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Description
Field of the Invention

[0001] The subject matter described and claimed herein is in the field of analyte detection and specifically, relates to
kits and methods to measure and identify soluble or extracellular domains of fibroblast growth factor receptors including
receptor types 2, 3, and 4 (sFGFR2, sFGFR3 and sFGFR4) in biological samples.

Background of the Invention

[0002] Carcinogenesis is a multistep process during which normal cells are transformed into cancer cells by accumu-
lating several genetic mutations and acquiring several common features that promote the malignant phenotype, often
referred to as the hallmarks of cancer. The six classic hallmarks of cancer include self-sufficiency in growth signals,
insensitivity to antigrowth signals, limitless replication, evasion of apoptosis, sustained angiogenesis, and the ability to
invade tissue and form metastasis (Hanahan, D., Weinber, R.A. Cell 2000, 100 : 57-70). Many of these features are
caused by genetic alterations that involve the gain-of-function, amplification, and/or overexpression of key oncogenes
together with the loss-of-function, deletion, and/or epigenetic silencing of tumor suppressors (Luo, J., Solimini, N.L.,
Elledge, S.J. Cell 2009, 136 :823-837). For example, several alterations and mutations have been identified within the
family of fibroblast growth factor receptors (FGFRSs) in a variety of human cancers. These mutations cause deregulation
of FGFR signaling or overexpression of the receptors in cancers including breast, bladder, gastric, prostate, colon,
multiple myeloma, and particularly lung cancer (Turner, N., Grose, R., Nat Rev Cancer. 2010, 10:116-129; Volm, M.,
Koomagi, R., Mattern, J., Stammler, G. Eur J Cancer. 1997, 33:691-693; Bergsagel, P.L., Kuehl, W.M. J Clin Oncol.
2005, 23: 6333-6338. Trudel, S., Stewart, A.K., Rom, E., Wei, E., Li, Z.H., Kotzer, S., Chumakov, I., Singer, Y., Chang,
H., Liang, S.B., Yayon, A., Blood. 2006,107: 4039-4046).

[0003] Lung cancer is the leading cause of cancer-related death for both men and women, and accounted for 157,300
deaths in 2010 in the United States (Jemal, A., Siegel, J. Xu, J., Ward, E. CA Cancer J Clin. 2010, 60 : 277-300). The
majority of lung cancer cases (approximately 85%) are classified as non-small cell lung cancer (NSCLC) for which
survival has minimally improved in the last several decades (American Cancer Society. Cancer Facts & Figures, 2010,
Atlanta, GA). Recently, novel treatments that target the epidermal growth factor receptor (EGFR) and vascular endothelial
growth factor (VEGF) have emerged from an improved understanding of growth factor signaling in NSCLC. Although
EGFR inhibitors exhibit some benefit in unselected patients, activating mutations in the EGFR identify a subset of tumors
that are exquisitely sensitive to EGFR tyrosine kinase inhibitors (Lynch, T.J., Bell, D.W., Sordella, R., Gurubhagavatula,
S., Okimoto, R.A., Brannigan, B.W., Harris, P.L., Haserlat, S.M., Supko,J.G., Haluska, F.G., Louis, D.N., Christiani, D.C.,
Settleman, J., Haber, D.A.N Engl J Med. 2004, 350: 2129-2139; Shepherd, F.A., Pereira, J.R., Ciuleanu, T., Eng, H.T.,
Hirsh, V., Thongprasert, S., Campos, D., Maoleekoonpiroj, S., Smylie, M., Martins, R., Van Kooten, M., Dediu, M.,
Findlay, B., Tu, D., Johnston, D., Bezjak, A., Clark, G., Santabarbara, P., Seymour, L. N Engl J Med. 2005, 353 :
123-132.). Similarly, anti-VEGF treatment produces an improved outcome for certain patients with NSCLC (Sandler,
A., Gray, R., Perry, M.C., Brahmer, J., Schiller, J.H., Dowlati, A., Lilenbaum, R., Johnson, D.H. N Engl J Med. 2006,
355 : 2542-2550.), although defining predictive biomarkers for anti-VEGF therapeutic efficacy has been less successful
(Ramalingam, S.S., Belani, C.P. Curr Opin Oncol. 2010, 22 : 79-85). The experience with EGFR and VEGF inhibitors
in NSCLC highlights the need to define other signaling pathways involved in tumor progression, angiogenesis, and
resistance to currently available treatments (Siegel, R., Naishadham, D., Jemal, A. CA Cancer J Clin. 2012, 62: 10-29).
[0004] Fibroblast growth factor receptors (FGFRs) are transmembrane tyrosine kinase receptors that are involved in
multiple physiologic processes including angiogenesis, organogenesis, tissue development, and endocrine signaling.
Structurally, FGFRs consist of a signal peptide that is cleaved off, three immunoglobulin (Ig)-like domains, an acidic box,
a transmembrane domain, and a split tyrosine kinase domain (Turner, N., Grose, R. Nat Rev Cancer. 2010, 10 : 116-29;
Beenken, A., Mohammadi, M. Nat Rev Drug Discov. 2009, 8: 235-253). Thus far, four genes have been identified to
code for FGFRs named FGFR1, FGFR2, FGFR3, and FGFR4. Each type of FGFR varies in sensitivity and specificity.
The system is further complicated by extensive splicing that can occur in FGFR1-3 mRNAs, generating a multitude of
variants with different ligand-binding and signal-transducing activities (Turner, N., Grose, R. Nat Rev Cancer. 2010,
10 :116-29; Beenken, A., Mohammadi, M. Nat Rev Drug Discov. 2009, 8: 235-253). The fibroblast growth factors (FGFs)
are the ligands for FGFRs and consist of twenty two soluble excreted peptides, which are released depending on cellular
needs. Together, FGFs and FGFRs create an extremely high number of ligand/receptor combinations enabling precise
fine-tuning of growth signals. The regulation of FGF signaling involves several mechanisms including the release of
soluble forms of FGFRs (sFGFRs), generated by proteolytic cleavage at the cell surface by metalloproteases (Miillberg
J, Althoff K, Jostock T, Rose-John S. Eur Cytokine Netw. 2000, 11: 27-38). The shedding of these receptors provides
a key mechanism for downregulation of FGF signaling and the release of biologically active proteins into circulation
(Peschon J.J., Slack J.L., Reddy P., Stocking K.L., Sunnarborg, S.W., Lee, D.C., Russell, W.E., Castner, B.J., Johnson,



10

15

20

25

30

35

40

45

50

55

EP 2 936 153 B1

R.S., Fitzner, J.N., Boyce, R.W., Nelson, N., Kozlosky, C.J., Wolfson, M.F., Rauch, C.T., Cerretti, D.P., Paxton, R.J.,
March, C.J., Black, R.A. Science. 1998, 282: 1281-2184).

[0005] There is mounting evidence in the last twenty years that shows the existence of soluble FGFR receptors in the
blood at particularly high levels in cancer patients (Hanneken, A., Ying, W., Ling, N., Baird, A. Proc Natl Acad Sci. 1994,
91:9170-9174; Hanneken A. FEBS Lett. 2001, 489: 176-181), suggesting that monitoring the presence of these receptors
in circulation may be important to understand the progression and/or treatment of cancer. For example, a C-terminally
truncated soluble form of FGFR4 is expressed by human epithelial breast cancer cell lines that can functionally modulate
FGF action (Ezzat, S,, Zheng, L., Yu, S., Asa, S.L. Biochem Biophys Res Commun. 2001,287: 60-65). In addition, an
alternatively spliced form of FGFR3 has been identified in a human squamous carcinoma cell line, which has the capacity
to bind to FGF1 and FGF2, as shown by cross-linking experiments (Terada, M., Shimizu, A., Sato. N., Miyakaze, S.I.,
Katayama, H., Kurokawa-Seo. M. Mol Cell Biol Res Commun. 2001, 4: 365-373). The ligand-binding affinities of these
secreted sFGFRs are often similar to the membrane-bound form of these receptors, suggesting that their biological role
is to modulate the action of ligands by competing with the cell surface receptor.

[0006] Although the FGFRs in some of these studies have been identified in the blood or cell medium, the only method
that has been utilized in the prior art is immunoblotting (Hanneken, A., Ying, W., Ling, N., Baird, A. Proc Natl Acad Sci.
1994,91:9170-9174 ;Hanneken A.FEBS Lett. 2001,489: 176-181), a technique that is not sensitive, linear, or diagnostic.
Accordingly, there is an unmet need for the development of a standardized, fast, precise, and economical screen for
sFGFR, which is amenable to automation. Since commercially available DuoSet® antibodies are available to detect
soluble forms of total FGFR2, FGFR3, and FGFR4 the applicants used the ELISA method to develop a detection assay
for sFGFRs similar to that used to detect soluble epidermal growth factor receptors (Muller, V., Witzel, I., Pantel, K.,
Krenkel, S., Luck, H.J., Neumann, R., Keller, T., Dittmer, J., Janicke, F., Thomssen, C. Anticancer Res. 2006, 26 :
1479-1487). However, the DuoSet ELISA system was unsatisfactory because only the soluble FGFR3 (sFGFR3) was
detected in the assayed biological samples. The applicants then transferred the assay to a Meso Scale Discovery format
toincrease the detection sensitivity for soluble FGFR2 (sFGFR2) and FGFR4 (sF GFR4). However, sFGFR2 and sFGFR4
remained undetected. Therefore, a completely different assay system was successfully developed to detect SFGFR2,
SFGFR3, and sFGFR4 in biological samples, which utilizes a multiplex, microsphere-based platform. The subject matter
disclosed herein provides the kits and methods for detection of SFGFR2, sFGFR3, and sFGFR4 in biological samples.

Summary of the Invention

[0007] The present invention is directed to a kit to detect soluble fibroblast growth factor receptors (sFGFRs) in a
biological sample, comprising:

a capture antibody composition specifically binding sFGFRs conjugated to the microsphere; and

a detection antibody composition specifically binding sFGFRs conjugated to a detection label;

wherein 0.14 - 494 ng/mL sFGFR2, 0.023 - 74 ng/mL of FGFR3, and 0.033 - 123 ng/mL of FGFR4 is detected in
the biological sample;

wherein the capture antibody composition comprises a capture antibody specifically binding FGFR2, a capture antibody
specifically binding FGFR3, and a capture antibody specifically binding FGFR4; and

wherein the detection antibody composition comprises a detection antibody specifically binding FGFR2, a detection
antibody specifically binding FGFR3, and a detection antibody specifically binding FGFRA4.

[0008] The presentinvention is also directed to a method for measuring the amount of sSFGFR2, sFGFR3 and sFGFR4
in a biological sample, comprising:

a. contacting the biological sample with a capture antibody composition specifically binding sFGFR2, sFGFR3, and
sFGFR4 conjugated on a microsphere;

b. contacting the biological sample with a detection antibody composition specifically binding sFGFR2, sFGFR3,
and sFGFR4 coupled to a detection label;

c. measuring the signal produced by the detection label;

d. correlating the amount of the signal produced in c. to the amount of sSFGFR2, sFGFR3 or sFGFR4 in the biological
sample.

[0009] Cancer patients typically have higher soluble FGF receptor content in their biological fluids and tissues as
compared to non-diseased patients. The kits and methods described herein enable those skilled in the art to identify
and quantify multiple isoforms of soluble FGF receptors in such patients and provide a basis for identifying and quantifying
the FGF content in oncology patients. Another embodiment of the inventions described herein also pertains to a multi-
plexing microsphere technology for simultaneous screening of sFGFRs.
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[0010] The kit of the present invention is used to detect sSFGFR2, sFGFR3, and sFGFR4. The kit comprises a capture
antibody composition, comprising a capture antibody specifically binding sFGFR2, a capture antibody specifically binding
sFGFR3, and a capture antibody specifically binding sFGFR4 that is conjugated to a microsphere. The microsphere
having the conjugated capture antibody has a diameter of about 5 um and two fluorophores. Each fluorophore being
spectrally distinct from the other fluorophore. The kit further comprises a detection antibody composition, comprising a
detection antibody specifically binding sFGFR2, a detection antibody specifically binding sFGFR3, and a detection
antibody specifically binding sFGFR4 that is conjugated to any detectable label known in the art suitable for the described
intended purpose. Furthermore, the kit may comprise a blocking buffer and an incubation buffer.

[0011] The kit of the present invention detects predefined threshold levels of sFGFR2, sFGFR3 and/or sFGFR4,
wherein the predefined threshold levels are 0.14 - 494 ng/mL sFGFR2, 0.023 - 74 ng/mL of sFGFR3, and 0.033 - 123
ng/mL of sFGFR4 is detected in the biological sample. Preferably, such levels are detected at levels having values as
follows: at least 0.14-494 ng/mL of sFGFR2, 0.23-74 ng/mL of sFGFRS3, and 0.33-123 ng/mL of sFGFR4 in a biological
sample. The kit comprises capture antibodies for sFGFR2, sFGFR3, and sFGFR4 conjugated to microspheres and
detection antibodies for sFGFR2, sFGFR3 and sFGFR4 conjugated to a detection label known in the art. The kit may
further comprise a blocking buffer and an incubation buffer.

[0012] The presentinvention is also directed to a method for measuring the amount of sSFGFR2, sFGFR3, and sFGFR4
in a biological sample. The method comprises contacting the biological sample with a capture antibody composition
specifically binding sFGFR2, sFGFR3 and sFGFR4 conjugated on a microsphere, contacting the biological sample with
a detection antibody composition specifically binding sFGFR2, sFGFR3 and sFGFR4 coupled to a detection label known
in the art, measuring the signal produced by the detection label and correlating the amount of signal produced to the
amount of sSFGFR2, sFGFR3 and sFGFR4 in the biological sample.

Abbreviations

[0013]

FGF fibroblast growth factor

FGFR fibroblast growth factor receptor
FGFRs fibroblast growth factor receptors
sFGFR soluble fibroblast growth factor receptor

sFGFR 2  soluble fibroblast growth factor receptor 2
sFGFR3 soluble fibroblast growth factor receptor 3
sFGFR4 soluble fibroblast growth factor receptor 4
sFGFRs soluble fibroblast growth factor receptors

NSCLC Non-small cell lung carcinoma
ADAMs adamalysin

ELISA enzyme-linked immunosorbant assay
MSD Meso Scale Discovery

EDTA ethylenediaminetetraacetic acid
BSA bovine serum albumin

LDD least detectable dose

Ccv coefficient of variation

LLOQ lower limit of quantification

RTKI receptor tyrosine kinase inhibitors
VEGFs vascular endothelial growth factors

PDGFRs platelet-derived growth factor receptors
Definitions

[0014] The term "kit" as used herein refers to a combination of reagents and other materials. It is contemplated that
the kit may include reagents such as buffering agents, protein stabilizing reagents, signal producing systems (e.g.,
florescence signal generating systems), antibodies, control proteins , as well as testing containers (e.g., microtiter plates,
etc.). Itis not intended that the term "kit" be limited to a particular combination of reagents and/or other materials. In one
embodiment, the kit further comprises instructions for using the reagents. The test kit may be packaged in any suitable
manner, typically with the elements in a single container or various containers as necessary along with a sheet of
instructions for carrying out the test. In some embodiments, the kits also preferably include a positive control sample.
Kits may be produced in a variety of ways known in the art.

[0015] The term "biological sample" encompasses a variety of sample types obtained from an organism and can be
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used in a diagnostic or monitoring assay. The term encompasses blood and other liquid samples of biological origin,
solid tissue samples, such as a biopsy specimen or tissue cultures or cells derived therefrom and the progeny thereof.
The term encompasses samples that have been manipulated in any way after their procurement, such as by treatment
with reagents, solubilization, or enrichment for certain components. The term encompasses a clinical sample, and also
includes cells in cell culture, cell supernatants, cell lysates, serum, plasma, biological fluids, and tissue samples. The
term "biological sample" is meant to distinguish between a sample in a clinical setting from a sample that may be a
recombinant sample or derived from a recombinant sample.

[0016] The terms "capture antibody" and "detecting antibody" in the sense of the present application are intended to
encompass those antibodies which bind to a specific sSFGFR with a high affinity.

[0017] The term "antibody" is used in the broadest sense and specifically covers intact monoclonal antibodies, poly-
clonal antibodies, multispecific antibodies (e.g. bispecific antibodies) formed from at least two intact antibodies, and
antibody fragments as long as they exhibit the desired biological poperty. The antibody may be derived from any species
and may be IgM, 1gG (e.g. IgG1, 1gG2, IgG3, or IgG4), IgD, IgA, or IgE, for example. The desired biological activity is
binding to sFGFR.

[0018] The term "monoclonal antibody" as used herein refers to a preparation of antibodies of single molecular com-
position. A monoclonal antibody composition displays a single binding specificity and affinity for a particular epitope of
sFGFRs.

[0019] The term "polyclonal antibody" as used herein refers to a composition of different antibody molecules which is
capable of binding to or reacting with several different specific antigenic determinants on the same or on different antigens.
The variability in antigen specificity of a polyclonal antibody is located in the variable regions of the individual antibodies
constituting the polyclonal antibody, in particular in the complementarity determining regions (CDR)1, CDR2 and CDR3
regions. Preferably, the polyclonal antibody is prepared by immunization of an animal with the target sFGFR or portions
thereof. Alternatively, the polyclonal antibody may be prepared by mixing multiple monoclonal antibodies having desired
specificity to a target sFGFR.

[0020] Theterm"specifically binding" refers to binding between two molecules, for example, an antigen and an antibody,
characterized by the ability of a molecule (antigen) to associate with another specific molecule (antibody) even in the
presence of many other diverse molecules, i.e., to show preferential binding of one molecule for another in a heteroge-
neous mixture of molecules.

[0021] The term "microsphere" refers to a small discrete solid support. These discrete solid supports can be used for
attachment of a population of probes such that each individual probe in the population differs from each other. The
composition of a microsphere can vary, depending on, for example, the format, chemistry and/or method of attachment
and/or on the method of nucleic acid synthesis. Exemplary microsphere compositions include solid supports, and chemical
functionalities imparted thereto, used in polynucleotide, polypeptide and/or organic moiety synthesis. Such compositions
include, for example, plastics, ceramics, glass, polystyrene, methylstyrene, acrylic polymers, paramagnetic materials,
thoria sol, carbon graphite, titanium dioxide, latex or cross-linked dextrans such as sepharose, cellulose, nylon, cross-
linked micelles and Teflon™, as well as any other materials.

[0022] The term "fluorophore" as used herein refers to any fluorescent compound or protein that can be used in the
quantification and detection of the sFGFR antigens.

[0023] The term "sensitivity" essentially is a measure of how well the multiplex assay described in the present invention
correctly identifies a specific SFGFR at its minimum concentration. As described herein, sensitivity is defined as the least
detectable dose (ng/mL) of a specific sSFGFR which can be accurately recovered between 80-120%.

[0024] The term "buffer" refers to either a buffered solution or to water. The buffer supports a reaction between the
analyte of interest (e.g., sFGFR) and the analyte binding agent (e.g., SFGFR antibody) and does not interfere with
antibody/antigen interaction.

[0025] The term "living subject" as used herein refers to any living organism, including human.

[0026] Theterms"a" or "an" as used herein in the specification may mean one or more. As used herein in the claim(s),
when used in conjunction with the word "comprising", the words "a" or "an" may mean one or more than one. As used
herein "another" may mean at least a second or more.

[0027] The term "comprise," or variations such as "comprises" or "comprising," as used herein may be used to imply
the inclusion of a stated element or integer or group of elements or integers, but not the exclusion of any other element
or integer or group of elements or integers.

[0028] Unless defined otherwise, all technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention is related.

Brief Description of Figures

[0029]
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Figure 1: Validation parameters established for serum and plasma using the assay developed for soluble FGFR2,
FGFRS3, and FGFR4.

Figure 2: Spike-recovery for FGFR2 at concentrations 7.8, 2.9, 1.7, and 0.82 ng/mL in serum and plasma (N=3).
Figure 3: Spike-recovery for FGFR3 at concentrations 1.4, 0.57, 0.30, and 0.15 ng/mL in serum and plasma (N=3).
Figure 4: Spike-recovery for FGFR4 at concentrations 2.2, 0.94, 0.54, and 0.29 ng/mL in serum and plasma (N=3).
Figure 5: Cross-Reactivity of: FGFR3 and FGFR4 with anti-FGFR2 as capture, FGFR2 and FGFR4 with anti-FGFR3
as capture, and FGFR2 and FGFR3 with anti-FGFR4 as capture

Figure 6: Standard Curves (N=5) for FGFR2 with nominal concentration in ng/mL versus back calculated concen-
trations in ng/mL.

Figure 7: Standard Curves (N=5) for FGFR3 with nominal concentration in ng/mL versus back calculated concen-
trations in ng/mL.

Figure 8: Standard Curves (N=5) for FGFR4 with nominal concentration in ng/mL versus back calculated concen-
trations in ng/mL.

Figure 9: Experimental assessment of serum concentration of FGFR2 in control samples across runs spiked with
low, medium, and high concentrations of the analytes (N=5).

Figure 10: Experimental assessment of serum concentration of FGFR3 in control samples across runs spiked with
low, medium, and high concentrations of the analytes (N=5).

Figure 11: Experimental assessment of serum concentration of FGFR4 in control samples across runs spiked with
low, medium, and high concentrations of the analytes (N=5).

Figure 12: Spike-recovery data in serum (N=3) and plasma (N=3) at concentrations 7.8, 2.9, 1.7, and 0.82 ng/mL
for FGFR2, concentrations 1.4, 0.57, 0.30, and 0.15 ng/mL for FGFR3 and concentrations 2.2, 0.94, 0.54, and 0.29
ng/mL for FGF R4.

Figure 13: Dilutional linearity data for FGFR2 in plasma, serum and a high-spiked control

Figure 14: Dilutional linearity data for FGFR3 in plasma, serum and a high-spiked control

Figure 15: Dilutional linearity data for FGFR4 in plasma, serum and a high-spiked control

Figure 16: Top Panel: Sample buffers used to establish a better range in prostate cancer serum and lung cancer
serum. Bottom Panel: Different blocking buffers tried in order to get a higher signal for metastatic cancer serum.
Figure 17: Reference range for FGFR2, FGFR3, and FGFR4 in prostate cancer (N=5); and lung cancer (N=10).

Detailed Description of the Invention

[0030] Early analysis of soluble FGFR concentrations is beneficial to understand the status of a cancer (before and
after treatment) and would help in the selection of specific drug candidates targeting FGFRs. Such an analysis would
also render clues about the mode of action of a FGFR drug. Therefore, it is imperative to have a suitable diagnostic
assay, which is sensitive and specific for FGFRs.

[0031] Previous attempts to obtain a suitable assay that reliably detects multiple isoforms of sFGFR failed despite
proving successful in the detection of other soluble growth factor receptors. Surprisingly, the use of a microsphere-based
multiplex immunoassay technology (specifically the "Luminex 100/200™" platform described herein and in U.S. Patent
Nos. 6,599,331, 6,592,822, and 6,268,222, enabled development of an assay to accurately measure sFGFR2, sFGFR3,
and sFGFR4 in biological samples. The microsphere-based multiplex immunoassay technology is a sandwich assay.
The term "sandwich assay" refers to an immunoassay where the antigen is sandwiched between two binding reagents,
which are typically antibodies. The first binding reagent (capture antibody) being attached to a microsphere and the
second binding reagent (detection antibody) comprising a detectable group. Examples of detectable groups include, for
example and without limitation: fluorochromes, enzymes, epitopes for binding a second binding reagent (for examples,
when the second binding reagent/antibody is a mouse antibody, which is detected by a fluorescently labeled anti-mouse
antibody), for example an antigen or a member of a binding pair, such as biotin.

[0032] The polysterene microspheres are important components of this assay. These microsphere beads are dyed
internally with two spectrally distinct fluorophores. Using precise ratios of these fluorophores, an arrays is created
consisting of 100 different microsphere sets with specific spectral addresses. Each microsphere set can possess a
differentreactant on its surface. In this application, the reactant is referred to as "capture antibody". Because microsphere
sets can be distinguished by their spectral addresses, they can be combined, allowing up to 100 different analytes to
be measured simultaneously in a single reaction vessel. A third fluorophore coupled to a reporter molecule- in this
application referred to as "detection antibody" - quantifies the biomolecular interaction that has occurred at the micro-
sphere surface. Microspheres are interrogated individually in a rapidly flowing fluid stream as they pass by two separate
lasers in the Luminex analyzer. High speed digital signal processing classifies the microsphere based on its spectral
address and quantifies the reaction on the surface in a few seconds per sample reaction.

[0033] For the assays described herein, the microsphere-based multiplex immunoassay offer several advantages :
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* The costs of the assay are inexpensive because a separate kit is not required for each individual sFGFR.

* Since one kit can test multiple sFGFRs, the amount of biological sample required to run an assay is greatly reduced.

* The quantitation measurements of the assay offer high reproducibility because pre-processing or titering of the
biological sample is not required.

For these reasons, although other immunoassays, such as radioimmunoassay are capable of use in the context of the
present invention, the microsphere-based multiplex immunoassay is preferred.

EXAMPLES

[0034] The following non-limiting examples are provided to further illustrate the present invention. It will be appreciated
by those of skill in the art that the techniques disclosed in the examples that follow represent approaches the inventors
have found function well in the practice of the claimed inventions, and thus should be considered to constitute examples
of modes for its practice. However, those skilled in the art should, in light of the present disclosure, appreciate that many
changes can be made in the specific embodiments that are disclosed and still obtain a like or similar result without
departing from the scope of the invention.

EXAMPLE 1: Collection and Storage of Biological Samples

[0035] Since sFGFRs are mostly released into circulation after proteolytic cleavage, blood, serum and plasma samples
[Bioreclamation, LLC (Westbury, NY)] were used to develop and validate the multiplex immunoassay. Blood samples
were collected from the antecubital area of consenting healthy volunteers by state-licensed phlebotomists and allowed
to clot in 450-500 mL dry collection bags in a refrigerator overnight. Sera were separated by centrifugation at 2800 x g
for twenty minutes at 5 °C. The separated sera were transferred into transfer bags using a plasma extractor device to
ensure no red blood cell contamination. Human plasma was collected in collection bags containing potassium-EDTA,
mixed gently for five minutes and allowed to sit at room temperature for thirty minutes. The bags were centrifuged at
2800 x g for twenty minutes at 5 °C. The separated plasma was transferred into transfer bags using a plasma extractor
device to ensure no red blood cell contamination. Both the human sera and human plasma were stored at 4 °C for up
to one week before being separated into aliquots in cryo tubes and frozen at -80 °C until use.

EXAMPLE 2: Development of the Multiplex Inmunoassay

[0036] Successful implementation of a microsphere-based multiplex immunoassay for sFGFR detection in biological
samples requires protocol development and optimization. First, the reagents that will result in the most sensitive assay
must be identified. The first set of reagents that was evaluated was the capture and detection antibody pairs for sFGFR2,
sFGFR3 and sFGFRA4. Several different sources of antibodies were explored; however, the antibody pairs listed in Table
1 rendered the best range of detection for sSFGFR2, sFGFR3, and sFGFR4 and were therefore used in the multiplex
system.

Table 1: Combination of capture and detection antibodies used to set up the assay for FGFR2, FGFR3, and

FGFRA4.
Antibody Summary
FGF R2 FGF R3 FGF R4
Capture: Abcam (Cambridge, MA) R&D Systems (Minneapolis, MN) R&D Systems Duoset
piure: ab89476 MAB7661 842983
Detection (total): | R&D Systems MAB6841 R&D Systems MAB766 R&D S’éj;;:i Duoset
Standards: All standards were obtained from corresponding R&D Systems Duoset kits

[0037] The next component of the assay that was prepared was the capture antibody-coupled microspheres. Capture
antibodies were carboxylated («-COOH ») specifically to polystyrene 5.6 micron microspheres as follows: anti-FGFR2
to bead #(88), anti-FGFR3 to bead #(16), and anti-FGFR4 to bead #(79). These regions correspond to 3 of the 100
uniquely dyed potential regions used by the Luminex 100/200™ system. The coupling of the target capture antibodies
to the polystyrene microspheres was performed using a proprietary conjugation system, which uses a procedure similar
to the Bio-Plex® Amine Coupling kit from Bio-Rad Life Sciences (Cat # 171-406001). Briefly, the covalent couple of the
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target capture antibody to the carboxylated polystyrene microsphere is achieved via carbodiimide reactions involving
the protein primary amino groups and the carboxyl functional groups bound on the surface of polystyrene microspheres.
The covalent attachment is permanent, leaving no unbound protein after cleanup, even after long periods of storage.
The detection antibodies for sSFGFR2 and sFGFR3 were biotinylated using Sulfo-NHS-LC-Biotin (Pierce, Cat #21327)
according to the manufacturer’s protocol, while the detection antibody for sFGFR4 was purchased with the biotin label
already attached.

[0038] Anothersetofreagents evaluated was the buffers to be used for sample dilutions, blocking steps and incubations.
Typical buffers utilized in multiplex assays are PBS-based or Tris-based. The buffer that worked best for incubations
and dilutions was PBS with 1% BSA and for nonspecific protein blocking was PBS with 1% Bovine Gamma Globulin
and Immunoglobulin G.

[0039] Once the reagents for the immunoassay were prepared, the following protocol was used to quantitate sSFGFR2,
sFGFR3 and sFGFR4 in biological samples:

* Five plL of diluted capture antibody-labeled microspheres for all three sFGFRs (1800 beads per analyte per well)
mixed with five pL of a blocker consisting of 1% Bovine Gamma Globulin (MP Biomedicals, Santa Ana, CA, Catalog
# 82041) in PBS with added Immunglobulin G.

e This mixture was added to a 96 well flat bottom microtiter plate.

¢ The sample to be used was thawed at room temperature immediately before testing.

e Ten pl of standard, quality control, or serum diluted 1:5 in a 4% BSA buffer containing a preservative (sodium azide)
were added to the plate, samples were mixed with a pipette and the plate was incubated at room temperature for
one hour without shaking.

* Ten pL of biotinylated detection antibodies (diluted in a 1% BSA buffer with preservative to a final concentration of
3 pg/mL for all three analytes) were added to each well, thoroughly mixed, and incubated for one hour at room
temperature.

* Ten pl of streptavidin-phycoerythrin diluted to 100 ng/mL was added to each well, thoroughly mixed, and incubated
for thirty minutes at room temperature.

* A filter-membrane microtiter plate was pre-wetted with 100 pL of a BSA-based wash buffer with sodium azide
followed by aspiration via a vacuum manifold device.

e The reaction contents in the flat-bottomed microtiter plate were transferred to the respective wells of the filter plate.
All the wells were vacuum-aspirated and the contents are washed twice with 100 pL of wash buffer.

* After the final wash, 100 uL of wash buffer was added to each well and the microspheres were resuspended by
thorough mixing.

* The plate is then analyzed on a Luminex 100/200™ reader which uses a proprietary analysis software. For each
plate, a standard curve is created for each sFGFR using proprietary software. The standard curves for sFGFR2 and
sFGFR3 use a 5-Parameter Logistic regression and the standard curve for sFGFR4 uses a 4-Parameter Logistic
regression.

EXAMPLE 3: Statistical Validation of the Multiplex Inmunoassay

[0040] On the basis of guidelines from the US Food and Drug Administration (U.S. Department of Health and Human
Services, Center for Drug Evaluation and Research (CDER), and Center for Veterinary Medicine (CVM). Guidance for
Industry. Bioanalytical method validation. May 2001. http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegu-
latorylnformation/ Guidances/UCMO070107.pdf), a validation program was developed that entailed full validation of the
sFGFR2, sFGFR3, and sFGFR4 multiplex immunoassay. The program included assessment of best sample matrix,
assay selectivity, linearrange as determined by a standard curve, least detectable dose (LDD), lower limit of quantification
(LLOQ), precision, absolute recovery, dilutional linearity, matrix interference, freezing/thawing stability, stability at room
temperature, and reference range (FIG. 1).

[0041] Comparison of plasma and serum samples : Since blood was being used to measure the content of sSFGFR2,
sFGFR3 and sFGFR4 in the assay, a comparison was made between plasma or serum to identify the best biological
matrix. As seenin FIG. 2, FIG. 3 and FIG. 4, sFGFR recovery was consistently better when assaying serum. Therefore,
serum was the final choice of matrix for further validation analyses. The multiplex immunoassay methods described in
the presentinvention is also amenable to other biological samples (cerebrospinal fluid, urine, lymph, saliva, sudor, pleura
fluid, synovial fluid, aqueous fluid, tear fluid, bile, pancreas secretion), although a fit-for-purpose validation will also need
to be established to identify the best choice of matrix.

[0042] Assay Selectivity: Since sSFGFR2, sFGFR3, and sFGFR4 were tested in the same sample well, it was important
to ascertain that there is no significant cross-reactivity between the three analytes. In order to investigate cross-reactivity,
the FGFR2 capture antibody was tested against the highest concentration of SFGFR3 and sFGFR4 for signal. Similarly,
all other combinations were evaluated and only 1.6% cross-reactivity was found between the FGFR4 capture antibody
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and sFGFR2 at the highest concentration (FIG. 5).

[0043] Standard Curves: Total FGFR2a standard (part #841650), total FGFR3 standard (part #841879) and total
FGFR4 standard (part #842742) available from R&D Systems Duosets (Catalog numbers DYC665, DYC766 and
DYC685, respectively) were used to generate the standard curves. Standard curves for each sFGFR were made by first
creating a high standard mix of the three standards in a fish serum/BSA buffer: 100 ng/mL for FGFR2, 15 ng/mL for
FGFR3 and 25 ng/mL for FGFR4. This high standard was serially diluted seven times by adding 37 pL of each standard
with 88 pL of standard diluent. The standard curve ranges of FGFR2, FGFR3 and FGFR4 were 100 ng/mL - 0.020
ng/mL, 15 ng/mL - 0.003 ng/mL and 25 ng/mL - 0.005 ng/mL, respectively. Standard curves for each analyte were run
on every plate, and the values were averaged, with percent CV calculated across runs (FIG. 6, FIG. 7 and FIG. 8). The
average CV for sFGFR2, sFGFR3, and sFGFR4 were 8.38%, 6.38%, 5.13%, respectively, indicating that the curves
had very minimal variation from plate to plate.

[0044] Least Detectable Dose: The lowest concentration of analyte that can be discriminated from the blank with
99% confidence is known as the least detectable dose (LDD). LDD was calculated by averaging the signal from 20
replicate determinations of the standard curve blank and adding three standard deviations to the average blank signal.
[0045] Lower Limit of Quantification (LLOQ): The lower limit of quantitation (LLOQ) is the lowest standard that can
be detected accurately. In order to fit within the LLOQ definition, the standard must be linear, fall within the range of the
assay within a CV of 30%, and must recover between 75-125% when spiked in the matrix. LLOQ was determined by
running two-fold dilutions of low standards in triplicate over three runs. Standards 5 - 8 were diluted two-fold and assayed
in triplicates over three different runs. The CV was calculated and plotted against concentration. The LLOQ, interpolated
from this plot and multiplied by the dilution factor, was calculated to be 0.53 ng/mL, 0.084 ng/mL, and 0.15 ng/mL,
respectively for sFGFR2, sFGFR3, and sFGFR4. As mentioned, it is also important for the analyte to recover within 75
- 125% at the concentration of the LLOQ. However, samples could not be successfully recovered for sFGFR2 at con-
centrations below 0.82 ng/mL. The average recovery at 0.82 ng/mL for serum (N=3) was determined to be 85.67%.
FGFR3 samples could not be successfully recovered at concentrations below 0.15 ng/mL, and the average recovery of
serum samples (N=3) spiked with sFGFR3 was 103.3%. FGFR4 samples could not be successfully recovered at con-
centrations below 0.17 ng/mL, and the average recovery of serum samples (N=3) spiked with sFGFR3 was 101.3%.
Finally, the LLOQ determined for sSFGFR2, sFGFR3, and sFGFR4 was 0.82 ng/mL, 0.15 ng/mL, 0.17 ng/mL, respectively
(Table 2).

Table 2: LLOQ and dynamic range for FGFR2, FGFR3, and FGFR4.

ANALYTE Units LLOQ | Dynamic Range
FGF-R2 ng/mL 0.82 0.10 - 494
FGF-R3 ng/mL 0.15 0.015-74
FGF-R4 ng/mL 0.17 0.025 - 123

[0046] Precision: Precision for the assay was determined within a run (intra-assay CV) and over a series of runs
(inter-assay CV) by measuring three levels of controls in duplicate over a minimum of five runs. The average values for
sFGFR2 controls were 1.3, 9.3, and 35 ng/mL with inter assay CV ranging from 8 - 13%, and intra-assay CV ranging
from 1 - 11% (FIG. 9). The average values for sFGFR3 controls were 0.117, 2.8, and 14 ng/mL with inter assay CV
ranging from 8 - 13%, and intra-assay CV ranging from 0 - 16% (FIG. 10). The average values for sFGFR4 controls
were 0.095, 4.1, and 23 ng/mL with inter assay CV ranging from 3 - 33%, and intra-assay CV ranging from 1 - 21% (FIG.
11). The upper range for sFGFR4 is a little higher than 30%, which is a result of one bad run having a high CV of 21%.
The reason for a high CV is because the average concentration of that sample is 0.095 ng/mL, which is much lower
than the LLOQ for sFGFR4.

[0047] Absolute Recovery: In order to determine the percent recovery of each sFGFR, serum was spiked with
sFGFR2, sFGFR3, and sFGFR4 at four concentrations of the standards and analyzed in triplicates. The percentage
recovery was calculated by subtracting the baseline value from the spiked concentration and dividing the result with the
spiked concentration and multiplying by 100. It was observed that the average recovery for sFGFR2 ranged from 76 -
126% (N=3), for sFGFR3 ranged from 89 - 143% (N=3), and for sFGFR4 ranged from 81 - 145% (N=3) (FIG. 2, FIG. 3,
FIG. 4 and FIG. 12).

[0048] Dilutional Linearity: Occasionally, there can be samples that read higher than the upper range of the assay
for each of the analytes. In order to get a correct value, it is important to ascertain that the samples dilute linearly in
assay buffer and have a percent recovery within 70-130%. Samples were diluted two-fold in assay buffer, starting from
original sample at 1:5, and then diluting to a final concentration of 1:10, 1:20, and 1:40. Dilution linearity testing was
performed on neat normal serum and plasma samples, but the calculated sFGFR concentrations for these samples
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were below the LLOQ of the assay. Pooled normal human serum was initially spiked with recombinant sFGFR and then
diluted to a final concentration of 1:10, 1:20 and 1:40. Spiked serum samples can be successfully diluted to 1:40 with
an average percent recovery of 109% for sFGFR2, 109% for sFGFR3, and 96% for sFGFR4 (FIG. 13, FIG. 14 and FIG.
15).).

[0049] Matrix Interference: Matrix interference measures whether common components found in samples such as
hemoglobin, bilirubin or triglycerides introduce error in the multiplex assay. Matrix interference was evaluated by spiking
hemoglobin (up to 500 mg/dL), bilirubin (up to 20 mg/dL), and triglycerides (up to 500 mg/dL) into a control sample and
determining percent recovery as observed in the spiked sample versus unspiked sample. Percentage recovery after
spiking hemoglobin (up to 500 mg/dL), bilirubin (up to 20 mg/dL), and triglycerides (up to 500 mg/dL) for sFGFR2 was
89%, 91%, and 117%, for sFGFR3 was 88%, 90%, and 107 %, and for sFGFR4 was 85%, 89%, and 117%, respectively.
[0050] Stability: During analysis, samples can go through several freeze-thaw cycles; therefore, it is important to
assess the stability of the analyte after several rounds of freeze-thaw, and also determine the stability at 4 °C. Freeze-
thaw stability was determined by assaying serum samples for up to three cycles of freeze-thaw and the percent recovery
of each sample was determined. In addition, serum samples were also stability tested by room temperature and 4 °C
incubations for 24 hours each. The incubated samples were tested along with samples that were not incubated and
percent recovery was determined.

[0051] Briefly, serum (N = 3) was spiked with the recombinant standard and baseline concentration was measured
foreach. Samples were made to go through three cycles of freeze-thaw and percentrecovery was calculated by comparing
to the baseline sample. The average percent recovery for serum (N = 3) over three freeze-thaw cycles was 90.11% for
sFGFR2, 84.11% for FGFR3, and 89.00% for FGFR4. Samples(N = 3) were also assessed for their antigen stability at
4 °C for 2, 4 and 24 hr time points and at room temperature for 4 and 24 hr time points. The average percent recovery
for serum (N = 3) within 24 hr at room temperature and 4 °C was 83.93%, 83.33% , and 89.87% for sFGFR2, sFGFR3,
and sFGFR4.

EXAMPLE 4: Assay application

[0052] The ability of the assay to detect sSFGFRs in cancer samples was assessed. FIG. 16 shows that the best sSFGFR
signals in the assay were obtained when the sample buffer for analyses of cancer sera contained 4% BSA and the
blocking buffer contained the detergent, NP-40. After selection of the best buffers, fifteen different cancer samples were
examined: five prostate cancer samples and ten lung cancer samples (FIG. 17). From those fifteen samples, sFGFR2
could only be detected in four samples with measurable amounts ranging between 0.007-0.41 ng/mL. Interestingly,
sFGFR3 could be measured on all fifteen samples with measurements ranging from 0.015-1.2 ng/mL. Moreover, sFGFR4
was present in all samples at the highest concentrations ranging from 0.07-4.4 ng/mL.

Claims
1. AKit to detect soluble fibroblast growth factor receptors (sFGFRs) in a biological sample, comprising:

a capture antibody composition specifically binding sFGFRs conjugated to the microsphere; and

a detection antibody composition specifically binding sFGFRs conjugated to a detection label;

wherein 0.14 - 494 ng/mL sFGFR2, 0.023 - 74 ng/mL of FGFR3, and 0.033 - 123 ng/mL of FGFR4 is detected
in the biological sample;

wherein the capture antibody composition comprises a capture antibody specifically binding FGFR2, a capture
antibody specifically binding FGFR3, and a capture antibody specifically binding FGFR4; and

wherein the detection antibody composition comprises a detection antibody specifically binding FGFR2, a detection
antibody specifically binding FGFR3, and a detection antibody specifically binding FGFRA4.

2. The kit of claim 1, wherein the biological sample is selected from the group consisting of blood, serum, urine,
cerebrospinal fluid (CSF), plasma, lymph, saliva, sweat, pleural fluid, synovial fluid, tear fluid, bile, and pancreas
secretion.

3. The kit of claim 1, wherein the capture antibody is selected from the group consisting of:

mouse anti-human FGFR2 monoclonal antibody;

mouse anti- human FGFR3 monoclonal antibody; and
mouse anti-human phospho-FGFR4 polyclonal antibody.
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The kit of claim 1, wherein the detection antibody is selected from the group consisting of:

mouse anti-human FGFR2 monoclonal antibody;
mouse anti-human FGFR3 monoclonal antibody; and
mouse anti-human FGFR4 polyclonal antibody.

The kit of claim 1, wherein the microsphere is conjugated to two fluorophores.
The kit of claim 5, wherein the two fluorophores conjugated to the microspheres are red and infrared fluorophores.

The kit of claim 6, wherein the microsphere has a diameter of about 5 um, the kit optionally further comprising a
blocking buffer and an incubation buffer.

The kit of claim 1 to detect sSFGFR2, sFGFR3, and sFGFR4 in a biological sample, comprising:

a mouse anti-human FGFR2 monoclonal antibody conjugated on a microsphere;

a mouse anti- human FGFR3 monoclonal antibody conjugated on a microsphere;

a mouse anti-human phospho-FGFR4 polyclonal antibody conjugated on a microsphere;

a mouse anti-human FGFR2 monoclonal antibody conjugated to a detection label;

a mouse anti-human FGFR3 monoclonal antibody conjugated to a detection label;

a mouse anti-human FGFR4 polyclonal antibody conjugated to a detection label;

wherein 0.14 - 494 ng/mL sFGFR2, 0.023 - 74 ng/mL of FGFR3, and 0.033 - 123 ng/mL of FGFR4 is detected
in the biological sample.

The kit of claim 8, further comprising a blocking buffer and an incubation buffer.
A method of measuring sFGFR in a sample, comprising

a. providing the sample
b. measuring sFGFR in the sample using the kit of claim 9, optionally wherein the sample is obtained from a
living subject.

A method for measuring the amount of sSFGFR2, sFGFR3 and sFGFR4 in a biological sample, comprising:

a. contacting the biological sample with a capture antibody composition specifically binding sFGFR2, sFGFR3,
and sFGFR4 conjugated on a microsphere;

b. contacting the biological sample with a detection antibody composition specifically binding sFGFR2, sFGFR3,
and sFGFR4 coupled to a detection label;

c. measuring the signal produced by the detection label;

d. correlating the amount of the signal produced in c. to the amount of sFGFR2, sFGFR3 or sFGFR4 in the
biological sample.

The method of claim 11, wherein the minimum detection sensitivity for

sFGFR2 is 0.14 ng/mL;
sFGFR3 is 0.023 ng/mL; and
sFGFR4 is 0.033 ng/mL.

The method of claim 12, wherein the biological sample is selected from the group consisting of blood, serum, urine,
cerebrospinal fluid (CSF), plasma, lymph, saliva, sweat, pleural fluid, synovial fluid, tear fluid, bile, and pancreas
secretion, optionally wherein each microsphere has a diameter of about 5 um.

Patentanspriiche

1.

Kit zum Nachweis I6slicher Fibroblasten-Wachstumsfaktor-Rezeptoren (sFGFRs) in einer biologischen Probe, um-
fassend:
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eine Fangantikdrperzusammensetzung, die sFGFRs spezifisch bindet, die mit den Mikrokiigelchen konjugiert
sind; und

eine Nachweisantikérperzusammensetzung, die sFGFRs spezifisch bindet, die mit einer Nachweismarkierung
konjugiert sind;

wobei 0,14 bis 494 ng/ml sFGFR2, 0,023 bis 74 ng/ml FGFR3 und 0,033 bis 123 ng/ml FGFR4 in der biologischen
Probe nachgewiesen werden;

wobei die Fangantikérperzusammensetzung einen Fangantikérper, der FGFR2 spezifisch bindet, einen Fan-
gantikorper, der FGFR3 spezifisch bindet, und einen Fangantikérper, der FGFR4 spezifisch bindet, umfasst;
wobei die Nachweisantikérperzusammensetzung einen Nachweisantikérper, der FGFR2 spezifisch bindet, ei-
nen Nachweisantikorper, der FGFR3 spezifisch bindet und einen Nachweisantikérper, der FGFR4 spezifisch
bindet, umfasst.

Kit nach Anspruch 1, wobei die biologische Probe ausgewabhlt ist aus der Gruppe bestehend aus Blut, Serum, Urin,
Cerebrospinalflissigkeit (CSF), Plasma, Lymphe, Speichel, Schweil}, Pleuraflissigkeit, Synovialflissigkeit, Tranen-
flissigkeit, Galle und Pankreas-Sekretion.

Kit nach Anspruch 1, wobei der Fangantikdrper ausgewahlt ist aus der Gruppe bestehend aus:

monoklonalem Maus-Anti-Human-FGFR2-Antikorper;
monoklonalem Maus-Anti-Human-FGFR3-Antikorper; und
polyklonalem Maus-Anti-Human-Phospho-FGFR4-Antikérper.

Kit nach Anspruch 1, wobei der Nachweisantikdrper ausgewahilt ist aus der Gruppe bestehend aus:

monoklonalem Maus-Anti-Human-FGFR2-Antikorper;
monoklonalem Maus-Anti-Human-FGFR3-Antikdrper; und
polyklonalem Maus-Anti-Human-FGFR4-Antikorper.

Kit nach Anspruch 1, wobei das Mikrokiigelchen mit zwei Fluorophoren konjugiert ist.

Kit nach Anspruch 5, wobei die zwei mit den Mikroktigelchen konjugierten Fluorophore rote und infrarote Fluorophore
sind.

Kit nach Anspruch 6, wobei das Mikrokiigelchen einen Durchmesser von etwa 5 pm aufweist, wobei der Kit zudem
gegebenenfalls einen Blockierungspuffer und einen Inkubationspuffer umfasst.

Kit nach Anspruch 1 zum Nachweis von sFGFR2, sFGFR3 und sFGFR4 in einer biologischen Probe, umfassend:

einen monoklonalen Maus-Anti-Human-FGFR2-Antikdrper, der an ein Mikrokligelchen konjugiert ist;

einen monoklonalen Maus-Anti-Human-FGFR3-Antikdrper, der an ein Mikrokutigelchen konjugiert ist;

einen polyklonalen Maus-Anti-Human-Phospho-FGFR4-Antikdrper, der an ein Mikrokligelchen konjugiert ist;
einen monoklonalen Maus-Anti-Human-FGFR2-Antikdrper, der mit einer Nachweismarkierung konjugiert ist;
einen monoklonalen Maus-Anti-Human-FGFR3-Antikdrper, der mit einer Nachweismarkierung konjugiert ist;
einen polyklonalen Maus-Anti-Human-FGFR4-Antikdrper, der mit einer Nachweismarkierung konjugiert ist;
wobei 0,14 bis 494 ng/ml sFGFR2, 0,023 bis 74 ng/ml FGFR3 und 0,033 bis 123 ng/mI FGFR4 in der biologischen
Probe nachgewiesen werden.

9. Kit nach Anspruch 8, zudem umfassend einen Blockierungspuffer und einen Inkubationspuffer.

10. Verfahren zum Messen von sFGFR in einer Probe, umfassend

a. Bereitstellen der Probe
b.Messenvon sFGFRinder Probe unter Verwendung des Kits nach Anspruch 9, wobei die Probe gegebenenfalls
von einem lebenden Individuum erhalten wird.

11. Verfahren zum Messen der Menge von sFGFR2, sFGFR3 und sFGFR4 in einer biologischen Probe, umfassend:

a. Inkontaktbringen der biologischen Probe mit einer Fangantikérperzusammensetzung, die sFGFR2, sFGFR3
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und sFGFR4 spezifisch bindet, die an ein Mikrokiigelchen konjugiert sind;

b. Inkontaktbringen der biologischen Probe mit einer Nachweisantikérperzusammensetzung, die sFGFR2,
sFGFR3 und sFGFR4 spezifisch bindet, die mit einer Nachweismarkierung gekoppelt sind;

c. Messen des von der Nachweismarkierung erzeugten Signals;

d. Korrelieren der Menge des in c. erzeugten Signals mit der Menge von sFGFR2, sFGFR3 oder sFGFR4 in
der biologischen Probe.

12. Verfahren nach Anspruch 11, wobei die minimale Nachweisempfindlichkeit fiir
sFGFR2 0,14 ng/ml ist;
sFGFR3 0,023 ng/ml ist; und
sFGFR4 0,033 ng/ml ist.

13. Verfahren nach Anspruch 12, wobei die biologische Probe ausgewahlt ist aus der Gruppe bestehend aus Blut,
Serum, Urin, Cerebrospinalflissigkeit (CSF), Plasma, Lymphe, Speichel, Schweil}, Pleurafliissigkeit, Synovialflis-
sigkeit, Tranenflissigkeit, Galle und Pankreas-Sekretion, wobei gegebenenfalls jedes Mikrokligelchen einen Durch-
messer von etwa 5 um hat.

Revendications

1. Kit de détection de récepteurs de facteur de croissance des fibroblastes (sFGFR) dans un échantillon biologique,
comprenant :

une composition d’anticorps de capture se liant spécifiquement aux sFGFR conjugué a la microsphere ; et
une composition d’anticorps de détection se liant spécifiquement aux sFGFR conjugué a un marqueur de
détection ;

dans lequel 0,14 a 494 ng/ml de sFGFR2, 0,023 a 74 ng/ml de FGFR3, et 0,033 a 123 ng/ml de FGFR4 sont
détectés dans I’échantillon biologique ;

dans lequel la composition d’anticorps de capture comprend un anticorps de capture se liant spécifiquement a
FGFR2, un anticorps de capture se liant spécifiquement a FGFR3, et un anticorps de capture se liant spécifi-
quement a FGFR4 ; et

dans lequel la composition d’anticorps de détection comprend un anticorps de détection se liant spécifiquement
a FGFR2, un anticorps de détection se liant spécifiquement a FGFR3, et un anticorps de détection se liant
spécifiquement a FGFR4.

2. Kit selon la revendication 1, dans lequel I'’échantillon biologique est choisi dans le groupe comprenant le sang, le
sérum, l'urine, le liquide céphalo-rachidien (LCR), le plasma, la lymphe, la salive, la sueur, le liquide pleural, le
liquide synovial, le liquide lacrymal, la bile et une sécrétion du pancréas.

3. Kit selon la revendication 1, dans lequel I'anticorps de capture est choisi dans le groupe constitué de :

un anticorps monoclonal de souris anti-FGFR2 humain ;
un anticorps monoclonal de souris anti-FGFR3 humain ; et
un anticorps polyclonal de souris anti-FGFR4 humain.

4. Kit selon la revendication 1, dans lequel I'anticorps de détection est choisi dans le groupe constitué de :

anticorps monoclonal de souris anti-FGFR2 humain ;
anticorps monoclonal de souris anti-FGFR3 humain ; et
anticorps polyclonal de souris anti-FGFR4 humain.

5. Kit selon la revendication 1, dans lequel la microsphére est conjuguée a deux fluorophores.

6. Kit selon la revendication 5, dans lequel les deux fluorophores conjugués aux microspheres sont des fluorophores
rouges et infrarouges.

7. Kit selon la revendication 6, dans lequel la microsphére a un diamétre d’environ 5 um, le kit comprenant facultati-
vement en outre un tampon de blocage et un tampon d’incubation.
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Kit selon la revendication 1 pour détecter sFGFR2, sFGFR3 et sF GFR4 dans un échantillon biologique, comprenant :

un anticorps monoclonal de souris anti-FGFR2 humain conjugué sur une microsphere ;

un anticorps monoclonal de souris anti-FGFR3 humain conjugué sur une microsphere ;

un anticorps polyclonal de souris anti-phospho-FGFR4 humain conjugué sur une microspheére ;

un anticorps monoclonal de souris anti-FGFR2 humain conjugué a un marqueur de détection ;

un anticorps monoclonal de souris anti-FGFR3 humain conjugué a un marqueur de détection ;

un anticorps polyclonal de souris anti-FGFR4 humain conjugué a un marqueur de détection ;

dans lequel 0,14 a 494 ng/ml de sFGFR2, 0,023 a 74 ng/ml de FGFR3, et 0,033 a 123 ng/ml de FGFR4 sont
détectés dans I’échantillon biologique.

Kit selon la revendication 8, comprenant en outre un tampon de blocage et un tampon d’incubation.
Procédé de mesure de sFGFR dans un échantillon, comprenant

a. la fourniture de I'échantillon
b. la mesure de sFGFR dans I'échantillon au moyen du kit selon la revendication 9, facultativement dans lequel
I'échantillon est obtenu a partir d’'un sujet vivant.

Procédé de mesure de la quantité de sFGFR2, sFGFR3 et sFGFR4 dans un échantillon biologique, comprenant :

a. la mise en contact de I'’échantillon biologique avec une composition d’anticorps de capture se liant spécifi-
quement a sFGFR2, sFGFR3 et sFGFR4 conjugués sur une microspheére ;

b. la mise en contact de I'échantillon biologique avec une composition d’anticorps de détection se liant spéci-
figuement a sFGFR2, sFGFR3 et sFGFR4 couplé a un marqueur de détection ;

c. la mesure du signal produit par le marqueur de détection ;

d. la corrélation de la quantité du signal produit dans c. a la quantité de sFGFR2, sFGFR3 ou sFGFR4 dans
I'échantillon biologique.

Procédé selon la revendication 11, dans lequel la sensibilité de détection minimale pour
sFGFR2 est 0,14 ng/ml ;

sFGFR3 est 0,023 ng/ml ; et

sFGFR4 est 0,033 ng/ml.

Procédé selon la revendication 12, dans lequel I'échantillon biologique est choisi dans le groupe comprenant le
sang, le sérum, I'urine, le liquide céphalo-rachidien (LCR), le plasma, la lymphe, la salive, la sueur, le liquide pleural,
le liquide synovial, le liquide lacrymal, la bile et une sécrétion du pancréas, facultativement dans lequel chaque
microsphere a un diametre d’environ 5 pm.
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FIGURE 1
Validation FGF R2 FGF R3 FGF R4
Parameters Serum Plasma Serum Plasma Serum Plasma
LDD 0.14 ng/mL 0.14 ng/mL 0.023 ng/mL 0.023 ng/mL 0.033 ng/mL 0.033 ng/mL
LLOQ 0.82 ng/mL 0.82 ng/mL 0.15 ng/mL 0.15 ng/mL 0.17 ng/mL 0.17 ng/mL
Low: 0-11% CV, Low: 0-16% CV, Low: 0-21% CV,
Intra-.a-ssay Medium: 1-7% N/A Mediqm: 2-10% N/A Medium: 1-11% N/A
Precision CV, High: 1-7% CV, High: 0-12% CV, High: 1-4%
CV CV CV
. Q0 . 0
Inter-assay II\H/IOe‘glui? 1C3\°//o Low: 13% CV, L]S/[vgdi?f ;}0/
Precision CV. Hi gh 10% N/A Med.ium: 12% CV, N/A cv, Higﬁ: 3’% N/A
(n=5 plates) cv High: 8% CV cv
. . Linear . .
Linearity Linear between N/A Linear between 1:5 between 1:5 Linear between Not Linear
1:5 and 1:40 and 1:40 ) 1:5 and 1:40 beyond 1:5
and 1:40
Spike 76%-126% 50%-114% 89%-143% 68%-142% 81%-145% 63%-152%
Recovery
Matrix Hemogl.obil}: . Hemo, gl.obix.lz
Interference 89%; Bilirubin: Hemgglqu: 88%; 85%; Bilirubin:
% ' 91%;. N/A Blhrub{n: 90%; N/A . 89%;' N/A
recovery) Triglyceride: Triglyceride: 107% Triglyceride:
117% 117%
Freeze- Stable forup to | Stable for up to Stable for up to 3 Stable forup | Stable forupto | Stable forup to
Thaw 3 freeze-thaw 3 freeze-thaw to 3 freeze- 3 freeze-thaw 3 freeze-thaw
Stabilit cycles cycles freeze-thaw cycles thaw cycles cycles cycles
y Y Y Y/ Y/ Y/
Short-Term | Stable forupto | Stable forupto | Stable forupto2 Sttj 2'2 ;ZLI:Sp Sti:'jr:oart UAPOEOA Stable for up to
Antigen 24 hours at RT 4hours at RT | hoursat4°Cand4 24 hours at RT
Stability and 4 °C and 4 °C hours at RT at R'I;gnd 4 and 24Rr_1rours at and 4°C
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FIGURE 2

Spike-Recovery for FGF R2 (n=3)
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FIGURE 3

Spike Recovery for FGF R3 (n=3)
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FIGURE 4

Spike-Recovery for FGF R4 (n=3)
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FIGURE 5

Cross-Reactivity
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Back Calculated Concentration (ng/mL)
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FIGURE 6
FGF R2
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FIGURE 7

FGF R3
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FIGURE §
FGF R4
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FIGURE 9
FGF R2
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FIGURE 10
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FIGURE 11
FGF R4
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FIGURE 12

Spike Amount [ Serum 1 % Ser‘:l m 2 Serum 3 % Plaima 1 Plasﬂma 2 Plaima 3

Lie1 ng/mL Recovery Yo Recovery Yo /o &
Recovery Recovery | Recovery | Recovery
Spike #4 7.8 112% 79% 82% 76% 50% 73%
Spike #3 2.9 118% 115% 107% 95% 70% 114%
Spike #2 1.7 126% 85% 88% 86% 59% 78%
Spike #1 0.82 99% 82% 76% 101% 42% 63%
Average 114% 90% 88% 89% 55% 82%
Spike Amount | Serum 1 % Serum 2 Serum 3 % Plasma 1 Plasma2 | Plasma 3

FGF-R3 ng/mL Recovery % Recovery o Yo %
Recovery Recovery | Recovery | Recovery
Spike #4 1.4 115% 89% 103% 99% 68% 94%
Spike #3 0.57 124% 112% 106% 124% 77% 142%
Spike #2 0.3 143% 102% 100% 119% 84% 119%
Spike #1 0.15 120% 97% 93% 129% 71% 116%
Average 125% 100% 100% 118% 75% 118%
Spike Amount | Serum 1 % Serum 2 Serum 3 % Plasma 1 Plasma 2 | Plasma 3

FGF-R4 ng/mL Recovery % Recovery o Yo %
Recovery Recovery | Recovery | Recovery
Spike #4 2.2 116% 118% 102% 100% 86% 63%
Spike #3 0.94 115% 145% 107% 120% 116% 151%
Spike #2 0.54 103% 117% 91% 114% 103% 152%
Spike #1 0.29 92% 109% 81% 140% 108% | <LOW>
Average 106% 122% 95% 118% 103% 91%
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FIGURE 13
Expected Observed
FGF-R2 Dilution Concentration Concentration % Recovery
ng/mL ng/mL

1:10 <LOW> <LOW> N/A

1:20 <LOW> <LOW> N/A]
Plasma

1:40 <LOW> <LOW> N/A

Average % Recovery N/A

1:10 <LOW> <LOW> N/A

1:20 <LOW> <LOW> N/A]
Serum

1:40 <LOW> <LOW> N/A

Average % Recovery N/A

1:10 19 20 109%

Control 1:20 9.3 9.6 103%|
Level 3

1:40 4.7 5.3 113%|

Average % Recovery 109%
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FIGURE 14
Expected Observed
FGF-R3 Dilution Concentration Concentration % Recovery
ng/mL ng/mL
1:10 0.033 0.023 1%
1:20 0.017 0.015 88%
Plasma
1:40 0.0083 0.0087 105%
Average % Recovery 88%
1:10 0.031 0.022 70%
1:20 0.015 0.012 78%
Serum
1:40 <LOW> <LOW> N/A
Average % Recovery 4%
1:10 5 5.6 112%
Control 1:20 2.5 2.6 103%
Level 3
1:40 1.3 1.4 113%
Average % Recovery 109%
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FIGURE 15

_— Expected Concentration Observed o
FGF-R4 Dilution ng/mL Concentration ng/mL % Recovery
1:10 0.1 0,051 50%
1:20 0.051 0.019 36%
Plasma
1:40 0.026 0.011 43%
Average % Recovery 43%
1:10 0.064 0.036 56%
1:20 0.032 0.017 54%
Serum
1:40 0.016 0.008 50%
Average % Recovery 53%
1:10 7 6.9 99%
Control Level 1:20 3.5 3.2 91%
3
1:40 1.7 1.7 97%
Average % Recovery 96%
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FIGURE 16

Reference Range

Amount of FGF Rin ng/mL

S o o
[

(Prostate cancer N=5; Lung cancer N=10)

[
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FIGURE 17
MFI Units
Sample Buffer NP-40 Buffer 4% BSA Determination
Analyte FGF-R2 | FGF-R3 | FGF-R4 | FGF-R2 | FGF-R3 |FGF-R4
Prostate Cancer Sera (n=10)
3-45 10-78 ] 13.5-332 ] 2-58 | 11-216.5|103-749|  For all analytes, the|
4% BSA sample buffer
Lung Cancer Sera (n=20) increases the sample
1-15 5-18 9-102 2-16.5 5-24 19-385 signal
MFI Units
Buffer NP-40 Lysis Buffer Blocker |Heterophilic Blocking Buffer Determination
Sample FGFR2 |FGFR3 FGFR4 |[FGFR2 |FGF R3 FGF R4 .
The NP-40 Lysis blocker]
owed an increase in signal
Metastatic Cancer Serum (n=1) 787 790 437 8 57 53 for all analyted
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