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FIG. 1 

(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 applcation claims priority or the benefit under 35 U.S.C, § 119 of U,.S 

provisional patent application no 63/363,282 filed on 20 April 2022, the contents of which 

are fully incorporated herein by reference.  

SEQUENCE LISTING 

[002] The sequences referred to herein are listed in the Sequence Listing submitted as 

an ASClI text file entitled "biomarkerST25a.xml" - 5 KB and was created on 19 April 

2023 herein incorporated by reference in its entirety.  

BACKGROUND 

[003] Idiopathic pulmonary fibrosis (IPF) is a life-threatening fibrotic lung disease of 

unknown etiology that affects up to 185,000 individuals in the United States. There are no 

effective therapies for IPF, leading to significant morbidity and mortality. Thepathogenesis of 

IPF is not fully understood. Although IPF was initially thought to result from generalized 

pulmonary inflammation leading to fibrosis, the current paradigm has shifted towards 

alveolar epithelial cell dysfunction and disordered fibroproliferation.  

[004] Although the median survival is2-3 years, there is a wide spectrum of disease 

courses that can be generalized into three categories: stability or very slow decline, rapid 

deterioration, and periods of stability interspersed with periods of decline. Currently, it is 

difficult for clinicians to predict the disease course for an individual patient, as there are no 

accepted surrogates of these clinical courses.  

[005] Biomarkers act as surrogates for clinically meaningful outcomes and may or may 

not reflect the pathogenesis underlying a disease. Examoles of clinical utility include 

diagnosis, the prediction of disease progression or regression, and prognostication of 

mortality. A biornarker should be easily acquired, reliably measured, and available for serial 

monitoring. Ideally, it would also provide an advantage of currently used clinical measures in 

ease, timeframe, and/or expense.  

[006] However, no reliable blood-based biomarkers have been identified as individual 

biomnarkers or combination biomarkers (blood-based, imaging, or patient clinical data) that 

are effective at aiding in the diagnosis and progression of IPF,
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[007] Therefore, there is a need in the art for biomarkers and assays for IPF, It is to such 

biomarkers, as well as compositions/devices/assays containing reagents for measuring said 

biomarkers, alongwith methods of using same, that the present disclosure is directed.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[008] Embodiments of the present disclosure, briefly summarized above and discussed 

in greater detail below, can be understood by reference to the ilustrative embodiments of 

the disclosure depicted in the appended drawings, However, the appended drawings 

illustrate only typical embodiments of the disclosure and are therefore not to be considered 

limiting of scope, for the disclosure may admit to other equally effective embodiments 

[0091 FIG. 1 graphically depicts a receiver operator curve (ROC) illustrating the predictive 

value of the biomarker tissue rnetallopeptidase inhibitor 1 (TIMPI) alone to identify IPF, in 

accordance with the present disclosure.  

[0010] FIG 2 depicts an exemplary block diagram of a computersystem 1100.  

[0011] FIG. 3 depicts an exemplary flow chart of a method 1200.  

[0012] FIG. 4 depicts an exemplary flow chart of a method 1300.  

[0013] To facilitate understanding, identical reference numerals have been used, where 

possible, to designate identical elements that are common to the figures. The figures are not 

drawn to scale and may be simplified for clarity. Elements and features of one embodiment 

may be beneficially incorporated in other embodiments without further recitation.  

DETAILED DESCRIPTION 

[0014] Before explaining at least one embodiment of the present disclosure in detailby 

way of exemplary language and results, it is to be understood that the present disclosure is 

not limited in its application to 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 outin various ways. As such, the language used 

herein is intended to be given the broadest possible scope and meaning; and the 

embodiments are mneant to be exemplary - not exhaustive, Also, it is to be understood that 

the phraseology and terminology employed herein is for the purpose of description and 

should not be regarded as limiting, 

2



WO 2023/205712 PCT/US2023/065978 

[0015] Uniess otherwise defined herein, scientific and technical terms used in connection 

with the resent disclosure shall have the meanings that are commonly understood by those 

of ordinary skill in the art. Further, unless otherwise required by context, singular terms shall 

include pluralities and plural terms shall include the singular. The foregoing techniques and 

procedures are generally performed according to conventional methods well known in the 

art and as described in various 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 techniques of, analytical chemistry, synthetic organic 

chemistry, and medicinal and pharmaceutical chemistry described herein are those well

known and commonly used in the art.  

[00161 All patents, published patent applications, and non-patent publications mentioned 

in the specification are indicative of the level of skill of those skilled in the art to which the 

present disclosure pertains. All patents, published patent applications, and non-patent 

publications referenced in any portion of this application are herein expressly incorporated 

by reference in their entirety to the same extent as if each individual patent or publication 

was specifically and individually indicated to be incorporated by reference.  

[0017] All of the compositions, devices, kits, and/or methods disclosed herein can be 

made and executed without undue experimentation in lightof the present disclosure. 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, and/or methods and in the steps or in the sequence of steps 

of the methods described herein without departing from the concept, spirit, and scope of the 

present disclosure. All such similar substitutions and modifications apparent to those skilled 

in the art are deemed to be within the spirit, scope, and concept of the present disclosure as 

defined by the appended claims.  

[0018] As utilized in accordance with the present disclosure, the following terms, unless 

otherwise indicated, shall be understood to have the following meanings: 

[0019] The use of the term "a" or "an" when used in conjunction with the term 

comprising" in the claims and/or the specification may mean "one," but It is also consistent 

with the meaning of "one or more," "at least one," and "one or more than one," As such, the 

terms "a""an," and "the" include plural referents unless the context clearly indicates 

otherwise. Thus, for example, reference to "a compound" may refer to one or more 
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compounds, two or more compounds, three or more compounds, four or more compounds, 

or greater numbers of compounds. The term "plurality" refers to "two or more." 

[0020] The use of the term "at least one" will be understood to include one as well as any 

quantity more than one, including but not limited to, 2, 3, 4, 5, 10, 15, 20, 30, 40, 50, 100, etc.  

The term "at least one" may extend up to 100 or 1000 or more, depending on the term to 

which it is attached; in addition, the quantities of 100/1000 are not to be considered limiting, 

as higher limits may also produce satisfactory results. In addition, the use of the term "atleast 

one of X, Y, and 7" will be understood to include X alone, Y alone, and 7 alone, as well as any 

combination of X, Y, and Z.  

[0021] The use of ordinal number terminology (i:e., "first," "second," "third," "fourth," 

etc.) is solely for the purpose of differentiating between two or more items and, unless 

explicitly stated otherwise, is not neant to imply any sequence or order or importance to one 

item over another or any order of addition, for examle.  

[0022] The use of the term "or"in the claims is used to mean an inclusive "and/or"unless 

explicitly indicated to refer to alternatives only or unless the alternatives are mutually 

exclusive. For example, a condition "A or B" is satisfied by any of the following: A is true (or 

present) and B is false (or not present), A is false (or not present) and B is true (or present), 

and both A and Bare true (or present).  

[0023] As used herein, any reference to "one embodiment," "an embodiment," "some 

embodiments," "one example," "for example," or "an example" means that a particular 

element, feature, structure, or characteristic described in connection with the embodiment 

is included in at least one embodiment. The appearance of the phrase "in some 

embodiments" or "one example" in various places in the specification is not necessarily all 

referring to the same embodiment, for example. Further, all references to one or more 

embodiments or examples are to be construed as non-limiting to the claims.  

[0024] Throughout this application, the term "about" is used to indicate that a value 

includes the inherent variation of error for a composition/apparatus/ device, the method 

being employed to determine the value, or the variation that exists among the study subjects 

For example, but not by way of limitation, 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 seven percent, or six 

percent, or five percent, or four percent, or three percent, or two percent, or one percent 
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from the specified value, as such variations are appropriate to perform the disclosed methods 

and as understood by persons having ordinary skill in the art.  

[0025] The term "antibody" is used herein in the broadest sense and refers to, for 

example, intact monoclonal antibodies and polyclonal antibodies, multi-specific antibodies 

(e.g., bispecific antibodies), antibody fragments and conjugates thereof that exhibit the 

desired biological activity of analyte binding (such as, but not limited to, Fab, Fab', F(ab')2, Fv, 

scFv, Fd, diabodies, single-chain antibodies, and other antibody fragments and conjugates 

thereof that retain at least a portion of the variable region of an intact antibody), antibody 

substitute proteins or peptides (i.e., engineered binding proteins/peptides), and 

combinations or derivatives thereof. The antibody can be of any type or class (eg., IgG, IgE, 

IgM, IgD, and IgA) or sub-class (e.g., IgG1, IgG2, IgG3, IgG4, IgAl, and IgA2).  

[0026] Biomarker: The term "biomarker" or"biological marker" is used herein, consistent 

w'ith its use in the art, to refer to an entity whose presence, level, or form, correlates with a 

particular biological event or state of interest, so that it is considered to be a "marker" of that 

event or state. To give but a few exampes, in some embodiments, a biomarker may be or 

include a marker for a particular disease state, or for likelihood that a particular disease, 

disorder or condition may develop, occur, or reoccur. In some embodiments, a biomarker 

may be or include a marker for a particular disease or therapeutic outcome, or likelihood 

thereof. Thus, in some embodirments, a biomarker is predictive, in some embodiments, a 

biomarker is prognostic, in some embodiments, a biomarker is diagnostic, of the relevant 

biological event or state of interest. In some embodiments, a biomarker is a possible 

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 biomarker may be or include a 

nucleic acid, a polypeptide, a small molecule, or a combination thereof. In some 

embodiments, a biomarker is a cell surface marker. In some embodiments, a biomarker is 

intracellular. In some embodiments, a biomarker is found in particular tissue (e.g., lung 

tissue), In some embodiments, a bionarker is found outside of cells (e.g., is secreted or is 

otherwise generated or present outside of cells, e.g., in a body fluid such as blood, urine, 

tears, saliva, cerebrospinal fluid, etc.  

[0027] As described herein, in some embodiments, a biomarker is an IPF Biomarker. An 

"IPF Biornarker" as used herein refers to a biological marker for idiopathic pulmonary fibrosis 

(IPF). In some embodiments, one or more one or more IPF Biomarkers include tissue 

5



WO 2023/205712 PCT/US2023/065978 

metallopeptidase inhibitor 1 (TIMPI), hyaluronan (HA), and Procollagen Type Ill N-terminal 

propeptide (PIINP), or a combination thereof, In embodiments, an IPF Biomarker includes a 

gene product associated with the specific recited biomarker. For example, depending on 

context, "TIMP" refers to a nucleotide encoding TIMP1 or a characteristic or functional 

fragment thereof, as well as a TIMP1 protein or a characteristic or functional fragment 

thereof, 

[0028] Characteristic fragment: The term "characteristic fragment" refers to a fragment 

of a biomarker (e.g.,IPF Biomarker) that is sufficient to identifythebiomarkerfrom which the 

fragment was derived. For example, in some embodiments, a "characteristic fragment" of a 

biomarker is one that contains an amino acid sequence, or a collection of amino acid 

sequences, that together allow forthe biomarkerfrom which the fragment was derived to be 

distinguished from other possible biomarkers, proteins, or polypeptides. In some 

embodiments, a characteristic fragment includes at least 10, at least 20, at least 30, at least 

40, or at least 50 amino acids. In embodiments, a characteristic fragment refers to a fragment 

of a biomarker that has at least 90%, at least 95%, at least 99% sequence identity to the 

biomarker from which the characteristic fragment was derived.  

[0029] Gene product or expression product: As used herein, the term "gene product" 

generally refers to an RNA transcribed from the gene (pre-and/or post-processing) or a 

polypeptide (pre- and/or post-modification) encoded by an RNA transcribed from the gene.  

[0030] Hybridization: The term "hybridization" refers to the physical property of single

stranded nucleic acid molecules (e.g., DNA or RNA) to anneal to complementary nucleic acid 

molecules. Hybridization can typically be assessed ir a variety of contexts- including where 

interacting nucleic acid molecules are studied in isolation or in the context of more complex 

systems (e.g., while covalently or otherwise associated with a carrier entity and/or in a 

biological system or cell), In some embodiments, hybridization can be detected by a 

hybridization technique, such as a technique selected from the group consisting of in situ 

hybridization (ISH), microarray, Northern blot, and Southern blot. In some embodiments, 

hybridization refers to 100% annealing between the single-stranded nucleic acid molecules 

and the complementary nucleic acid molecule. In some embodiments, annealing is less than 

100% (e.g., at least 95%, at least 90%, at least 85%, at least 80%, at least 75%, at least 70% of 

a single-stranded nucleic acid molecule anneals to a complementary nucleic acid molecule), 

Hybridization techniques, and methods for evaluating hybridization, are well known in the 
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art. See, e.g., Sambrook, et a., 1989., Molecular Cloning: A Laboratory Manual, Second 

Edition, Cold Spring Harbor Press, Plainview, N.Y. Those skilled in the art understand how to 

estimate and adjust the stringency of hybridization conditionssuch that sequences having at 

least a desired level of complementary will stably hybridize, whilethose having lower 

complementary will not. For examples of hybridization conditions and parameters, see, e.g., 

Sambrook, et al., 1989, Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring 

Harbor Press, Plainview, N.Y.; Ausubel, F. M. et al. 1994, Current Protocols in Molecular 

Biology. John Wiley & Sons, Secaucus, NI 

[0031] Detection agent: The term "detection agent" asused hereinrefers to any element, 

molecule, functional group, 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 (e.g,, joined to) another agent.  

Examples of detection agents include, but are not limited to: various ligands, radionuclides 

(e.g.,4 H, 14C!, F, F, 3 P., 3-s, 13! 1 55, 1231, 64Cu, Re, mIn, 9 Y, rTc, mLu, "Zr etc.), 

fluorescent dyes, chemiluminescentagents (such as, for example, acridinum esters, stabilized 

dioxetanes, and the like), bioluminescent agents, spectrally resolvable inorganic fluorescent 

semiconductors nanocrystals (i.e., quantum dots), metal nanoparticles (e.g., gold, silver, 

copper, platinum, etc.) nanoclusters, paramagnetic rnetal ions, enzymes, colorimetric labels 

(such as, for example, dyes, colloidal gold, and the like), biotin, dioxigenin, haptens, and 

proteins for which antisera or monoclonal antibodies are available.  

[0032] Diagnostic test: As used herein, "diagnostic test" is a step or series of steps that is 

or has been performed to attain information that is useful in determining whether a patient 

has a disease, disorder or condition and/or in classifying a disease, disorder or condition into 

a phenotypic category or any category having significance with regard to prognosis of a 

disease, disorder or condition, or likely response to treatment (either treatment in general or 

any particular treatment) of a disease, disorder or condition. Simiarly, "diagnosis" refers to 

providing any type of diagnostic information, including, but not limited to, whether a subject 

is likely to have or develop a disease, disorder or condition, state, staging or characteristic of 

a disease, 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 useful 

in selecting an appropriate treatment or additional diagnostic testing. Selection of treatment 

may include the choice of a particular therapeutic agent or other treatment modality such as 
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surgery, radiation, etc, a choice about whether to withhold or deliver therapy, a choice 

relating to dosing regimen (e.g, frequency or level of one or more doses of a particular 

therapeutic agent or combination of therapeutic agents), etc. Selection of additional 

diagnostic testing may include more specific testing for a given disease, disorder, or condition.  

[0033] As used in this specification and claim(s), the words "comprising" (and any form of 

conmrising, such as "comprise" and "comprises"), "having" (and any form ofhaving, 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 exclude additional, unrecited elements or method steps. For 

example, a process, method, article, or apparatus that comprises a ist of elements is not 

necessarilylimited to only those elements but may include other elements not expressly listed 

or inherently present therein 

[0034] The term "or combinations thereof" as used herein refers to all permutations and 

combinations of the listed items preceding the term. For example, "A, B, C, or combinations 

thereof' is intended to include at least one of: A, B, C, AB, AC, BC, or ABC, and if order is 

important in a particular context, also BA, CA, CB, CBA, BCA, ACB, BAC, or CAB. Continuing 

with this example, expressly included are combinations that contain repeats of one or more 

item or term, such as BB, AAA, AAB, BBC, AAABCCCCBBAAA, CABABB, and so forth. The 

skilled artisan will understand that typically there is no limit on the number of items or terms 

in any combination, unless otherwise apparent from the context, 

[0035] As used herein, the term "substantially" means that the subsequently described 

event or circumstance completely occurs or that the subsequently described event or 

circumstance occurs to a great extent or degree. For example, when associated with a 

particular event or circumstance, the term "substantially" means that the subsequently 

described event or circumstance occurs at least 80% of the time, or at least 85% of the time, 

or atleast 90% of the time, oratleast 95% of the time. The term "substantially adjacent" may 

mean that two items are 100% adjacent to one another, or that the two items are within close 

proximity to one another but not 100% adjacent to one another, or that a portion of one of 

the two items is not 100% adjacent to the other tern but iswithin close proximity to the other 

item.  

[0036] As used herein, the phrase "associated with" includes both direct association of 

two moieties to one another as well as indirect association of two moieties to one another, 
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Non-limiting examples of associations include covalent binding of one moiety to another 

moiety eitherby a direct bond or through a spacer group, non-covalent binding of one moiety 

to another moiety either directly or by means ofspecific binding pair members bound to the 

moieties, incorporation of one moiety into another moiety such as by dissolving onemoiety 

in another moiety or by synthesis, and coating one moiety on another moiety.  

[0037] The term "biological fluid sample" as used herein will be understood toinclude 

any liquid test sample that may be obtained from patient and utilized in accordance with 

the present disclosure, Examples of biological fluid samples that may be utilized included ut 

are not limited towhole blood or anyportion thereof (i.e., plasma or serum), saliva, sputum, 

mucus, nasal, nasopharyngeal, anterior nasal, oropharyngeal, tracheal, bronchoalveolar, 

cerebrospinal fluid (CSF), intestinal fluid, intraperitoneal fluid, cystic fluid, sweat, interstitial 

fluid, tears, combinations thereof, and the like.  

[0038] As used herein, the term "volume" as it relates to the liquid test samples utilized 

in accordance with the present disclosure typically refers to a volume of liquid test sample in 

a range of from about 0.1 pl to about 100 p1, or a range of from about 1 l to about 75 p1, or 

a range of from about 2 pl to about 60 p, or a value less than or equal to about 50 pl, or the 

like.  

[0039] The term "patient" as utilized herein includes human and veterinary subjects. In 

certain non-limiting embodiments, a patient is a marnmal, In certain other non-limiting 

embodiments, the patient is a human. The term "mammal" for purposes of 

diagnosis/treatment refers to any animal classified as a mammal, including human, domestic 

and farm animals, nonhuman primates, and zoo, sports, or petanimals, such as dogs, horses, 

cats, cows, etc.  

[0040] A healthh care provider" or "health care decision maker" includes any individual 

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 to treat lung disease, a health care 

providercan beanindividualwhois not authorized to diagnose ortreat a patient, orto assist 

in the diagnosis or treatment of a patient.  

[0041] "Point of care testing" refers to real time diagnostic testing that can be done in a 

rapid time frame so that the resulting test is performed faster than comparable tests that do 

not employ this system. Point of care testing can be performed rapidly and on site, such as in 

a doctor's office, at a bedside, in a stat laboratory, emergency room, or other such locales, 
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particularly where rapid andaccurate results are required. The patient can be present, but 

such presence is not required. Point of care includes, but is not limited to: emergency rooms, 

operating rooms, hospital laboratories and other clinical laboratories, doctor's offices, in the 

field, orin any situation in which a rapid and accurate results desired.  

[0042] The term "specific binding partner," as used in particular (but not by way of 

limitation) herein in the term "target analyte-specific binding partner," will be understood to 

referto any molecule capable of specifically associating with the target analyte. For example, 

but not by way of limitation, the binding partner may be an antibody, a receptor, a ligand, 

aptamers, molecular imprinted polymers (i.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 utilized herein refers to an assay to determine the 

presence of a diagnostic biomarker in a biological sample by reacting the sample with an 

antibody (or fragment thereof) that specifically binds to the diagnostic biomarker, wherein 

the reaction is carried out for a time and under conditions that allow for the formation of an 

imrnunocomolex between the antibody (or fragment thereof) and the diagnostic biornarker.  

The quantitative determination of such an immunocomplex is then performed.  

[0044] In certain particular (but non-limiting) embodiments, the immunoassays may 

detect an immobilized complex between a serumrnarker and a serummarker ending 

antibody using a second antibody that islabeled and binds to 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-binding antibody can be 

a capture antibody attached to an insoluble material and the second antibody can be a 

labeling antibody. The above-described sandwich immunoassay procedures can be used with 

the antibodies described hereinafter.  

[0045] In other particular (but non-limiting) embodiments, the immunoassays may detect 

a complex between a serum marker and a serum marker-binding antibody using a detection 

molecule (ie., second reagent) that is capable of binding to the serum marker-binding 

antibody and also capable of being detected when bound to the mmunocomplex. For 

example (but not by way of limitation), the second reagent may include a label attached to a 

receptor, a ligand, or even another copy of the serum marker.  
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[0046] Turning now to particular non-limiting ernbodiments of the present disclosure, 

embodiments of the present disclosure include individual biomarkers for IPF, as well as 

cornpositons/dvices/assayscontaining same, methods of producing and using same, kits, 

and diagnostic tests related thereto. The identification of one or more biomarkers for IPF is 

attractive and advantageous for several reasons. First, the currently used diagnostic criteria 

for IPF rely on radiographic imaging and/or surgical lung biopsies interpreted by physicians 

with expertise in interstitial lung diseases.Tis expertise is often found only at tertiary care 

centers, which rnay be geographically distant from patients and their primary physicians, The 

identification of one or more serum biomarkers that are diagnostic for F will be helpful for 

both clinicians and patients, particularly in cases where a surgical lung biopsy cannot be 

obtained or access to dedicated interstitial lung disease physicians is limited. Secondly, the 

discovery of peripheral blood biomarkerisI that reflect disease activity will allow for serial 

monitoring as well as Provide an objective marker(s) to assess treatment efficacy. Lastly, an 

IPF biomnarker that provides prognostic information about disease course and/or mortality 

will be valuable for both clinical care and research study design. The present disclosure 

focuses on (but is not limited to) biornarkers that are present in peripheral blood, as they are 

easy to obtain, can be measured longitudinally, and have the greatest likelihood of achieving 

clinical utility Prior to the present disclosure, there were no validated biornarkers that were 

routinely used in the clinical care of patients with IPF.  

[0047] Certain non-limiting embodiments of the present disclosure are directed to a 

method of determining the presence, severity, and/or predisposition of Idiopathic Pulmonary 

Fibrosis (IPF) in an individual using a single biomarker. The method includes 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 metalopeptidase inhibitor I (TMPI) 

under conditions that allow for formation of an antibody-TIMP1 imrnmunocomplex; (c) 

measuring an amount of antibody-TIMPI1immunocomplex formed to obtained a measured 

value for TIMPI in the sample; and (d) using a mathematical algorithm to obtain an IPF score 

based on the measured value of TIMPIin the sample.  

[0048] Any biological fluid sample known in the art or otherwise contemplated herein 

that may contain TIMPI that is detectable by an anti-TMPI antibody and that is indicative of 

IPF may be utilized in accordance with the present disclosure. Examples of biological fluid 

samples that may be utilized include, but are not limited to, blood, serum, plasma, saliva, 
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sputum, mucus, nasal, nasopharyngeal, anterior nasal, oropharyngeal, tracheal, 

bronchoalveoar, combinations thereof, and the like.  

[0049] Anti-TIMPI antibodies are well known in the art, are widely commercially 

available, and have been vastly studied, For example (but not by way of limitation), a few 

commercial sources of anti-TIMPI monoclonal and/or polyclonal antibodies include Abcam 

(Cambridge, UK); Biolegend, Inc. (San Jose, CA); Bio--Rad Laboratories, Inc. (Hercules, CA); Cell 

Signaling Technology, Inc. (Danvers, MA); Millipore Sigma (Burlington, MA); Santa Cruz 

Biotechnology, IncL (Dallas, TX); Sino Biological US Inc. (Wayne, PA); Thermo Fisher Scientific 

(Waltham, MA); and many others. However, this list is not inclusive, and there are many 

additional commercial sources of anti-TIMP1 antibodies that can be utilized in accordance 

with the present disclosure. Thus, a person having ordinary skill in the art will clearly and 

unarnbiguously be able to identify and select a variety of anti-TIMPI antibodies that can be 

utilized in accordance with the present disclosure, and as such, no further description of the 

anti-TIMPI antibodies or the characteristics thereof is deemed necessary.  

[0050] Non-imiting examples of TIMPI immunoassays, reagents utilized therein, and 

algorithms that may be utilized in accordance with the present disclosure are described in 

detail in US Patent No. 7,141,380, issued November 28, 2006; and US Patent No. 7,668,661, 

issued February 23, 2010. The entire contents of each of the above-referenced patents are 

hereby expressly incorporated herein by reference.  

[0051] In certain particular (but non-limiting) embodiments,thePFscoreisusedto 

support, predict, or substitute the histological score of a lung biopsy.  

[0052] In certain particular (but non-limiting) embodiments, the mathematical algorithm 

is a discriminant function algorithm, such as (but not limited to) a linear discriminant function 

algorithm.  

[0053] In certain particular (but non-ilmiting) embodiments, the IPF score is at least one 

factor to determine a treatment strategy for the individual.  

[0054] In certain particular (but non-limiting) embodiments, the IPF score is at least one 

factor used to monitor the efficacy of an implemented treatment strategy for the individual.  

[0055] In certain particular (but non-limiting) embodiments, the IPF score is at least one 

factor used to determine whether the individual should obtain a lung biopsy.  

[0056] In certain particular (but non-limiting) embodiments, the IPF score is at least one 

factor used to evaluate the degree of IPF in the individual.  
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[0057] Certain non-iimiting embodiments of the present disclosure are directed to 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 steps of: 

(a) obtaining a biological fluid sample from an individual or patient; (b) selecting at least two 

diagnostic 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 inhibitor1.(TIMP), hyaluronan 

(HA), and Procoliagen Type III N-terminal propeptide (PlllNP); (c) measuring the amount of 

each of the at least two diagnostic markers in the sample to obtain a measuredvalue 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 

[0058] In certain particular (but non-limiting) embodiments, the at least two diagnostic 

markers are TIMP1 and HA.  

[0059] In certain particular (but non-limiting) embodiments, the at least two diagnostic 

markers are TIMPI and PIllNP.  

[0060] In certain particular (but non-limiting) embodiments, the at least two diagnostic 

markers include TIMP, 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. In embodiments, the TIMPI and PIIINP (or P3NP) is characterized as 

human, 

[0061] HA binding proteins and/or anti-HA antibodies are well known in the art, are 

widely commercially available, and have been vastly studied. For example (but not by way of 

limitation), a few commercial sources of anti-HA monoclonal and/or polyclonal antibodies 

include Abbexa Itd (Houston, TX); Bio-Rad Laboratories, Inc. (Hercules, CA); Biorbyt Ltd. (St.  

Louis, MO); Creative Diagnostics (Shirley, NY); GeneTex, Inc (Irvine, CA); LifeSpan BioSciences 

(Seattle, WA); MyBioSource, Inc. (San Diego, CA); US Biological Life Sciences (Salem, MA); and 

many others. However, this list is not inclusive, and there are many additional commercial 

sources of anti-HA antibodies that can be utilized in accordance with the present disclosure.  

Thus, a person having ordinary skiil in the art wili clearly and unambiguously be able to 

identify and select a variety of anti-HA antibodies that can be utilized in accordance with the 

present disclosure, and as such, no further description of the anti-HIA antibodies or the 

characteristics thereof is deemed necessary.  
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[0062] Anti-PHNP antibodies are well knownin the art, are widely commercially available, 

and have been vastly studied. For example (but not by way of imitation), a few commercial 

sources of anti-PllNP monoclonal and/or polyclonal antibodies include Abbexa Ltd (Houston, 

TX); Abcam (Cambridge, UK); Abnova Corporation (Walnut, CA); Antibodies-Online Inc.  

(Limerick, PA); Cedarlane (Burlington, Ontario); Creative Diagnostics (Shirley, NY); Millipore 

Sigma (Burlington, MA); MyBioSource, Inc. (San Diego, CA); Sino Biological US Inc, (Wayne, 

PA); and many others. However, this list is not incusive, and there are many additiona 

commercial sources of anti.-PINP antibodies that can be utilized in accordance with the 

present disclosure. Thus, a person having ordinary skill in the art will clearly and 

unambiguously be able to identify and select a variety of anti-PINP antibodies that can be 

utilized in accordance with the present disclosure, and as such, no further description of the 

anti-PINP antibodies or the characteristics thereofis deemed necessary, 

[0063] Non-limiting examples of TIMPI, HA, and PHINP immunoassays, reagents utilized 

therein (including antibodies utiized therein), and algorithms that may be utilized in 

accordance with the present disclosure are described in detail in US Patent No. 7,141,380, 

issued November 28, 2006; US Patent No. 7,668,661, issued February 23, 2010; and US 

7541,149, issued June 2, 2009. The entire contents of each of the above-referenced patents 

are hereby expressly incorporated herein by reference, In embodiments, a suitable 

biomarker for use herein includes a polypeptide having the amino acid sequence shown in 

(UniProt Accession No. P01033) such as: 

MAPFEPLASGILLLLWLIAPSRACTCVPPH PQTAFCNSDLVIRAKFVGTPEVNQTTLYQRYEIKMTKMYKG 

FQA.GDAADIRFVYTPAMESVCGYFHRSHNRSEEFIAGKI..QDGLHTTCSFVAPWNSLSLAQRRGFTK 

TYTVGCEECTVFPCLSIPCKLQSGTHCLWTDQLLQGSEKGFQSRHLACLPREPGLCTWQSLRSQIA (SEQ 

ID NO:),or fragments orvariants thereof, e.g., variants having atleast 95%, at least 97%, or 

at least 99% sequence identity to this biornarker sequence, In embodiments, a suitable 

biomarker for use herein includes a polypeptide having the amino acid sequence shown in 

(UniProt Accession Nos. P02461or P02461.1) such as: 

MMSFVQKGSWLLLALLHPTIILAQQEAVEGGCSHLGQSYADRDVWKPEPCQICVCDSGSVLCDDIICDD 

QELDCPNPEIPFGECCAVCPQPPTAPTRPPNGQGPQGPKGDPGPPGIPGRNGDPGIPGQPGSPGSPGP 

PGICESCPTGPQNYSPQYDSYDVKSGVAVGGLAGYPGPAGPPGPPGPPGTSGHPGSPGSPGYQGPPGE 

PGQAGPSGPPGPPGAIGPSGPAGKDGESGRPGRPGERGLPGPPGIKGPAGIPGFPGMKGHRGFDGRN 

GEKGETGAPGLKGENGLPGENGAPGPMGPRGAPGERGRPGLPGAAGARGNDGARGSDGQPGPPGP 
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PGTAGFPGSPGAKGEVGPAGSPGSNGAPGQRGEPGPQGHAGAQGPPGPPGINGSPGGKGEMGPAGI 

PGAPGLMGARGPPGPAGANGAPGLRGGAGEPGKNGAKGEPGPRGERGEAGIPGVPGAKGEDGKDGS 

PGEPGANGLPGAAGERGAPGFRGPAGPNGIPGEKGPAGERGAPGPAGPRGAAGEPGRDGVPGGPG 

MRGMPGSPGGPGSDGKPGPPGSQGESGRPGPPGPSGPRGQPGVMGFPGPKGNDGAPGKNGERGG 

PGGPGPQGPPGKNGETGPQGPPGPTGPGGDKGDTGPPGPQGLQGLPGTGGPPGENGKPGEPGPKG 

DAGAPGAPGGKGDAGAPGERGPPGLAGAPGLRGGAGPPGPEGGKGAAGPPGPPGAAGTPGLQGMP 

GERGGLGSPGPKGDKGEPGGPGADGVPGKDGPRGPTGPIGPPGPAGQPGDKGEGGAPGLPGIAGPR 

GSPGERGETGPPGPAGFPGAPGQNGEPGGKGERGAPGEKGEGGPPGVAGPPGGSGPAGPPGPQGVK 

GERGSPGGPGAAGFPGARGLPGPPGSNGNPGPPGPSGSPGKDGPPGPAGNTGAPGSPGVSGPKGDA 

GQPGEKGSPGAQGPPGAPGPLGIAGITGARGLAGPPGMPGPRGSPGPQGVKGESGKPGANGLSGERG 

PPGPQGLPGLAGTAGEPGRDGNPGSDGLPGRDGSPGGKGDRGENGSPGAPGAPGHPGPPGPVGPAG 

KSGDRGESGPAGPAGAPGPAGSRGAPGPQGPRGDKGETGERGAAGIKGHRGFPGNPGAPGSPGPAG 

QQGAIGSPGPAGPRGPVGPSGPPGKDGTSGHPGPIGPPGPRGNRGERGSEGSPGHPGQPGPPGPPGA 

PGPCCGGVGAAAIAGIGGEKAGGFAPYYGDEPMDFKINTDEIMTSLKSVNGQIESLISPDGSRKNPARNC 

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.e 

As used herein, the term "sequence identity" refers to the percent identity of bases or amino 

acids determined by comparing a first polynucleotide or polypeptide to a second 

polynucleotide or polypeptide using algorithms having various weighting 

parameters. Sequence identity between two polypeptides or two polynucleotides can be 

determined usingsequencealignment by various methods and computer programs (e~g., 

BLAST, PASTA, L-ALIGN, etc.), available through the worldwide web at sites including 

GENBANK (ncbi.nlm.nihfgov/genbank/) and EMBL-EBI 

(ebi.acuk.). Sequence identity between two polynucleotides or two polypeptide sequences 

is generally calculated using the standard default parameters of the various methods or 

computer programs.  

[0064] In certain particular (but non-limiting) embodiments, the IPF score is used to 

support, predict, orsubstitute the histological score of alung biopsy 
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[0065] In certain particular (but non-limiting) embodiments, the mathematical algorithm 

is a discriminant function algorithm, such as (but not limited to) a linear discriminant function 

algorithm.  

[0066] In certain particular (but non-limiting) embodiments, the IPF score is at least one 

factor to determine a treatment strategy for the individual.  

[0067] In certain particular (but non-lirniting) embodiments, the IPF score isat least one 

factor used to monitor the efficacy of an implemented treatment strategy for the individual.  

[0068] In certain particular (hut non-limiting) embodiments, the IPF score is at least one 

factor used to determine whether the individual should obtain a lung biopsy.  

[0069] In certain particular (but non-limiting) embodiments, the IPF score is at least one 

factor used to evaluate the degree of IPF in the individual.  

[0070] The current reference standard to assess fibrosis in the lung is the lung biopsy. In 

a biopsy, tissue samples randomlytaken out of the lungare cut intoslices which are examined 

by an expert using a microscope.  

[0071] There are numerous problems associated with lung biopsies, including the 

following sources of uncertainty: distribution of fibrosis in the lung (where there is clustered 

fibrosis, the needle might have hit regions of the lung not affected by fibrosis), failed sample 

preparation (e.g. not enough tissue material), and pathologist subjectivity. Furthermore, the 

fibrotic state of the lung is usually described using scores and there are many different, and 

possibly incompatible, scoring systems (e.g, CRP-scoring systems, For example, two 

independent pathologists may have to score the same biopsy samples for the same patient 

at two different time-points using two different scoring systems.  

[0072] The present disclosure facilitates point of care or remote diagnoses of IPF and 

assists health care providers in monitoring the status or progress of IPF at two or more time 

points. Significantly, the present disclosure provides health care decision makers with an 

alternative to potentially inaccurate and risky lung biopsies.  

[0073] The present disclosure employs computer-irnplementable algorithmic methods 

which utilize one or more IPF-related marker values. The predictive value of the present 

disclosure has been validated in clinical studies which monitored the status or progress of IPF, 

These clinical trials validated the present disclosure on a cross-sectionai 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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[0074] Accordingly, the present disclosure can be used to: (a) measure the dynamic 

processes of extracellular matrix synthesis (fibrogenesis) and extraceHular matrix degradation 

(fibrolysis); and (b) obtain results that reflect the degree of fibrosis and the dynamic changes 

occurrngin lung tissue through prediction of an IPF histological score 

[0075] The present disclosure is especially useful in aiding in the diagnosis and treatment 

of patients for whom a lung biopsy would be very risky. Such patients may suffer from 

coagulopathy, may be averse to undergoing a biopsy, or may not have access to expert 

histopathology. In addition, the present disclosure can be used by health care decision makers 

to assess IPF, Further, the present disclosure is especially useful in cases where fibrosis may 

be unevenly distributed, and sampling errors pose a significant problem.  

[00761 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 points a predictor value for each time point, wherein a comparison at one or more time 

points of the predictor value and a comparative data set is used by a health care decision 

maker to ascertain 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 

nonlinear function algorithm derived by correlating reference IPF histopathological and blood 

markers (e.g, plasma or serum marker data).  

[00771 A "comparative data set" can include any data reflecting any qualitative or 

quantitative indicia of histopathological conditions. In one non-limiting embodiment, the 

comparative data set can include one or more numerical values, or range of numerical values, 

associated with histopathological conditions. For example, a comparative data set may 

include various integer sets (e.g.,the integers 0 through 5). wherein different groupings of 

those six integers correlate to different IPF disease states (e.g., 0-1 may correlate to a mild 

disease state, 2-3 correlate to a moderate disease state, and 4-5 may correlate to a severe 

disease state), Therefore, a comparative data set may correlate to an established lung biopsy 

scoring system (e.g., clinical-radiographic-physiologic (CRP) scoring system).  

[0078] In a particular (but non-limiting) embodiment, blood markers are serum markers 

that are selected from one or more of the following: tissue metallopeptidase inhibitor 1 

(TIMP1), N-terminal procollagenI ll propeptide (PlilNP), and Hyaluronan. Supplementary 

markers include, but are not limited to, patient weight, sex, age, and transaninase level.  
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[0079] In another non-limiting embodiment of the present disclosure, the linear or 

nonlinear function algorithm is derived by correlating reference IPF histopathological and 

blood marker (e.g., plasma and serum marker) data using either discriminant function analysis 

or nonparametric regression analysis. Reference IPF histopathological and blood marker data 

(e.g., plasma and serum marker data) can include data indicative of fibrogenesis or fibrolysis, 

elevated IPF serum markers, or other IPF clinical symptoms.  

[0080] In one nonHlimiting embodiment, reference IPF histopathological and blood 

marker data (eg, plasma and serum marker data) is based upon data relating to one or more 

subjects other than the diagnosed patient. in another nonHlimiting embodiment, reference 

IPF histopathological 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 obtained fromone or more other subjects.  

[0081] In one non-limiting embodiment, a linear or nonlinear function algorithm is 

derived by correlating reference IPF histopathological and blood marker data (e.g., plasma 

and serumrn markerdata) by: (a) compilinga data set including blood marker data (e.g., plasma 

or serum marker data) and histopathological data for a first group of subjects; (b) deriving a 

linear or nonlinear function algorithm from the compiled data set through application of an 

analytical methodology; (c) calculating validation biopsy 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 calculated in step (c) with IPF histopathological 

scores for the second group of subjects; and (e) if the validation biopsy scores determined in 

step (c) do not correlate within a clinically-acceptable tolerance level with IPF 

histopathological scores for the second group of subjects, performing the following 

operations (i)iii)until such tolerance is satisfied: (i) modifying the algorithm on a basis or 

bases including (1) revising the data set for the first group of subjects, and (2) revising or 

changing the analytical methodology (ii) calculating validation biopsy score values for the 

second group of subjects by inputtingdata including blood marker data (e.g., plasma or serum 

marker data) values for the second group of subjects into the modified algorithm (iii) assessing 

whether validation biopsy score values calculated using the modified algorithm correlate with 

lung histopathological scores for the second group of subjects within the clinically-acceptable 

tolerance level.  
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[0082] The analytical methodology may include statistical techniques including 

discriminant function analysis and nonparametric regression analysis, as well as techniques 

such as classification trees or neural networks.  

[0083] In another non-limiting embodiment, the present disclosure provides a data 

structure stored in a computer-readable medium that may be read by a microprocessor and 

that includes at least one code that uniquely identifies alinearor noninearfunction algorithm 

derived in a manner described herein.  

[0084] In another non-limitingembodimentthe present disclosure provides a diagnostic 

kit including: (a) a data structure stored in a computer-readable medium that may be read by 

a microprocessor and that includes at least one code that uniquely identifies a linear or 

nonlinear function algorithm derived in a manner described herein; and (b) one or more 

immunoassays that detect and determine patient serum marker values.  

[0085] In another non-limiting embodiment, the present disclosure provides computer

implementable methods and systems for determining whether a composition is useful in the 

treatment of IPF including evaluating data useful in diagnosing the status or progress of IPF in 

a patient treated with the composition, wherein: (a) the diagnosis is made by a health care 

provider by determining algorithmically at one or more time points a predictor value for each 

time point; (b) a comparison at one or more time points of the predictor value and a 

comparative data set is used by a health care provider to ascertain the status or progress of 

patient PF; and (c) patient predictor values are calculated by inputting data for one or more 

blood markers (e.g, plasma or serum markers) into a linear or nonlinear function algorithm 

derived by correlating reference IPF histopathoiogical and blood marker data (eg. plasma or 

serum marker data).  

[0086] The aforementioned methods, systems, and kits of the present disclosure can also 

be used by health care providers to: (1) determine treatment regimens for patients that are 

predisposed to, or suffer from, IPF; and (2) design clinical programs useful in monitoring the 

status or progress of IPF in one or more patients.  

[0087] "Discriminant function analysis" is a technique used to determine which variables 

discriminate between two or more naturally occurring mutually exclusive groups. The basic 

idea underlying discriminant function analysis is to determine whether groups differ with 

regard to a set of predictor variables which may or may not be independent of each other, 

and then to use those variables to predict group membership (e.g., of new cases).  
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[0088] Discrirninant function analysis starts with an outcome variable that is categorical 

(two or more mutually exclusive levels). The model assumes 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 does not "partition variation," It does look for 

canonical correlations among the set of predictor variables and uses these correlates to build 

eigenfunctions that explain percentages of the total variation of all predictor variables over 

all levels of the outcome variable.  

[0089] The output ofthe analysis is a set of linear discriminant functions (eigenfunctions) 

that use combinations of the predictor variables to generate a discriminantt score" regardless 

of the level of the outcome variable. The percentage of total variation is presented for each 

function. In addition, for each eigenfunction, a set of Fisher Discriminant Functions are 

developed that produce a discriminant score based on combinations of the predictor 

variables within each level of the outcome variable.  

[0090] Usually, several variables are included in a study in order to see which one(s) 

contribute to the discrimination between groups, In that case, a matrix of total variances and 

co-variances is generated. Similarly, a matrix of pooled within-group variances and co

variances may be generated. A comparison of those two matrices via multivariate F tests is 

made in order to determine whether or not there are any significant differences (with regard 

to all variables) between groups. This procedure is identical to multivariate analysis of 

variance or MANOVA. As in MANOVA, one could first perform the multivariate test, and, if 

statistically significant, proceed to see which of the variables have significantly different 

means across the groups.  

[0091] For a set of observations containing one or more quantitative variables and a 

classification variable defininggroups of observations, the discrimination proceduredevelops 

a discriminant criterion to classify each observation into one of the groups. In orderto get an 

idea of how well a discrirninant criterion "performs," it is necessary to classify (a priori) 

different cases, that is, cases that were not used to estimate the discriminant criterion. Only 

the classification of new cases enables an assessment of the predictive validity of the 

discriminant criterion.  

[0092] In order to validate the derived criterion, the classification can be applied to other 

data sets. The data set used to derive the discriminant criterion is called the training or 
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calibration data set orpatient training cohort. The data set used to validate the performance 

of the discriminant criteria is called the validation data set or validation cohort.  

[0093] The discriminant criterion (function(s) or algorithm), determines a measure of 

generalized squared distance. These distances are based on the pooled co-variance rnatrix.  

Either Mahalanobis or Euclidean distance can be used to determine proximity. These 

distances can be used to identify groupings of the outcomelevels and so determine a possible 

reduction of levels for the variable.  

[0094] A "pooled co-variance matrix" is a numerical matrix formed by adding together 

the components of the covariance matrix for each subpopulation in an analysis 

[0095] A "predictor" is any variable that may be applied to a function to generate a 

dependent or response variable or a "predictor value." In one non-limiting embodiment of 

the present disclosure, a predictor value may be a discriminant score determined through 

discriminant function analysis of two or more patient blood markers (e.g., plasma or serum 

markers). For example, a linear model specifies the (linear) relationship between a dependent 

(or response) variable Y, and a set of predictor variables, the X's, so that 

Y= bo+ b1X1 + b2X2 +...+ bkXk 

[0096] In this equation bo is the regression coefficient for the intercept and the b, values 

are the regression coefficients (for variables1 through k) computed from the data, 

[0097] "Classification trees" are used to predict memership of cases or objects in the 

classes of a categorical dependent variable from their measurements on one or more 

predictor variables. Classification tree analysis is one of the main techniques used in so-called 

Data Mining. The goal of classification trees is to predict or explain responses on a categorical 

dependent variable, and as such, the available techniques have much in common with the 

techniques used in the more traditional methods of Discriminant Analysis, Cluster Analysis, 

Nonparametric Statistics, and Nonlinear Estimation.  

[0098] The flexibility of classification trees makes them a very attractive analysis option, 

but this is not to say that their use is recommended to the exclusion of more traditional 

methods. Indeed, when the typically more stringent theoretical and distributional 

assumptions of more traditional methods are met, the traditional methods may be 

preferable. But as an exploratory technique, or as a technique of last resort when traditional 

methods fail, classification trees are, in the opinion of many researchers, unsurpassed.  

Classification trees are widely used in applied fields as diverse as medicine (diagnosis), 
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cornputer science (data structures), botany (classification), and psychology (decision theory).  

Classification trees readily lend themselves to being displayed graphically, helping to make 

them easier to interpret than they would be if only a strict numerical interpretation were 

possible.  

[0099] "Neural Networks" are analytic techniques modeled after the (hypothesized) 

processes of learning in the cognitive system and the neurological functions of the brain and 

capable of predicting new observations (on specific variables) from other observations (on 

the same or othervariables) after executing a process of so-called learningfrom existing data.  

Neural Networks is one of the Data Mining techniques. The first step is to design a specific 

network architecture (that includes a specific number of "layers" each consisting of a certain 

number of "neurons"). The size and structure of the network needs to match the nature (e.g., 

the formal complexity) of the investigated phenomenon. Because the latter is obviously not 

known very well at this early stage, this task is not easy and often involves multiple "trials and 

errors," 

[001001 The neural network is then subjected to the process of "training." In that phase, 

computer memory acts as neurons that apply an iterative process to the number of inputs 

(variables) to adjust the weights of the network in order to optimally predict the sample data 

on which the "training" is performed. After the phase of learning from an existing data set, 

the new network is ready and it can then be used to generate predictions.  

[001011 In one non-limiting embodiment of the present disclosure, neural networks can 

include memories of one or more personal or mainframe computers or computerized point 

of care device.  

[001021 While the present disclosure will be described in the general context of computer

executabie instructions of a computer program that runs on a personal computer, those 

skilled in the art will recognize that the present disclosure also may be implemented in 

combination with other program modules. Generally, program modules include routines, 

programs, components, and data structures that perform particular tasks or implement 

particular abstract data types. Moreover, those skilled in the art wili 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, ninicomputers, mainframe 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 modules may be located in both local and 

remote memory storage devices.  

[00103] A diagnostic system of the present disclosure may include a handheld device 

useful in point of care applications or may be a system that operates remotely from the point 

of patient care. In either case the system can include companion software programmed in 

any useful language to implement diagnostic methods of the present disclosure in accordance 

with algorithms or other analytical techniques described herein, 

[001041 "Validation cohort marker score values" means a numerical score derived from the 

linear combination of the discriminant weights obtained from the training cohort and marker 

values for each patient in the validation cohort 

[00105] "Patient diagnostic marker cut-off values" means the value of a marker or 

combination of markers at which a predetermined sensitivity or specificity is achieved.  

[001061 "Negative Predictive Power" ("NPV") refers to the probability of not having a 

disease given that a marker value (or set of marker values) is not elevated above a defined 

cutoff.  

[001071 "Positive Predictive Value" ("PPV") refers to the probability of having a disease 

given that a maker value (or setof marker values) is elevated above a defined cutoff 

[001081 "Receiver Operator Characteristic Curve" ("ROC") refers to a graphical 

representation of the functional relationship between the distribution of a marker's 

sensitivity and 1-specificity values in a cohort of diseased persons and in a cohort of non

diseased persons.  

[001091 "Area Under the Curve" ("AUC") is a number which represents the area under a 

ReceiverOperatorCharacteristic curve. Thecloserthis numberisto one,the morethe marker 

values discriminate between diseased and non-diseased cohorts 

[001101 "McNemar Chi-square Test" ("The McNemar X? test") is a statistical test used to 

determine iftwo correlated proportions (proportions that share a common numerator but 

different denominators) are significantly different from each other.  

[001111 A "nonparametric regression analysis" is a set ofstatistical techniques that allows 

the fitting of a line for bivariate data that makes little or no assumptions concerning the 

distribution of each variableorthe error in estimation of each variable. Non-limitingexamples 

include Theil estimators of location, Passing-Babiok regression, and Derning regression.  
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[001121 "Cut-off values" are numerical values of a marker (or set of markers) that define a 

specified sensitivity or specificity.  

Kits 

[001131 Also provided by the present disclosure are kits including one or more anti-IPF 

Biomarker agents and instructions for use (e.g., treatment, prophylactic, or diagnostic use).  

In some embodiments, the kit is used for an in vitro diagnostic assay to diagnose IPF, In some 

embodiments, the one or more anti-IPF Biomarker agents include antibody agents, In some 

embodiments, one or more of the antibody agents are labeled with a detectable moiety. In 

some embodiments, the kit further includes a detection agent (e.g., one or more acridiniun 

ester molecules). In some embodiments, one or more of the antibody agents are labeled with 

one or more of the acridinium ester molecules, In some embodiments, the kit further includes 

one or more secondary antibody agents that specifically bind to one or more of the anti-IPF 

Biomarker antibody agents.  

[001141 In some embodiments, the one or more anti-IPF Biomarker agents include nucleic 

acid probes. In some embodiments, at least a portion of each nucleic acid probe hybridizes 

to one or more portions of a nucleotide that encodes an IPF Biornarker (e.g., tissue 

metaliopeptidase inhibitor 1 (TIMPI), hyaluronan (HA), and Procoilagen Type III N-terminal 

propeptide (PIINP), or combinations thereof). Nucleotides that encode an IPF Biomarker can 

be DNA (e.g., cDNA) or RNA (e.g. mRNA). In some embodiments, the nucleic acid probes are 

labeled with one or more detection agents (e.g., wherein the detection agents indicate 

presence of nucleotides that encode an IPF Biomarker).  

[001151 In some embodiments, the kit further includes one or more control samples. In 

some embodiments, the control samples include one or more IPF Biomarker standards. In 

someembodiments, an IPF Biomarker standard includes recombinant IPF Biomarker (e.g., 

tissue metaliopeptidase inhibitor 1 (TIMP1), hyaluronan (HA), and Procoilagen Type III N

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

Biomarker standard includes synthetic IPF Biomarker (e.g., tissue metalopeptidase inhibitor 

1 (TIMP1), hyaluronan (HA), and Procoilagen Type III N-terminal propeptide (PIlNP), or 

combinations thereof) nucleic acids.  

[001161 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 treating a condition or disorder 

described herein. Alternatively, other ingredients can be included in a kit, but in different 
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compositions or containers than the anti-IPF Biornarker agents. In such embodiments, a kit 

can include instructions for admixing the anti-IPF Biomarker agents and the otheringredients, 

or for using the anti-IPF Biornarker together with the other ingredients.  

[00117] In certain embodiments, kitsfor use in accordance with the present disclosure may 

include, a reference or control sample(s), instructions for processing samples, performing 

tests on samples, instructions for interpreting the results, buffers and/or other reagents 

necessary for performing tests.  

[00118] The present disclosure also provides that recognition that certain single IPF 

Biomarkers can be helpful for detecting and/or diagnosing IPF. The present disclosure further 

provides the insight that particular combinations of IPF Biornarkers are especially useful for 

detecting and/ordiagnosing IPP. Thus, methods, compositions, and kits described herein 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 IPF Biomarkers 

in a sample, e.g., a biological sample obtained from a subject.  

[00119] Methods and kits provided herein are able to detect IPF in a sample with a 

sensitivity and a specificity that renders the outcome of the test reliable enough to be 

medically actionable. Methods and kits described herein for detection and/or diagnosis of 

Pin a subject detects IPF with a sensitivity greater than 75%, greater than 80%, greater than 

85%, greater than 90%, greater than 95%, greater than 96%, greater than 97%, greater than 

98%, greater than 99%, or about100%. In some embodiments, methods and kits provided 

herein can detect IPF with a sensitivity that is between about 70%-100%, between about 80%

100%, or between about 90-100%. 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%-100%,between about 80%-100%, or between about 

90-100%, 

Compositions 

[00120] Also provided herein are compositions, In some embodiments, a composition 

includes one or more IPF Biomarkers and one or more anti-PF Biomarker agents. In some 

embodiments, one or more IPF Biomarkers include tissue metallopeptidase inhibitor 1 

(TIMP1), hyaluronan (HA), and Procoliagen Type III N-terminal propeptide (PIlNP), or 

combinations thereof, and one or more anti-IPF Biomarker agents include an anti-TIMP1 

agent, an anti-HA agent, an anti-PIlNP agent, or a combination thereof.  
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[001211 In some embodiments, a composition includes a combination (e.g., one or more, 

two or more, or three of IPF Biomarkers and a corresponding combination of anti-IPF 

Biomarker agents. In embodiments, the one or more, two or more, or three of IPF Biomarkers 

are presentin an amount sufficient to demonstrate the Presence of IPF ina patient, 

[001221 In some embodiments, a composition includes two or more IPF Biomarkers and 

two or more anti--IPF Biomarker agents. In some embodiments, two or more IPF Biornarkers 

include tissue metaliopeptidaseinhibitor 1 (TIMPI), hyauronan (HA), and Procollagen Type 

III N-terminal propeptide (PiIINP), or a combinations thereof, and two or more anti-IPF 

Biomarker agents include an anti-TIMPlagent, an anti-HA agent, an anti-PillNP agent, or a 

combination thereof.  

[001231 In some embodiments, a composition includes three IPF Biomarkers and three or 

more anti-IPF Biomarker agents. In some embodiments, three IPF Biomarkers include tissue 

metallopeptidase inhibitor 1 (TIMPI), hyaluronan (HA), and Procollagen Type II N-terminal 

propeptide (PiNP), or a combinations thereof. in some embodiments, three or more anti

IPF Biomarker agents include an anti-TIMPI agent, an anti-HA agent, an anti-PllNP agent, or 

a combination thereof.  

Computer systems 

[001241 Methods described herein can be implemented in a computer system having a 

processor that executes specific instructions in a computer program. In some embodirnents, 

a computer systemrnmay be arranged to output an IPF Biomarkerscore based on receiving an 

IPF Biomarker profile and/or a level of two or more IPF Biomarkers. Particularly, a computer 

program may include instructions for the system to select appropriate next steps, including 

additional medication, a treatment, and/or additional testing for a subject 

[001251 In some embodiments, the computer program may be configured such that the 

computer system can identify subject for further testing (e.g., pulmonary tests), identify a 

subject as being at risk or having IPF, and/or identify a subject to receive medication based 

on received data (eg., an IPF Biomarker profile) and usethe data to calculate an IPF Biomarker 

score. A system may be able to rank-order identified next steps based on an IPF Biomarker 

profile with demographic factors and/or imaging-based biomarkers. A system may be able to 

adjust the rank orderingbased on, e.g., a clinical response of a subject or of a family member 

of the subject who has or is suspected of having IPF.  
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[001261 FIG 2 is a block diagram o a computer system 1100 that can be used in the 

operations described above, according to one embodiment. The system 1100 includes a 

processor 1110, a memory 1120, a storage device 1130 and an input/output device 1140.  

Each of the components 1110, 1120, 1130 and 1140 are interconnected using a system bus 

.. 50. The system may include analyzing equipment 1160 for determining a level of one or 

more biornarkers of the present disclosure in a sample.  

[001271 In embodiments, the processor 1110 is capable of processing instructions for 

execution within the system 1100, In one embodiment, the processor 1110 is a single

threaded processor. In another embodiment, the processor 111.0 is a multi-threaded 

processor. The processor 1110 iscapable 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.  

[001281 In embodiments, the memory 1120 storesinformation within the system 1100. In 

one embodiment, the memory 1120 is a computer-readable medium. In one embodiment, 

the memory 1120 is a volatile memory unit. In another embodiment, the memory 1120 is a 

non-volatile memory unit.  

[001291 The storage device 1130 is capable of providing mass storage for the system 1100.  

In one embodiment, the storage device 1130 is a computer-readable medium.  

[001301 The input/output device 1140 provides input/output operations for the system 

1100. In one embodiment, the input/output device 1.140 includes a keyboardand/or pointing 

device. In one embodiment, the input/output device 1140 includes a display unit for 

displaying graphical user interfaces.  

[001311 The system 1100 can be used to build a database. FIG. 3 shows a flow chart of a 

method 1200 for building database for use in identifying a subject for further testing (e.g., 

IPF tests), identifying a subject as being at risk or having IPF, and/or identifying a subject to 

receive medication. Preferably, a method 1200 is performed in a system 1100. For example, 

a computer program product canincludeinstructions that cause a processor 1110 to perform 

the steps of a method 1200 or a method 1300.  

[001321 Referring now to FIG 3, method 1200 includes the following steps. Receiving, in 

step 1210, a subject's IPF Biornarker Profile (e.g., levels of one or more IPF iomarkers in a 

sample). A computer program in the system 1100 may include instructions for presenting a 

suitable graphical user interface on input/output device 1140, and the graphical user 
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interface may prompt the user to enter the levels 1170 using the input/output device 1140, 

such as a keyboard. Calculating, in step 1220, an IPF Biomarker score from an IPF Biomarker 

profile. As described herein, calculating, in step 1220, an IPF Biomarker score from (i) an IPF 

Biomarker profile and (ii) demographic factors and/or image-based biornarkers. Storing, in 

step 1230, an IPF Biomarker score. The systern 1100 may store an IPF Biornarker score in the 

storage device 1130. Additionally or alternatively, a system 1100 may provide a readout 

including an IPF Biomarker score. A readout may also include proposed next steps for a 

subject and/or a confidence level associated with an IPF Biomarker score.  

[00133] Referring now to FIG. 4, method 1300 includes the following steps, Detecting, in 

step 1310, levels of one or more IPF Biomarkers in a sample, e.g., from a subject. Using, in 

step 1.320, levels of one or more IPF Biomarkers to obtain an IPF Biomarker Profile.  

Calculating, in step 1330, an IPF Biomarker score from an IPF Biomarker profile. As described 

herein, calculating, in step 1330, an IPF Biornarker score from (i) an IPF Biomarker profile and 

(ii) demographic factors and/or image-based biomarkers, Storing, in step 1340, an IPF 

Biomarker score. The system 1100 may store an IPF Biomarker score in the storage device 

1130. Additionally or alternatively, a system 1100 may provide a readout including an IPF 

Biomarker score. A readout may also include proposed next steps for a subject and/or a 

confidence level associated with an P Biomarker score.  

[00134] Additionally, non-transitory computer readable media containing executable 

instructions that when executed cause a processor to perform operations including a method 

as provided herein are provided. For example, a non-transitory computer readable medium 

containing executable instructions that when executed cause a processor to perform 

operations including a method of 1200 or 1300 described above. In embodiments, a non

transitory computer readable medium includes a hard drive, external hard drive, discs, CDs, 

DVDs, and the like that stores data. In embodiments, software disposed within a physical 

medium is suitable for use herein.  

[00135] In some embodiments, a non-transitory computer readable media containing 

executable instructions that when executed cause a processor to perform operations 

including a method of determining the presence, severity, and/or predisposition of Idiopathic 

Pulmonary Fibrosis (IPF) in an individual, the method including the steps of: (a) incubating 

a biological fluid sample with an antibody that specifically binds to tissue metallopeptidase 

inhibitor I (TIMPI) under conditions that allow for formation of an antibody-TIMPi 
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immunocornpiex; (b) measuring an amount of antibody-TIMPI immunocomplex formed to 

obtained a measured value for TIMPI in the sample; and (c) using a mathematical algorithm 

to obtain an IPF score based on the measured value of TIMP1 in the sample.  

EXEMPLARY NUMBERED EMBODIMENTS 

[001361 Embodiment 1. A rnethod of determining tie presence, severity, and/or 

predisposition of Idiopathic Pulmonary Fibrosis (IPF) in an individual, the method including 

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 metailopeptidase 

inhibitor I (TIMP) under conditions that allow for formation of an antibody-TIMP1 

immunocompiex; (c) measuring an amount of antibody-TIMPI immunocomnlex formed to 

obtained a measured value forTIMP1 in the sample; and (d) using a mathematical algorithm 

to obtain an IPF score based on the measured value of TIMP1 in the sample 

[001371 Embodiment 2. The method of embodiment 1, wherein the biological 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.  

[001381 Embodiment 3. The method of embodiment 1, wherein the IPF score is used to 

support, predict, or substitute the histological score of a lung biopsy.  

[001391 Embodirment 4, The method of embodiment 1, wherein the mathematical 

algorithm is a discriminant functionalgorithm.  

[001401 Embodiment 5. The method of embodiment 1, wherein the discriminant 

function algorithm is a linear discriminant function algorithm, 

[001411 Embodiment 6. The method of embodiment 1, wherein the IPF score is at least 

one factor to determine a treatment strategy for the individual.  

[00142] Embodiment 7. The method of embodiment 1, wherein the IPF score is at least 

one factor used to monitor the efficacy of an implemented treatment strategy for the 

individual.  

[001431 Embodiment 8. The method of embodiment 1, wherein the IPFscore is at least 

one factor used to determine whether the individual should obtain a lung biopsy.  

[00144] Embodiment 9. The method of embodiment 1, wherein the IPF score is at least 

one factor used to evaluate the degree of PF in the individual.  
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[001451 Embodiment 10, A method of determining the presence, severity, and/or 

predisposition of Idiopathic Pulmonary Fibrosis (IPF) in an individual, the method including 

the steps of: (a) obtaining a biological fluid sample from an individual; (b) selecting at least 

two diagnostic 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 

(TIMP), hyaluronan (HA), and Procollagen Type II N-terminal propeptide (PIIINP); (c) 

measuring the amount ofeach of the at least two diagnostic markersin 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.  

[00146] Embodiment 11. The method of embodiment 10, wherein the at least two 

diagnostic markers are TIMP1 and HA.  

[001471 Embodiment 12. The method according to embodiment 10, wherein the at least 

two diagnostic markers are TIMP1 and PllNP.  

[001481 Embodiment 13: The method according to embodiment 10, wherein the at least 

two diagnostic markers include TIMPI, HA, and PINIP, 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.  

[001491 Embodiment 14. The method according to embodiment 10, wherein the IPF score 

is used to support, predict, or substitute the histological score of a lung biopsy.  

[001501 Embodiment 15. The rnethod according to embodiment 1D, wherein the 

mathematical algorithm isa discriminant function algorithm.  

[001511 Embodiment 16. The method according to embodiment 15, wherein the 

discriminant function algorithm is a linear discriminant function algorithm.  

[001521 Embodiment 17. The method according to embodiment 16, wherein the IPF 

score is at least one factor to determine a treatment strategy for the individual.  

[001531 Embodiment 18. The method according to embodiment 10, wherein the IPF 

score is at least one factor used to monitor the efficacy of an implemented treatment strategy 

for the individual.  
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[001541 Embodiment 19, The method according to embodiment 10, wherein the IPF 

score is at least one factor used to determine whether the individual should obtain a lung 

biopsy.  

[001551 Embodiment 20. The method according to embodiment 10, wherein the IPF 

score is at least one factor used to evaluate the degree of IPF in the individual.  

[001561 Embodirnent21. A non-transitory cornputer readable medium containing 

executab:e instructions that when executed cause a processor to perform operations 

including the method of any one of embodiments 1-20.  

[001571 Embodiment 22. A composition including: 

(a) one or more IPF Biomarkers, wherein the one or more IPF Biomarkers include: 

tissue metallopeptidase inhibitor 1 (TIMP1), hyaluronan (HA), and Procollagen Type III 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-PIIINP agent, or a combination thereof. In 

embodiments, the one or more anti-IPF Biomarker agents are man-made or synthetic.  

[001581 Embodiment 23: A kit for detecting IPF, said kit including: (a) one or more anti

IPF Biomarker agents, wherein the one or more anti-IPF Biomarker agents include: 

(i) an anti-TIMPlagent, 

(ii) an anti-HA agent, 

(iii) an anti-PIIINP agent, 

(iv) a combination thereof; and 

(b) instructions for use.  

[001591 Embodiment 24: A kit for detecting IPF, said kit including: (a) one or more anti

IPF Biornarker agents, wherein the one or more anti-IPF Biornarker agents include (i) an anti

TIMPI agent and an anti-HA agent, (ii) an anti-PIINP agent and an anti-TIMPI agent, or (iii) 

an anti-HA agent, an anti-PIlNP agent, and an anti-TIMPI agent; and (b) instructions for use.  

[001601 Embodiment 25: A kit including: (a) one or more anti-IPF Biomarker agents, 

wherein the one or more anti-IPF Biomarker agents include an anti-TIMPI agent, an anti-HA 

agent, and an anti-PIlNP agent; and (b) instructions for use.  

[001611 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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[001621 Embodiment27, The kit of embodiment 26, wherein one or more of the antibody 

agents arelabeled with a detectable moiety.  

[001631 Embodiment 28. The kit of embodiments 23-27, further including one or more 

control samples.  

[001641 Embodiment29, The kitof embodiment 28,wherein the control samples include 

one or more IPF Biomarker standards.  

[001651 Embodiment 39. Use of a kit according to embodiments 23~29 in an in vitro 

diagnostic assay to diagnose IPF in a subject.  

EXAMPLES 

[001661 An Example is provided hereinbelow. However, the present disclosure is to be 

understood to not be limited in its application to the specific experimentation, resuts, and 

laboratory procedures disclosed herein after. Rather, the Example is simply provided as one 

of various embodiments and is meant to be exemplary, not exhaustive.  

[001671 This Example concerns the measurement of IPF biomarkers in a convenient blood 

sample to accurately identify (i.e., aid in diagnosis) and potentially monitor the progression 

of IPF in patients.  

[001681 The biomarkers tested were tissue rnetaliopeptidase inhibitor I (TIMP1), 

hyaluronan (HA), and Procollagen Type Ill N-terninal propeptide (PINP, These tests are 

immunoassays that run on various automated immunoassay platforms (such as, but not 

limited to, ATELLICA* and ADVIA CENTAUR© Immrunoassay Analyzer Systems (Siernens 

Healthineers, Inc.; Malvern, PA). The biomarkers can be used alone or in combination with 

one another and/or in combination with other patient clinical data to accurately identify IPF 

patients.  

[001691 In this Example, 99 patient serun samples were tested using Siemens TIMP1, HA, 

and Pi!NP immunoassay tests. There were 53 samples from confirmed IPF patients and 46 

control patient samples consisting of 23 smokers and 23 non-smokers.  

[001701 A logistic regression was used to compare biomarkers to predict the probability of 

IPF versus controls.  

[001711 The performance results werecalculated by doing a 'leave 10 out'cross validation, 

where the logistic model was reconstructed five hundred times. Each time the model was 

constructed, only 89 out of 99 of the specimens were used to construct the model. The model 
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was then used to predict the remaining 10 specimens. The sensitivity and specificity from 

comparing these 10 specimens to clinical truth was averaged across all 500 

simulations/iterations to arrive at cross-validated performance for sensitivity and specificity, 

[00172] The predictive value of TIMPI alone toidentify IPF was excellent, with an optimum 

sensitivity of 91.7% and specificity of 87.2%, as shown in the receiving operator curve (ROC) 

of FIG. 1, and as shown in Table 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% 

[001731 The predictive value of combining TIMPI and HA with regression analysis further 

improved the prediction of IPF from controls, 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% 

[001741 Therefore, this Example demonstrates the use of TIMPI alone or in combination 

with HA in a logistic regression model to reliablyopredict IPF, The combination of TIMPI, HA, 

and other clinical data biomarkers (such as, but not limited to, PINP) in a logistic regression 

model rovides discriminate scoring systems for more accurate staging and grading of IPF, as 

well as more accurate monitoring of disease progression and responses to therapies.  

[001751 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 fully 

satisfy the objectives and advantages set forth hereinabove Although the present disclosure 

has been described in conjunction with the specific drawings, experimentation, results, and 

language set forth hereinabove, it is evident that many alternatives, modifications, and 

variations will be apparent to those skilled in the art. Accordingiv, it is intended to embrace 

ail such alternatives, modifications, and variations that fall within the spirit and broad scope 

of the present 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-TIMPI 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 biological 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 diagnostic 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 III 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 

TIMPl and HA.  

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

TIMPl 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 usingthe 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 Ill 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: 
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(i) an anti-TIMPlagent, 

(ii) an anti-HA agent, 

(iii) an anti-PIIINP 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-TIMPI 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-IPF 

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

code

en

1-7 Non English free text

language code

2 General Information

2-1 Current application: IP

Office

US

2-2 Current application:

Application number

63/363,282

2-3 Current application: Filing

date

2023-04-19

2-4 Current application:

Applicant file reference

2020P06731WO

2-5 Earliest priority application:

IP Office

US

2-6 Earliest priority application:

Application number

63/363,282

2-7 Earliest priority application:

Filing date

2022-04-20

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

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



3-1 Sequences

3-1-1 Sequence Number [ID] 1

3-1-2 Molecule Type AA

3-1-3 Length 207

3-1-4 Features Location/

Qualifiers

source 1..207

mol_type=protein

organism=Homo sapiens

NonEnglishQualifier Value

3-1-5 Residues MAPFEPLASG ILLLLWLIAP SRACTCVPPH PQTAFCNSDL VIRAKFVGTP EVNQTTLYQR 60

YEIKMTKMYK GFQALGDAAD IRFVYTPAME SVCGYFHRSH NRSEEFLIAG KLQDGLLHIT 120

TCSFVAPWNS LSLAQRRGFT KTYTVGCEEC TVFPCLSIPC KLQSGTHCLW TDQLLQGSEK 180

GFQSRHLACL PREPGLCTWQ SLRSQIA                                     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/

Qualifiers

source 1..1466

mol_type=protein

organism=Homo sapiens

NonEnglishQualifier Value

3-2-5 Residues MMSFVQKGSW LLLALLHPTI ILAQQEAVEG GCSHLGQSYA DRDVWKPEPC QICVCDSGSV 60

LCDDIICDDQ ELDCPNPEIP FGECCAVCPQ PPTAPTRPPN GQGPQGPKGD PGPPGIPGRN 120

GDPGIPGQPG SPGSPGPPGI CESCPTGPQN YSPQYDSYDV KSGVAVGGLA GYPGPAGPPG 180

PPGPPGTSGH PGSPGSPGYQ GPPGEPGQAG PSGPPGPPGA IGPSGPAGKD GESGRPGRPG 240

ERGLPGPPGI KGPAGIPGFP GMKGHRGFDG RNGEKGETGA PGLKGENGLP GENGAPGPMG 300

PRGAPGERGR PGLPGAAGAR GNDGARGSDG QPGPPGPPGT AGFPGSPGAK GEVGPAGSPG 360

SNGAPGQRGE PGPQGHAGAQ GPPGPPGING SPGGKGEMGP AGIPGAPGLM GARGPPGPAG 420

ANGAPGLRGG AGEPGKNGAK GEPGPRGERG EAGIPGVPGA KGEDGKDGSP GEPGANGLPG 480

AAGERGAPGF RGPAGPNGIP GEKGPAGERG APGPAGPRGA AGEPGRDGVP GGPGMRGMPG 540

SPGGPGSDGK PGPPGSQGES GRPGPPGPSG PRGQPGVMGF PGPKGNDGAP GKNGERGGPG 600

GPGPQGPPGK NGETGPQGPP GPTGPGGDKG DTGPPGPQGL QGLPGTGGPP GENGKPGEPG 660

PKGDAGAPGA PGGKGDAGAP GERGPPGLAG APGLRGGAGP PGPEGGKGAA GPPGPPGAAG 720

TPGLQGMPGE RGGLGSPGPK GDKGEPGGPG ADGVPGKDGP RGPTGPIGPP GPAGQPGDKG 780

EGGAPGLPGI AGPRGSPGER GETGPPGPAG FPGAPGQNGE PGGKGERGAP GEKGEGGPPG 840

VAGPPGGSGP AGPPGPQGVK GERGSPGGPG AAGFPGARGL PGPPGSNGNP GPPGPSGSPG 900

KDGPPGPAGN TGAPGSPGVS GPKGDAGQPG EKGSPGAQGP PGAPGPLGIA GITGARGLAG 960

PPGMPGPRGS PGPQGVKGES GKPGANGLSG ERGPPGPQGL PGLAGTAGEP GRDGNPGSDG 1020

LPGRDGSPGG KGDRGENGSP GAPGAPGHPG PPGPVGPAGK SGDRGESGPA GPAGAPGPAG 1080

SRGAPGPQGP RGDKGETGER GAAGIKGHRG FPGNPGAPGS PGPAGQQGAI GSPGPAGPRG 1140

PVGPSGPPGK DGTSGHPGPI GPPGPRGNRG ERGSEGSPGH PGQPGPPGPP GAPGPCCGGV 1200

GAAAIAGIGG EKAGGFAPYY GDEPMDFKIN TDEIMTSLKS VNGQIESLIS PDGSRKNPAR 1260

NCRDLKFCHP ELKSGEYWVD PNQGCKLDAI KVFCNMETGE TCISANPLNV PRKHWWTDSS 1320

AEKKHVWFGE SMDGGFQFSY GNPELPEDVL DVHLAFLRLL SSRASQNITY HCKNSIAYMD 1380

QASGNVKKAL KLMGSNEGEF KAEGNSKFTY TVLEDGCTKH TGEWSKTVFE YRTRKAVRLP 1440

IVDIAPYDIG GPDQEFGVDV GPVCFL                                      1466

3-1 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 ILLLWLIAP SRACTCVPPH PQTAFCNSDL VIRAKFVGTP EVNQTTLYQR 60

YEIKMTKMYK GFQALGDAAD IRFVYTPAME SVCGYFHRSH NRSEEFLIAG KLQDGLLHIT 120

TCSFVAPWNS LSLAQRRGFT KTYTVGCEEC TVFPCLSIPC KLQSGTHCLW TDQLLQGSEK 180

GFQSRHLACL PREPGLCTWQ SLRSQIA 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 MMSFVQKGSW LLLALLHPTI ILAQQEAVEG GCSHLGQSYA DRDVWKPEPC QICVCDSGSV 60

LCDDIICDDQ ELDCPNPEIP FGECCAVCPQ PPTAPTRPPN GQGPQGPKGD PGPPGIPGRN 120

GDPGIPGQPG SPGSPGPPGI CESCPTGPQN YSPQYDSYDV KSGVAVGGLA GYPGPAGPPG 180

PPGPPGTSGH PGSPGSPGYQ GPPGEPGQAG PSGPPGPPGA IGPSGPAGKD GESGRPGRPG 240

ERGLPGPPGI KGPAGIPGFP GMKGHRGFDG RNGEKGETGA PGLKGENGLP GENGAPGPMG 300

PRGAPGERGR PGLPGAAGAR GNDGARGSDG QPGPPGPPGT AGFPGSPGAK GEVGPAGSPG 360

SNGAPGORGE PGPQGHAGAQ GPPGPPGING SPGGKGEMGP AGIPGAPGLM GARGPPGPAG 420

ANGAPGLRGG AGEPGKNGAK GEPGPRGERG EAGIPGVPGA KGEDGKDGSP GEPGANGLPG 480

AAGERGAPGF RGPAGPNGIP GEKGPAGERG APGPAGPRGA AGEPGRDGVP GGPGMRGMPG 540

SPGGPGSDGK PGPPGSQGES GRPGPPGPSG PRGQPGVMGF PGPKGNDGAP GKNGERGGPG 600

GPGPQGPPGK NGETGPQGPP GPTGPGGDKG DTGPPGPQGL QGLPGTGGPP GENGKPGEPG 660

PKGDAGAPGA PGGKGDAGAP GERGPPGLAG APGLRGGAGP PGPEGGKGAA GPPGPPGAAG 720

TPGLQGMPGE RGGLGSPGPK GDKGEPGGPG ADGVPGKDGP RGPTGPIGPP GPAGQPGDKG 780

EGGAPGLPGI AGPRGSPGER GETGPPGPAG FPGAPGQNGE PGGKGERGAP GEKGEGGPPG 840

VAGPPGGSGP AGPPGPQGVK GERGSPGGPG AAGFPGARGL PGPPGSNGNP GPPGPSGSPG 900

KDGPPGPAGN TGAPGSPGVS GPKGDAGQPG EKGSPGAQGP PGAPGPLGIA GITGARGLAG 960

PPGMPGPRGS PGPQGVKGES GKPGANGLSG ERGPPGPQGL PGLAGTAGEP GRDGNPGSDG 1020

LPGRDGSPGG KGDRGENGSP GAPGAPGHPG PPGPVGPAGK SGDRGESGPA GPAGAPGPAG 1080

SRGAPGPQGP RGDKGETGER GAAGIKGHRG FPGNPGAPGS PGPAGQQGAI GSPGPAGPRG 1140

PVGPSGPPGK DGTSGHPGPI GPPGPRGNRG ERGSEGSPGH PGQPGPPGPP GAPGPCCGGV 1200

GAAAIAGIGG EKAGGFAPYY GDEPMDFKIN TDEIMTSLKS VNGQIESLIS PDGSRKNPAR 1260

NCRDLKFCHP ELKSGEYWVD PNQGCKLDAI KVFCNMETGE TCISANPLNV PRKHWWTDSS 1320

AEKKHVWFGE SMDGGFQFSY GNPELPEDVL DVHLAFLRLL SSRASONITY HCKNSIAYMD 1380

QASGNVKKAL KLMGSNEGEF KAEGNSKFTY TVLEDGCTKH TGEWSKTVFE YRTRKAVRLP 1440

IVDIAPYDIG GPDQEFGVDV GPVCFL 1466
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