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Description
CROSS REFERENCE TO RELATED APPLICATION

[0001] The present application is based on provisional
application Serial No. 61/538,302, filed September 23,
2011, the entire contents of which are herein incorporat-
ed by reference.

STATEMENT REGARDING FEDERALLY SPON-
SORED RESEARCH OR DEVELOPMENT

[0002] Not Applicable.

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

[0003] The presently disclosed and claimed inventive
concept(s) generally relates to cellular assays. More par-
ticularly, but not by way of limitation, the presently dis-
closed and claimed inventive concept(s) relates to meth-
ods of assaying biological samples to determine the cel-
lular response to treatment/therapy and/or monitor pro-
gression of a disease state.

DESCRIPTION OF THE BACKGROUND ART

[0004] Affinity assays using fluorescence compounds
are commonly used for cell and tissue analysis for bi-
omarkers. The fluorescent compounds (labels) are at-
tached (conjugated) to affinity molecules. Said affinity
molecules may be, for example but not by way of limita-
tion, antibodies, antigens, nucleic acid or other molecules
that associate with the biomarkers of interest. This direct
affinity method is a commonly used method to stain cells
and tissues (See Horan and http://www.crm.ed.ac.uk/fa-
cilities/flow-cytometry/protocols/immunofluorescence-
staining). The cells or tissues are incubated with conju-
gates, and unbound materials are washed away from cell
bound materials. The conjugates are read cytometrically
with a flow cytometer, scanning microscope or other de-
vice capable of detecting the fluorescence emission of
the cellular material (see for example, US2008/0187198;
Krivacic, 2004; and Herzenberg, 2002). Protocols vary
and may or may not require cell or tissue fixation, de-
pending on the conjugate used.

[0005] In practice, cell counts are measured using flow
cytometry or scanning microscopy technologies which
capture signals of cells at the excitation and emission
wavelengths required to detect the dye. Different conju-
gates can be simultaneously determined (multiplexed)
by using fluorescent dyes with distinct excitation wave-
lengths and emission wavelengths. Multiplexing of fluo-
rescence signals is commonly used to detect as many
properties as possible at one time. For example, biomar-
kers conjugated to phycoerythrin (ex 592, em 614nm)
can be measured independent from biomarkers conju-
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gated to fluorescein-5-isothiocyanate (FITC) (ex 488, em
525nm) using different excitation and emission filters. A
list of known fluorophores is commonly available to re-
searchers in the field (see http://www.fluorophores.org/).
[0006] Cell and tissue assays are typically performed
for various types of cancer assays. Both cell and tissue
assays use affinity reagents to detect biomarkers on or
inside the cell, such as peptides, proteins, nucleic acid
and modifications thereof (see, for example, Punnoose,
2010). Nucleic acids are measured as messenger RNA,
Micro RNA and/or DNA prior to or after PCR amplification.
Antibodies are also used for detecting protein biomarkers
such as, but not limited to, EGFR, IGFRE, ERBB2, PSA,
PL2L, kRAS, EPCAM, CK, and CD. A variety of tumor
markers have detected breast, colon, prostate and
melanoma cancer cells (see, for example, Mocellin,
2006). The use of biomarkers for monitoring cancer pro-
gression and/or treatment is also common practice. For
example, the use of the plasminogen activator system
(uPA) is monitored by measuring uPA, the plasminogen
inhibitor PAI-1, and the complex of both (see Carney et
al., 2009).

[0007] Cell assays are often looking for rare but clini-
cally significant events. For example, circulating tumor
cells (CTC) are significant at 5 cancer cells in 80,000,000
normal blood cells. The CTC must be isolated by enrich-
ment or depletion to eliminate interference from normal
cells (see, for example, Pantel et al., 2008). The isolated
rare cells of interest then have to be assayed by methods
that can detect each individual cell. Additionally the bi-
omarkers expressed on these cells can be as low as 100
molecules per cell. Overall high sensitivity detection
methods are required.

[0008] The sensitivity of traditional fluorescent labels
for detecting biomarkers is generally poor for rare cell
analysis. Excess affinity molecules must be used to in-
crease the number of probes associated with the cell or
tissue. This problem can be overcome partially using en-
zymes to catalytically increase the number of fluorescent
labels. For example, Tyramide Signal Amplification
(TSA) uses peroxidase enzyme to catalyze the deposi-
tion of multiple fluorophores on tyrosines of proteins by
formation of tyramide with phenolic labeled fluorophores.
The enzyme is associated with an affinity label to direct
which cells are reacted (see, for example, Bobrow et al.,
1993). However, enzymatic amplification involves multi-
ple lengthy steps that increase the difficulty of the meas-
urements.

[0009] Nanoparticles can be used to increase the
number of fluorescent labels. However, multiple affinity
molecules must also be attached to the nanoparticles,
and adsorption of organic compounds onto nanoparticles
also decreases the fluorescence signals. As a result, the
nanoparticles with fluorescent labels (such as FITC) are
no more sensitive than directly conjugated fluorescent
labels. Additional problems with nanoparticles are that
the size and coating must be carefully controlled for the
particles to cross the cell walls (see, for example, Good-
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man et al., 2007).

[0010] Rare earth elements, like europium (Eu), when
chelated, or in oxides or silicate lattices, have fluorescent
or luminescent behaviors that allow detection thereof in
a method with high sensitivity. These phosphors have
been used as high sensitivity signals for detection of ma-
terial. For example, Ryan et al. (1973) first explained the
use of rare-earth metal activated phosphors to detect ex-
plosive material. Nanoparticles containing the europium
phosphor can be fluorescent in a 500 to 700 nm range
and thus can be useful as a tracer for explosives.
[0011] Chelation of europium is critical to stability and
strength of the fluorescence signal. Europium has long
been shown to form a strong chelate with beta diketones.
Shepard and Serigne (1934) have shown thenoyltriflou-
racetone (TTA) has an association constant (log Ka) of
8.0 when converted to enolate. Stary (1959) demonstrat-
ed that benzoylacetone (HBA) has a log K of 18.9. Haar
and Umland (1962) showed 8-hyroxyquinoline (oxine)
forms an oxinate with europium. Dyrssen (1956) de-
scribes Beta-isopropyltropolone (HIPT) log K - 6.24 dis-
sociation constant. Eu2* resembles Ba2* and can be
complexed by various amine poly carboxylate ions such
as DTPA (log Ka 23), DCTA (log Ka 19), EDTA (log Ka
17), HEDTA (log Ka 15), HTA (log Ka 11), and IMDA (log
Ka 6). Matsumoto et al. (2007) demonstrated that euro-
pium with a variety of chelates in silicate nanoparticles
can be a fluorophor in the range of 500 to 700 nm. Uliman
et al. (1994) and Kraus et al. (2001) demonstrate euro-
pium with a variety of chelates in polystyrene nanoparti-
cles. In particular, N,N,N,N’-{2,6-bis(3’-aminomethyl-1"-
pyrazolyl)-4-phenylpyridine} tetra kis (acetic acid) (BB-
TA) and 3-(2-thienoyl)-1,1,1-trifluoroacetone (TTA) are
useful. In general, a wide variety of compounds has been
shown to complex with lanthanide elements (for example
but not by way of limitation, europium (Eu)), and this com-
plex provides stability and strength to the fluorescence
signals.

[0012] In practice, rare earth metal labels (such as but
not limited to, lanthanides like Eu, Sm, Tm, Pr) or others
like Tb have been applied as high sensitivity fluorescents
or luminescent detection technology in nanoparticles (Ul-
Iman et al. 1994; Kraus et al., 2001; and Harma et al.,
2001). These labels have been applied to various ana-
lytical methods for clinical diagnostics using nanoparti-
cles. Ullman et al. demonstrated that nanoparticles con-
taining europium chelate were useful in diagnostics as
biomarker labels that generate luminance. Kraus et al.
also showed nanoparticles with Europium chelate (such
as but not limited to Eu TTAz) were detectable above 500
nmand useful as diagnosticlabels for biomarkers. Harma
et al. showed the advantages of time resolved fluores-
cence using europium-label detection technology. In
general europium fluorescence is either an acceptable
high sensitivity label when the signal is used directly or
amplified with subsequent reactions.

[0013] Another type of fluorescent label is a molecule
which binds directly to the biomarker or a probe. These
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labels do not need affinity molecules. For example, 4’, 6-
diamidino-2’-phenylindole, dihydrochloride (DAPI) is a
probe that fluoresces blue (455 nm) when bound to dou-
ble stranded DNA and excited by exposure to light at 345
nm (see, for example, Morikawa et al., 1981). The de-
tection of DNA in cells is an indication of a living cell
nucleus. Other probes containing bis(zinc2* dipico-
lylamine) groups bind to surfaces enriched with anionic
phospholipids, especially phosphatidylserine (PS) ex-
posed on cell membranes (see, for example, US Patent
No. 7,179,616). The appearance of phosphatidylserine
(PS) on the cell surface indicates cell apoptosis, prior to
DNA fragmentation, morphological changes, and plasma
membrane permeabilization.

[0014] Overall it is known that cell and tissue assays
can be done by affinity assays whether using affinity re-
agents with fluorescent labels or fluorescent probes. Itis
also known that these signals can be multiplexed, and
high sensitivity labels and probes are needed to detect
rare events. Further, it is known that biomarkers can be
selected for assay applications in the field of cancer.
[0015] Cell and tissues assays in the field of cancer
are used to direct treatment. With the entry of more an-
tibody-based chemotherapies, a patient's cancer must
be typed to assure the cancer antigen is present (per-
sonalized medicine). The number of ever increasing can-
cer antigens is becoming increasingly complex (see, for
example, Cheever et al., 2009). As a result, the selection
of biomarkers to test is a difficult choice; the expression
level, number of epitopes, expression on cancer stem
cells, cellular location of expression, and the number of
patients with antigen positive cancers all must be con-
sidered. Antigens with therapeutic function, immuno-
genicity (T cell expression), oncogenicity (association
with the oncogenic process) and specificity rank highest
in value. Even with a ranking, selection is not straight
forward and is in need of a simplification; picking the
wrong antigen for a patient is still likely, and all antigens
cannot be measured at one time.

[0016] Chemo resistance is another important param-
eter that cell and tissue assays try to address by meas-
uring cells and tissue during the treatment course to de-
termine if cancer antigens are still present. Another meth-
od for determining chemo resistance is to culture or grow
the cancer cells and see if the cancer antigens are ex-
pressed by living cells (see, for example, the so called
EPISPOT method of Alix-anabieres etal., 2009). Another
method is to measure the cancer stem cell antigens as
a measure of chemo resistance (see for example, Pardal
et al., 2003; and Gao et al., 2010). However, all three of
these methods also rely on "picking" the right antigen
and fail to give good information for all patients.

[0017] Thus the current field lacks a comprehensive
measure of the metastatic potential of a cancer cell/tis-
sue. The presently disclosed and claimed inventive con-
cept(s) provide a cell based response assay that over-
comes the defects and disadvantages of the prior art.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIGURE 1 graphically depicts a cell response
assay constructed in accordance with the presently dis-
closed and claimed inventive concept(s).

DETAILED DESCRIPTION OF THE INVENTION

[0019] Before explaining at least one embodiment of
the inventive concept(s) in detail by way of exemplary
drawings, experimentation, results, and laboratory pro-
cedures, it is to be understood that the inventive con-
cept(s) is not limited in its application to the details of
construction and the arrangement of the components set
forth in the following description or illustrated in the draw-
ings, experimentation and/or results. The inventive con-
cept(s) is capable of other embodiments or of being prac-
ticed or carried out in various ways. As such, the lan-
guage used herein is intended to be given the broadest
possible scope and meaning; and the embodiments are
meant to be exemplary - not exhaustive. Also, it is to be
understood that the phraseology and terminology em-
ployed herein s for the purpose of description and should
not be regarded as limiting.

[0020] Unless otherwise defined herein, scientific and
technical terms used in connection with the presently dis-
closed and claimed inventive concept(s) shall have the
meanings that are commonly understood by those of or-
dinary skill in the art. Further, unless otherwise required
by context, singular terms shall include pluralities and
plural terms shall include the singular. Generally, nomen-
clatures utilized in connection with, and techniques of,
cell and tissue culture, molecular biology, and protein
and oligo- or polynucleotide chemistry and hybridization
described herein are those well known and commonly
used in the art. Standard techniques are used for recom-
binant DNA, oligonucleotide synthesis, and tissue culture
and transformation (e.g., electroporation, lipofection).
Enzymatic reactions and purification techniques are per-
formed according to manufacturer’s specifications or as
commonly accomplished in the art or as described here-
in. The foregoing techniques and procedures are gener-
ally 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 presentspecification. See e.g., Sambrook
et al. Molecular Cloning: A Laboratory Manual (2nd ed.,
Cold Spring Harbor Laboratory Press, Cold Spring Har-
bor, N.Y. (1989) and Coligan et al. Current Protocols in
Immunology (Current Protocols, Wiley Interscience
(1994)). The nomenclatures utilized in connection with,
and the laboratory procedures and techniques of, ana-
lytical chemistry, synthetic organic chemistry, and me-
dicinal and pharmaceutical chemistry described herein
are those well known and commonly used in the art.
Standard techniques are used for chemical syntheses,
chemical analyses, pharmaceutical preparation, formu-
lation, and delivery, and treatment of patients.
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[0021] 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 this presently disclosed and claimed inventive
concept(s) pertains.

[0022] All of the compositions and/or methods dis-
closed and claimed herein can be made and executed
without undue experimentation in light of the present dis-
closure. While the compositions and methods of this
presently disclosed and claimed inventive concept(s)
have been described in terms of preferred embodiments,
it will be apparent to those of skill in the art that variations
may be applied to the compositions and/or methods and
in the steps or in the sequence of steps of the method
described herein without departing from the concept,
spirit and scope of the presently disclosed and claimed
inventive concept(s). All such similar substitutes and
modifications apparent to those skilled in the art are
deemed to be within the spirit, scope and concept of the
inventive concept(s) as defined by the appended claims.
[0023] As utilized in accordance with the present dis-
closure, the following terms, unless otherwise indicated,
shall be understood to have the following meanings:
The use of the word "a" or "an" when used in conjunction
with the term "comprising" in the claims and/or the spec-
ification may mean "one," but it is also consistent with
the meaning of "one or more," "at least one," and "one
or more than one." The use of the term "or" in the claims
is used to mean "and/or" unless explicitly indicated to
refer to alternatives only or the alternatives are mutually
exclusive, although the disclosure supports a definition
that refers to only alternatives and "and/or." Throughout
this application, the term "about" is used to indicate that
a value includes the inherent variation of error for the
device, the method being employed to determine the val-
ue, or the variation that exists among the study subjects.
The use of the term "at least one" will be understood to
include one as well as any quantity more than one, in-
cluding 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.

[0024] Theterm"about"is used to indicate thata value
includes the inherent variation of error for the device, the
method being employed to determine the value and/or
the variation that exists among study subjects.

[0025] As used in this specification and claim(s), the
words "comprising" (and any form of comprising, such
as "comprise" and "comprises"), "having" (and any form
of having, such as "have" and "has"), "including" (and
any form of including, such as "includes" and "include")
or "containing" (and any form of containing, such as "con-
tains" and "contain") are inclusive or open-ended and do
not exclude additional, unrecited elements or method
steps.

[0026] The term "or combinations thereof" as used
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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, MB, BBC,
AAABCCCC, CBBAAA, 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.

[0027] The term "probe" as used herein will be under-
stood to refer to any type of affinity reagent that binds to
a specific biomarker as described herein. Examples of
probes include, but are not limited to, antibodies (or bind-
ing fragments or derivatives thereof), receptors, organic
molecules, inorganic molecules, ligands, nucleic acids
(including but not limited to, DNA, RNA, microRNA, mR-
NA, siRNA, etc.), peptides, polypeptides, proteins,
epitopes, antigens, ligands, receptors, complexes, lipids,
glycoproteins, glycolipids, glycosaminoglycans, carbo-
hydrates, polycarbohydrates, glycoconjugates, and any
combination or derivative thereof.

[0028] The term "biomarker" as used herein will be un-
derstood to refer to any target site on the surface of or
inside of a cell that a probe can have affinity therefor and
thus can bind to said moiety. The "biomarker" may be,
for example but not by way of limitation, a nucleic acid,
peptide, polypeptide, protein, epitope, antigen, ligand, re-
ceptor, complex (i.e., an MHC-peptide complex), lipid,
glycoprotein, glycolipid, glycosaminoglycan, carbohy-
drate, polycarbohydrate, glycoconjugate, and any com-
bination or derivative thereof.

[0029] The terms "peptide", "polypeptide" and "pro-
tein" are used herein to refer to a polymer of amino acid
residues. The term "polypeptide" as used herein is a ge-
neric term to refer to native protein, protein fragments,
or analogs of a polypeptide sequence. Hence, native pro-
tein, protein fragments, and analogs are species of the
polypeptide genus.

[0030] The terms "polynucleotide”, and "nucleic acid"
are used interchangeably. They refer to a polymeric form
of nucleotides of any length, either deoxyribonucleotides
or ribonucleotides, or analogs thereof. The following are
non-limiting examples of polynucleotides: coding or non-
coding regions of a gene or gene fragment, loci (locus)
defined from linkage analysis, exons, introns, messenger
RNA (mRNA), transfer RNA, ribosomal RNA, ribozymes,
cDNA, recombinant polynucleotides, branched polynu-
cleotides, plasmids, vectors, isolated DNA of any se-
quence, isolated RNA of any sequence, nucleic acid
probes, and primers. A polynucleotide may comprise
modified nucleotides, such as methylated nucleotides
and nucleotide analogs. If present, modifications to the
nucleotide structure may be imparted before or after as-
sembly of the polymer. The sequence of nucleotides may
be interrupted by non-nucleotide components. A polynu-
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cleotide may be further modified, such as by conjugation
with a labeling component. The terms "isolated nucleic
acid" and "isolated polynucleotide" are used interchange-
ably; a nucleic acid or polynucleotide is considered "iso-
lated" if it: (1) is not associated with all or a portion of a
polynucleotide in which the "isolated polynucleotide" is
found in nature, (2) is linked to a polynucleotide to which
it is not linked in nature, or (3) does not occur in nature
as part of a larger sequence.

[0031] The term "antibody" is used in the broadest
sense, and specifically covers monoclonal antibodies (in-
cluding full length monoclonal antibodies), polyclonal an-
tibodies, multispecific antibodies (e.g., bispecific antibod-
ies), and antibody fragments so long as they exhibit the
desired biological activity. Thus, the terms "Antibody" or
"antibody peptide(s)" refer to a full length immunoglobulin
molecule (i.e., an intact antibody), or a binding fragment
thereof that competes with the intact antibody for specific
antigen binding. Binding fragments may be produced by
recombinant DNA techniques, or by enzymatic or chem-
ical cleavage of intact antibodies. Binding fragments in-
clude Fab, Fab’, F(ab’),, Fv, scFv, disulfide linked Fv,
Fd, diabodies, single-chain antibodies, single domain an-
tibodies (such as but not limited to, NANOBODIES®) and
other antibody fragments that retain at least a portion of
the variable region of an intact antibody. See, e.g., Hud-
son et al. (Nature Med., 9:129-134 (2003)).

[0032] The term "antigen binding fragment" or "anti-
gen-binding portion" of an antibody, as used herein, re-
fers to one or more fragments of an antibody that retain
the ability to bind to an antigen. The antigen-binding func-
tion of an antibody can be performed by fragments of an
intact antibody. Examples of binding fragments encom-
passed within the term "antigen-binding fragment" of an
antibody include but are not limited to, Fab, Fab’, F(ab’)2,
Fv, scFv, disulfide linked Fv, Fd, diabodies, single-chain
antibodies, single domain antibodies (such as but not
limited to, NANOBODIES®), isolated CDRH3, and other
antibody fragments that retain at least a portion of the
variable region of anintact antibody. These antibody frag-
ments are obtained using conventional recombinant
and/or enzymatic techniques and are screened for anti-
gen binding in the same manner as intact antibodies.
[0033] The term "epitope" includes any protein deter-
minant capable of specific binding to an immunoglobulin
or T-cell receptor. In certain embodiments, an epitope is
a region of an antigen that is specifically bound by an
antibody. Epitopic determinants usually include chemi-
cally active surface groupings of molecules such as ami-
no acids, sugar side chains, phosphoryl, or sulfonyl
groups. In certain embodiments, an epitope may have
specific three dimensional structural characteristics (e.g.,
a "conformational epitope"), as well as specific charge
characteristics.

[0034] The term "nanoparticle" as used herein refers
to a particle having dimensions of from about 1 to about
5000 nanometers, and having any size, shape or mor-
phology. The nanoparticles utilized in accordance with
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the present invention may be naturally occurring, com-
mercially available nanoparticles, or the nanoparticles
may be synthesized for use in accordance with the
present invention, as described herein below and as
known in the art. Particular examples of nanoparticles
that may be utilized in accordance with the present in-
vention include, but are not limited to, poly(lactic-co-gly-
colic) acid (PLGA) nanoparticles, poly lactic acid (PLA)
nanoparticles, Chitosen nanoparticles, liposomes, and
derivatives or combinations thereof.

[0035] As used herein, the terms "label" or "labeled"
refers to incorporation of a detectable marker, e.g., by
attachment of a fluorescent, enzymatic or colorimetric
label or incorporation of a radiolabeled amino acid. Var-
ious methods of labeling polypeptides and glycoproteins
are known in the artand may be used. Examples of labels
for polypeptides include, but are not limited to, the fol-
lowing: radioisotopes or radionuclides (e.g., 3H, 14C,
15N, 35S, 90Y, 99Tc, 111In, 1251, 1311), fluorescent
labels (e.g., FITC, rhodamine, lanthanide phosphors),
enzymatic labels (e.g., horseradish peroxidase, p-galac-
tosidase, luciferase, alkaline phosphatase), chemilumi-
nescent, biotinyl groups, predetermined polypeptide
epitopes recognized by a secondary reporter (e.g., leu-
cine zipper pair sequences, binding sites for secondary
antibodies, metal binding domains, epitope tags). In
some embodiments, labels are attached by spacer arms
of various lengths to reduce potential steric hindrance.
[0036] Theterms"label", "detectable marker" and "de-
tection moiety" are used interchangeably herein.
[0037] A fluorophore may be employed in the methods
of the present invention and detected via any of numer-
ous colorimetric and fluorescence detection methods.
Depending on the application and purpose, such meth-
ods include, but are not limited to, absorbance spectros-
copy, fluorescence spectroscopy, fluorescence activat-
ed cytometry (FACS), fluorescence microscopy, fluores-
cence resonance energy transfer (FRET), and the like.
[0038] Various types of fluorophores, depending on
the application and purpose, may be employed in accord-
ance with the present invention. Examples of suitable
fluorophores are described herein below. Examples of
suitable fluorophores are described herein below. Other
examples are given in US Patent Nos. 7,465,747 and
7,955,859, issued to Matsumoto et al. on December 16,
2008 and June 7, 2011, respectively; and US Publication
No. US2007/0026407, published February 1, 2007 (the
entire contents of which are expressly incorporated here-
in by reference in their entirety).

[0039] Ample guidance regarding fluorophore selec-
tion, methods of linking fluorophores to various types of
molecules, and methods of use thereof is available in the
literature of the art [for example, refer to: Richard P.
Haugland, "Molecular Probes: Handbook of Fluorescent
Probes and Research Chemicals 1992-1994", 5th ed.,
Molecular Probes, Inc. (1994); U.S. Pat. No. 6,037,137
to Oncoimmunin Inc.; Hermanson, "Bioconjugate Tech-
niques”, Academic Press New York, N.Y. (1995); Kay M.
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et al., 1995. Biochemistry 34:293; Stubbs et al., 1996.
Biochemistry 35:937; Gakamsky D. et al., "Evaluating
Receptor Stoichiometry by Fluorescence Resonance
Energy Transfer," in "Receptors: A Practical Approach,"”
2nd ed., Stanford C. and Horton R. (eds.), Oxford Uni-
versity Press, UK. (2001); U.S. Pat. No. 6,350,466 to
Targesome, Inc.]. Therefore, no further description is
considered necessary.

[0040] The terms "substantial increase" and "substan-
tial decrease", as well as grammatical equivalents there-
of, will be understood herein to refer to at least a 12%
increase or decrease, such as at least a 30% increase
ordecrease, atleasta 50% increase or decrease, at least
a 75% increase or decrease, or at least a 90% increase
or decrease.

[0041] The terms "cancer" and "cancerous" refer to or
describe the physiological condition in mammals that is
typically characterized by unregulated cell growth. Ex-
amples of cancer include but are not limited to, carcino-
ma, lymphoma, blastoma, and sarcoma. More particular
examples of such cancers include squamous cell cancer,
small-cell lung cancer, non-small cell lung cancer, gas-
trointestinal cancer, pancreatic cancer, glioblastoma,
cervical cancer, ovarian cancer, liver cancer, bladder
cancer, hepatoma, breast cancer, colon cancer, colorec-
tal cancer, endometrial carcinoma, salivary gland carci-
noma, kidney cancer, renal cancer, prostate cancer, vul-
val cancer, thyroid cancer, hepatic carcinoma and vari-
ous types of head and neck cancer.

[0042] The term "metastasis" as used herein will be
understood to refer to the spread of cancer from a primary
tumor to other parts of the body. Metastasis is a sequen-
tial, multistep process in which tumor cells detach from
a primary tumor, migrate through the basement mem-
brane and extracellular matrix, and invade the lymphatic
and/or blood systems. This is followed by the establish-
ment of secondary tumors at distant sites.

[0043] "Mammal" for purposes of treatment refers to
any animal classified as a mammal, including human,
domestic and farm animals, nonhuman primates, and
z00, sports, or pet animals, such as dogs, horses, cats,
cows, etc.

[0044] The term "patient" includes human and veteri-
nary subjects. In certain embodiments, a patient is a
mammal. In certain other embodiments, the patient is a
human.

[0045] Theterm "biological sample"as used herein will
be understood to refer to a sample of biological fluid.
Biological samples include, but are not limited to, blood,
plasma, serum, sputum, cerebrospinal fluid (CSF), tears,
mucus, urine, tissue, other types of specimens, and the
like.

[0046] The phrase "providing a biological sample" as
used herein refers to obtaining a biological sample for
use in methods described and claimed herein. Most of-
ten, this will be done by removing a sample of cells from
an animal, but can also be accomplished by using pre-
viously isolated cells (e.g., isolated by another person,
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at another time and/or for another purpose). The step of
"providing a biological sample" may further include vari-
ous isolation and/or purification steps known in the art
for providing a specific component of a biological sample
for use in the methods described and claimed herein.
[0047] Numerous aspects and advantages of the in-
ventive concept(s) will be apparent to those skilled in the
art upon consideration of the following detailed descrip-
tion which providesillumination of the practice of the pres-
ently disclosed and claimed inventive concept(s).
[0048] The presently disclosed and claimed inventive
concept(s) generally relates to multiplexed direct affinity
conjugate assays of cells using probes able to determine
a cellular response to treatments; this type of assay is
herein termed a "cell response assay".

[0049] The presently disclosed and claimed inventive
concept(s) generally relates to the use of a combination
of biomarkers for cancer cell/tissue type, metastatic po-
tential and chemo resistance in a multiplexed affinity as-
say for cancer cells and tissue. Fluorescent labels either
conjugated to affinity molecules/reagents or capable of
directly binding to the biomarker are used and are re-
ferred to herein as labeled probes. This combination of
labeled probes for biomarkers allows determination of
the cellular response to treatments by simultaneously
measuring cell type, chemo resistance nature, and met-
astatic potential and/or cell viability, and allows simple
multiplexed signals with high sensitivity.

[0050] Surprisingly, the biomarker affinity markers se-
lected in this order solves the problem of "picking" the
right antigen for cancer antigen type and also provides
accurate information on the response to therapy. More
particularly, the presently disclosed and claimed inven-
tive concept(s) relates to methods of using said affinity
molecules and molecular probes as compositions, dos-
age forms, and kits.

[0051] The presently disclosed and claimed inventive
concept(s) combines cell biomarker(s) for tissue type
with biomarker(s) for metastatic potential and biomark-
er(s) for cell viability in an affinity assay for cancer cells
and tissue. In Figure 1, the biomarker for cancer cell type
is represented as biomarker A and is always present in
the disease state. The biomarker for metastatic potential
is represented as biomarker B and is present in the dis-
ease state with metastatic invasiveness potential. The
biomarker for chemo resistance is represented as bi-
omarker C and is present in unresponsive cells. Fluores-
cent labels either conjugated to the affinity reagents or
capable of directly binding the biomarker are used to si-
multaneously detect biomarkers A, B and C; simultane-
ous detection is obtained by using fluorescent labels that
are detectable at different excitations and/or emission
wavelengths.

[0052] The desired response to the treatment would
be first for the number of cancer cells to decrease overall.
However, the unexpected response identified by the
presently disclosed and claimed inventive concept(s) is
for biomarker B (i.e., metastatic potential) to increase or
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become present in the course of treatment in a greater
proportion of cancer cells detected by biomarker A, and
for biomarker C (i.e. chemo resistance) to decrease or
become absent in the course of treatment in a greater
proportion of cancer cells detected by biomarker A. In
order for this combination of cell biomarkers to correctly
predict the response, the biomarker for tissue type, met-
astatic potential and cell viability must be biochemically
linked in a process. Biomarkers A, B and C must co-exist
in the disease state and be fundamental to progression
or relapse of the disease. Further, the presence of bi-
omarkers B and C must be linked such that the presence
of one facilitates the absence of the other. This combi-
nation of biomarkers allows the determination of the cell
response to treatments; by simultaneously measuring
cell type, chemo resistance nature, and metastatic po-
tential (and possibly also cell viability), the "cell based
response assay" can accurately monitor cancer treat-
ment and/or monitor disease progression/relapse.
[0053] Turning now to the particular embodiments of
the presently disclosed and claimed inventive con-
cept(s), one embodiment thereof is directed to a multi-
plexed assay for cancer. Said assay involves simultane-
ously measuring: (1) atleast one cancer cell type biomar-
ker (also referred to herein as Biomarker A) in a biological
sample of a cancer patient utilizing a first labeled probe
that binds to said cancer cell type biomarker; (2) at least
one chemo resistance biomarker (also referred to herein
as Biomarker C) in the biological sample utilizing a sec-
ond labeled probe that binds to said chemo resistance
biomarker; and (3) at least one metastatic potential bi-
omarker (also referred to herein as Biomarker B) in the
biological sample utilizing a third labeled probe that binds
to said metastatic potential biomarker. The at least three
labeled probes are measured at different excitations and
emission wavelengths.

[0054] The assays/methods described herein may be
utilized for a specific cancer, or the assays/methods may
be general assays for all types of cancers. Likewise, the
cancer cell type biomarker utilized in accordance with
the presently disclosed and claimed inventive concept(s)
may be a non-specific cancer cell biomarker, or may be
specific for a certain type of cancer. Examples of cancers
that may be detected/monitored by the currently dis-
closed and claimed inventive concept(s) include, but are
not limited to, lung, bronchus, colon, rectum, pancreas,
prostate, breast, liver, bile duct, bladder, ovary, brain,
central nervous system (CNS), kidney, pelvis, uterine
corpus, oral cavity or pharynx or melanoma cancers.
[0055] Non-limiting examples of non-specific cancer
cell type biomarkers include, but are not limited to, cy-
tokeratins (CK), EpCAM, N-cadherin, E-cadherin and vi-
mentin.

[0056] For example but not by way of limitation, the
carcinoma cells may be indicated by cytokeratin (CK) as
a biomarker A, and the first labeled probe may comprise
multiple labeled antibodies for separate cytokeratins
(such as but not limited to, cytokeratins 8/18/19. Cytok-
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eratins (CK) are proteins of keratin-containing interme-
diate filaments found in the intracytoplasmic cytoskeleton
of epithelial tissue and refer to a family of fibrous struc-
tural proteins. There are two fundamental types of cytok-
eratins: the acidic type | cytokeratins and the basic or
neutral type Il cytokeratins. Cytokeratins are usually
found in pairs comprising a type | cytokeratin and a type
Il cytokeratin. Basic or neutral cytokeratins include (but
are not limited to) CK1, CK2, CK3, CK4, CK5, CK6, CK7,
CK8 and CK9. Acidic cytokeratins include (but are not
limited to) CK10, CK12, CK 13, CK14, CK16, CK17,
CK18, CK19 and CK20.

[0057] In other instances the, Epithelial cell adhesion
molecule (EpCAM) s a protein that signifies the presence
of epithelial cells in a carcinoma. EpCAM has also been
designated as TACSTD1 (tumor-associated calcium sig-
nal transducer 1) and CD326 (cluster of differentiation
326). Thus, the terms "EpCAM", "TACSTD1" and
"CD326" are used herein interchangeably.

[0058] In other instances, some cancer cells undergo
an Epithelial to Mesenchymal transition (EMT) that may
be indicated by an increase in cancer cell biomarkers
such as but not limited to, Vimentin and Galectin-3, which
signify cells with a loss of anchorage. Alternatively, cer-
tain other cancer cells undergo a Mesenchymal to Epi-
thelial transition (MET) indicated by anincrease in cancer
cell biomarkers such as but not limited to, N-Cadherin,
and E-Cadherin. The EMT and MET stages for cancer
cells signify a change in sub type of cells. It is important
to detect as many cancer cells as possible and to addi-
tionally know their sub types to measure the entire tum-
origenicity.

[0059] The term "cancer cell type biomarker" also in-
cludes markers that identify specific genetic mutations
that cause oncoproteins or oncogenes to be regulated
(whether tumor promoting or tumor suppressing). These
types of cancer cell type biomarkers may be utilized alone
or in combination with any of the other cancer cell type
biomarkers described herein above. Examples of these
types of cancer cell type biomarkers include, but are not
limited to, HER2/neu, VEGF-165, KRAS, EGFr, WAF,
BAX-1, PDGF, Rb, Jagged 1, Notch, VEGF, VEGHR, k-
Ras, CAIX, MIB1, MDM, PR, ER, SEL5, SEM1, PI3K,
Akt2, twist 1, EML-4, ALK, Braf, DRAFF, c-met, and com-
binations thereof. These oncoproteins and oncogenes
are used to direct targeted therapies based on their pres-
encein/on cells. For example, the presence of HER2/neu
is used to prescribe Herceptin therapy; however,
HER2/neu, as with other oncoprotein/oncogene mark-
ers, is often only expressed on a fraction of cancer cells,
and not all patients have the specific genetic mutation
leading to the biomarker. HER2/neu-positive expression
is present in only 10-20% of breast cancer patients, and
even in the HER2/neu-positive patients, the marker is
only present in approximately 30% of their circulating tu-
mor cells. Therefore these markers are often measured
in combination with another cancer cell type biomarker.
[0060] In other instances, the carcinoma cells may be
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indicated by a tissue specific marker. For example, Pros-
tate-Specific Antigen (PSA) is a protein that signifies the
presence of cells of the prostate gland. Non-limiting ex-
amples of specific cancer cell type biomarkers include,
but are not limited to: prostate specific antigen (PSA) or
prostate specific membrane antigen (PSMA) can be used
to detect prostate cancer cells; MUC1, CA 15-3 and CA
27-29 can be used to detect breast cancer cells; Carci-
noembryonic Antigen (CEA), CA19-9 or Galactosyl
Transferase |l can be used to detect colon cancer cells;
MSLN (mesothelin) can be used to detect pancreatic can-
cer cells; CA 125 or Follicle-Stimulating Hormone (FSH)
receptor can be used to detect ovarian cancer cells; Al-
pha-Fetoprotein can be used to detect liver cancer cells;
Melan-A (MLANA), Tyrosinase (TYR), CSPG4, or MITF
can be used to detect melanoma cancer cells; and Par-
athyoid related protein (PTHP) or TSHR can be used to
detect thyroid cancer cells.

[0061] Any metastatic potential biomarkers known in
the art or otherwise contemplated herein may be utilized
in accordance with the presently disclosed and claimed
inventive concept(s). The third labeled probe may be any
probe capable of detecting said metastatic potential bi-
omarker; for example but not by way of limitation, the
third labeled probe may be one or more labeled antibod-
ies against any of the markers of tumor cell invasiveness
listed below. In some instances, the metastatic potential
biomarker may be measured as a ratio of one of the be-
low-listed biomarkers to the cancer cell type biomarker.
Particular non-limiting examples of biomarkers of meta-
static potential that may be utilized in accordance with
the presently disclosed and claimed inventive concept(s)
include a marker(s) of tumor cell invasiveness where the
marker measures cancer cell invasion into the extracel-
lular membrane through proteolytic events, such as urok-
inase plasminogen activator (uPA), plasminogen activa-
tor inhibitor (PAI-1), CD95, serine proteases such as
plasmin, ADAM, and others; serine protease inhibitors
such as Bikunin; matrix metalloproteinases such as
MMP9; matrix metalloproteinase inhibitors such a TIMP-
1; and combinations thereof. For example but not by way
of limitation, a prostate cancer assay may measure PSA
as a cancer cell type biomarker, and measure a ratio of
PAI-1/PSA for metastatic potential.

[0062] Anychemo resistance biomarkers known in the
art or otherwise contemplated herein may be utilized in
accordance with the presently disclosed and claimed in-
ventive concept(s). In certain embodiments, the chemo
resistance biomarker is a biomarker that detects the pre-
vention of cell death (apoptosis), for example but not by
way of limitation, a detection of the presence of a cancer
stem cell biomarker, such as but not limited to, PL2L piwi
like, ADLH, B-integrin, a6 integrin, c-kit, c-met, LIF-R,
CXCR4, ESA, CD 20, CD44, CD133, CK5, TRAF2 and
ABC transporters. In another non-limiting example, can-
cer cells that contain CD44 but lack CD24 are indicative
of a cancer stem cell phenotype. Also, cancer cells that
lack CD45 and CD31 but contain CD34 are indicative of
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a cancer stem cell. Also, cancer cells that contain CD44
and CD24 as well as ESA are indicative of a cancer stem
cell. Further, the presence of both CD24 and ESA are
indicative of a cancer stem cell. Somatic stem cells in
solid tumor carcinomas can become cancer stem cells.
Other cancer cells resistant to CD95 induced-apoptosis
are chemo resistant. Cancer stem cells are chemo re-
sistant in nature, and contain a capacity for self renewal
(asymmetric divisions) as well as being capable of differ-
entiation into a hierarchy of progeny cells to form a tumor.
Cancer stem cell self renewal is activated by the stem
cell signaling pathways (Wnt, Sonic Hedge hog and
Notch) and at the epigenetic level by Polycomb gener
(BMI-1 and EZH2). This self renewal occurs at the ex-
pense of apopotosis signaling pathways (Caspase 3, 5,
8, p53). Measuring cancer stem cell biomarkers and com-
binations thereof as an indication of chemo resistance
provides a measure of (a) drug resistance, (b) the inability
to activate apoptosis, and/or (c) the inability to shutdown
self renewal.

[0063] The probes described and claimed herein may
be labeled by any methods known in the art or otherwise
contemplated herein. For example, but not by way of lim-
itation, the labels of the first, second and third (and any
additional fourth, fifth, sixth, etc.) labeled probes may be
selected from a comprehensive catalogue of fluorescent
(luminescent) dyes. For example but not by way of limi-
tation, a comprehensive catalogue exists online at ht-
tp://www.fluorophores.org (the entire contents of which
are expressly incorporated herein by reference). This cat-
alogue includes commonly used labels such as fluores-
cein-5-isothiocyanate (FITC), phycoerythrin, sulforhod-
amine 101 (Texas Red), 2-[4-(aminoiminomethyl)phe-
nyl]-1H-Indole-6-carboximidamide (DAPI), 3H-Indolium
(Cy5), 1H-benz[elindolium (Cy 5.5), 3H-Indolium (Cy 7),
ALEXA FLUOR®488, ALEXA FLUOR®555, ALEXA
FLUOR®G647, and combinations and derivatives thereof
that have been synthesized in order to provide better
reagents. Additionally, rare earth metals and rare earth
element-containing nanoparticles can be used as labels.
[0064] The biological samples utilized in the methods
of the presently disclosed and claimed inventive con-
cept(s) may be utilized in the form they are obtained (i.e.,
tissue sample), or they may be exposed to one or more
isolating steps (i.e., isolation of cancer cells therefrom).
[0065] While the assays described herein above de-
scribe the measurement of three biomarkers with three
labeled probes, it is to be understood that one or more
additional biomarker(s) may also be measured in the as-
say (utilizing additional one or more additional labeled
probe(s)). For example, but not by way of limitation, the
assay may further include measuring at least one addi-
tional biomarker in the biological sample utilizing a fourth
labeled probe that binds to said additional biomarker,
measuring a second additional biomarker in the biologi-
cal sample utilizing a fifth labeled probe that binds to said
additional biomarker, measuring a third additional bi-
omarker in the biological sample utilizing a sixth labeled
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probe that binds to said additional biomarker, etc. Ideally,
a maximum of six to eight labeled probes are utilized;
otherwise, it is difficult to detect all of the labeled probes
at different, non-overlapping excitations and emission
wavelengths.

[0066] These additional biomarkers may include bi-
omarkers that detect other cellular properties, specifically
the presence of cell nuclei or of intact cell membranes,
for the cells that are positive for the cancer cell type bi-
omarker. For example but not by way of limitation, the
presence of cell nuclei may be detected utilizing a DNA
binding probe such as but not limited to, DAPI. In another
non-limiting example, the detection of intact cell mem-
branes may involve the detection of anionic phospholip-
ids (such as but not limited to, phosphatidylserine) on the
surface of cells, and the second labeled probe may be
bis(zinc2+dipicolylamine) and/or PSVue™.

[0067] The one or more additional biomarker(s)/la-
beled probe(s) may also be utilized to reduce any false
positive results obtained with the cancer cell type biomar-
ker; for example but not by way of limitation, white blood
cells may be excluded from the assay by excluding cells
positive for one or more markers of cluster of differenti-
ation (also referred to as "cluster of designation"; often
abbreviated as CD). For example but not by way of lim-
itation, markers such as CD45, CTLA-4, CD4, CD68
and/or CD8 present on white blood cells can be used to
indicate that a cell is not a cancer cell. In a particular non-
limiting example, CD45 antigen (also known as PTPRC,
Protein tyrosine phosphatase receptor type C, and orig-
inally called leukocyte common antigen (all terms used
herein interchangeably)) is useful in detecting all white
blood cells. Additionally, CD45 can be used to differen-
tiate the different types of white blood cells when com-
bined with other CD markers. For example, granulocytes
are indicated by CD45+, CD15+; monocytes are indicat-
ed by CD45+, CD14+; T lymphocytes are indicated by
CD45+, CD3+; T helper cells are indicated by
CD45+,CD3+, CD4+; cytotoxic T cells are indicated by
CD45+,CD3+, CD8+; B lymphocytes are indicated by
CD45+, CD19+ or CD45+, CD20+; thrombocytes are in-
dicated by CD45+, CD61+; and natural killer cells are
indicated by CD16+, CD56+, CD3-. Additionally, two
commonly used CD molecules are CD4 and CD8, which
are, in general, used as markers for helper and cytotoxic
T cells, respectively. These molecules are defined in
combination with CD3+, as some other leukocytes also
express these CD molecules (some macrophages ex-
press low levels of CD4; dendritic cells express high lev-
els of CD8).

[0068] The presently disclosed and claimed inventive
concept(s) is also directed to a kit that includes the first,
second and third labeled probes (that bind to a cancer
cell type biomarker, a chemo resistance biomarker, and
a metastatic potential biomarker, respectively) as de-
scribed in detail herein above. Additional labeled probes
for detecting other biomarkers as further described here-
in above may also be included in the kit. All of the labeled
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probes present in the kit are measured at different exci-
tations and emission wavelengths.

[0069] The kit may also include means for isolating
cancer cells from a biological sample. Said means are
well known in the art (see for example, Lianidou and
Markou, 2011; the entire contents of which are hereby
expressly incorporated herein by reference); therefore,
no additional discussion thereof is deemed necessary.
[0070] The presently disclosed and claimed inventive
concept(s) is also directed to methods of (1) monitoring
cancer treatment in a cancer patient undergoing said
treatment, and (2) monitoring progression/relapse of the
disease in the cancer patient. In the method of (1) mon-
itoring cancer treatment, a first biological sample is ob-
tained from the patient prior to exposure to a cancer treat-
ment, and a second biological sample is obtained from
the patient following exposure to the cancer treatment.
In the method of (2) monitoring progression/relapse of
disease, the first biological sample is obtained from the
patient at a first time point, and the second biological
sample is obtained from the patient at a subsequent time
point. In both methods, the levels of a cancer cell type
biomarker (as described herein above), a chemo resist-
ance biomarker (as described herein above), and a met-
astatic potential biomarker (as described herein above)
are then measured utilizing first, second and third labeled
probes, respectively (as described in detail herein
above), in the first and second biological samples. The
cells to which the first labeled probe is bound are identi-
fied in the first and second biological samples, and then
the levels of (i) the chemo resistance biomarker and (ii)
the metastatic potential marker in the cells to which the
first labeled probe is bound are compared in the first and
second biological samples. It is then determined in the
method of (1) that the cancer treatment is effective if the
level of the chemo resistance biomarker is decreased
and the level of the metastatic potential biomarker is in-
creased in the second biological sample when compared
to the first biological sample; alternatively, it is then de-
termined in the method of (2) that the cancer has pro-
gressed/relapsed if the level of the chemo resistance bi-
omarker is increased and the level of the metastatic po-
tential biomarker has decreased in the second biological
sample when compared to the first biological sample.
[0071] The biological samples utilized in the methods
of the presently disclosed and claimed inventive con-
cept(s) may be utilized in the form they are obtained (i.e.,
tissue sample), or they may be exposed to one or more
isolating steps (i.e., isolation of cancer cells therefrom).
[0072] While the methods described herein above de-
scribe the measurement of three biomarkers with three
labeled probes, it is to be understood that additional bi-
omarkers may also be included in the methods (utilizing
additional labeled probes). For example, but not by way
of limitation, the method may further include measuring
at least one additional biomarker in the first and second
biological samples utilizing a fourth labeled probe that
binds to said additional biomarker, measuring a second
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additional biomarker in the first and second biological
samples utilizing a fifth labeled probe that binds to said
additional biomarker, measuring a third additional bi-
omarker in the first and second biological samples utiliz-
ing a sixth labeled probe that binds to said additional
biomarker, etc. Ideally, a maximum of six to eight labeled
probes are utilized; otherwise, it is difficult to detect all of
the labeled probes at different, non-overlapping excita-
tions and emission wavelengths. When additional bi-
omarkers are measured, the methods may also include
the step of comparing the levels of the additional biomar-
ker(s) in the cells to which the first labeled probe is bound
in the first and second biological samples.

[0073] These additional biomarkers may include bi-
omarkers that detect other cellular properties, specifically
the presence of cell nuclei or of intact cell membranes,
for the cells that are positive for the cancer cell type bi-
omarker. For example but not by way of limitation, the
presence of cell nuclei may be detected utilizing a DNA
binding probe such as but not limited to, DAPI. In another
non-limiting example, the detection of intact cell mem-
branes may involve the detection of anionic phospholip-
ids (such as but not limited to, phosphatidylserine) on the
surface of cells, and the second labeled probe may be
bis(zinc2+dipicolylamine) and/or PSVue™.

[0074] The one or more additional biomarker(s)/la-
beled probe(s) may also be utilized to reduce any false
positive results obtained with the cancer cell type biomar-
ker; for example but not by way of limitation, white blood
cells may be excluded from the methods by excluding
cells positive for one or more markers of cluster of differ-
entiation (as described in detail herein above).

EXAMPLES

[0075] Examples are provided hereinbelow. However,
the presentinvention is to be understood to not be limited
in its application to the specific experimentation, results
and laboratory procedures. Rather, the Examples are
simply provided as one of various embodiments and are
meant to be exemplary, not exhaustive.

Example 1 - Multiplexed Assay for Breast Cancer

[0076] The following procedure shows the multiplexing
of Biomarkers A (cancer cell type), B (metastatic poten-
tial) and C (chemo resistance) using a unique combina-
tion of affinity reagents with fluorescent labels and an
affinity label to provide a multiplexed assay for breast
cancer. This allows the simultaneous measurement of
cancer cell type, chemo resistance nature, and metastat-
ic potential, as described herein above, in combination
with a marker indicating the presence of cell nucleus (uti-
lizing a nucleic acid binding probe). The data demonstrat-
ed that four simultaneous signals can be measured with
this combination but not with the traditional combinations
of the prior art. The presently disclosed and claimed in-
ventive concept(s) has the potential to measure up to
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eight signals utilizing various fluorophores taught herein.
[0077] The procedure to test the method was to collect
4 mL normal whole blood fresh into a VACUTAINER®
tube (BD 6 mL VACUTAINER® K2EDTA tube, 10.8 mg,
ref 367863, Becton Dickinson, Oakville, ON) and transfer
the blood into a round centrifuge tube sealed with top.
Cancer cells were added by 40 pL of breast cell cancer
suspension to obtain a range of 3000 to 8000 cells/mL
(8 cells/p.L or 1-2 per high powered filed HRP (HRP=0.2
pL)). The blood was lysed by adding 3 mL of lysis buffer
(155mM NH,4CI, 20mM KHCO,, 0.1 mM Na,EDTA, pH
7.4). The tubes were rolled tubes to assure that the cells
were evenly distributed and that lysis was complete, and
then the sample was spun down for 15 minutes at 12,000
rpm. Next, the plasma was decanted as waste superna-
tant, and 4.0 mL of TES buffer (50 mM N-Tris [Hy-
droxymethyl]-2-aminoethane-sulfonic acid: TES, pH 7.4,
2150mM NaCl, 2 mM MgSO, and 1 mM KCOz) and 1 %
albumin was added, and the tube was rocked to mix the
cells. The tube was spun down again for 15 minutes at
12,000 rpm, and the supernatant was decanted as waste.
Afinal 2.0 mL of TES wash buffer was added with rocking
to mix cells.

[0078] The cells were then reacted with the reagents
by taking 0.5 mL of washed blood to the centrifuge tube,
and 40 pL of antibodies for HER2/neu labeled with Cy5
and 40 pL of antibodies for urokinase like plasminogen
activator (uPA) or plasminogen activator inhibitor (PAI-
1) labeled with Texas Red (at working stock of 0.001 to
0.1 mg/mL)and PL2L piwilike labeled with FITC (at work-
ing stock of 0.001 to 0.1 mg/mL) were added. Next, 10
wl of a 100 pg/ml 4,6 Diamidino-2-phenylindole dihydro-
chloride (DAPI; a nucleic acid binding probe) was added
from a solution in TES buffer. This was followed by incu-
bation for 15 minutes at 37°C.

[0079] The sample was centrifuged down for 5 minutes
@ 7500 rpm, and the supernatant was decanted off as
waste (~450 pL). 500 pL of TES buffer was then added,
and the sample was vortexed and centrifuged down at 5
minutes @ 7500 rpm. Again, the supernatant was de-
canted off by tapping as waste (~450 pL). A final 500 pL
of TES wash buffer was added for final imaging, and 5
pL of the solution was placed on a slide with along cover
slip of glass. Phase contrast and fluorescence microsco-
py was conducted with the Leica DM5000 (Leica Mi-
crosystems, Buffalo Grove, IL). A sample of cells was
stained with the PSS-550 probe (ex 553, em 615nm) and
measured with an excitation band pass filter at 540-580
nm and an emission band pass filter at 610-680 nm to
determine cell membrane flopping as a measure of cell
death in addition to cell counts .

[0080] The Texas Red label (ex 592, em 614 nm) was
measured with an excitation band pass filter at 540-580
nm and an emission band pass filter at 610-680 nm. The
FITC label (ex 488, em 525nm) was measured with an
excitation band pass filter at 460 - 500 nm and an emis-
sion band pass filter at 512 -543 nm. The DAPI probe
(ex 355, em 460 nm) was measured with an excitation
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band pass filter at 340-380 nm and an emission band
pass filter at 450-490 nm. The Cy5 label (ex 646, em 676
nm) was measured with an excitation band pass filter at
590-650 nm and an emission band pass filter at 665-735
nm.

[0081] The ideal multiplexing was demonstrated by
combination of the rare earth nanoparticles with FITC,
Texas Red, Cy5 and DAPI. The europium nanoparticle
(ex 355, em 617 nm) was measured at an excitation filter
band pass at 340-380 nm and emission long pass filter
of > 590 nm. Simultaneously measuring biomarkers for
cancer cell type, metastatic potential and chemoresist-
ance, along with a biomarker indicating the presence of
cell nucleus was possible, along with the removal of false
positives (i.e., white blood cells) by detecting the pres-
ence of the biomarker CD45. Current data allows for five
signals. However, the assays/methods described and
claimed herein have the potential for detection and meas-
urement of six signals/biomarkers, if the rare earth nan-
oparticles can be multiplexed into three different emis-
sion signals. The europium label greatly increased signal
over FITC and Texas Red by 2-3 orders of magnitude.

Example 2 - Cell Response Assay for Breast Cancer

[0082] A novel cell response assay for breast cancer
was developed by using HER2/neu as a tissue type mark-
er for carcinoma breast cancer (Biomarker A) that is al-
ways present in the disease state. Biomarker B for met-
astatic potential utilized uPA and PAI antigen; these are
markers of tumor invasiveness and are present in ag-
gressive cancer cell differentiation and growth and in-
crease with metastatic invasiveness potential of the cells.
Biomarker C for chemo resistance utilized PL2L piwi like
antigen (see for example, Gao et al., 2008).

[0083] The procedure shown in Example 1 was used
to measure cancer cells before and after treatment with
and without camptothecin. Camptothecin is known to ac-
tivate apoptosis in cancer cells and kill cancer cells like
a chemotherapy agent (See Gupta, 1997). Cells were
tested by the cell response assay and by a traditional
prior art assay. The novel "cell response assay" utilized
HER2/neu as Biomarker A for cell type, the tumor inva-
siveness markers uPA & PAI-1 as Biomarker B for met-
astatic potential, and the cancer stem cell marker PL2L
piwi like as Biomarker C for chemo resistance nature.
The traditional assay used EpCAM as a marker for epi-
thelial tissue type and cytokeratin (CK) as a marker of
cells of cancer origin. Additionally, CD45, a marker for
white blood cells, was used to reduce false results, with
CD45 positive results being excluded from the analysis.
Both the traditional and cell response assays used DAPI
to determine the presence of cell nuclei.

[0084] The camptothecin concentration could be ad-
justed to be sufficient to kill >80%, 60% and 40% of the
cancer cells in cultures. Cellular analysis showed cancer
cell count to decrease as the cell death % increased and
phosphatidylserine flopping increased. Cellular analysis



21 EP 2 748 337 B1 22

showed biomarker B, namely uPA and PA1, to increase
(or was detected in a greater number of cancer cells)
when the cell death % was highest. Cellular analysis
showed biomarker C, namely PL2L piwi like to decrease
(orwas detected in alesser number of cancer cells) when
the cell death % was highest. All three biomarkers co-
exist in the disease state and were fundamental to pro-
gression or relapse of the disease. This analysis of the
specific combination of biomarkers described and
claimed herein allows the determination of the cellular
response to treatments by simultaneously measuring
cancer cell type, chemo resistance nature, and metastat-
ic potential (with or without the additional measurement
of cell viability), and is herein termed a "cell based re-
sponse assay".

[0085] In contrast, in the traditional assay, the CD45
biomarker does not co-exist with EpCAM and CK. Both
EpCAM and CK were present in all cells independent of
the % of cells that were killed.

EXAMPLE 3-MULTIPLEXED ASSAY FORPROSTATE
CANCER

[0086] The following procedure shows the multiplexing
of Biomarkers A (cancer cell type), B (metastatic poten-
tial) and C (chemo resistance) using a unique combina-
tion of affinity reagents with fluorescent labels and an
affinity label to provide a multiplexed assay for prostate
cancer. This allows the simultaneous measurement of
cancer cell type, chemo resistance nature, and metastat-
ic potential, as described herein above, in combination
with a marker indicating the presence of cell nucleus (uti-
lizing a nucleic acid binding probe). The data demonstrat-
ed that four simultaneous signals can be measured with
this combination but not with the traditional combinations
of the prior art. The presently disclosed and claimed in-
ventive concept(s) has the potential to measure up to
eight signals utilizing various fluorophores taught herein.
[0087] The procedure to test the method was to collect
4 mL normal whole blood fresh into a VACUTAINER®
tube (BD 6 mL VACUTAINER® K2EDTA tube, 10.8 mg,
ref 367863, Becton Dickinson, Oakville, ON) and transfer
the blood into a round centrifuge tube sealed with top.
Cancer cells were added by 40 pL of prostate cell cancer
suspension to obtain a range of 3000 to 8000 cells/mL
(8 cells/pL or 1-2 per high powered filed HRP (HRP=0.2
wL)). The blood was lysed by adding 3 mL of lysis buffer
(155mM NH,4CI, 20mM KHCO,, 0.1 mM Na,EDTA, pH
7.4). The tubes were rolled tubes to assure that the cells
were evenly distributed and that lysis was complete, and
then the sample was spun down for 15 minutes at 12,000
rpm. Next, the plasma was decanted as waste superna-
tant, and 4.0 mL of TES buffer (50 mM N-Tris [Hy-
droxymethyl]-2-aminoethane-sulfonic acid: TES, pH 7.4,
2150mM NaCl, 2 mM MgSO, and 1 mM KCO3) and 1 %
albumin was added, and the tube was rocked to mix the
cells. The tube was spun down again for 15 minutes at
12,000 rpm, and the supernatant was decanted as waste.
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Afinal 2.0 mL of TES wash buffer was added with rocking
to mix cells.

[0088] The cells were then reacted with the reagents
by taking 0.5 mL of washed blood to the centrifuge tube,
and 40 plL of antibodies for PSA labeled with Cy5 and
40 p.L of antibodies for urokinase like plasminogen acti-
vator (uPA) or plasminogen activator inhibitor (PAI-1) la-
beled with Texas Red (at working stock of 0.001 to 0.1
mg/mL) and PL2L piwi like labeled with FITC (at working
stock of 0.001 to 0.1 mg/mL) were added. Next, 10 pl of
a 100 pg/ml 4,6 Diamidino-2-phenylindole dihydrochlo-
ride (DAPI; a nucleic acid binding probe) was added from
a solution in TES buffer. This was followed by incubation
for 15 minutes at 37°C.

[0089] The sample was centrifuged down for 5 minutes
@ 7500 rpm, and the supernatant was decanted off as
waste (~450 pL). 500 pL of TES buffer was then added,
and the sample was vortexed and centrifuged down at 5
minutes @ 7500 rpm. Again, the supernatant was de-
canted off by tapping as waste (~450 pL). A final 500 pL
of TES wash buffer was added for final imaging, and 5
p.L of the solution was placed on a slide with a long cover
slip of glass. Phase contrast and fluorescence microsco-
py was conducted with the Leica DM5000 (Leica Mi-
crosystems, Buffalo Grove, IL).

[0090] The Texas Red label (ex 592, em 614 nm) was
measured with a excitation band pass filter at 540-580
nm and emission band pass filter at 610-680 nm. The
FITC label (ex 488, em 525nm) was measured with an
excitation band pass filter at 460 - 500 nm and an emis-
sion band pass filter at 512 -543 nm. The DAPI probe
(ex 355, em 460 nm) was measured with an excitation
band pass filter at 340-380 nm and an emission band
pass filter at 450-490 nm. The Cy5 label (ex 646, em 676
nm) was measured with an excitation band pass filter at
590-650 nm and an emission band pass filter at 665-735
nm.

[0091] The ideal multiplexing was demonstrated by
combination of the rare earth nanoparticles with FITC,
Texas Red, Cy5 and DAPI. The europium nanoparticle
(ex 355, em 617 nm) was measured at an excitation filter
band pass at 340-380 nm and emission long pass filter
of > 590 nm. Simultaneously measuring biomarkers for
cancer cell type, metastatic potential and chemoresist-
ance, along with a biomarker indicating the presence of
cell nucleus was possible, along with the removal of false
positives (i.e., white blood cells) by detecting the pres-
ence of the biomarker CD45. Current data allows for five
signals. However, the assays/methods described and
claimed herein have the potential for detection and meas-
urement of six signals/biomarkers, if the rare earth nan-
oparticles can be multiplexed into three different emis-
sion signals. The europium label greatly increased signal
over FITC and Texas Red by 2-3 orders of magnitude.
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EXAMPLE 4 - CELL RESPONSE ASSAY FOR PROS-
TATE CANCER

[0092] Protease, like plasmin, is expressed during me-
tastasis of malignant cells as part of the tissue regener-
ation and fibrinolysis process, indirectly promoting cell
proliferation. Cancer cells use cell-bound plasmin to ac-
tivate the plasminogen signaling for urokinase. Inhibitors
of plasmin such as Bikunin and inhibitors of plasminogen
activation such as PAI-1 prevent cell-bound plasmin ac-
tivation and suppress tumor invasiveness.

[0093] A novel cell response assay for prostate cancer
was developed by using PSA as a tissue type marker for
prostate carcinoma (Biomarker A) that is always present
in the disease state. The markers used in this example
for metastatic potential (Biomarker B) were urokinase
plasminogen activator (uPA) and plasminogen activator
inhibitor (PAI-1), which is a measure of tissue invasive-
ness and is present in an aggressive cancer cell differ-
entiation and growth with increased metastatic invasive-
ness potential. Chemo resistance nature (Biomarker C)
was determined using PL2L piwilike antigen to determine
the inhibitory response to tissue invasiveness.

[0094] The procedure shown in Example 3 was used
to measure prostate cancer cells before and after treat-
ment with and without camptothecin. Camptothecin is
known to activate apoptosis in cancer cells and kill cancer
cells like achemotherapy agent (See Gupta, 1997). Cells
were tested by the cell response assay and by a tradi-
tional prior art assay. The novel "cell response assay"
utilized PSA as Biomarker A for cell type, the tumor in-
vasiveness markers uPA & PAI-1 as Biomarker B for met-
astatic potential, and the cancer stem cell marker PL2L
piwi like as Biomarker C for chemo resistance nature.
The traditional assay used EpCAM as a marker for epi-
thelial tissue type and cytokeratin (CK) as a marker of
cells of cancer origin. Additionally, CD45, a marker for
white blood cells, was used to reduce false results, with
CD45 positive results being excluded from the analysis.
Both the traditional and cell response assays used DAPI
to determine the presence of cell nuclei.

[0095] The camptothecin concentration could be ad-
justed to be sufficient to kill >80%, 60% and 40% of the
cancer cells in cultures. Cellular analysis showed cancer
cell count to decrease as the cell death % increased and
phosphatidylserine flopping increased. Cellular analysis
showed biomarker B, namely uPA and PA1, to increase
(or was detected in a greater number of cancer cells)
when the cell death % was highest. Cellular analysis
showed biomarker C, namely PL2L piwi like to decrease
(orwas detected in alesser number of cancer cells) when
the cell death % was highest. All three biomarkers co-
exist in the disease state and were fundamental to pro-
gression or relapse of the disease. This analysis of the
specific combination of biomarkers described and
claimed herein allows the determination of the cellular
response to treatments by simultaneously measuring
cancer cell type, chemo resistance nature, and metastat-
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ic potential (with or without the additional measurement
of cell viability), and is herein termed a "cell based re-
sponse assay".

[0096] In contrast, in the traditional assay, the CD45
biomarker does not co-exist with EpCAM and CK. Both
EpCAM and CK were present in all cells independent of
the % of cells that were killed.

EXAMPLE 5

[0097] The following procedure demonstrates the mul-
tiplexing of Biomarkers A, B and C as described herein
previously to provide a general assay for all types of can-
cers. This procedure is performed as described herein
above in Examples 1/3, except as follows: (a) the cancer
suspension added to the procedure is selected from one
of the following cell lines - SKBR, MCF or MDA (breast
cancer), UC3 or T24 (bladder cancer), PC3-9 (prostate
cancer), and A549 (lung cancer); and (b) the non-specific
cancer cell biomarker cytokeratin is utilized for Biomarker
A. In this particular example, antibodies to the cytokerat-
ins 8/18/19 (wherein said antibodies are labeled with
Cyb5) are utilized as the first labeled probe that binds to
Biomarker A. As described in Examples 1 and 3, anti-
bodies to uPA or PAI-1 labeled with Texas Ted are uti-
lized as the second labeled probe that binds to Biomarker
B, and antibodies to PL2L piwi like labeled with FITC is
utilized as the third labeled probe that binds to Biomarker
C. The nucleic acid binding probe DAPI is also utilized
as described in Examples 1 and 3.

[0098] This multiplexed assay utilizing a non-specific
cancer cell biomarker allows the assays/methods de-
scribed herein to be adapted for use with all types of
cancers.

[0099] Thus, inaccordance with the presentinvention,
there has been provided a cell response assay, as well
as methods of producing and using same, that fully sat-
isfies the objectives and advantages set forth herein-
above. Although the invention has been described in con-
junction with the specific drawings, experimentation, re-
sults and language set forth hereinabove, it is evident
that many alternatives, modifications, and variations will
be apparent to those skilled in the art.

Claims

1. A cell response assay for cancer, comprising the
steps of:

- isolating cancer cells from a biological sample
of a cancer patient;

- measuring at least one cancer cell type biomar-
ker on the surface of or inside of the cell utilizing
a first labeled probe that binds to said cancer
cell type biomarker, wherein the at least one
cancer cell type biomarker comprises at least
one of:
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(a) a combination of at least one type | cy-
tokeratin and atleast one type Il cytokeratin;
(b) a combination of vimentin and galectin-
3; and

(c) a combination of N-cadherin and E-cad-
herin; or

(d) an oncoprotein/oncogene selected from
the group consisting of HER2/neu, VEGF-
165, KRAS, EGFr, WAF, BAX-1, PDGF, Rb,
Jagged 1, Notch, VEGF, VEGHR, k-Ras,
CAIX, MIB1, MDM, PR, ER, SEL5, SEM1,
PI3K, Akt2, twist 1, EML-4, ALK, Braf,
DRAFF, c-met, and combinations thereof;

- measuring at least one chemo resistance bi-
omarker on the surface of or inside of the cell
utilizing a second labeled probe that binds to
said chemo resistance biomarker, wherein the
at least one chemo resistance biomarker is se-
lected from the group consisting of PL2L piwi
like, ADLH, b-integrin, a6 integrin, c-kit, c-met,
LIF-R, CXCR4, ESA, CD 20, CD44, CD133,
CK5, TRAF2, ABC transporters and combina-
tions thereof;

- measuring at least one metastatic potential bi-
omarker on the surface of or inside of the cell
utilizing a third labeled probe that binds to said
metastatic potential biomarker, wherein the at
least one metastatic potential biomarker is se-
lected from the group consisting of

- urokinase plasminogen activator (uPA),
plasminogen activator inhibitor (PAI-1),
CD95, a serine protease, a serine protease
inhibitor, a matrix metalloproteinase, a ma-
trix metalloproteinase inhibitor, and combi-
nations thereof; and

wherein the at least three labeled probes are meas-
ured at different excitations and emission wave-
lengths.

The assay of claim 1, wherein the assay is for a can-
cer selected from the group consisting of lung, bron-
chus, colon, rectum, pancreas, prostate, breast, liv-
er, bile duct, bladder, ovary, brain, central nervous
system (CNS), kidney, pelvis, uterine corpus, oral
cavity, pharynx, melanoma, and combinations there-
of.

The assay of claim 1, wherein at least one of:

(a) the assay is for prostate cancer, and the at
least one cancer cell type biomarker comprises
at least one of prostate specific antigen (PSA),
prostate specific membrane antigen (PSMA)
and combinations thereof;

(b) the assay is for breast cancer, and the at

10

15

20

25

30

35

40

45

50

55

14

least one cancer cell type biomarker comprises
at least one of MUC1, CA 15-3, CA 27-29 and
combinations thereof;

(c) the assay is for colon cancer, and the at least
one cancer cell type biomarker comprises at
least one of Carcinoembryonic Antigen (CEA),
CA19-9, Galactosyl Transferase Il and combi-
nations thereof;

(d) the assay is for pancreatic cancer, and the
at least one cancer cell type biomarker compris-
es MSLN (mesothelin);

(e) the assay is for ovarian cancer, and the at
least one cancer cell type biomarker comprises
at least one of CA 125, Follicle-Stimulating Hor-
mone (FSH) receptor and combinations thereof;
(f) the assay is for liver cancer, and the at least
one cancer cell type biomarker comprises Al-
pha-Fetoprotein;

(9) the assay is for melanoma, and the at least
one cancer cell type biomarker comprises at
least one of Melan-A (MLANA), Tyrosinase
(TYR), CSPG4, MITF and combinations thereof;
and

(h) the assay is for thyroid cancer, and the at
least one cancer cell type biomarker comprises
at least one of Parathyroid related protein
(PTHP), TSHR and combinations thereof.

4. Theassay of claim 1, wherein the at least one chemo

resistance biomarker comprises at least one of:

(a) presence of CD44 and absence of CD24;
(b) presence of CD34 and absence of CD45 and
CD31;

(c) presence of CD44, CD24 and ESA; and

(d) presence of CD24 and ESA.

5. The assay of claim 1, wherein at least one of:

(a) the serine protease is selected from the
group consisting of plasmin, ADAM, and com-
binations thereof;

(b) the serine protease inhibitor comprises
Bikunin;

(c) the matrix metalloproteinase comprises
MMP9; and

(d) the matrix metalloproteinase inhibitors com-
prises TIMP-1.

The assay of claim 1, wherein at least one of the first,
second and third labeled probes comprise at least
one labeled antibody to a biomarker.

The assay of claim 1, wherein the labels of the first,
second and third labeled probes are selected from

the group consisting of

- fluorescein-5-isothiocyanate (FITC), phyco-
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12.

13.
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erythrin, sulforhodamine 101 (Texas Red),
2-[4-(aminoiminomethyl)phenyl]-1H-Indole-6-
carboximidamide (DAPI), 3H-Indolium (Cy5),
1H-benz[elindolium (Cy 5.5), 3H-Indolium (Cy
7), ALEXA FLUOR®488, ALEXA FLUOR®555,
ALEXA FLUOR®G647, rare earth metals, rare
earth element-containing nanoparticles, and
combinations and derivatives thereof.

The assay of claim 1, wherein the biological sample
is further defined as a tissue sample.

The assay of claim 1, further comprising measuring
at least one additional biomarker in the biological
sample utilizing a fourth labeled probe that binds to
said additional biomarker.

The assay of claim 9, wherein the at least one addi-
tional biomarker comprises at least one white blood
cell biomarker selected from the group consisting of

- CD45, CTLA-4, CD4, CD68, CD8, and combi-
nations thereof,

and wherein the assay further comprises the step of
excluding cells positive for at least one white blood
cell biomarker.

The assay of claim 9, wherein the at least one addi-
tional biomarker comprises a biomarker indicating
the presence of cell nuclei, and wherein the fourth
labeled probe comprises 4’,6-diamidino-2’-phenylin-
dole, dihydrochloride (DAPI).

The assay of claim 9, wherein the at least one addi-
tional biomarker comprises phosphatidylserine, and
wherein the fourth labeled probe comprises at least
one of bis(zincZ*dipicolylamine) and PSVue™.

A method of monitoring cancer treatment in a cancer
patient undergoing said treatment, the method com-
prising the steps of :

- measuring the levels of a cancer cell type bi-
omarker in afirst biological sample and in a sec-
ond biological sample utilizing a first labeled
probe that binds to said cancer cell type biomar-
ker, wherein the first biological sample is ob-
tained from the patient prior to exposure to a
cancer treatment, and wherein the second bio-
logical sample is obtained from the patient fol-
lowing exposure to the cancer treatment, where-
in the at least one cancer cell type biomarker
comprises at least one of:

(a) a combination of at least one type | cy-
tokeratin and atleast one type Il cytokeratin;
(b) a combination of vimentin and galectin-
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3; and

(c) a combination of N-cadherin and E-cad-
herin; or

(d) an oncoprotein/oncogene selected from
the group consisting of HER2/neu, VEGF-
165, KRAS, EGFr, WAF, BAX-1, PDGF, Rb,
Jagged 1, Notch, VEGF, VEGHR, k-Ras,
CAIX, MIB1, MDM, PR, ER, SEL5, SEM1,
PI3K, Akt2, twist 1, EML-4, ALK, Braf,
DRAFF, c-met, and combinations thereof;

- measuring the levels of a chemo resistance
biomarker in the first and second biological sam-
ples utilizing a second labeled probe that binds
to said chemo resistance biomarker, wherein
the at least one chemo resistance biomarker is
selected from the group consisting of PL2L piwi
like, ADLH, b-integrin, a6 integrin, c-kit, c-met,
LIF-R, CXCR4, ESA, CD 20, CD44, CD133,
CK5, TRAF2, ABC transporters and combina-
tions thereof;

- measuring the levels of a metastatic potential
biomarker in the first and second biological sam-
ples utilizing a third labeled probe that binds to
said metastatic potential biomarker, wherein the
at least one metastatic potential biomarker is se-
lected from the group consisting of

- urokinase plasminogen activator (uPA),
plasminogen activator inhibitor (PAI-1),
CD95, a serine protease, a serine protease
inhibitor, a matrix metalloproteinase, a ma-
trix metalloproteinase inhibitor, and combi-
nations thereof

and wherein the at least three labeled probes are
measured at different excitations and emission
wavelengths;

- comparing the levels of the chemo resistance
biomarker in the cells to which the second la-
beled probe is bound in the first and second bi-
ological samples;

- comparing the levels of the metastatic potential
biomarker in the cells to which the third labeled
probe is bound in the first and second biological
samples; and

- determining that the cancer treatment is effec-
tive if the level of the chemo resistance biomar-
ker is decreased and the level of the metastatic
potential biomarker is increased in the second
biological sample when compared to the first bi-
ological sample.

14. A method of monitoring progression/relapse of can-

cer in a cancer patient, the method comprising the
steps of :
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- measuring the levels of a cancer cell type bi-
omarker in afirst biological sample and in a sec-
ond biological sample utilizing a first labeled
probe that binds to said cancer cell type biomar-

30

biomarker in the cells to which the third labeled
probe is bound in the first and second biological
samples; and

- determining that the cancer has progressed/re-

ker, wherein the first biological sample is ob- 5 lapsed if the level of the chemo resistance bi-
tained from the patient at a first time point, and omarker is increased and the level of the meta-
the second biological sample is obtained from static potential biomarker is decreased in the
the patient at a subsequent time point, wherein second biological sample when compared to the
the at least one cancer cell type biomarker com- first biological sample.
prises at least one of: 10
(a) a combination of at least one type | cy- Patentanspriiche
tokeratin and atleast one type Il cytokeratin;
(b) a combination of vimentin and galectin- Zellreaktionstest fur Krebs, umfassend die Schritte:
3; and 15
(c) a combination of N-cadherin and E-cad- - Isolieren von Krebszellen aus einer biologi-
herin; or schen Probe eines Krebspatienten;
(d) an oncoprotein/oncogene selected from - Messen mindestens eines Biomarkers fur ei-
the group consisting of HER2/neu, VEGF- nen Krebszelltyp auf der Oberflache von oder
165, KRAS, EGFr, WAF,BAX-1,PDGF,Rb, 20 innerhalb der Zelle unter Verwendung einer ers-
Jagged 1, Notch, VEGF, VEGHR, k-Ras, ten markierten Sonde, die an den Biomarker fir
CAIX, MIB1, MDM, PR, ER, SEL5, SEM1, einen Krebszelltyp bindet,
PI3K, Akt2, twist 1, EML-4, ALK, Braf, wobei der mindestens eine Biomarker fiir einen
DRAFF, c-met, and combinations thereof; Krebszelltyp mindestens einen aus:
25
- measuring the levels of a chemo resistance (a) einer Kombination aus mindestens ei-
biomarker in the firstand second biological sam- nem Typ-I-Zytokeratin und mindestens ei-
ples utilizing a second labeled probe that binds nem Typ-ll-Zytokeratin;
to said chemo resistance biomarker, wherein (b) einer Kombination aus Vimentinund Ga-
the at least one chemo resistance biomarkeris 30 lectin-3; und
selected from the group consisting of PL2L piwi (c) einer Kombination aus N-Cadherin und
like, ADLH, b-integrin, a6 integrin, c-kit, c-met, E-Cadherin; oder
LIF-R, CXCR4, ESA, CD 20, CD44, CD133, (d) einem Onkoprotein/Onkogen, ausge-
CK5, TRAF2, ABC transporters and combina- wahlt aus der Gruppe bestehend aus
tions thereof; 35 HER2/neu, VEGF-165, KRAS, EGFr, WAF,
- measuring the levels of a metastatic potential BAX-1, PDGF, Rb, Jagged 1, Notch, VEGF,
biomarker in the firstand second biological sam- VEGHR, k-Ras, CAIX, MIB1, MDM, PR,
ples utilizing a third labeled probe that binds to ER, SEL5, SEM1, PI3K, Akt2, twist 1, EML-
said metastatic potential biomarker, wherein the 4, ALK, Braf, DRAFF, c-met und Kombina-
atleast one metastatic potential biomarkerisse- 40 tionen davon umfasst;
lected from the group consisting of
- Messen mindestens eines Biomarkers fur Che-
- urokinase plasminogen activator (uPA), moresistenz auf der Oberflache von oder inner-
plasminogen activator inhibitor (PAI-1), halb der Zelle unter Verwendung einer zweiten
CD95, a serine protease, a serine protease 45 markierten Sonde, die an den Biomarker fir

inhibitor, a matrix metalloproteinase, a ma-
trix metalloproteinase inhibitor, and combi-
nations thereof

Chemoresistenz bindet, wobei der mindestens
eine Biomarker fiir Chemoresistenz ausgewahlt
ist aus der Gruppe bestehend aus PL2L-piwi-
like, ADLH, b-Integrin, a6-Integrin, c-kit, c-met,

and wherein the at least three labeled probes are 50
measured at different excitations and emission
wavelengths;

LIF-R, CXCR4, ESA, CD 20, CD44, CD133,
CK5, TRAF2, ABC-Transportern und Kombina-
tionen davon;

- comparing the levels of the chemo resistance
biomarker in the cells to which the second la-
beled probe is bound in the first and second bi-
ological samples;

- comparing the levels of the metastatic potential

55
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- Messen des mindestens einen Biomarkers flir
Metastasierungspotential auf der Oberflache
von oder innerhalb der Zelle unter Verwendung
einer dritten markierten Sonde, die an den Bio-
marker fir Metastasierungspotential bindet, wo-
bei der mindestens eine Biomarker fiir Metasta-



31 EP 2 748 337 B1

sierungspotential ausgewahlt ist aus der Grup-
pe bestehend aus

- Urokinase-Plasminogen-Aktivator (uPA),
Plasminogen-Aktivator-Inhibitor  (PAI-1),
CD95, einer Serinprotease, einem Serin-
proteaseinhibitor, einer Matrixmetalloprote-
inase, einem Matrixmetalloproteinaseinhi-
bitor und Kombinationen davon; und

wobei die mindestens drei markierten Sonden bei
verschiedenen Anregungs- und Emissionswellen-
langen gemessen werden.

Test nach Anspruch 1, wobei der Test flir einen
Krebs ist, ausgewahlt aus der Gruppe besehend aus
Lungen-, Bronchial-, Darm-, Mastdarm-, Bauchspei-
cheldriisen-, Prostata-, Brust-, Leber-, Gallengang-,
Blasen-, Eiserstock-, Gehirn-, Zentralnervensys-
tem(ZNS)-, Nieren, Becken-, Gebarmutter-, Mund-
hoéhlen-, Rachenkrebs, Melanom und Kombinatio-
nen davon.

Test nach Anspruch 1, wobei mindestens einer:

(a) der Tests fiir Prostatakrebs ist, und der min-
destens eine Biomarker fir einen Krebszelltyp
mindestens einen aus einem prostataspezifi-
schen Antigen (PSA), prostataspezifischen
Membranantigen (PSMA) und Kombinationen
davon umfasst;

(b) der Tests fiir Brustkrebs ist, und der mindes-
tens eine Biomarker fiir einen Krebszelltyp min-
destens einen aus MUC1, CA 15-3, CA 27-29
und Kombinationen davon umfasst;

(c) der Test fiir Darmkrebs ist, und der mindes-
tens eine Biomarker fiir einen Krebszelltyp min-
destens einen aus karzinoembryonalem Anti-
gen (CEA), CA19-9, Galactosyltransferase Il
und Kombinationen davon umfasst;

(d) der Test fir Bauchspeicheldriisenkrebs ist,
und der mindestens eine Biomarker flr einen
Krebszelltyp MSLN (Mesothelin) umfasst;

(e) der Test fur Eierstockkrebs ist, und der min-
destens eine Biomarker fir einen Krebszelltyp
mindestens einen aus CA 125, follikelstimulie-
rendes-Hormon(FSH)-Rezeptor und Kombina-
tionen davon umfasst;

(f) der Test fur Leberkrebs ist, und der mindes-
tens eine Biomarker firr einen Krebszelltyp Al-
pha-Fetoprotein umfasst;

(g) der Testfir Melanomiist, und der mindestens
eine Biomarker fir einen Krebszelltyp mindes-
tens einen aus Melan-A (MLANA), Tyrosinase
(TYR), CSPG4, MITF und Kombinationen da-
von umfasst; und

(h) der Test fir Schilddriisenkrebs ist, und der
mindestens eine Biomarker fir einen Krebszell-
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typ mindestens einen aus Parathyroid-related-
Protein (PTHP), TSHR und Kombinationen da-
von umfasst.

Test nach Anspruch 1, wobei der mindestens eine
Biomarker fir Chemoresistenz mindestens einen
aus:

(a) Gegenwart von CD44 und Abwesenheit von
CD24;

(b) Gegenwart von CD34 und Abwesenheit von
CD45 und CD31;

(c) Gegenwart von CD44, CD24 und ESA; und
(d) Gegenwart von CD24 und ESA umfasst.

Testnach Anspruch 1, wobei mindestens eine/einer:

(a) der Serinproteasen ausgewahlt ist aus der
Gruppe bestehend aus Plasmin, ADAM und
Kombinationen davon;

(b) der Serinproteaseinhibitoren Bikunin um-

fasst;

(c) der Matrixmetalloproteinasen MMP9 um-
fasst; und

(d) der Matrixmetalloproteinaseinhibitoren

TIMP-1 umfasst.

Test nach Anspruch 1, wobei mindestens eine der
ersten, zweiten und dritten markierten Sonden min-
destens einen markierten Antikdrper gegen einen Bi-
omarker umfassen.

Test nach Anspruch 1, wobei die Marker der ersten,
zweiten und dritten markierten Sonden ausgewahlt
sind aus der Gruppe bestehend aus

F luorescein-5-isothiocyanat (FITC), Phycoery-
thrin, Sulforhodamin 101 (Texasrot), 2-[4-(Ami-
noiminomethyl)phenyl]-1H-Indol-6-carboximi-
damid (DAPI), 3H-Indol (Cy5), 1H-Benz[elindol
(Cy 5.5), 3H-Indol (Cy7), ALEXA FLUOR®488,
ALEXA FLUOR®555, ALEXA FLUOR®647,
Seltenerdmetalle, Seltenerdelemententhalten-
de Nanopartikel und Kombinationen und Deri-
vate davon.

Test nach Anspruch 1, wobei die biologische Probe
ferner als Gewebeprobe definiert ist.

Test nach Anspruch 1, ferner umfassend das Mes-
sen mindestens eines zusatzlichen Biomarkers in
der biologischen Probe unter Verwendung einer
vierten markierten Sonde, die an den zusatzlichen
Biomarker bindet.

Test nach Anspruch 9, wobei der mindestens eine
zusatzliche Biomarker mindestens einen Biomarker
fur weilRe Blutzellen umfasst, ausgewahlt aus der
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Gruppe bestehend aus

- CD45, CTLA-4, CD4, CD68, CD8 und Kombi-
nationen davon,

undwobeider Test ferner den Schritt zum Ausschlie-
Ren von Zellen umfasst, die fliir mindestens einen
Biomarker fir weifde Blutzellen positiv sind.

Test nach Anspruch 9, wobei der mindestens eine
zusatzliche Biomarker einen Biomarker umfasst, der
die Gegenwart von Zellkernen anzeigt, und wobei
die vierte markierte Sonde 4’,6-Diamidino-2’-pheny-
lindol-Dihydrochlorid (DAPI) umfasst.

Test nach Anspruch 9, wobei der mindestens eine
zuséatzliche Biomarker Phosphatidylserin umfasst,
und wobei die vierte markierte Sonde mindestens
eine aus Bis (zink2*dipicolylamin) und PSVue™ um-
fasst.

Verfahren zum Uberwachen der Krebsbehandlung
bei einem Krebspatienten, der sich der Behandlung
unterzieht, wobei das Verfahren die folgenden
Schritte umfasst:

- Messen der Konzentrationen eines Biomar-
kers flr einen Krebszelltyp in einer ersten bio-
logischen Probe und in einer zweiten biologi-
schen Probe unter Verwendung einer ersten
markierten Sonde, die an den Biomarker fir ei-
nen Krebszelltyp bindet, wobei die erste biolo-
gische Probe von dem Patienten erhalten wird,
bevor er sich einer Krebsbehandlung unterzieht,
wobei die zweite biologische Probe von dem Pa-
tienten erhalten wird, nachdem er sich der
Krebsbehandlung unterzogen hat, wobei der
mindestens eine Biomarker fiir einen Krebszell-
typ mindestens einen aus:

(a) einer Kombination aus mindestens ei-
nem Typ-I-Zytokeratin und mindestens ei-
nem Typ-ll-Zytokeratin;

(b) einer Kombination aus Vimentin und Ga-
lectin-3; und

(c) einer Kombination aus N-Cadherin und
E-Cadherin; oder

(d) einem Onkoprotein/Onkogen, ausge-
wahlt aus der Gruppe bestehend aus
HER2/neu, VEGF-165, KRAS, EGFr, WAF,
BAX-1,PDGF, Rb, Jagged 1, Notch, VEGF,
VEGHR, k-Ras, CAIX, MIB1, MDM, PR,
ER, SEL5, SEM1, PI3K, Akt2, twist 1, EML-
4, ALK, Braf, DRAFF, c-met und Kombina-
tionen davon umfasst;

- Messen der Konzentrationen eines Biomar-
kers flr Chemoresistenz in der ersten und der
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zweiten biologischen Probe unter Verwendung
einer zweiten Sonde, die an den Biomarker fir
Chemoresistenz bindet, wobei der mindestens
eine Biomarker fiir Chemoresistenz ausgewahlt
ist aus der Gruppe bestehend aus PL2L-piwi-
like, ADLH, b-Integrin, a6-Integrin, c-kit, c-met,
LIF-R, CXCR4, ESA, CD 20, CD44, CD133,
CK5, TRAF2, ABC-Transportern und Kombina-
tionen davon;

- Messen der Konzentrationen eines Biomar-
kers fir Metastasierungspotential in der ersten
und der zweiten biologischen Probe unter Ver-
wendung einer dritten Sonde, die an den Bio-
marker fir Metastasierungspotential bindet, wo-
bei der mindestens eine Biomarker fiir Metasta-
sierungspotential ausgewahlt ist aus der Grup-
pe bestehend aus

- Urokinase-Plasminogen-Aktivator (uPA),
Plasminogen-Aktivator-Inhibitor  (PAI-1),
CD95, einer Serinprotease, einem Serin-
proteaseinhibitor, einer Matrixmetalloprote-
inase, einem Matrixmetalloproteinaseinhi-
bitor und Kombinationen davon,

und wobei die mindestens drei markierten Sonden
bei verschiedenen Anregungs- und Emissionswel-
lenldngen gemessen werden;

- Vergleichen der Konzentrationen des Biomar-
kers fiir Chemoresistenz in den Zellen, an den
die zweite markierte Sonde in der ersten und
der zweiten biologischen Probe gebunden ist;
- Vergleichen der Konzentrationen des Biomar-
kers fiir Metastasierungspotential in den Zellen,
an den die dritte markierte Sonde in der ersten
und der zweiten biologischen Probe gebunden
ist; und

- Bestimmen, dass die Krebsbehandlung wirk-
samist, wenn die Konzentration des Biomarkers
fur Chemoresistenz verringert ist und die Kon-
zentration des Biomarkers fir Metastasierungs-
potential in der zweiten biologischen Probe im
Vergleich zur ersten biologischen Probe erhéht
ist.

14. Verfahren zum Uberwachen des Forschreitens/der

Wiedererkrankung bei einem Krebspatienten, wobei
das Verfahren die folgenden Schritte umfasst:

- Messen der Konzentrationen eines Biomar-
kers fir einen Krebszelltyp in einer ersten bio-
logischen Probe und in einer zweiten biologi-
schen Probe unter Verwendung einer ersten
markierten Sonde, die an den Biomarker fiir ei-
nen Krebszelltyp bindet, wobei die erste biolo-
gische Probe zu einem ersten Zeitpunkt von
dem Patienten erhalten wird und die zweite bi-
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ologische Probe zu einem nachfolgenden Zeit-
punkt von dem Patienten erhalten wird, wobei
der mindestens eine Biomarker firr einen Krebs-
zelltyp mindestens einen aus:

36

an den die dritte markierte Sonde in der ersten
und der zweiten biologischen Probe gebunden
ist; und

- Bestimmen, dass der Krebs fortgeschritten/zu-

5 rickgekehrt ist, wenn die Konzentration des Bi-
(a) einer Kombination aus mindestens ei- omarkers fir Chemoresistenz erhéht ist und die
nem Typ-I-Zytokeratin und mindestens ei- Konzentration des Biomarkers fiir Metastasie-
nem Typ-ll-Zytokeratin; rungspotential in der zweiten biologischen Pro-
(b) einer Kombination aus Vimentin und Ga- be im Vergleich zur ersten biologischen Probe
lectin-3; und 10 verringert ist.

(c) einer Kombination aus N-Cadherin und
E-Cadherin; oder

(d) einem Onkoprotein/Onkogen, ausge- Revendications
wahlt aus der Gruppe bestehend aus
HER2/neu, VEGF-165, KRAS, EGFr, WAF, 75 1. Dosagede sensibilité cellulaire pouruncancer,com-

prenant les étapes consistant a :

BAX-1,PDGF, Rb, Jagged 1, Notch, VEGF,
VEGHR, k-Ras, CAIX, MIB1, MDM, PR,
ER, SEL5, SEM1, PI3K, Akt2, twist 1, EML-
4, ALK, Braf, DRAFF, c-met und Kombina-

zweiten biologischen Probe gebunden ist;
- Vergleichen der Konzentrationen des Biomar-
kers fir Metastasierungspotential in den Zellen,

19

- isoler des cellules cancéreuses d’'un échan-
tillon biologique d’un patient cancéreux;

tionen davon umfasst; 20 - mesurer au moins un biomarqueur de type cel-
lule cancéreuse a la surface ou a l'intérieur de
- Messen der Konzentrationen eines Biomar- la cellule en utilisant une premiére sonde mar-
kers fir Chemoresistenz in der ersten und der quée qui se lie audit biomarqueur de type cellule
zweiten biologischen Probe unter Verwendung cancéreuse, ou ledit au moins un biomarqueur
einer zweiten Sonde, die an den Biomarker fir 25 de type cellule cancéreuse comprend au moins
Chemoresistenz bindet, wobei der mindestens I'un des éléments suivants :
eine Biomarker fir Chemoresistenz ausgewahlt
ist aus der Gruppe bestehend aus PL2L-piwi- (a) une combinaison d’au moins une cyto-
like, ADLH, b-Integrin, a6-Integrin, c-kit, c-met, kératine de type | et d’au moins une cyto-
LIF-R, CXCR4, ESA, CD 20, CD44, CD133, 30 kératine de type Il ;
CK5, TRAF2, ABC-Transportern und Kombina- (b) une combinaison de vimentine et de ga-
tionen davon; lectine-3 ; et
- Messen der Konzentrationen eines Biomar- (c) une combinaison de N-cadhérine et de
kers fur Metastasierungspotential in der ersten E-cadhérine ; ou
und der zweiten biologischen Probe unter Ver- 35 (d) une oncoprotéine/oncogéne choisie
wendung einer dritten Sonde, die an den Bio- dans le groupe constitué par HER2/neu,
marker fir Metastasierungspotential bindet, wo- VEGF-165, KRAS, EGFr, WAF, BAX-1,PD-
bei der mindestens eine Biomarker fiir Metasta- GF, Rb, Jagged 1, Notch, VEGF, VEGHR,
sierungspotential ausgewahlt ist aus der Grup- k-Ras, CAIX, MIB1, MDM, PR, ER, SELS5,
pe bestehend aus 40 SEM1, PI3K, Akt2, twist 1, EML-4, ALK,
Braf, DRAFF, c-met, et des combinaisons
- Urokinase-Plasminogen-Aktivator (uPA), de celles-ci ;
Plasminogen-Aktivator-Inhibitor ~ (PAI-1),
CD95, einer Serinprotease, einem Serin- - mesurer au moins un biomarqueur de chimio-
proteaseinhibitor, einer Matrixmetalloprote- 45 résistance sur la surface de ou a lintérieur de
inase, einem Matrixmetalloproteinaseinhi- la cellule en utilisant une deuxiéme sonde mar-
bitor und Kombinationen davon, quée qui se lie audit biomarqueur de chimio-ré-
sistance, dans lequel ledit moins un biomar-
und wobei die mindestens drei markierten Sonden queur de chimio-résistance est choisi dans le
bei verschiedenen Anregungs- und Emissionswel- 50 groupe constitué de PL2L de type piwi, ADLH,
lenldngen gemessen werden; b-integrin, a6 integrin, c-kit, c-met, LIF-R,
CXCR4, ESA, CD 20, CD44, CD133, CKb5,
- Vergleichen der Konzentrationen des Biomar- TRAF2, transporteurs ABC et de leurs
kers fiir Chemoresistenz in den Zellen, an den combinaisons ;
die erste markierte Sonde in der ersten und der 55 - mesurer au moins un biomarqueur de potentiel

métastatique a la surface ou a l'intérieur de la
cellule en utilisant une troisieme sonde marquée
qui se lie audit biomarqueur de potentiel métas-
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tatique, dans lequel ledit au moins un biomar-
queur de potentiel métastatique est choisi dans
le groupe constitué de :

- activateur plasminogéne urokinase (uPA),
inhibiteur activateur de plasminogéne (PAI-
1), CD95, une protéase a sérine, un inhibi-
teur de protéase a sérine, une métallopro-
téinase matricielle, un inhibiteur de métal-
loprotéinase matricielle et leurs
combinaisons ; et

ou lesdites au moins trois sondes marquées sont
mesurées a des des longueurs d’onde d’émission et
d’excitation différentes.

Dosage selon la revendication 1, ou le dosage porte
sur un cancer choisi dans le groupe constitué de
poumon, bronche, cdlon, rectum, pancréas, prosta-
te, sein, foie, canal biliaire, vessie, ovaire, cerveau,
systéme nerveux central (CNS), rein, bassin, corps
utérin, cavité orale, pharynx, mélanome, et de leurs
combinaisons.

Dosage selon la revendication 1, ou au moins :

(a) un dosage est destiné au cancer de la pros-
tate et ledit au moins un biomarqueur de type
de cellule cancéreuse comprend au moins un
élément parmi un antigéne spécifique de pros-
tate (PSA), un antigéne de membrane spécifi-
que de prostate (PSMA) et leur combinaisons ;
(b) un dosage est destiné au cancer du sein et
ledit au moins un biomarqueur de type de cellule
cancéreuse comprend au moins un élément
parmi MUC1, CA 15-3, CA 27-29 et leurs
combinaisons ;

(c) un dosage porte sur le cancer du célon et
ledit au moins un biomarqueur de type de cel-
lules cancéreuses comprend au moins un élé-
ment parmi un antigénes Carcinoembryonnaire
(CEA), un CA19-9, un Galactosyl Transferase
Il et leurs combinaisons;

(d) un dosage estdestiné au cancer du pancréas
etledit au moins un biomarqueur de type de cel-
lule  cancéreuse comprend le MSLN
(mésothéline) ;

(e) un dosage est destiné au cancer de I'ovaire
et ledit au moins un biomarqueur de type de cel-
lules cancéreuse comprend au moins un élé-
ment parmi le CA 125, le récepteur d’'Hormone
Folliculo-Stimulante (FSH) et leurs
combinaisons ;

(f) un dosage porte sur le cancer du foie et ledit
aumoins un biomarqueur de type de cellule can-
céreuse comprend I'Alpha-Foetoprotéine ;

(9) un dosage porte sur le mélanome et ledit au
moins un biomarqueur de type de cellule can-
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céreuse comprend au moins un élément parmi
le Melan-A (MLANA), le Tyrosinase (TYR), le
CSPG4, le MITF et leurs combinaisons ; et

(h) un dosage est destiné au cancer de la thy-
roide et ledit au moins un biomarqueur type de
cellule cancéreuse comprend au moins un élé-
ment parmi une protéine apparentée a la para-
thyroide (PTHP), un TSHR et leurs combinai-
sons.

Dosage selon la revendication 1, ou au moins un
biomarqueur de chimio-résistance comprend au
moins I'une des caractéristiques suivantes :

(a) présence de CD44 et absence de CD24 ;
(b) présence de CD34 et absence de CD45 et
de CD31;

(c) présence de CD44, CD24 et ESA ; et

(d) présence de CD24 et de ESA.

Dosage selon la revendication 1, ou au moins le do-
sage comprend [l'une des caractéristiques
suivantes :

(a) la protéase a sérine est choisie dans le grou-
pe constitué par la plasmine, TADAM et leurs
combinaisons;

(b) 'inhibiteur de protéase a sérine comprend
de la Bikunine ;

(c) la métalloprotéinase matricielle comprend la
MMP9 ; et

(d) les inhibiteurs de métalloprotéinase matri-
cielle comprennent du TIMP-1.

Dosage selon la revendication 1, ou au moins une
des premiere, deuxiéme et troisiéme sondes mar-
quées comprend au moins un anticorps marqué con-
tre un biomarqueur.

Dosage selon la revendication 1, ou les étiquettes
des premiere, deuxiéme et troisiéme sondes mar-
quées sont choisies dans le groupe constitué de

- fluorescéine-5-isothiocyanate (FITC), phycoé-
rythrine, sulforhodamine 101 (Texas Red),
2-[4-(aminoiminométhyl)phényl]-1H-Indole-6-

carboximidamide (DAPI), 3H-Indolium (Cy5),
1H-benz[elindolium (Cy 5.5), 3H-Indolium (Cy
7), ALEXA FLUOR®488, ALEXA FLUOR®555,
ALEXA FLUOR®647, métaux des terres rares
et nanoparticules contenant des éléments de
terres rares et leurs combinaisons et dérivés.

Dosage selon larevendication 1, ou I'échantillon bio-
logique est en outre défini comme un échantillon de

tissu.

Dosage selon la revendication 1, comprenant en
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outre la mesure d’au moins un biomarqueur supplé-
mentaire dans I'échantillon biologique en utilisant
une quatrieme sonde marquée qui se lie audit bio-
marqueur supplémentaire.

Dosage selon la revendication 9, ou au moins un
biomarqueur supplémentaire comprend au moins un
biomarqueur de globules blancs choisi dans le grou-
pe constitué de

-CD45,CTLA-4,CD4,CD68, CD8 etleurs com-
binaisons,

et ou le dosage comprend en outre I'étape d’exclu-
sion des cellules positives pour au moins un biomar-
queur de globules blancs.

Dosage selon la revendication 9, ou ledit au moins
un biomarqueur supplémentaire comprend un bio-
marqueur indiquant la présence de noyaux cellulai-
res, et ou la quatriéeme sonde marquée comprend
du 4’,6-diamidino-2’-phénylindole, dihydrochlorure
(DAPI)

Dosage selon la revendication 9, ou au moins un
biomarqueur supplémentaire comprend de la phos-
phatidylsérine, et ou la quatriéeme sonde marquée
comprend au moins I'un de bis(zinc2*dipicolylamine)
et PSVue™.

Procédé de contréle du traitement du cancer chez
un patient cancéreux subissant ledit traitement, le
procédé comprenant les étapes consistant a :

- mesurer les niveaux d’un biomarqueur de type
cellule cancéreuse dans un premier échantillon
biologique et dans un deuxiéme échantillon bio-
logique en utilisant une premiére sonde mar-
quée qui se lie audit biomarqueur de type cellule
cancéreuse, ou ledit premier échantillon biolo-
gique est obtenu du patient avant exposition a
un traitement du cancer, et ou le deuxiéme
échantillon biologique est obtenu du patient a la
suite de I'exposition au traitement du cancer, ou
ledit au moins un biomarqueur de type cellule
cancéreuse comprend au moins l'un des élé-
ments suivants :

(a) une combinaison d’au moins une cyto-
kératine de type | et d’'au moins une cyto-
kératine de type Il ;

(b) une combinaison de vimentine et de ga-
lectine-3 ; et

(c) une combinaison de N-cadhérine et de
E-cadhérine ; ou

(d) une oncoprotéine/oncogéne choisie
dans le groupe constitué par HER2/neu,
VEGF-165,KRAS, EGFr, WAF, BAX-1, PD-
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GF, Rb, Jagged 1, Notch, VEGF, VEGHR,
k-Ras, CAIX, MIB1, MDM, PR, ER, SELS,
SEM1, PI3K, Akt2, twist 1, EML-4, ALK,
Braf, DRAFF, c-met, et des combinaisons
de celles-ci ;

- mesurer les niveaux d’'un biomarqueur de chi-
mio-résistance sur le premier et le deuxiéme
échantillons biollogiques en utilisant une
deuxiéme sonde marquée qui se lie audit bio-
marqueur de chimio-résistance, dans lequel le-
dit moins un biomarqueur de chimio-résistance
est choisi dans le groupe constitué de PL2L de
type piwi, ADLH, b-integrin, a6 integrin, c-kit, c-
met, LIF-R, CXCR4, ESA, CD 20, CD44,
CD133, CK5, TRAF2, transporteurs ABC et de
leurs combinaisons ;

- mesurer les niveaux d’'un biomarqueur de po-
tentiel métastatique sur le premier et deuxieme
échantillon biologique en utilisant une troisieme
sonde marquée qui se lie audit biomarqueur de
potentiel métastatique, dans lequel ledit au
moins un biomarqueur de potentiel métastati-
que est choisi dans le groupe constitué de :

- activateur plasminogéne urokinase (uPA), in-
hibiteur activateur de plasminogene (PAI-1),
CD95, une protéase a sérine, un inhibiteur de
protéase a sérine, une métalloprotéinase matri-
cielle, un inhibiteur de métalloprotéinase matri-
cielle et leurs combinaisons ;

et ou lesdites au moins trois sondes marquées sont
mesurées a des longueurs d’onde d’émission et
d’excitation différentes

- comparer les niveaux du biomarqueur de chi-
mio-résistance dans les cellules auxquelles la
deuxiéme sonde marquée est liée dans les pre-
mier et deuxiéme échantillons biologiques ;

- comparer les niveaux du biomarqueur de po-
tentielmétastatique dansles cellules auxquelles
la troisieme sonde marquée est liée dans les
premier et deuxiéme échantillons biologiques ;
et

- déterminer que le traitement du cancer est ef-
ficace si le niveau du biomarqueur de chimio-
résistance estréduit et que le niveau du biomar-
queur potentiel métastatique est augmenté
dans le deuxiéme échantillon biologique par
rapport au premier échantillon biologique.

14. Procédé de contrdle du progrés/rechute du cancer

dans un patient cancéreux, le procédé comprenant
les étapes consistant a :

- mesurer les niveaux d’un biomarqueur de type
cellule cancéreuse dans un premier échantillon
biologique et dans un deuxiéme échantillon bio-
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logique en utilisant une premiére sonde mar-
quée qui se lie audit biomarqueur de type cellule
cancéreuse, ou ledit premier échantillon biolo-
gique est obtenu du patient a un premier instant,
etle deuxieme échantillon biologique est obtenu
du patient a instant ultérieur, ou ledit au moins
un biomarqueur de type cellule cancéreuse
comprend au moins I'un des éléments suivants :

(a) une combinaison d’au moins une cyto-
kératine de type | et d’'au moins une cyto-
kératine de type Il ;

(b) une combinaison de vimentine et de ga-
lectine-3 ; et

(c) une combinaison de N-cadhérine et de
E-cadhérine ; ou

(d) une oncoprotéine/oncogéne choisie
dans le groupe constitué par HER2/neu,
VEGF-165,KRAS, EGFr, WAF, BAX-1, PD-
GF, Rb, Jagged 1, Notch, VEGF, VEGHR,
k-Ras, CAIX, MIB1, MDM, PR, ER, SELS,
SEM1, PI3K, Akt2, twist 1, EML-4, ALK,
Braf, DRAFF, c-met, et des combinaisons
de celles-ci ;

- mesurer les niveaux d’'un biomarqueur de chi-
mio-résistance sur le premier et le deuxieme
échantillons biollogiques en utilisant une
deuxiéme sonde marquée qui se lie audit bio-
marqueur de chimio-résistance, dans lequel le-
dit moins un biomarqueur de chimio-résistance
est choisi dans le groupe constitué de PL2L de
type piwi, ADLH, b-integrin, a6 integrin, c-kit, c-
met, LIF-R, CXCR4, ESA, CD 20, CD44,
CD133, CK5, TRAF2, transporteurs ABC et de
leurs combinaisons;

- mesurer les niveaux d’'un biomarqueur de po-
tentiel métastatique sur le premier et deuxieme
échantillon biologique en utilisant une troisieme
sonde marquée qui se lie audit biomarqueur de
potentiel métastatique, dans lequel ledit au
moins un biomarqueur de potentiel métastati-
que est choisi dans le groupe constitué de :

- activateur plasminogéne urokinase (uPA),
inhibiteur activateur de plasminogéne (PAI-
1), CD95, une protéase a sérine, un inhibi-
teur de protéase a sérine, une métallopro-
téinase matricielle, un inhibiteur de métal-
loprotéinase matricielle et leurs combinai-
sons;
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deuxiéme sonde marquée est liée dans les pre-
mier et deuxiéme échantillons biologiques ;

- comparer les niveaux du biomarqueur de po-
tentiel métastatique dans les cellules auxquelles
la troisieme sonde marquée est liée dans les
premier et deuxiéme échantillons biologiques ;
et

- déterminer que le traitement du cancer a pro-
gressé/rechuté si le niveau du biomarqueur de
chimio-résistance estaugmenté et que le niveau
du biomarqueur potentiel métastatique est ré-
duit dans le deuxiéme échantillon biologique par
rapport au premier échantillon biologique.

et ou lesdites au moins trois sondes marquées sont
mesurées a des longueurs d’onde d’émission et
d’excitation différentes 55

- comparer les niveaux du biomarqueur de chi-
mio-résistance dans les cellules auxquelles la
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