identify IPF was exceilant, with an optimum
sensitivity of 91.7% and specificity of 87.2%, as shown in the receliving operator curve {ROC)

of FIz. 4, and as shown in Tabla 1 below.

TABLE 1 -TIMP1 ROC

Cut-off Probability Sensitivity Specificity

90% 45.5% 92.9%
70% 69.7% 92.9%
50% 91.7% 87.2%
45% 91.3% 84.0%
40% 95.3% 82.1%
30% 96.5% 78.5%
20% 97.7% 63.2%
10% 98.2% 38.2%
5% 98.0% 11.8%

[G0173] The predictive value of combining TIMPL and HA with regression analysis Further

improved the pradiction of IPF from controis, as shown in Table 2.

TABLE 2 - TIMP1 AND HA ROC

Cut-off Probability Sensitivity Specificity
70% 69.50% 93.70%
55% 86.60% 90.80%
50% 92.30% 90.10%
45% 95.40% 86.20%
40% 96.20% 84.00%
30% 96.20% 77.80%
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20% 96.50% 60.20%
10% 98.30% 38.00%
5% 98.10% 15.10%

IG60174]  Therefore, this Example demonstrates the use of TIMPL along or in combination
with HA in a logistic regression model 1o rafiably pradict IPF, The combination of TIMPI, HA,
and other clinical data biomarkers {such as, but not limited to, PHINP) in a lngistic regression
modsi provides discriminate scoring systems for more accurate staging and grading of IPF, as
well as rore acourate monitoring of disease prograssion and responses 1o therapies.

IG0175]  Thus, in accordance with the present disclosure, there have been provided
compositions, devices, and Kits, as well as methods of producing and using same, which fuilly
satisfy the objectives and advantages set forth hereinabove. Although the present disclosure
has heen described in conjunction with the specific drawings, experimentation, results, and
fanguage set forth hereinabove, i1 s evident that many alternatives, madifications, and
variations will be apparent (o those skilled in the art. Accordingly, it is intended 1o embrace
all such ziternatives, modifications, and variations that fall within the spirit and broad scops

of the presant disclosure,
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What is claimed is:

1. A method of determining the presence, severity, and/or predisposition of Idiopathic
Pulmonary Fibrosis (IPF) in an individual, the method comprising the steps of:

(a) obtaining a biological fluid sample from an individual;

(b) incubating the biological fluid sample with an antibody that specifically binds to tissue
metallopeptidase inhibitor 1 (TIMP1) under conditions that allow for formation of an
antibody-TIMP1 immunocomplex;

(c) measuring an amount of antibody-TIMP1 immunocomplex formed to obtained a
measured value for TIMP1 in the sample; and

(d) using a mathematical algorithm to obtain an IPF score based on the measured value

of TIMP1 in the sample.

2. The method according to claim 1, wherein the biclogical fluid sample is selected from
the group consisting of blood, serum, plasma, saliva, sputum, mucus, nasal, nasopharyngeal,

anterior nasal, oropharyngeal, tracheal, bronchoalveolar, and combinations thereof.

3. The method according to claim 1, wherein the IPF score is used to support, predict, or

substitute the histological score of a lung biopsy.

4, The method according to claim 1, wherein the mathematical algorithm is a

discriminant function algorithm.

5. The method according to claim 1, wherein the discriminant function algorithm is a

linear discriminant function algorithm.

6. The method according to claim 1, wherein the IPF score is at least one factor to

determine a treatment strategy for the individual.

7. The method according to claim 1, wherein the IPF score is at least one factor used to

monitor the efficacy of an implemented treatment strategy for the individual.

8. The method according to claim 1, wherein the IPF score is at least one factor used to
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determine whether the individual should obtain a lung biopsy.

9. The method according to claim 1, wherein the IPF score is at least one factor used to

evaluate the degree of IPF in the individual.

10. A method of determining the presence, severity, and/or predisposition of Idiopathic
Pulmonary Fibrosis (IPF) in an individual, the method comprising the steps of:

(a) obtaining a biological fluid sample from an individual;

(b) selecting at least two diagnaostic markers of a dynamic process of extracellular matrix
synthesis and/or extracellular matrix degradation from said sample, wherein the at least two
diagnostic markers are selected from the group consisting of tissue metallopeptidase inhibitor
1 (TIMP1), hyaluronan (HA), and Procollagen Type lll N-terminal propeptide (PIIINP);

(c) measuring the amount of each of the at least two diagnostic markers in the sample to
obtain a measured value for each of the at least two diagnostic markers; and

(d) combining the measured values of the at least two diagnostic markers using a

mathematical algorithm to obtain an IPF score.

11. The method according to claim 10, wherein the at least two diagnostic markers are
TIMP1 and HA.
12. The method according to claim 10, wherein the at least two diagnostic markers are

TIMP1 and PIIINP.

13. The method according to claim 10, wherein the at least two diagnostic markers
comprise TIMP1, HA, and PIIINP, and wherein step (d) is further defined as combining the
measured values of the three diagnostic markers using the mathematical algorithm to obtain

the IPF score.

14. The method according to claim 10, wherein the IPF score is used to support, predict,

or substitute the histological score of a lung biopsy.

15. The method according to claim 10, wherein the mathematical algorithm is a
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discriminant function algorithm.

16. The method according to claim 15, wherein the discriminant function algorithm is a

linear discriminant function algorithm.

17. The method according to claim 10, wherein the IPF score is at least one factor to

determine a treatment strategy for the individual.

18. The method according to claim 10, wherein the IPF score is at least one factor used to

monitor the efficacy of an implemented treatment strategy for the individual.

19. The method according to claim 10, wherein the IPF score is at least one factor used to

determine whether the individual should obtain a lung biopsy.

20. The method according to claim 10, wherein the IPF score is at least one factor used to

evaluate the degree of IPF in the individual.

21. A non-transitory computer readable medium containing executable instructions
that when executed cause a processor to perform operations comprising the method of

any one of claims 1-20.

22. A composition comprising:
(a) one or more IPF Biomarkers, wherein the one or more IPF Biomarkers comprise:
tissue metallopeptidase inhibitor 1 (TIMP1), hyaluronan (HA), and
Procollagen Type Il N-terminal propeptide (PIIINP), or a combination thereof; and
(b) one or more anti-IPF Biomarker agents, wherein the one or more anti-IPF
Biomarker agents comprise: an anti-TIMP1 agent, an anti-HA agent, an anti-PIIINP agent, or

a combination thereof.

23. A kit for detecting IPF, said kit comprising:
(a) one or more anti-IPF Biomarker agents, wherein the one or more anti-IPF

Biomarker agents comprise:

37



WO 2023/205712 PCT/US2023/065978

0] an anti-TIMP1agent,

(ii) an anti-HA agent,

(iii) an anti-PIlINP agent,

(iv) a combination thereof; and

(b) instructions for use.

24, A kit for detecting IPF, said kit comprising:

(a) one or more anti-IPF Biomarker agents, wherein the one or more anti-IPF
Biomarker agents comprise (i) an anti-TIMP1 agent and an anti-HA agent, (ii) an anti-PIIINP
agent and an anti-TIMP1 agent, or (iii) an anti-HA agent, an anti-PIIINP agent, and an anti-
TIMP1 agent; and

(b) instructions for use.

25. A kit comprising:

(a) one or more anti-IPF Biomarker agents, wherein the one or more anti-1PF
Biomarker agents comprise an anti-TIMP1 agent, an anti-HA agent, and an anti-PIIINP agent;
and

(b) instructions for use.

26. The kit of any one of claims 23-25, wherein the one or more anti-IPF Biomarker

agents comprise one or more antibody agents.

27. The kit of claim 26, wherein one or more of the antibody agents are labeled with a

detectable moiety.

28. The kit of claims 23-27, further comprising one or more control samples.

29. The kit of claim 28, wherein the control samples comprise one or more IPF

Biomarker standards.

30. Use of a kit according to claims 23-29 in an in vitro diagnostic assay to diagnose IPF in

a subject.
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Sequence Listing

1 Sequence Listing
Information
1-1 File Name biomarker_st25a.xml
1-2 DTD Version V1 3
1-3 Software Name WIPO Sequence
1-4 Software Version 2.2.0
1-5 Production Date 2023-04-19
1-6 Original free text language | en
code
1-7 Non English free text
language code
2 General Information
2-1 Current application: IP us
Office
2-2 Current application: 63/363,282
Application number
2-3 Current application: Filing |2023-04-19
date
2-4 Current application: 2020P06731WO
Applicant file reference
2-5 Earliest priority application:{US
IP Office
2-6 Earliest priority application:| 63/363,282
Application number
2-7 Earliest priority application:{ 2022-04-20
Filing date
2-8en Applicant name Siemens Healthcare Diagnostics, Inc.
2-8 Applicant name: Name
Latin
2-9en Inventor name
2-9 Inventor name: Name Latin
2-10en Invention title BIOMARKERS FOR IDIOPATHIC PULMONARY FIBROSIS AND METHODS OF PRODUCING
AND USING SAME
2-11 Sequence Total Quantity |2




Sequences

3-1-1 Sequence Number [ID] 1
3-1-2 Molecule Type AA
3-1-3 Length 207
3-1-4 Features Location/ source 1..207
Qualifiers mol_type=protein
organism=Homo sapiens
NonEnglishQualifier Value
3-1-5 Residues MAPFEPLASG | LLLLW.I AP SRACTCVPPH PQTAFCNSDL VI RAKFVGTP EVNQITLYQR 60
YEI KMTKMYK GFQALGDAAD | RFVYTPAME SVCGYFHRSH NRSEEFLI AG KLQDGLLHI T 120
TCSFVAPWNS LSLAQRRGFT KTYTVGCEEC TVFPCLSI PC KLQSGTHCLW TDQLLQGSEK 180
GFQSRHLACL PREPGLCTWQ SLRSQ A 207
3-2 Sequences
3-2-1 Sequence Number [ID] 2
3-2-2 Molecule Type AA
3-2-3 Length 1466
3-2-4 Features Location/ source 1..1466
Qualifiers mol_type=protein
organism=Homo sapiens
NonEnglishQualifier Value
3-2-5 Residues MVBFVQKGSW LLLALLHPTI | LAQQEAVEG GCSHLGQSYA DRDVWKPEPC Q CVCDSGSV 60

LCDDI | CDDQ ELDCPNPEI P FGECCAVCPQ PPTAPTRPPN
GDPG PGQPG SPGSPGPPG  CESCPTGPON  YSPQYDSYDV
PGSPGSPGYQ GPPGEPGQAG PSGPPGPPGA

PPGPPGTSGH
ERGLPGPPG

PRGAPGERGR
SNGAPGQRGE
ANGAPGLRGG
AAGERGAPGF
SPGGPGSDGK
GPGPQGPPCK
PKGDAGAPGA
TPGLQGVPGE
EGGAPGLPG

VAGPPGGSGP
KDGPPGPAGN
PPGVPGPRGS
LPGRDGSPGG
SRGAPGPQGP
PVGPSGPPGK
GAAAI AG GG
NCRDLKFCHP
AEKKHVWEGE
QASGWKKAL
| VDI APYDI G

KGPAG PGFP
PGLPGAAGAR

GWGHRGFDG RNGEKGETGA
GNDGARGSDG QPGPPGPPGT

PGPQGHAGAQ GPPGPPA NG SPGGKGEMGP

AGEPGKNGAK
RGPAGPNG P
PGPPGSQGES
NGETGPQGPP
PGGKGDAGAP
RGGLGSPGPK
AGPRGSPGER
AGPPGPQGVK
TGAPGSPGVS
PGPQGVKGES
KGDRGENGSP
RGDKGETGER
DGTSGHPGPI
EKAGGFAPYY
ELKSGEYW/D
SMDGGFQFSY
KLMGSNEGEF
GPDQEFGVDV

GEPGPRGERG EAG PGVPGA
GEKGPAGERG APGPAGPRGA
GRPGPPGPSG PRGQPGVMG
GPTGPGGEDKG DTGPPGPQGL
GERGPPGLAG APGLRGGAGP
GDKGEPGGPG ADGVPGKDGP
GETGPPGPAG FPGAPGONGE
GERGSPGGPG AAGFPGARGL
GPKGDAGQPG EKGSPGAQGP
GKPGANGLSG ERGPPGPQGL
GAPGAPGHPG PPGPVGPAGK
GAAG KGHRG FPGNPGAPGS
GPPGPRGNRG ERGSEGSPGH
GDEPMDFKI N TDEI MTSLKS
PNQGCKLDAI  KVFCNVETGE
GNPELPEDVL DVHLAFLRLL
KAEGNSKFTY TVLEDGCTKH
GPVCFL

GQGPQGPKGD PGPPGE PGRN 120

KSGVAVGGLA

GYPGPAGPPG

180

| GPSGPAGKD GESGRPGRPG 240

PGLKGENGLP
AGFPGSPGAK

GENGAPGPMG
GEVGPAGSPG

300
360

AG PGAPGLM GARGPPGPAG 420

KGEDGKDGSP
AGEPGRDGVP
PGPKGNDGAP
QGLPGTGGPP
PGPEGEKGAA
RGPTGP| GPP
PGGKGERGAP
PGPPGSNGNP
PGAPGPLG A
PGLAGTAGEP
SGDRGESGPA
PGPAGQQGA!
PGQPGPPGPP
VNGQI ESLI S
TCl SANPLNV
SSRASQNI TY
TGEWSKTVFE

GEPGANGLPG
GGPGVRGVPG
GKNGERGGPG
GENGKPGEPG
GPPGPPGAAG
GPAGQPGDKG
GEKGEGGPPG
GPPGPSGSPG
G TGARGLAG
GRDGNPGSDG
GPAGAPGPAG
GSPGPAGPRG
GAPGPCCGGV
PDGSRKNPAR
PRKHWATDSS
HCKNSI AYND
YRTRKAVRLP

480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1466
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