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(57) ABSTRACT

As disclosed herein, the present invention provides for kits
and a composition for diagnosis, prognosis, drug discovery,
drug development, and patient stratification. The kits can
comprise a plurality of binding elements for cell surface
markers, and a plurality of binding elements for state-specific
intracellular markers. The kits can further comprise a plural-
ity of modulators directed for the particular cell function or
signaling pathways. The kits can further include fixatives,
permeabilizing agent, buffers, containers, instructions, and
software for data analysis/compilation.

Extrinsic Pathway

Death receptors
Fas/TRAM.




US 2010/0240542 A1

Sep. 23,2010 Sheet 1 of 2

Patent Application Publication

S,

e o,
/7 Wn\ 7P s
& W /7 7 vy G 28 G 1 S
s P NGy 2084
G A 7 17 i “\\\ 1
I G w{:\\\\\sm 1
HwHLsed LD

sioidoaal yesa

Kemyjed JISULDXH

1 2an81yq

G !
a4
s

Adeisspowsyl [ UL BIPEY
sheuwep YNNG

Lemied sIsuLnuy



Patent Application Publication  Sep. 23,2010 Sheet 2 of 2 US 2010/0240542 A1

#
2 =
L Y
O & o
Lz g =
> £5F da E d
s T R = 3]
= 4 SN 2
5 Tong ] j.
< {
p . Eeag
2 NN
o
H
£
]
=
S
w
b
=
&0
- -
=
X
]
ae}
x
O &
E@@@ o =
i3 /
N Sa
N 3
Wt
NN
I CREN
] @ \\\‘Q
E s S
Lz oo \\\g%
- @k Ny
S £ Ny
=" & = ‘\*&»\\
ey
W TU Dy
= g~ g\
2 Z 5
< &84,
£ 84
= B
a

Mitochondrial Quter
membrane potential
{A¥rm)

<Pt JUBLINJOP>



US 2010/0240542 Al

KITS FOR MULTTPARAMETRIC PHOSPHO
ANALYSIS

CROSS-REFERENCE

[0001] This application claims the priority of U.S. Provi-
sional App. Ser. No. 61/162,673, filed on Mar. 23, 2009 and
U.S. Provisional App. Ser. 61/245,000, filed on Sep. 23,3009
the disclosures of which are hereby incorporated by reference
their entirety for all purposes.

BACKGROUND

[0002] Multiparametric analyses of cells provide an
approach for the simultaneous determination of the activation
states of a plurality of cellular components. The activation
status of the plurality of cellular components can be measured
after exposure of cells to extracellular modulators and in so
doing allows the signaling capacity of signaling networks to
be determined when compared to the activation status of
those networks in the absence of such modulators. The
induced activation status of a protein rather than the fre-
quently measured basal phosphorylation state ofa protein has
been shown in several studies to be more informative, as it
takes into account (and reveals) signaling deregulation that is
the consequence of numerous cytogenetic, epigenetic and
molecular changes characteristic of transformed cells. For
example, multiparameter flow cytometry at the single cell
level can measure the activation status of multiple intracellu-
lar signaling proteins and can assign activation states of these
molecules to the varied cell sub-sets within complex primary
cell populations.

[0003] However, usually multiparametric analyses of cells,
e.g., multiparametric flow cytometry, require the use of mul-
tiple reagents at precise concentrations to produce robust and
reproducible results. Since these data can be used as tools to
inform clinical decisions, as well as therapeutic development,
it would be beneficial to provide kits comprised of compo-
nents relevant to a particular application with accompanying
relevant usage information.

[0004] Protein phosphorylation is a critical post transla-
tional process in controlling many cell functions such as
migration, apoptosis, proliferation and differentiation. Site
specific phosphorylation of proteins can be detected, for
example, by incubating cells with fluorochrome-conjugated
phospho-specific antibodies using flow cytometry. However,
only reagents whose parameters (including but not limited to,
concentration, kinetics, fluorochrome to protein ratio) have
been optimized can be used to generate robust and reproduc-
ible data that can be applied to a specific purpose. Kits com-
prising two or more reagents recognizing intracellular mark-
ers and/or extracellular markers along with an appropriate
modulator or modulators to evoke a signaling response appro-
priate for the signal transduction pathway, specific cell type,
disease state, or cellular function can save the end user from
the tedious and often costly process of selecting, optimizing
and standardizing reagents thereby providing the user with a
more streamlined and cost-saving approach for profiling cel-
lular networks in single cells.

[0005] Itistherefore an objective ofthe present invention to
provide kits that meet such demands.

SUMMARY OF THE INVENTION

[0006] The present invention involves the preparation of
kits to be utilized in multi-parametric analyses (e.g. flow
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cytometry) on cell populations for the identification of the
activation states of cellular signaling molecules (called
nodes) in cells. Profiles of node states in cell populations are
useful for diagnosis, prognosis, drug discovery, drug devel-
opment, patient stratification (for example, who will and who
will not respond to a drug) and other applications. Methods
for determining cell populations and activation states have
been disclosed in U.S. Pat. Nos. 7,381,535, 7,393,656, 7,563,
584 and U.S. Ser. No. 61/120,320, which are hereby incor-
porated by reference in their entirety.

[0007] One embodiment of the present invention is a kit
comprising a combination of binding element cell surface
markers and state-specific intracellular markers. The kit can
also comprise one or more modulators, therapeutic agents,
fixatives, buffers, physical devices and software as described
below.

[0008] In some embodiments, kits can be directed toward
applications such as prediction of a response to a therapeutic
agent, diagnosis and prognosis of various diseases or condi-
tions, profiling signaling in specific cell types, analyzing the
functional effects of genetic mutations, etc.

[0009] Insomeembodiments, kits canbeprepared based on
cell types of interest. For example, a kit can have a panel of
antibodies that recognize extracellular markers specific to T
cells, B cells, myeloid cells, stromal cells, neuronal cells or
epithelial cells.

[0010] In some embodiments, the cell-type-specific kits
can be supplemented with modulators for different signaling
pathways. For example, the kit can include one or more cytok-
ines and or growth factors that activate pathways including,
but not limited to, JAK/STAT, PI3K/Akt, Ras/Raf/Erk, phos-
phatase signaling, metabolism, apoptosis, DNA damage
response or transcriptional activation pathways. The kits can
further comprise control cells, compounds and/or protocols.
[0011] In some embodiments, the invention involves Kits
for analyzing the effect of a compound on a cancer cell,
comprising one or more binding elements that recognize par-
ticular surface markers expressed by cells in certain disease
states. The kits can also comptise a compound used for treat-
ing a condition such as cancer. The kits can also comprise
binding elements recognizing the activated state of signaling
elements that can be activated in response to a compound,
including but not limited to phosphorylated, acetylated,
methylated or cleaved proteins.

[0012] In some other embodiments of the present inven-
tion, kits can additionally comprise consumable hardware,
such as plates for holding the reagents or performing reac-
tions, pipette tips, and software or files required to carry out
the experiment. In some embodiments, the kit can further
comprise a software package for data analysis of cell signal-
ing profiles, which can include reference profiles for com-
parison with a test profile. The kit can also include software to
manage or perform the experiment, including the use of the
reagents and protocols for conducting appropriate reactions.
[0013] In some other embodiments, kits of the present
invention enable the detection of activatable elements by
sensitive cellular assay methods, such as immunohistochem-
istry and flow cytometry, which are suitable for clinical appli-
cations in detection. prognosis, and screening of cells and
tissues from patients who have a disease involving aberrant
signaling networks, for example leukemia.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The novel features of the invention are set forth with
particularity in the appended claims. A better understanding
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of the features and advantages of the present invention will be
obtained by reference to the following detailed description
that sets forth illustrative embodiments, in which the prin-
ciples of the invention are utilized, and the accompanying
drawings of which:

[0015] FIG. 1 illustrates some embodiments of apoptosis
pathway kits, comprising various intracellular markers
involved in intrinsic and extrinsic apoptosis pathways.
[0016] FIG. 2 illustrates some embodiments of apoptosis
pathway kits, comprising various intracellular markers
involved in intrinsic and extrinsic apoptosis pathways.

INCORPORATION BY REFERENCE

[0017] All publications and patent applications mentioned
in this specification are herein incorporated by reference to
the same extent as if each individual publication or patent
application was specifically and individually indicated to be
incorporated by reference.

DETAILED DESCRIPTION OF THE INVENTION

[0018] The present invention incorporates information dis-
closed in other applications and texts. The following patent
and other publications are hereby incorporated by reference
in their entireties: Haskell et al., Cancer Treatment, 5% Ed.,
W.B. Saunders Co. (2001); Alberts et al., Molecular Biology
of the Cell, 4” Ed., Garland Science (2002); Vogelstein and
Kinzler, The Genetic Basis of Human Cancer, 2d Ed.,
McGraw Hill (2002); Michael, Biochemical Pathways, John
Wiley & Sons (1999); Weinberg, The Biology of Cancer
(2007); Janeway et al., Inmunobiology, 7% Ed., Garland Sci-
ence (2008); Leroith & Bondy, Growth Factors and Cytok-
ines in Health and Disease, Vols. 1A and 1B: A Multi Volume
Treatise, (JAI Pr, 1996). Patents and applications that are also
incorporated by reference in their entirety include U.S. Pat.
Nos. 7,381,535; 7,393,656; 7,563,584 and U.S. patent Ser.
Nos. 10/193,462; 11/655,785; 11/655,789; 11/655,821;
11/338,957, 12/432,720; 12/229,476; 12/432,239; 12/460,
029; 12/471,158; 61/216,825; 61/162,673; 61/157,900;
61/151,387; 61/104,666; 61/226,878; 61/218,718; 61/182,
518; 61/170,348; 61/144,684; 61/113,823; 61/181,211;
61/162,598; 61/108,803; 61/182,638; 61/177,935; 61/155,
373; 12/293,081; 61/186,619; 61/156,754; 61/106,462;
61/176,420; 12/538,643; 12/501,274; 61/079,537; 12/501,
295; 61/146,276; and 61/144,955. Some commercial
reagents, protocols, software and instruments that are useful
in some embodiments of the present invention are available at
the Becton Dickinson Website http://www.bdbiosciences.
com/features/products/, and the Beckman Coulter website,
http://www.beckmancoulter.com/Default.asp?bhfv=7.

Method of performing assays on multiparametric flow cytom-
etry are described in e.g., Krutzik et al., High-content single-
cell drug screening with phosphospecific flow cytometry,
Nature Chemical Biology (2007)4:132-142; Irish et al., FLt3
ligand Y591 duplication and Bcl-2 over expression are
detected in acute myeloid leukemia cells with high levels of
phosphorylated ~ wild-type  p53, Neoplasia (2007)
109(6):2589-96; Irish et al. Mapping normal and cancer cell
signaling networks: towards single-cell proteomics, Nature
(2006) 6:146-155; Irish et al., Single cell profiling of poten-
tiated phospho-protein networks in cancer cells, Cell (2004)
118(2):217-18; Schulz, K. R. et al., Single-cell phospho-
protein analysis by flow cytometry, Curr Protoc Immunol.
(2007)78:8 8.17.1-20; Krutzik, P. O. et al., Coordinate analy-
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sis of murine immune cell surface markers and intracellular
phosphoproteins by flow cytometry, ] Immunol. (2005) 175
(4):2357-65; Krutzik, P. O. et al., Characterization of the
murine immunological signaling network with phosphospe-
cific flow cytometry, J Immunol. (2005) 175(4):2366-73;
Stelzer et al., Use of Multiparameter Flow Cytometry and
Immunophenotyping for the Diagnosis and Classification of
Acute Myeloid Leukemia (John Wiley & Sons, 2000);
Krutzik, P. O. et al., Intracellular phospho-protein staining
techniques for flow cytometry: monitoring single cell signal-
ing events, Cytometry A. (2003) 55(2):61-70; Hanahan D. et
al., The Hallmarks of Cancer, Cell (2000) 100(1):57-70;
Krutzik et al, High content single cell drug screening with
phospho-specific flow cytometry, Nature Chemical Biology
(2008) 4(2):132-42. Experimental and process protocols and
other helpful information can be found at http:/proteomices.
stanford.edu. The articles and other references cited below
are also incorporated by reference in their entireties for all
purposes.

[0019] The present invention relates to the processing of
cells for analysis. More specifically, the present invention
relates to kits comprising binding elements that can be used,
e.g., in multi-parametric flow cytometry in order to determine
the activation states of a plurality of proteins in single cells.

[0020] In one aspect, the present invention provides a kit
comprising one or more binding elements for extracellular
markers specifically targeted toward certain diseases, cell
types and signaling pathways, which can be used, for
example, to facilitate research. A kit of the invention can
allow for analysis of relevant activatable elements in specific
cell types that can provide the information necessary to make
a diagnosis, prognosis, drug discovery, predict the response
of disease to a therapeutic agent, and provide information
relevant to drug development and patient stratification to a
specific condition.

[0021] In another aspect, the present invention provides a
kit comprising one or more binding elements that recognize
one or more cell surface markers and one or more intracellular
markers to enable rapid screening of the effects of modulators
or therapeutic agents on evoked cell signaling.

[0022] Inyet another aspect, the present invention provides
a kit with one or more binding elements and one or more
modulators to develop one or more network profiles, such as
a network profile that can predict a response to a therapeutic
agent or therapeutic regimen.

[0023] Insome embodiments, the present invention relates
to akit and/or composition to be used in multiparametric flow
cytometry on cell populations and activation states for diag-
nosis, prognosis, drug discovery, drug development, and
patient stratification. A kit can comprise one or more binding
elements for the cell surface marker of particular cell type or
disease state. A kit can also comprise one or more binding
elements that recognize intracellular markers of particular
cellular pathway or function, modulators, labeling agent,
fixatives, permeabilizing agents, etc. The kit generally can be
used for determining the status of an activatable element. The
kit might also be used for determining the status of a plurality
of activatable elements.

[0024] A kit of the present invention can include compo-
nents necessary to determine the activation state of a plurality
of activatable elements from single cells, wherein each cell
type is selected based on a target disease cellular state or other
area of interest. For example, the target diseases can include,
but are not limited to hematological diseases such as acute
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myeloid leukemia (AML), chronic lymphocytic leukemia
(CLL), myelodysplastic syndrome (MDS), myeloprolifera-
tive neoplasm (MPN); the target states and pathways can
include, but are not limited to intrinsic apoptosis pathway,
extrinsic apoptosis pathway, DNA damage-induced apopto-
sis pathway, ABL and BCR/ABL function in CML (chronic
myelogenous leukemia), phosphatase function, calcium sig-
naling, Protein Kinase C (PKC) function.

[0025] Inoneembodiment, akit can be used to monitor and
predict disease outcome. In another embodiment, a kit can be
used in drug screening to determine whether a drug can be
useful for treating a particular disease. In some other embodi-
ments, a kit can also be used in the analysis of drug transport
and/or drug metabolism, inflammation, autophagy, metabo-
lism, cell proliferation, cell cycle, cell survival, siRNA func-
tion, or other functional characteristic.

[0026] A kit can also provide a panel of reagents for the
analysis of a targeted therapeutic agent. For example, it could
be used to study the effect of aJAK2 inhibitor on JAK/STAT
pathway activity; PI3K inhibitor on PI3K/Akt or Ras/Raf/Erk
pathway activity; Mek inhibitor on Ras/Raf/Erk pathway
activity; mTor inhibitor on the TSC/mTor pathway; IK-Ki-
nase inhibitor on NFkB pathway activity; kinase inhibitor
acting on a pathway utilizing a tyrosine kinase, including but
not limited to, epidermal growth factor receptor, Fibroblast
growth factor, and Src family kinase signaling and nucleoside
analogues and alkylating agents on the DNA damage
response and apoptosis pathways.

[0027] AXkit can include a composition for the detection of
the activation of an element in a cell. A suitable cell includes
cell types implicated in a wide variety of disease conditions,
even in non-diseased states. Suitable cell types include, but
are not limited to, cancer cells of all types including cancer
stem cells, cardiomyocytes, dendritic cells, endothelial cells,
epithelial cells, lymphocytes (T cell and B cell), mast cells,
eosinophils, basophils, neutrophils, natural killer cells, eryth-
rocytes, hepatocytes, leukocytes including mononuclear leu-
kocytes, stem cells such as hematopoietic, neural, skin, and
monocyte stem cells. Particularly preferred are primary dis-
ease state cells, such as primary cancer cells including circu-
lating tumor cells (CTCs).

[0028] Oneembodiment of the present invention is a kit for
classifying cells of a myeloid disorder based on the biology of
a cell or group of cells derived from a patient with a myeloid
malignancy such as AML, MDS, or MPN.

[0029] In some embodiments, the kit of the present inven-
tion can be directed towards a particular cell type. Specific
examples include, but are not limited to, lymphocytes,
myeloid cells, such as mature monocytes (CD45+, CD33+,
CD11b+), myeloblasts (CD45+, CD34+, CD11b-), lym-
phoid subsets, such as T cell, B cell, and nucleated red blood
cells (nRBCs).

[0030] Insome embodiments, a kit of the present invention
can be geared towards a particular sample, such as peripheral
blood and bone marrow. In some preferred embodiments, the
cells used in the present invention are populations of leukemic
myeloid cells taken from the bone marrow of a leukemic
patient or nucleated red blood cells taken from the bone
marrow of a leukemic patient.

[0031] The terms “patient” or “individual” as used herein
includes humans as well as other mammals.

Cell Surface Markers

[0032] Cell surface markers are molecules characteristic of
the plasma membrane of a cell or in some cases of a specific
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cell type. The term “extracellular marker” and “cell surface
marker”, and “cell surface antigen” and “phenotypic marker”
as used herein, include antigens expressed in healthy and/or
diseased cells and can be used interchangeably. In some
embodiments, a kit of the present invention can comprise a
combination of antibodies that recognize cell surface markers
including but not limited to CD3, CD4, CD7, CD8, CD11b,
CDllc, CD14, CD15, CD16, CD19, CD20, CD22, CD25,
CD27, CD33, CD34, CD38, CD40, CD45, CD56, CD69,
CD71, CD80, CD117, CD138, CD235a, CD235b, Terl119,
GP-130, IgM, IgD, IgE, IgG, IgA, CCRS, CCR3, TLR2,
TLR4, TLRY. CD3, also known as T3, is a member of the
immunoglobulin (Ig) superfamily that plays a role in antigen
recognition, signal transduction and T cell activation. It is
found on all mature T lymphocytes, NK-T cells, and some
thymocytes. CD4 is also a member of the Ig superfamily,
which participates in cell-cell interactions, thymic differen-
tiation, and signal transduction. It is primarily expressed on
most thymocytes, a subset of T cell and monocytes/macroph-
ages. CD7 is found on T cells, NK cells, thymocytes, hemato-
poietic progenitors and monocytes. CD7 is also expressed on
ALL and some AML cells. CD11b is a member of the integrin
family, primarily expressed on granulocytes, monocytes/
macrophages, dendritic cells, NK cells, and subsets of T and
B cells. CD14 is a GPI-linked membrane glycoprotein, also
known as LPS receptor. It is expressed at high levels on
macrophages, monocytes and at low level on granulocytes.
CD33isa sialoadhesion Ig superfamily member expressed on
myeloid progenitors, monocytes, granulocytes, dendritic
cells and mast cells. It is absent on normal platelets, lympho-
cytes, erythrocytes and hematopoietic stem cells. CD34 is a
type I monomeric sialomucin-like glycophosphoprotein. It is
selectively expressed on the majority of hematopoietic stem/
progenitor cells, bone marrow stromal cells, capillary endot-
helial cells, embryonic fibroblasts, and some nervous tissues.
It is commonly used marker for identifving human hemato-
poietic stem/progenitor cells. CD45 is commonly known as
the leukocyte common antigen. It is a transmembrane
tyrosine phosphatase expressed on all hematopoietic cells,
except erythrocytes and platelets. It is a signaling molecule
that regulates a variety of cellular processes including cell
growth, differentiation, cell cycle, and oncogenic transforma-
tion. It plays a critical role in T and B cell antigen receptor-
mediated activation. CD71 is a type II heterodimeric trans-
membrane glycoprotein also known as the transferring
receptor. It is expressed on proliferating cells, reticulocytes,
and erythroid precursors. CD71 plays a role in the control of
cellular proliferation by facilitating the uptake of iron via
ferrotransferrin binding and the recycling of apotransferrin to
the cell surface. CD235a is also known as glycophorin A and
CD235b is also known as glycophorin B, major sialoglyco-
proteins expressed on the red blood cell membrane and eryth-
roid precursors. Mature, non-nucleated red blood cells are
characteristically CD235a and/or CD235b positive, but
CD45 and CD71 negative.

[0033] Insomeembodiments, a kit to be used for the analy-
sis of myeloid cells in bone marrow can comprise antibodies
that recognize 1, 2, 3, 4, 5, 6 or 7 of the following: CD7,
CD11b, CD14, CD15, CD33, CD34, and/or CD45.

[0034] Insome embodiments, a kit to be used for the analy-
sis of nucleated red blood cells can comprise antibodies that
recognize 1, 2, 3, 4, 5 or 6 of the following: CD7, CD14,
Cd34, CD45, CD71, CD235a and/or CD235b.

State-Specific Binding Elements for Intracellular Markers

[0035] In some embodiments, the kits of the invention are
employed to monitor the status of an activatable element,
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such as a signaling protein, in a signaling pathway known in
the art including those described herein. Exemplary types of
signaling proteins within the scope of the present invention
include, but are not limited to, kinases, kinase substrates (e.g.
phosphorylated substrates), phosphatases, phosphatase sub-
strates, binding proteins (such as 14-3-3), receptor ligands
and receptors (cell surface receptor tyrosine kinases and
nuclear receptors)). Kinases and protein binding domains, for
example, have been well described. See, for example, Cell
Signaling Technology, Inc., 2002 Catalogue “The Human
Protein Kinases” and “Protein Interaction Domains™ pgs.
254-279).

[0036] In some embodiments, a kit can comprise one or
more of the state-specific binding elements specific for the
activated element(s) of interest. Exemplary binding elements
comprise binding elements specific for PI3-Kinase (p85,
p110a, p110b, p110d), JAK1, JAK2, SOCs, Rae, Rho, Cdc42,
Ras-GAP, Vav, Tiam, Sos, Dbl, Nck, Gab, PRK, SHP1, and
SHP2, SHIP1, SHIP2, sSHIP, PTEN, Shec, Grb2, PDK1,
SGK, Aktl, Akt2, Akt3, TSC1,2, Rheb, mTor, 4E-BP1,
p70S6Kinase, S6, LKB-1, AMPK, PFK, Acetyl-CoAa Car-
boxylase, DokS, Rafs, Mos, Tpl2, MEK1/2, MLK3, TAK,
DLK, MKK3/6, MEKK 1.4, MLK3, ASK1, MKK4/7, SAPK/
INK1,2,3,p38s, Erk1/2, Syk, Btk, BLNK, LAT, ZAP70, Lck,
Cbl, SLP-76, PLC-y1, PLC-y2, STAT1, STAT 3, STAT 4,
STAT 5, STAT 6, FAK, pl130CAS, PAKs, LIMK1/2, Hsp90,
Hsp70, Hsp27, SMADs, Rel-A (p65-NFKB), CREB, Histone
H2B, Histone H3, HATs, HDACs, PKR, Rb, Cyclin D, Cyclin
E, Cyclin A, Cyclin B, pl5, pl6, p21, pl4Arf, p27KIP,
p21CIP, Cdk4, Cdk6, Cdk7, Cdkl, Cdk2, Cdk9, Cde25, A/B/
C, Abl, E2F, FADD, TRADD, TRAF2, RIP. Myd88, BAD,
Bel-2, Mcl-1, Bel-XL, Caspase 2, Caspase 3, Caspase 6,
Caspase 7, Caspase 8, Caspase 9, XIAPs, Smac, Fodrin,
Actin, Src, Lyn, Fyn, Lck, NIK, IkB, p65(RelA), IKKa,
PKA, PKCa, PKCp, PKCH, PKC8, CAMK, Elk, AFT, Mye,
Egr-1, NFAT, ATF-2, Mdm2, p53, DNA-PK, Chkl, Chk2,
ATM, ATR, beta-catenin, CrkL, GSK3a, GSK3, FOXO, or
glycolytic enzymes including but not limited to M2 pyruvate
kinase.

[0037] In some preferred embodiments, kits of the present
invention comprise one or more of the state-specific binding
elements specific for the proteins selected from the group
consisting of STAT 1, STAT3, STATS, S6, Erk, Akt, ATM,
ATR, Chk1, Chk2,53BP1, PARP, H2AX, Caspase 3, Caspase
8, CRKL, Histone H3, Cyclin Bl, Cyclin D1, Cyclin E,
Cyclin A, pl15, p16, p21, PLCS2, p53, SLP-76, and CREB.
Other binding elements disclosed in U.S. Pat. No. 7,393,656
are also incorporated here by reference.

Binding Element

[0038] In some embodiments of the invention, a kit of the
invention can comprise one or more binding elements specific
for activation states of activatable elements. The term “bind-
ing element” includes any molecule, e.g., peptide, nucleic
acid, small organic molecule which is capable of detecting an
activation state of an activatable element over another activa-
tion state of the activatable element.

[0039] Insome embodiments, the binding element is a pep-
tide, polypeptide, oligopeptide or a protein. The peptide,
polypeptide, oligopeptide or protein can be made up of natu-
rally occurring amino acids and peptide bonds, or synthetic
peptidomimetic structures, or a combination of both. Thus
“amino acid”, or “peptide residue”, as used herein include
both naturally occurring and synthetic amino acids. For
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example, homo-phenylalanine, citrulline and noreleucine are
considered amino acids for the purposes of the invention. The
side chains may be in either the (R) or the (S) configuration.
In some embodiments, the amino acids are in the D- or L-con-
figuration. If non-naturally occurring side chains are used,
non-amino acid substituents can be used, for example to
prevent or retard in vivo degradation. Proteins including non-
naturally occurring amino acids can be synthesized or in
some cases, made recombinantly; see van Hest et al., FEBS
Lett 428:(1-2) 68-70 May 22, 1998 and Tang et al., Abstr. Pap
Am. Chem. S218: U138 Part 2 Aug. 22, 1999, both of which
are expressly incorporated by reference herein.

[0040] A kit of the present invention can be used to detect
any particular activatable element in a sample that is antigeni-
cally detectable and antigenically distinguishable from other
activatable elements which are present in the sample. For
example, activation state-specific antibodies can be used in
the present kits to identify distinct signaling cascades within
a subset or subpopulation of cells within a complex popula-
tion, and the ordering of protein activation (e.g., kinase acti-
vation) in potential signaling hierarchies. Hence, in some
embodiments, the expression and phosphorylation of one or
more polypeptides can be detected and quantified using a kit
of the present invention. In some embodiments, the expres-
sion and phosphorylation of one or more polypeptides thatare
cellular components of a cellular pathway can be detected and
quantified using methods of the present invention. As used
herein, the term “activation state-specific antibody” or “acti-
vation state antibody” or grammatical equivalents thereof,
refer to an antibody that specifically binds to a corresponding
and specific antigen. Preferably, the corresponding and spe-
cific antigen is a specific form of an activatable element. Also
preferably, the binding of the activation state-specific anti-
body is indicative of a specific activation state of a specific
activatable element.

[0041] In some embodiments, the binding element is an
antibody. In some embodiment, the binding element is an
activation state-specific antibody.

[0042] The term “antibody” includes full length antibodies
and antibody fragments, and may refer to a natural antibody
from any organism, an engineered antibody, or an antibody
generated recombinantly for experimental, therapeutic, or
other purposes as further defined below. Examples of anti-
body fragments, as are known in the art, such as Fab, Fab',
F(ab")2, Fv, scFv, or other antigen-binding subsequences of
antibodies, either produced by the modification of whole
antibodies or those synthesized de novo using recombinant
DNA technologies. The term “antibody” comprises mono-
clonal and polyclonal antibodies. Antibodies can be antago-
nists, partial antagonists, agonists, partial agonists or neutral-
izing antibodies.

[0043] Theantibodies of the present invention may be non-
human, chimeric, humanized, or fully human. For a descrip-
tion of the concepts of chimeric and humanized antibodies
see Clark et al.,, 2000 and references cited therein (Clark,
2000, Immunol Today 21:397-402). Chimeric antibodies
comprise the variable region of a nonhuman antibody, for
example VH and VL, domains of mouse or rat origin, operably
linked to the constant region of a human antibody (see for
example U.S. Pat. No. 4,816,567). In some embodiments, the
antibodies of the present invention are humanized. By
“humanized” antibody as used herein is meant an antibody
comprising a human framework region (FR) and one or more
complementarity determining regions (CDR’s) from a non-
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human (usually mouse or rat) antibody. The non-human anti-
body providing the CDR’s is called the “donor” and the
human immunoglobulin providing the framework is called
the “acceptor”’. Humanization relies principally on the graft-
ing of donor CDRs onto acceptor (human) VI and VH frame-
works (Winter U.S. Pat. No. 5,225,539). This strategy is
referred to as “CDR grafting”. “Backmutation” of selected
acceptor framework residues to the corresponding donor resi-
dues is often required to regain affinity thatis lost in the initial
grafted construct (U.S. Pat. No. 5,530,101; U.S. Pat. No.
5,585,089; U.S. Pat. No. 5,693,761; U.S. Pat. No. 5,693,762;
U.S. Pat. No. 6,180,370; U.S. Pat. No. 5,859,205; U.S. Pat.
No. 5,821,337; U.S. Pat. No. 6,054,297, U.S. Pat. No. 6,407,
213). The humanized antibody optimally also will comprise
at least a portion of an immunoglobulin constant region,
typically that of a human immunoglobulin, and thus will
typically comprise a human Fc region. Methods for human-
izing non-human antibodies are well known in the art, and can
be essentially performed following the method of Winter and
co-workers (Jones et al., 1986, Nature 321:522-525; Riech-
mann et al., 1988, Nature 332:323-329; Verhoeyen et al.,
1988, Science, 239:1534-1536). Additional examples of
humanized murine monoclonal antibodies are also known in
the art, for example antibodies binding human protein C
(O’Connor et al., 1998, Protein Eng 11:321-8), interleukin 2
receptor (Queen et al., 1989, Proc Natl Acad Sci, USA
86:10029-33), and human epidermal growth factor receptor 2
(Carter et al., 1992, Proc Natl. Acad Sci USA 89:4285-9). In
an alternate embodiment, the antibodies of the present inven-
tion may be fully human, that is the sequences of the antibod-
ies are completely or substantially human. A number of meth-
ods are known in the art for generating fully human
antibodies, including the use of transgenic mice (Brugge-
mannetal., 1997, Curr Opin Biotechnol 8:455-458) or human
antibody libraries coupled with selection methods (Griffiths
et al., 1998, Curr Opin Biotechnol 9:102-108).

[0044] Specifically included within the definition of “anti-
body” are aglycosylated antibodies. By “aglycosylated anti-
body” as used herein is meant an antibody that lacks carbo-
hydrate attached at position 297 of the Fc region, wherein
numbering is according to the EU system as in Kabat. The
aglycosylated antibody may be a deglycosylated antibody,
which is an antibody for which the Fc carbohydrate has been
removed, for example chemically or enzymatically. Alterna-
tively, the aglycosylated antibody may be a nonglycosylated
or unglycosylated antibody, that is an antibody that was
expressed without Fc carbohydrate, for example by mutation
of one or residues that encode the glycosylation pattern or by
expression in an organism that does not attach carbohydrates
to proteins, for example bacteria.

[0045] Activation state specific antibodies can be used to
detect kinase activity, however additional means for deter-
mining kinase activation are provided by the present inven-
tion. For example, substrates that are specifically recognized
by protein kinases and phosphorylated thereby are known.
Antibodies that specifically bind to such phosphorylated sub-
strates but do not bind to such non-phosphorylated substrates
(phospho-substrate antibodies) may be used to determine the
presence of activated kinase in a sample.

[0046] In a further embodiment, a kit of the invention can
include a multiplicity of activation state antibodies that have
been immobilized to determine an element activation profile.
Antibodies can be non-diffusibly bound to an insoluble sup-
port having isolated sample-receiving areas (e.g. a microtiter
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plate, an array, etc.). The insoluble supports can be made of
any composition to which the compositions can be bound,
readily separated from soluble material, and otherwise com-
patible with the overall method of screening. The surface of
such supports can be solid or porous and of any convenient
shape. Examples of suitable insoluble supports include
microtiter plates, arrays, membranes, and beads. These are
typically made of glass, plastic (e.g., polystyrene), polysac-
charides, nylon or nitrocellulose, or Teflon™, or other known
suitable material. Microtiter plates and arrays are convenient
because a large number of assays can be carried out simulta-
neously, using small amounts of reagents and samples. In
some cases magnetic beads and the like can be included.
[0047] Theparticular manner of binding of the composition
is not crucial so long as it is compatible with the reagents and
overall kits of the invention, maintains the activity of the
composition and is nondiffusable. Methods of binding
include the use of antibodies (which do not sterically block
either the ligand binding site or activation sequence when the
protein is bound to the support), direct binding to “sticky” or
ionic supports, chemical crosslinking, the synthesis of the
antibody on the surface, etc. Following binding of the anti-
body, excess unbound material is removed by washing. The
sample receiving areas can then be blocked through incuba-
tion with bovine serum albumin (BSA), casein or other
innocuous protein or other moiety.

[0048] The antigenicity of an activated isoform of an acti-
vatable element can be distinguishable from the antigenicity
of a non-activated isoform of an activatable element or from
the antigenicity of an isoform of a different activation state. In
some embodiments, an activated isoform of an element pos-
sesses an epitope that is absent in a non-activated isoform of
an element, or vice versa. In some embodiments, this differ-
ence is due to covalent addition of moieties to an element,
such as phosphate moieties, or due to a structural change in an
element, as through protein cleavage, or due to an otherwise
induced conformational change in an element which causes
the element to present the same sequence in an antigenically
distinguishable way. In some embodiments, such a confor-
mational change causes an activated isoform of an element to
present at least one epitope that is not present in a non-
activated isoform, or to not present at least one epitope that is
presented by a non-activated isoform of the element. In some
embodiments, the epitopes for the distinguishing antibodies
are centered around the active site of the element, although as
is known in the art, conformational changes in one area of an
element can cause alterations in different areas of the element
as well.

Modulators

[0049] In some embodiments, the invention is directed to
kits to be used for determining the activation level of one or
more activatable elements in a cell upon treatment with one or
more modulators. The activation of an activatable element in
the cell upon treatment with one or more modulators can
reveal operative pathways ina condition that can then be used,
e.g., as an indicator to predict course of the condition, identify
risk group, predict an increased risk of developing secondary
complications, choose a therapy for an individual, predict
response to a therapy for an individual, determine the efficacy
of a therapy in an individual, and determine the clinical out-
come for an individual.

[0050] A modulator, such as a stimulant or inhibitor, is an
element that when added to a biological sample may cause a
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reaction in the sample, such as altering cellular components
such as proteins, lipids, or nucleic acids, which can affect
protein signaling networks or gene expression. For a more
complete list, see the patents and applications referred to
above. Modulators include chemical and biological entities,
and physical or environmental stimuli. Modulators can act
extracellularly or intracellularly. Chemical and biological
modulators include growth factors, mitogens, cytokines,
drugs, immune modulators, ions, neurotransmitters, adhesion
molecules, hormones, small molecules, inorganic com-
pounds, polynucleotides (e.g., siRNA or RNAI), antibodies,
natural compounds, lectins, lactones, chemotherapeutic
agents, biological response modifiers, carbohydrate, pro-
teases and free radicals. Modulators include complex and
undefined biologic compositions that may comprise cellular
or botanical extracts, cellular or glandular secretions, physi-
ologic fluids such as serum, amniotic fluid, or venom. Physi-
cal and environmental stimuli include electromagnetic, ultra-
violet, infrared or particulate radiation, redox potential and
pH, the presence or absences of nutrients, changes in tem-
perature, changes in oxygen partial pressure, changes in ion
concentrations and the application of oxidative stress. Modu-
lators can be endogenous or exogenous and may produce
different effects depending on the concentration and duration
of exposure to the single cells or whether they are used in
combination or sequentially with other modulators. Modula-
tors can act directly on the activatable elements or indirectly
through the interaction with one or more intermediary bio-
molecule. Indirect modulation includes alterations of gene
expression wherein the expressed gene product is the activat-
able element or is a modulator of the activatable element.

[0051] In some embodiments the modulator is selected
from the group consisting of growth factors, mitogens, cytok-
ines, adhesion molecules, drugs, hormones, small molecules,
polynuclectides, antibodies, natural compounds, lactones,
chemotherapeutic agents, immune modulators, carbohy-
drates, proteases, ions, reactive oxygen species, peptides, and
protein fragments, either alone or in the context of cells, cells
themselves, viruses, and biological and non-biological com-
plexes (e.g. beads, plates, viral envelopes, antigen presenta-
tion molecules such as major histocompatibility complex). In
some embodiments, the modulator is a physical stimuli such
as heat, cold, UV radiation, and radiation.

[0052] Insomeembodiments, the modulator is an activator.
In some embodiments the modulator is an inhibitor. In some
embodiments, cells are exposed to one or more modulator.

[0053] Insomeembodiments, the inhibitor is an inhibitor of
a cellular factor or a plurality of factors that participates in a
cellular pathway (e.g. signaling cascade) in the cell. In some
embodiments, the inhibitor is a phosphatase inhibitor.
Examples of phosphatase inhibitors include, but are not lim-
ited to H,O,, siRNA, miRNA, Cantharidin, (-)-p-Bromotet-
ramisole, Microcystin LR, Sodium Orthovanadate, Sodium
Pervanadate, Vanadyl sulfate, Sodium oxodiperoxo(1,10-
phenanthroline)vanadate, bis(maltolato)oxovanadium(IV),
Sodium Molybdate, Sodium Perm olybdate, Sodium Tartrate,
Imidazole, Sodium Fluoride, f-Glycerophosphate, Sodium
Pyrophosphate Decahydrate, Calyculin A, Discodermia
calyx, bpV(phen), mpV(pic), DMHYV, Cypermethrin,
Dephostatin, Okadaic Acid, NIPP-1, N-(9,10-Diox0-9,10-di-
hydro-phenanthren-2-y1)-2,2-dimethyl-propionamide,

a-Bromo-4-hydroxyacetophenone, 4-Hydroxyphenacyl Br,
a-Bromo-4-methoxyacetophenone, 4-Methoxyphenacyl Br,
a-Bromo-4-(carboxymethoxy)acetophenone, 4-(Car-
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boxymethoxy)phenacyl Br, and bis(4-Trifluoromethylsul-
fonamidophenyl)-1,4-diisopropylbenzene, phenylarsine
oxide, Pyrrolidine Dithiocarbamate, and Aluminium fluoride.
In some embodiments, the phosphatase inhibitor is H,O,.
[0054] Examples of modulators include but are not limited
to IL-3, IL-27, IL-6, IL-10, IFN-a., IFN-y, G-CSF, GM-CSF,
EPO, TPO, FLT3L, SCF, SDF-1a, IGF, TRAIL, FASL, TNF,
TNFa, Ara-C, Daunorubicin, Etoposide, Staurosporine, Ima-
tinib and salts thereof (marketed as Gleevec), Gemtuzumab
(such as Gemtuzumab ozogamicin, marketed as Mylotarg),
Azacitidine (marketed as Vidaza), Decitabine (marketed as
Dacogen), Vorinostat (marketed as Zolinza), and Thapsigar-
gin, H,0,, and PMA.

Detection Elements

[0055] Insome embodiments, the kits further comprise one
or more detection elements, e.g., fluorescent molecules (fluo-
rophores), that can be conjugated to the binding elements that
will be used to analyze nodes by technologies including but
not limited to flow cytometry. Fluorophores bound to anti-
body or other binding element can be activated by a laser and
re-emit light of a different wavelength. The amount of light
detected from the fluorophores is related to the number of
binding element targets associated with the cell passing
through the beam. Any specific set of detection elements, e.g.
fluorescently tagged antibodies, in any embodiment can
depend on the types of cells to be studied and the presence of
the activatable element within those cells. Several detection
elements, e.g. fluorophore-conjugated antibodies, can be
used simultaneously, so measurements made as one cell
passes through the laser beam consist of scattered light inten-
sities as well as light intensities from each of the fluorophores.
Thus, the characterization of a single cell can consist of a set
of measured light intensities that may be represented as a
coordinate position in a multi-dimensional space. Consider-
ing only the light from the fluorophores, there is one coordi-
nate axis corresponding to each of the detection elements, e.g.
fluorescently tagged antibodies. The number of coordinate
axes (the dimension of the space) is the number of fluoro-
phores used. Modern flow cytometers can measure several
colors associated with different fluorophores and thousands
of cells per second. Thus, the data from one subject can be
described by a collection of measurements related to the
number of antigens for each of (typically) many thousands of
individual cells. See Krutzik et al., High-content single-cell
drug screening with phosphospecific flow cytometry. Nature
Chemical Biology, Vol. 4 No. 2, Pgs. 132-42, February 2008.
Such methods may optionally include the use of barcoding to
increase throughput and reduce consumable consumption.
See Krutzik, P. and Nolan, G., Fluorescent cell barcoding in
flow cytometry allows high-throughput drug screening and
signaling profiling. Nature Methods, Vol. 3 No. 5, Pgs. 361-
68, May 2006.

[0056] Typically detection elements have fluorescent prop-
erties either alone or in combination with a secondary ele-
ment that can be detected. Detection elements can also report
through enzymatic activity, such as peroxidase activity,
instead of fluorescence.

[0057] Suitable fluorescent detection elements include, but
are not limited to, fluorescein, rhodamine, tetramethyl-
rhodamine, eosin, erythrosin, coumarin, methyl-coumarins,
pyrene, Malacite green, stilbene, Lucifer Yellow, Cascade
Blue™, Texas Red, IAEDANS, EDANS, BODIPY FL, LC
Red 640, Cy 5, Cy 5.5, LC Red 705 and Oregon green.
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Suitable optical dyes are described in the 1996 Molecular
Probes Handbook by Richard P. Haugland, hereby expressly
incorporated by reference. Suitable fluorescent labels also
include, but are not limited to, green fluorescent protein
(GFP; Chalfie, et al., Science 263(5148):802-805 (Feb. 11,
1994); and EGFP; Clontech—Genbank Accession Number
U55762), blue fluorescent protein (BFP; 1. Quantum Bio-
technologies, Inc. 1801 de Maisonneuve Blvd. West, 8th
Floor, Montreal (Quebec) Canada H3H 1J9; 2. Stauber, R. H.
Biotechniques 24(3):462-471 (1998); 3. Heim, R. and Tsien,
R. Y. Curr. Biol. 6:178-182 (1996)), enhanced yellow fluo-
rescent protein (EYFP: 1. Clontech Laboratories, Inc., 1020
East Meadow Circle, Palo Alto, Calif. 94303), luciferase
(Ichiki, et al.,J. Immunol. 150(12):5408-5417 (1993)), (B-ga-
lactosidase (Nolan, et al., Proc Natl Acad Sci USA 85(8):
2603-2607 (April 1988)) and Renilla WO 92/15673; WO
95/07463; WO 98/14605; WO 98/26277; WO 99/49019; U.S.
Pat. No. 5,292,658; U.S. Pat. No. 5,418,155; U.S. Pat. No.
5,683,888; U.S. Pat. No. 5,741,668; U.S. Pat. No. 5,777,079;
U.S. Pat. No. 5,804,387; U.S. Pat. No. 5,874,304; U.S. Par.
No. 5,876,995; and U.S. Pat. No. 5,925,558). All of the
above-cited references are expressly incorporated herein by
reference.

[0058] Insomeembodiments, detection elements for use in
the present invention include: Alexa-Fluor dyes (an exem-
plary list including Alexa Fluor® 350, Alexa Fluor® 405,
Alexa Fluor® 430, Alexa Fluor® 488, Alexa Fluor® 300,
Alexa Fluor® 514, Alexa Fluor® 532, Alexa Fluor® 546,
Alexa Fluor® 555, Alexa Fluor® 568, Alexa Fluor® 3594,
Alexa Fluor® 610, Alexa Fluor® 633, Alexa Fluor® 647,
AlexaFluor® 660, Alexa Fluor® 680, Alexa Fluor® 700, and
Alexa Fluor® 750), Cascade Blue, Cascade Yellow and
R-phycoerythrin (PE) (Molecular Probes) (Eugene, Oreg.),
FITC, Rhodamine, and Texas Red (Pierce, Rockford, 1I1.),
Cy5, Cy5.5, Cy7 (Amersham Life Science, Pittsburgh, Pa.).
Tandem conjugate protocols for Cy5PE, Cy5.5PE, Cy7PE,
Cy5.5APC, Cy7APC are known in the art. Quantization of
fluorescent probe conjugation may be assessed to determine
degree of labeling and protocols including dye spectral prop-
erties are also well known in the art. Insome embodiments the
fluorescent label is conjugated to an aminodextran linker
which is conjugated to a binding element. Additional labels
listed in and are availabel through the on-line and hard copy
catalogues of BD Biosciences, Beckman Coulter, AnaSpec,
Invitrogen, Cell Signaling Technology, Millipore, eBio-
science, Caltag, Santa Cruz Biotech, Abcam and Sigma, the
contents of which are incorporated herein by reference.

Detection

[0059] The kits of the invention can provide binding ele-
ments useful for detection protocols that can be carried out by
aperson, such as a technician in the laboratory. Alternatively,
the detection of the binding elements can be carried out using
automated systems. In either case, the detection of binding
elements for use according to the kits of this invention can be
performed according to standard techniques and protocols
well-established in the art.

[0060] One or more binding elements can be detected and/
or quantified by any method that detect and/or quantitates the
presence of the activatable element of interest. Such methods
can include radioimmunoassay (RIA) or enzyme linked
immunoabsorbance assay (ELISA), immunchistochemistry,
immunofluorescent histochemistry with or without confocal
microscopy, reversed phase assays, homogeneous enzyme
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immunoassays, and related non-enzymatic techniques, West-
ern blots, whole cell staining, immunoelectronmicroscopy,
nucleic acid amplification, gene array, protein array, mass
spectrometry, patch clamp, 2-dimensional gel electrophore-
sis, differential display gel electrophoresis, microsphere-
based multiplex protein assays, label-free cellular assays and
flow cytometry, etc. U.S. Pat. No. 4,568,649 describes ligand
detection systems, which employ scintillation counting.
These techniques are particularly useful for modified protein
parameters. Cell readouts for proteins and other cell determi-
nants can be obtained using fluorescent or otherwise tagged
reporter molecules. Flow cytometry methods are useful for
measuring intracellular parameters.

[0061] A kit of the present invention can comprise binding
elements that can be analyzed by flow cytometry.

[0062] When using fluorescent detection elements in a kit
of the present invention, different types of fluorescent moni-
toring systems, e.g., Cytometric measurement device sys-
tems, can be used to detect the binding elements. In some
embodiments, a kit of the invention can be used in flow
cytometric systems dedicated to high throughput screening,
e.g. 96 well or greater microtiter plates. Methods of perform-
ing assays on fluorescent materials are well known in the art
and are described in, e.g., Lakowicz, J. R., Principles of
Fluorescence Spectroscopy, New York: Plenum Press (1983);
Herman, B., Resonance energy transfer microscopy, in: Fluo-
rescence Microscopy of Living Cells in Culture, Part B,
Methods in Cell Biology, vol. 30, ed. Taylor, D. L. & Wang,
Y.-L., San Diego: Academic Press (1989), pp. 219-243,
Turro, N. J., Modern Molecular Photochemistry, Menlo Park:
Benjamin/Cummings Publishing Col, Inc. (1978), pp. 296~
361.

[0063] In some embodiments, fluorescence of the binding
elements of a kit can be measured using a fluorimeter. Other
methods of detecting fluorescence can also be used, e.g,,
Quantum dot methods (see, e.g., Goldman et al., J. Am.
Chem. Soc. (2002) 124:6378-82; Pathak et al. . Am. Chem.
Soc. (2001) 123:4103-4; and Remade et al., Proc. Natl. Sci.
USA (2000) 18:553-8, each expressly incorporated herein by
reference) as well as confocal microscopy.

[0064] Insome embodiments, the binding elements of a kit
described herein can be detected using Inductively Coupled
Plasma Mass Spectrometer (ICP-MS). (Tanner et al. Spectro-
chimica Acta Part B: Atomic Spectroscopy, 2007 March;
62(3): 188-195.).

[0065] Insome embodiments, a kit of the instant invention
can be used in conjunction with an “In-Cell Western Assay.”
In some embodiments, the detecting can be by high pressure
liquid chromatography (HPLC), for example, reverse phase
HPLC, and in a further aspect, the detecting can be by mass
spectrometry.

[0066] Iteratively Selecting Binding Elements, Protocols,
Detection Elements and Modulators

[0067] Insome embodiments, the binding elements, proto-
cols, detection elements and modulators in a kit are iteratively
evaluated and selected to produce data that distinguishes the
different activation states of one or more activation elements.
In these embodiments, activation state data can be produced
by quantifving the relative amount of the detection element
associated with a binding element. The activation state data
can then be analyzed to identify performance metrics that
characterize the “goodness™ of the activation state data. Per-
formance metrics can include but are not limited to: a degree
of separation between activation state data associated with



US 2010/0240542 Al

activation states, uniformity of the activation state data asso-
ciated with a same activation state, a degree of association
between activation state data and a known characteristic of a
cell population. Characteristics of a cell population can
include but are not limited to: a cell type/sub-type of the
population, a disease state of the cell population, a prognosis
of the cell population, a therapeutic response of the cell popu-
lation and a genotype of the cell population.

[0068] In some embodiments, the binding elements,
reagents, detection elements and/or modulators are titrated
over a set of increasing concentrations to produce different
sets of activation state data. The activation state data is then
analyzed to determine an optimal concentration of the bind-
ing elements, reagents, detection elements and/or modula-
tors. In some embodiments, various combinations of binding
elements, reagents, detection elements and modulators used
to generate activation state data are evaluated.

[0069] According to the specific embodiment, different
types of computational analyses can be performed to generate
performance metrics based on the activation state data for the
binding elements, reagents, detection elements and/or modu-
lators. These computational analyses can be performed using
program code executed by a computer comprising a memory
and a processor. In most embodiments, the computer can be
communicatively coupled with a machine that performs
quantification of the detectable element such as a flow cytom-
eter and/or a mass spectrometer. In some embodiments, the
activation state data can be pre-processed to generate state
metrics that compare the activation state data associated to
control data (e.g. data derived from cells that are untreated
with a modulator)

[0070] In some embodiments, the activation state data can
be analyzed to characterize probability density data associ-
ated with different activation states. In some embodiments,
the activation state data can be gated to identify discrete
activation states associated with individual cells and the gated
data can be analyzed to identify a degree of separation
between the activation states and the degree of uniformity of
the activation state data within a same activation states. Suit-
able methods of gating are outlined in U.S. patent application
Ser. No. 12/501,295, the entirety of which is incorporated
herein, for all purposes. In some embodiments, histograms
can be used to identify the separation between the activation
states in the activation state data. Other methods for analyzing
probability density data associated with different activation
states include binning algorithms. Suitable binning algo-
rithms are outlined in U.S. Publication No. 2009/0307248,
the entirety of which is incorporated herein, for all purposes.
[0071] In some embodiments, the activation state data can
be associated with a characteristic of a cell population and the
statistical strength of the association evaluated. Different
methods of evaluating the statistical strength of the associa-
tion include receiver operator curves (ROC curves), correla-
tion analysis, hazard models and classification algorithms. In
some instances, the activation state data represents two acti-
vation states used to discriminate between two different cell
populations. In these instances, the accuracy and sensitivity
of the discrimination between the different cell populations
can be also evaluated. According to the embodiments, the
activation state data that is associated with the characteristic
of the cell population can be based on small number of
samples (e.g. a proof-of-principle experiment) or a very large
number of samples (e.g. hundreds, thousands, millions of
samples). In instances where a large number of samples are
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used, the activation state data can be derived from patient
samples and associated with characteristics based on clinical
data such as diagnosis, prognosis, genotype and therapeutic
response.

Signaling Pathways

[0072] Insome embodiments, a kit of the invention can be
employed to monitor the status of an activatable element in a
signaling pathway (activatable element is defined in U.S. Pat.
No. 7,393,656 B2, which is hereby incorporated by refer-
ence). Signaling pathways and their members have been
described extensively. See Hunter, T., Cell (2000) 100: 113-
27. The activatable elements monitored include, but are not
limited to, elements and regulators of the following signaling
pathways: JAK/STAT, PI3K/Akt, PKC, MAP Kinase signal-
ing (Erk, INK and p38), Ras/Raf, Src, Notch, Hedgehog,
WNT signaling pathways. Signaling pathways can be mea-
sured in the contest of chemokine signaling (including, for
example SDF-1/CXCL12-CXCR4 signaling), DNA damage
response, cell cycle regulation, intrinsic apoptosis, and
extrinsic apoptosis. Signaling pathways may be measured in
response to receptor signaling such as BCR (B cell Receptor),
death receptors such as the TNFR family receptors (includ-
ing, but not limited to, TNFR, TNRF2, CD30, CD40, BAFF-
R, TACI, and BCMA), Toll-like Receptor (TLR), and ¢-KIT/
Stem Cell Factor (SCF)/SCF-R (SCF-Receptor).

[0073] a.Janus Kinase (JAK)/Signal Transducers and Acti-
vators of Transcription (STAT) Pathway:

[0074] The JAK/STAT pathway mediates signaling in
response to a wide variety of extracellular inputs, including
numerous cytokines (See Alberts, et al, IV.15: Signaling
through Enzyme-Linked Cell-Surface Receptors). Janus
Kinases (JAK) are a membrane-bound receptor tyrosine
kinase, and Signal Transducers and Activators of Transcrip-
tions (STATSs) are a class of transcription factor that transduce
the JAK signal from the cytoplasm directly to the nucleus.
Ligand binding to JAK results in receptor dimerization and
activation through autophosphorylation of tyrosine residues.
Activated JAK subsequently recruits STAT through its SH2
domain and activates it by phosphorylating conserved
tyrosine residues, mediating the formation of STAT
homodimers. STAT homodimers then translocate to the
nucleus, where they act as transcriptional regulators by bind-
ing to specific DNA sequences.

[0075] There are fourknown JAK family members in mam-
mals: JAK1, JAK?2, JAK3 and TYK2. JAK1, JAK2 and TYK2
are expressed ubiquitously, but JAK3 is only expressed in
hematopoietic cells. The JAK2V617F point mutation within
the JAK2 JH2 domain, along with several mutations in exon
12 of JAK2 produce constitutive kinase activity, and are asso-
ciated with myeloid malignancies (Levine, R. L. and Gilli-
land, D. G., Myeloproliferative disorders, Blood (2008) 112:
2190-98.). Several gain-of-function mutations in JAK3 are
associated with acute megakaryoblastic myeloid leukemia
(Constantinescu S. N., et al. Mining for JAK-STAT mutations
in cancer. Trends Biochem Sci. (2008) 33:122-131.

[0076] There are seven members of the STAT family
(STAT1, STAT2, STAT3, STAT4, STATSa, STATSb and
STAT6) in mammals. The STAT family of proteins, especially
STAT3 and STATS, are emerging as important players in
several cancers. (Yu 2004—STATs in cancer. (2008) pp. 9).
Of particular relevance to AML, the STATs have been shown
to be critical for myeloid differentiation and survival, as well
as for long-term maintenance of normal and leukemic stem



US 2010/0240542 Al

cells. (Schepers et al. STATS is required for long-term main-
tenance of normal and leukemic human stem/progenitor
cells. Blood (2007) vol. 110 (8) pp. 2880-2888). STAT sig-
naling is activated by several cytokine receptors, which are
differentially expressed depending on the cell type and the
stage of differentiation. Intrinsic or receptor-associated
tyrosine kinases, including but not limited to JAKSs, phospho-
rylate STAT proteins, which induces the formation of STAT
homodimers. The activated STAT dimer is able to enter the
cell nucleus and activate the transcription of target genes,
many of which are involved in the regulation of apoptosis and
cell cycle progression. Apart from promoting proliferation
and survival, some growth factor receptors and signaling
intermediates have been shown to play specific and important
roles in myeloid differentiation. For example, G-CSFR- or
TPO-induced Ras-activation promotes myeloid or mega-
karyocytic differentiation in the respective progenitor cells by
the activation of ¢/EBPa. (frequently inactivated in myeloid
leukemia) and GATA-1, respectively. (Steffen, B. et al. Criti-
cal Reviews in Oncology/Hematology. 2005, vol. 56, p. 195-
221).

[0077] The STAT family of proteins has been implicated in
anumber of cancers, and STAT3 and STAT 5 have been shown
to have strong oncogenic potential. (Yu, H. and Jove, R.
STATs in cancer. Nat. Rev. Cancer (2008) 4: 97-105). Of
particular relevance to AML, the STATs have been shown to
be critical for myeloid differentiation and survival, as well as
for long-term maintenance of normal and leukemic stem
cells. (Schepers et al. STATS is required for long-term main-
tenance of normal and leukemic human stem/progenitor
cells. Blood (2007) vol. 110 (8) pp. 2880-2888). In contrast to
STAT3 and STATS, STAT1 negatively regulates cell prolif-
eration and angiogenesis and thereby inhibits tumor forma-
tion. Consistent with its function as a tumor suppressor,
expression of STAT1 and its downstream targets is reduced in
a variety of human tumors (Rawlings, J., The JAK/STAT
signaling pathway, J Cell Sci. (2004) 117:1281-83, hereby
fully incorporated by reference in its entirety for all pur-
poses). Furthermore, a recent study of Primary mediastinal
B-cell lymphoma (PMBL) found that 20 out of 55 (36%)
PMBL patients exhibited mutations in the DNA binding
domain of STAT6 (Ritz, O., et al. Recurrent mutations of the
STAT6 DNA binding domain in primary mediastinal B-cell

lymphoma. Blood (2009). doi:10.1182/blood-2009-03-
209759).
[0078] Insome embodiments, a kit of the invention can be

directed to measure the JAK/STAT pathway. A kit of the
invention can allow for the measurement of relevant members
of the pathway such that relevant information is obtained, e.g.
for the diagnosis, prognosis, patient stratification and/or
selection of treatment for a condition. For instance, discovery
of Janus kinase JAK2 (V617F) mutation in patients with
myeloproliferative neoplasms was a major milestone in
understanding the biology of those disorders. There is high
incidence of this mutation in patients with myeloproliferative
neoplasms: almost all patients with polycythemia vera con-
tain the mutation and about 50% of patients with essential
thrombocythemia and primary myelofibrosis have the muta-
tion, making the development of JAK? tyrosine kinase inhibi-
tors a desired therapeutic goal. In some embodiments, the
invention provides kits that profile p-Stat 5 and/or p-Erk in
response to 1L-2 or GM-CSF in myeloid and/or T cells. These
kits can be used for example to determine inhibitor’s profile
for drug development and/or treatment selection. Without
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intending to be limited to any theory, pStat-3 is activated in
both T-cells and monocytes upon stimulation with IL-2 and
GM-C SF respectively, however different JAK family mem-
bers are activated upstream of pStat-5. GM-CSF induced
p-Stat-5 is mediated though JAK2, while IL-2 induced
pStat-5 is mediated through JAK3. pERK could serve as a
positive control for GM-C SF stimulation. This kit would
allow for the measurement of JAK2 vs JAK3 specific inhibi-
tion and provide information on the potency and selectivity of
the inhibitor tested. These kits can also be used in disease
characterization. For instance, MPN cells from bone marrow
and/or peripheral blood could be tested for their basal and
induced levels of pSTAT-5 as a readout of constitutive or
induced activity of JAK2.

[0079] b. Phosphatidylinositol 3-Kinase (PI3K) Pathway:
[0080] PI3Ks are activated by a wide range of cell surface
receptors (including receptor tyrosine kinases and G protein
coupled receptors) to generate the lipid second messengers
phosphatidylinositol 3,4,5-trisphosphate (PIP3) and phos-
phatidylinositol 3,4-biphosphate (PIP2). Examples of recep-
tor tyrosine kinases include, but are not limited to IGF-1R,
BGFR, HER2, JAK, c-Kit, VEGF-R, and PDGF-R. These
lipid second messengers regulate a diverse array of cellular
processes such as cell survival, growth, membrane trafficking
glucose homeostasis, metabolism and cell motility. The bind-
ing of PIP2, PIP3, and other phosphatidylinositols to target
proteins is mediated through the pleckstrin homology (PH)
domain present in these target proteins. A key downstream
effector of PI3K signaling that is often implicated in cancer is
Akt, a serine/threonine kinase. Akt is activated when it is
recruited to the membrane by an activated phosphatidylinosi-
tol. Once at the plasma membrane, Akt is phopshorylated at
T308 by PDK1 and at S473 by PDK2s to become fully acti-
vated. Aid regulates a number of substrates through phospho-
rylation. Akt substrates include FOXO transcription factors,
Bad, GSK-3, I-kB, mTOR, and MDM-2, molecules known
to mediate cell survival, cell proliferation, membrane traffick-
ing, glucose homeostasis, metabolism and cell motility. Can-
cer-associated mutations in the PI3K pathway cause aberrant
signaling, resulting in increased cell survival and growth.
Classes of oncogenic mutations in the PI3K pathway include
gain-of-function mutations in growth factor receptors, the
PIK3CA locus (encoding the p110c subunit of PI3K), or Akt,
loss-of-function mutations in the lipid phosphatase and tensin
homolog deleted on chromosome ten (PTEN), or mutations
that impair the tuberous sclerosis complex (TSC1/2). See
Engelman, J. A. Targeting PI3K signalling in cancer: oppor-
tunities, challenges and limitations. Nature Reviews Cancer
(2009) 9:550-62; Garcia-Echeverria, C. & Sellers, W. R.
Oncogene (2008) 27:5511-26; Yuan, T. L. & Cantley, L. C.
PI3K pathway alterations in cancer: variations on a theme.
Oncogene (2008) 27: 5497-5510; and Shaw, R. Ras, PI(3)K
and mTOR signaling controls tumor cell growth, Nature
(2006) 441:424-30, which are hereby fully incorporated by
reference.

[0081] c. Protein Kinase C (PKC) Signaling:

[0082] The PKC family of serine/threonine kinases medi-
ates signaling pathways following activation of receptor
tyrosine kinases, G-protein coupled receptors and cytoplas-
mic tyrosine kinases. Activation of PKC family members is
associated with cell proliferation, differentiation, survival,
immune function, invasion, migration and angiogenesis. Dis-
ruption of PKC signaling has been implicated in tumorigen-
esis and drug resistance. PKC isoforms have distinct and
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overlapping roles in cellular functions. PKC was originally
identified as a phospholipid and calcium-dependent protein
kinase. The mammalian PKC superfamily consists of 13 dif-
ferent isoforms that are divided into four subgroups on the
basis of their structural differences and related cofactor
requirements cPKC (classical PKC) isoforms (a,p1. BII and
v), which respond both to Ca2+ and DAG (diacylglycerol),
nPKC (novel PKC) isoforms (9, €, 8 and 1)), which are insen-
sitive to Ca2+, but dependent on DAG, atypical PKCs (aP-
KCs, /A, ), which are responsive to neither co-factor, but
may be activated by other lipids and through protein-protein
interactions, and the related PKN (protein kinase N) family
(e.g. PKN1, PKN2 and PKN3), members of which are subject
to regulation by small GTPases. Consistent with their differ-
ent biological functions, PKC isoforms differ in their struc-
ture, tissue distribution, subcellular localization, mode of
activation and substrate specificity.

[0083] Maximalactivation of PKC kinase function requires
two steps (Griner, E. M., and Kazanietz, M. G. Protein kinase
C and other diacylglycerol effectors in cancer. Nat Rev Can-
cer (2007) 7: 281-94). First, phosphoinositide-dependent
kinase 1 (PDK-1) performs a priming phosphorylation of
PKC in the cytoplasm. Second, the membrane-bound phos-
pholipid DAG, a product of phosphoinositide hydrolysis (for
example, hydrolysis of PIP2 to form IP3), recruits primed
PKC to the plasma membrane, where it mediates PKC acti-
vation and the release of an inhibitory substrate (a pseudo-
substrate) to which the inactive enzyme was bound. Activated
PKC then phosphorylates targets such as kinases and inte-
grins. Phosphorylation of PKC targets regulates downstream
signaling pathways, many of which have been implicated in
cancer, including pathways that regulate cellular growth,
motility, cell cycle progression, and apoptosis (Griner, E. M.,
Kazanietz, M. G. Nat Rev Cancer (2007) 7: 281-294). The
downstream events following PKC activation are poorly
understood, although the MEK-ERK (mitogen activated pro-
tein kinase kinase-extracellular signal-regulated kinase)
pathway is thought to have an important role. There is also
evidence to support the involvement of PKC in the PI3K-Akt
pathway. PKC isoforms probably form part of the multi-
protein complexes that facilitate cellular signal transduction.
Many reports describe dysregulation of PKC family members
in cancer cells. For example, alterations in PKCe have been
detected in thyroid cancer, and have been correlated with
aggressive, metastatic breast cancer and PKCu was shown to
be associated with poor outcome in ovarian cancer. (Knauf J.
A, et al. Isozyme-Specific Abnormalities of PKC in Thyroid
Cancer: Evidence for Post-Transcriptional Changes in PKC
Epsilon. The Journal of Clinical Endocrinology & Metabo-
lism. 87(5): 2150-2159; Zhang L et al. Cancer Res. (2006)
66(9):4627-4635.

[0084] d. Mitogen Activated Protein (MAP) Kinase Path-
ways:
[0085] MAP kinase (MAPK) signaling cascades function

in a multitude of cellular processes, including subcellular
localization of proteins, gene regulation, growth, prolifera-
tion, differentiation, and cell cycle entry, and regulation of
development (Lawrence et al., Cell Research (2008) 18: 436-
442). Aberrant or inappropriate functioning of MAPKSs has
been observed in diseases ranging from cancer to inflamma-
tory disease to obesity and diabetes. MAPKs are activated by
protein kinase cascades consisting of three or more protein
kinases in series: MAPK kinase kinases (MAP3Ks) activate
MAPK kinases (MAP2Ks) by dual phosphorylation on S/T
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residues; MAP2Ks then activate MAPKs by dual phospho-
rylation on Y and T residues; MAPKs then phosphorylate
target substrates on select S/T residues typically followed by
P. In the ERK1/2 cascade the MAP3K is usually a member of
the Raf family. Many diverse MAP3Ks reside upstream of the
p38 and the c-Jun N-terminal kinase/stress-activated protein
kinase (JNK/SAPK) MAPK groups, which have generally
been associated with responses to cellular stress. Down-
stream of the activating stimuli, the kinase cascades may
themselves be stimulated by combinations of small G pro-
teins, MAP4Ks, scaffolds, or oligomerization of the MAP3K
in a pathway. In the ERK1/2 pathway, Ras family members
usually bind to Raf proteins leading to their activation as well
as to the subsequent activation of other downstream members
of the pathway.

[0086] e.Ras/RAF/MEK/ERK Pathway:

[0087] Classic activation of the RAS/Raf/MAPK cascade
occurs following ligand binding to a receptor tyrosine kinase
at the cell surface, but a vast array of other receptors have the
ability to activate the cascade as well, such as integrins, set-
pentine receptors, heterotrimeric G-proteins, and cytokine
receptors. Although conceptually linear, considerable cross
talk occurs between the Ras/RaffMAPK/Erk kinase (MEK)/
Erk MAPK pathway and other MAPK pathways as well as
many other signaling cascades. The pivotal role of the Ras/
Raf/MEK/Erk MAPK pathway in multiple cellular functions
underlies the importance of the cascade in oncogenesis and
growth of transformed cells. As such, the MAPK pathway has
been a focus of intense investigation for therapeutic targeting.
Many receptor tyrosine kinases are capable of initiating
MAPK signaling. They do so after activating phosphoryla-
tions within their cytoplasmic domains provide docking sites
for src-homolgy 2 (SH2) domain-containing signaling mol-
ecules. Of these, adaptor proteins such as Grb2 recruit gua-
nine nucleotide exchange factors such as SOS-1 or CDC25 to
the cell membrane. The guanine nucleotide exchange factor is
now capable of interacting with Ras proteins at the cell mem-
brane to promote a conformational change and the exchange
of GDP for GTP bound to Ras. Multiple Ras isoforms have
been described, including K-Ras, N-Ras, and H-Ras. Termi-
nation of Ras activation occurs upon hydrolysis of RasGTP to
RasGDP. Ras proteins have intrinsically low GTPase activity.
Thus, the GTPase activity is stimulated by GTPase-activating
proteins such as NF-1 GTPase-activating proteinlneurofibro-
min and p120 GTPase activating protein thereby preventing
prolonged Ras stimulated signaling. Ras activation is the first
step in activation of the MAPK cascade. Following Ras acti-
vation, Raf (A-Raf, B-Raf, or Raf-1) is recruited to the cell
membrane through binding to Ras and activated in a complex
process involving phosphorylation and multiple cofactors
that is not completely understood. Raf proteins directly acti-
vate MEK 1 and MEK?2 via phosphorylation of multiple serine
residues. MEK1 and MEK2 are themselves tyrosine and
threonine/serine dual-specificity kinases that subsequently
phosphorylate threonine and tyrosine residues in Erkl and
Erk2 resulting in activation. Although MEK1/2 has no known
targets besides Erk proteins, Erk has multiple targets includ-
ing Elk-1, c-Ets1, c-Ets2, p90RSK1, MNK1, MNK2, and
TOB. The cellular functions of Erk are diverse and include
regulation of cell proliferation, survival, mitosis, and migra-
tion. McCubrey, I., Roles of the Raf/MEK/ERK pathway in
cell growth, malignant transformation and drug resistance,
Biochimica et Biophysica Acta. (2007)1773: 1263-1284,
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hereby fully incorporated by reference in its entirety for all
purposes, Friday and Adjei Clinical Cancer Research (2008)
14:342-346.

[0088] f.p38 MAPK Pathway.

[0089] p38 MAPKSs respond to a wide range of extracellu-
lar cues, particularly cellular stressors such as UV radiation,
osmotic shock, hypoxia, pro-inflammatory cytokines and less
often growth factors (Raman et al. Differential regulation and
properties of MAPKs. Oncogene (2007) 26: 3100-12) There
are four p38 family members (a, , y and d). While p38
MAPKs share about 40% sequence identity with other
MAPKs, they share only about 60% identity among them-
selves, suggesting highly diverse functions. Responding to
osmotic shock is likely to be among the ancestral functions of
this pathway, because yeast p38 activates both short and long-
term homeostatic mechanisms to osmotic stress. p38 is acti-
vated via dual phosphorylation on the TGY motif within its
activation loop by its upstream protein kinases MEK3 and -6
(MEK3/6). MEK3/6 are activated by numerous MAP3Ks
including MEKK 1-4, TAOs, TAK and ASK. p38 MAPK is a
highly promising MAPK therapeutic target for rheumatoid
arthritis as p38 MAPK isoforms have been implicated in the
regulation of many of the processes central to disease patho-
genesis, such as migration and accumulation of leucocytes,
production of cytokines and pro-inflammatory mediators,
and angiogenesis. Further, the p38 MAPK pathway plays a
role in cancet, heart and neurodegenerative diseases and may
serve as promising therapeutic target for these diseases.
Cuenda, A. p38 MAP-Kinases pathway regulation, function,
and role in human diseases. Biochimica et Biophysica Acta.
(2007) 1773: 1358-1375; Thalhamer et al., Rheumatology
(2008) 47:409-414; Roux, P. ERK and p38 MAPK-Activated
Protein Kinases: a Family of Protein Kinases with Diverse
Biological Functions, Microbiology and Molecular Biology
Reviews, June 2004, 320-344; hereby fully incorporated by
reference in its entirety for all purposes.

[0090] In some embodiments, the kits of the invention are
directed to measure the p38 MAPK pathway. The kits of the
invention allow for the measurement of relevant members of
the pathway such that relevant information is obtained, e.g.
for the diagnosis, prognosis, patient stratification and/or
selection of treatment for a condition. For instance, theuma-
toid arthritis (RA) is an inflammatory autoimmune disease
affecting 1% of the western world population. The initial
events causes the proliferation of synovial fibroblast and fur-
ther release of inflammatory molecules that eventually will
cause joint destruction. The chronic inflammation of the
joints is mainly a result of activated T-cell, macrophages and
B-cells where cytokine induction of enzymes like matrix
metalloproteinases play a destructive role. Several MAPK
p38 inhibitors have been shown to block the production of
interleukin-1 (IL-1), tumor-necrosis factor-o. (TNF-c) and
other pro-inflammatory cytokines. MAPK p38 plays an
important role in the signaling pathway that regulates inflam-
mation. Inhibiting the activity of p38 by pyridinyl imidazole
(SB 203580) blocks pro-inflammatory cytokine production in
animal models for arthritis.

[0091] In some embodiments, the invention provides Kits
for the measurements of p-p38, p-MK2, and p-ERK in
response to TNF and/or LPS in myeloid cells. In some
embodiments these kits are used to measure an inhibitor
profile, e.g., for drug development or selection of treatment.
Without intending to be limited to any theory, p-ERK, p-p38
and its downstream substrate p-MK?2 are activated when cells
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are stimulated with TNFa. This kit would allow for the mea-
surement of these kinases after treatment of the cells with
small molecule kinase inhibitors. This kit would be able to
measure if the compound inhibits the phosphorylation of p38
(p-p38 signal goes down) in CD14+ monocytes. The kit could
also measure if a compound inhibits the activity of p-p38
(p-MK2 signal goes down) while p38 phosphorylation is
maintained. This kit would provide information on the
potency and selectivity of the inhibitors tested.

DNA Damage Response and Apoptosis

[0092] In some embodiments, the invention provides a kit
to measure DNA damage and/or apoptosis in one or more cell
populations. The response to DNA damage is a protective
measure taken by cells to prevent or delay genetic instability
and tumorigenesis. It allows cells to undergo cell cycle arrest
and gives them an opportunity to either: repair the broken
DNA and resume passage through the cell cycle or, if the
breakage is irreparable, trigger senescence or an apoptotic
program leading to cell death (Wade Harper et al., Molecular
Cell, (2007) 28 p739-745, Bartek J et al., Oncogene (2007)26
p7773-9).

[0093] Several protein complexes are positioned at strate-
gic points within the DNA damage response pathway and act
as sensors, transducers or effectors of DNA damage. Depend-
ing on the nature of DNA damage for example; double
stranded breaks, single strand breaks, single base alterations
due to alkylation, oxidation etc, there is an assembly of spe-
cific DNA damage sensor protein complexes in which acti-
vated ataxia telangiectasia mutated (ATM) and ATM- and
Rad3 related (ATR) kinases phosphorylate and subsequently
activate the checkpointkinases Chk1 and Chk2. Both of these
DNA-signal transducer kinases amplify the damage response
by phosphorylating a multitude of substrates. Both check-
point kinases have overlapping and distinct roles in orches-
trating the cell’s response to DNA damage.

[0094] Maximal kinase activation of Chk?2 involves phos-
phorylation and homo-dimerization with ATM-mediated
phosphorylation of T68 on Chk?2 as a preliminary event. This
in turn activates the DNA repair. As mentioned above, in order
for DNA repair to proceed, there must be a delay in the cell
cycle. Chk2 seems to have a role at the G1/S and G2/M
junctures and may have overlapping functions with Chkl.
There are multiple ways in which Chkl and Chk2 mediate
cell cycle suspension. In one mechanism Chk2 phosphory-
lates the CDC25A and CDC25C phosphatases resulting in
their removal from the nucleus either by proteosomal degra-
dation or by sequestration in the cytoplasm by 14-3-3. These
phosphatases are no longer able to act on their nuclear CDK
substrates. If DNA repair is successful cell cycle progression
is resumed (Antoni et al., Nature reviews cancer (2007)7,
0925-936).

[0095] When DNA repair is no longer possible the cell
undergoes apoptosis with participation from Chk2 in p53
independent and dependent pathways. Chk2 substrates that
operate in a p53-independent manner include the E2F1 tran-
scription factor, the tumor suppressor promyelocytic leuke-
mia (PML) and the polo-like kinases 1 and 3 (PLK1 and
PLK3). E2F1 drives the expression of a number of apoptotic
genes including Caspases 3, 7, 8 and 9 as well as the pro-
apoptotic Bcl-2 related proteins (Bim, Noxa, PUMA).
[0096] Initsresponseto DNA damage, the pS3 activates the
transcription of a program of genes that regulate DNA repair,
cell cycle arrest, senescence and apoptosis. The overall func-
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tions of p53 are to preserve fidelity in DNA replication such
that when cell division occurs tumorigenic potential can be
avoided. In such arole, p53 is described as “The Guardian of
the Genome (Riley et al., Nature Reviews Molecular Cell
Biology (2008) 9 p402-412). The diverse alarm signals that
impinge on p53 result in a rapid increase in its levels through
a variety of post translational modifications. Worthy of men-
tion is the phosphorylation of amino acid residues within the
amino terminal portion of p53 such that p53 is no longer
under the regulation of Mdm2. The responsible kinases are
ATM, Chkl and Chk2. The subsequent stabilization of p53
permits it to transcriptionally regulate multiple pro-apoptotic
members of the Bel-2 family, including Bax, Bid, Puma, and
Noxa (Discussion below).

[0097] The series of events that are mediated by p53 to
promote apoptosis including DNA damage, anoxia and
imbalances in growth-promoting signals are sometimes
termed the ‘intrinsic apoptotic” program since the signals
triggering it originate within the cell. An alternate route of
activating the apoptotic pathway can occur from the outside
of the cell mediated by the binding of ligands to transmem-
brane death receptors. This extrinsic or receptor mediated
apoptotic program acting through their receptor death
domains eventually converges on the intrinsic, mitochondrial
apoptotic pathway as discussed below (Sprick et al., Biochim
Biophys Acta. (2004) 1644:125-32).

[0098] Key regulators of apoptosis are proteins of the Bel-2
family. The founding member, the Bel-2 proto-oncogene was
first identified at the chromosomal breakpoint of (14:18)
bearing human follicular B cell lymphoma. Unexpectedly,
expression of Bel-2 was proved to block rather than promote
cell death following multiple pathological and physiological
stimuli (Danial and Korsemeyer, Cell (2204) 116, p205-219).
The Bel-2 family has at least 20 members which are key
regulators of apoptosis, functioning to control mitochondrial
permeability as well as the release of proteins importantin the
apoptotic program. The ratio of anti- to pro-apoptotic mol-
ecules such as Bcl-2/Bax constitutes a rheostat that sets the
threshold of susceptibility to apoptosis for the intrinsic path-
way, which utilizes organelles such as the mitochondrion to
amplify death signals. The family can be divided into 3 sub-
classes based on structure and impact on apoptosis. Family
members of subclass 1 including Bel-2, Bel-X; and Mcl-1 are
characterized by the presence of 4 Bcl-2 homology domains
(BH1, BH2, BH3 and BH4) and are anti-apoptotic. The struc-
ture of the second subclass members is marked for containing
3 BH domains and family members such as Bax and Bak
possess pro-apoptotic activities. The third subclass, termed
the BH3-only proteins include Noxa, Puma, Bid, Bad and
Bim. They function to promote apoptosis either by activating
the pro-apoptotic members of group 2 or by inhibiting the
anti-apoptotic members of subclass 1 (Er et al., Biochimica et
Biophysica Act (2006) 1757, p1301-1311, Fernandez-Luna
Cellular Signaling (2008) Advance Publication Online).

[0099] The role of mitochondria in the apoptotic process
was clarified as involving an apoptotic stimulus resulting in
depolarization of the outer mitochondrial membrane leading
to a leak of cytochrome C into the cytoplasm. Association of
Cytoplasmic cytochrome C molecules with adaptor apoptotic
protease activating factor (APAF) forms a structure called the
apoptosome which can activate enzymatically latent pro-
caspase 9 into a cleaved activated form. Caspase 9 is one
member of a family of cysteine aspartyl-specific proteases;
genes encoding 11 of these proteases have been mapped inthe
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human genome. Activated caspase 9, classified as an intiator
caspase, then cleaves procaspase 3 which cleaves more down-
stream procaspases, classified as executioner caspases,
resulting in an amplification cascade that promotes cleavage
of death substrates including poly(ADP-ribose) polymerase 1
(PARP). The cleavage of PARP produces 2 fragments both of
which have a role in apoptosis (Soldani and Scovassi Apop-
tosis (2002) 7, p321). A further level of apoptotic regulation is
provided by smac/Diablo, a mitochondrial protein that inac-
tivates a group of anti-apoptotic proteins termed inhibitors of
apoptosis (XIAPs) (Huang et al., Cancer Cell (2004) 5:1-2).
XIAPs operate to block caspase activity in 2 ways; they bind
directly to and inhibit caspase activity and in certain cases
they can mark caspases for ubiquitination and degradation.

[0100] Members of the caspase gene family (cysteine pro-
teases with aspartate specificity) play significant roles in both
inflammation and apoptosis. Caspases exhibit catalytic and
substrate recognition motifs that have been highly conserved.
These characteristic amino acid sequences allow caspases to
interact with both positive and negative regulators of their
activity. The substrate preferences or specificities of indi-
vidual caspases have been exploited for the development of
peptides that successfully compete for caspase binding. In
addition to their distinctive aspartate cleavage sites at the P1
position, the catalytic domains of the caspases require at least
four amino acids to the left of the cleavage site with P4 as the
prominent specificity-determining residue. WEHD, VDVAD,
and DEVD are examples of peptides that preferentially bind
caspase-1, caspase-2 and caspase-3, respectively. It is pos-
sible to generate reversible or irreversible inhibitors of
caspase activation by coupling caspase-specific peptides to
certain aldehyde, nitrile or ketone compounds. These caspase
inhibitors can successfully inhibit the induction of apoptosis
in various tumor cell lines as well as normal cells. Fluorom-
ethyl ketone (FMK)-derivatized peptides act as effective irre-
versible inhibitors with no added cytotoxic effects. Inhibitors
synthesized with a benzyloxycarbonyl group (also known as
BOC or 7) at the N-terminus and O-methyl side chains
exhibit enhanced cellular permeability thus facilitating their
use in both in vitro cell culture as well as in vivo animal
studies. Benzyloxycarbonyl-Val-Ala-Asp (OMe) fluorom-
ethylketone (ZVAD) is a caspase inhibitor. See Misaghi, et
al., z-VAD-fink inhibits peptide:N-glycanase and may result
in ER stress Cell Death and Differentiation (2006) 13:163-
165.

[0101] The balance of pro- and anti-apoptotic proteins is
tightly regulated under normal physiological conditions. Tip-
ping of this balance either way results in disease. An onco-
genic outcome results from the inability of tumor cells to
undergo apoptosis and this can be caused by over-expression
of anti-apoptotic proteins or reduced expression or activity of
pro-apoptotic protein.

[0102] Insome embodiments, apoptosis kits of the present
invention may comprise one or more binding elements and
one or more modulators that slow or stop the growth of cells
and/or induce apoptosis of cells to measure one or more
activatable elements in cells in response to the modulators. In
some embodiments, the activatable element is selected from
the group consisting of PARP+, cleaved Caspase 8, cleaved
Caspase 3, H2AX, and the modulator that slows or stops the
growth of cells and/or induces apoptosis of cells is selected
from the group consisting of Etoposide, Gemtuzumab (such
as Gemtuzumab ozogamicin, marketed as Mylotarg), Dauno-
rubicin, and Ara-C.
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[0103] In some embodiments, DNA damage kits of the
present invention may comprise one or more binding ele-
ments to determine the status of an activatable element within
a DNA damage pathway in response to a modulator that slows
or stops the growth of cells and/or induces apoptosis of cells
is determined. In some embodiments, the kit further com-
prises a modulator that slows or stops the growth of cells
and/or induces apoptosis. In some embodiments, the activat-
able element within a DNA damage pathway is selected from
the group consisting of Chk1, Chk2, ATM, and ATR and the
modulator that slows or stops the growth of cells and/or
induces apoptosis of cells is selected from the group consist-
ing of Staurosporine, Etoposide, Gemtuzumab (such as Gem-
tuzumab ozogamicin, marketed as Mylotarg), Daunorubicin,
and Ara-C.

[0104] Insome embodiments, the kits of the invention pro-
vides for interrogation of the apoptotic machinery. In some
embodiments, the kits of the invention provides for interro-
gation of the apoptotic machinery with Etoposide with or
without ZVAD, aninhibitor of caspases. Etoposide phosphate
(brand names: Eposin, Etopophos, Vepesid, VP-16) is an
inhibitor of the enzyme topoisomerase II and a semisynthetic
derivative of podophyllotoxin, a substance extracted from the
mandrake root Podophyllum peltatum. Possessing potent
antineoplastic properties, etoposide binds to and inhibits
topoisomerase 1I and its function in ligating cleaved DNA
molecules, resulting in the accumulation of single- or double-
strand DNA breaks, the inhibition of DNA replication and
transcription, and apoptotic cell death. Etoposide acts prima-
rily in the G2 and S phases of the cell cycle. See the NCI Drug
Dictionary at  http://www.cancer.gov/Templates/drugdic-
tionary.aspx?CdrID=39207.

[0105] Apoptosis is a tightly regulated and at the same time
highly efficient cell death program which requires the inter-
play of a multitude of factors. The components of the apop-
totic signalling network are genetically encoded and are gen-
erally expressed and assembled in nucleated cells ready to be
activated by a death-inducing stimulus. Apoptosis can be
triggered by various stimuli from outside or inside the cell,
e.g. by ligand binding to cell surface receptors, by DNA
damage due to defects in DNA repair mechanisms, treatment
with cytotoxic drugs or irradiation, by a lack of survival
signals, aberrant cell cycle signaling or arrest, or by develop-
mental death signals. Death signals of diverse origins never-
theless appear to eventually activate common cell death
machinery leading to the characteristic features of apoptotic
cell death.

[0106] The apoptosis pathway involves a series of positive
and negative regulators of proteases called caspases, which
cleave substrates, such as poly-ADP-ribose-polymerase
(PARP), actin, fodrin, and lamin. Apoptosis is accompanied
by the endonuclease-mediated intranucleosomal degradation
of chromosomal DNA. A number of death receptors have
been identified. Death receptors are cell surface receptors that
transmit apoptotic signals initiated by death ligands. The
death receptors sense signals that tell the cell that it is in an
uncompromising environment and needs to die (extrinsic
pathway). These receptors can activate the death caspases
within seconds of ligand binding and induce apoptosis within
hours. Death receptors belong to the tumor necrosis factor
receptor gene superfamily and have typical cystine-rich
extracellular domains and an additional cytoplasmic
sequence termed the death domain. The best characterized

Sep. 23,2010

death receptors are CD95 (also called Fas or Apol) and TNF
receptor TNFR1 (also called p55 or CD120a).

[0107] Signaling by cytokines may also affect apoptosis.
Progenitors with impaired signal transduction, thus constitut-
ing a refractory target cell, could undergo accelerated apop-
tosis analogous to withdrawal of obligate survival factors.
Alternatively, the apoptotic pathway itself may be dysregu-
lated with direct activation of the Fas pathway. As MDS
evolves to AML the acceleration of apoptosis declines and
AML is characterized by increasing progenitor survival. For
more detailed information on apoptosis mechanism and path-
ways, see Kufe, D. W. et al., Cancer Medicine, 6” Ed. (BC
Decker, 2003).

[0108] a.BCR/ABL Function; CML Monitoring

[0109] Chronic myeloid leukemia (CML) is a hematopoi-
etic disorder characterized by the presence of a reciprocal
translocation involving the long arms of chromosome 9 and
22. The resultant BCR/ABL fusion gene encodes a constitu-
tively activated tyrosine kinase, which phosphorylates a
broad range of substrates, resulting in increased cell growth
and impaired apoptosis. See Sattler M. et al., Semin Hematol.
(2003) 40:4-10. Imatinib mesylate (Gleevec) is a targeted
tyrosine kinase inhibitor for use in CML therapy. Imatinib
mesylate binds to the ATP-binding site in the kinase domain
of the BCR/ABL tyrosine kinase, thus preventing ATP bind-
ing and activation of the kinase. See Wadleigh M. et al., Blood
(2005) 105:22-30.

[0110] CT10 regulator of kinase like adaptor protein
(CrkL) is a known BCR-ABL kinase downstream target and
has been widely used as a surrogate marker for physiological
BCR-ABL tyrosine kinase activity. See Hamilton A, Elrick L,
Myssina S, et al. Leukemia (2006) 20:1035-1039. Phospho-
rylation of the CrkL is used as a measure of BCR-ABL
activity to assess drug uptake and physiological drug func-
tion. As a result, BCR-ABL inhibition can be monitored by
performing peripheral blood flow cytometry for phosphory-
lation of CrkL. (Singer C F, et al. Oncol Rep 2006; 15:353-
359.)

[0111] Insome embodiments, the invention may comprise
akit to measure the effects of drug treatment and BCR/ABL
function in CML patients. For example, the kit may include
one or more therapeutic agent such as Imatinib and salts
thereof (marketed as Gleevec) or Dasatinib, and binding ele-
ment for the detection of p-CrkL.

Protein Phosphatase Function:

[0112] Protein phosphatases mediate the dephosphoryla-
tion of a wide range of targets. Mutations in protein phos-
phatases have been implicated in disease, including cancer.
For example, in healthy cells the tumor suppressor PTEN is a
phosphatase that negatively regulates PI3K signaling by
desphosproylating phosphatidylinositides, which function as
second messengers in this pathway (See Salmena, L. et al.
Tenets of PTEN tumor suppression. Cell 133: 403-14, 2008).
However, an estimated 30-80% of cancers contain mutations
that reduce or eliminate PTEN function. A loss of PTEN
fanction results in an accumulation of phosphatidylinositi-
des, which promote the phosphorylation of downstream sub-
strates that promote cell growth and survival, for example
AKT and SGK3 (See Vasudevan, K. M., et al. AK T-indepen-
dent signaling downstream of oncogenic PIK3CA mutations
in human cancer. Cancer Cell 16: 21-32, 2009, Yuan and
Cantley, PI3K pathway alterations in cancer: variations on a
theme. Oncogene 27: 5497-5510, 2008). Because of the
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importance of PTEN and the PI3K pathway in cancer, there
are a number of therapeutics in development that target this
pathway (See Faivre, S., et al. Current development of mTOR
inhibitors as anticancer agents. Nature Reviews Drug Discov-
ery 5, 671-688, 2006). Monitoring the activity of PTEN and
other phosphatases can be important in identifying the
mechanisms of oncogenesis in cancer cells, selecting thera-
peutics that target these mechanisms, and measuring the effi-
cacy of proposed therapeutics.

[0113] One of the earliest events that occur after engage-
ment of myeloid receptors is the phosphorylation of cellular
proteins on serine, threonine, and tyrosine residues 8, 9, 10.
The overall level of phosphorylated tyrosine residues is regu-
lated by the competing activities of protein tyrosine kinases
(PTKSs) and protein tyrosine phosphatases (PTPs). Decreases
in the activity of tyrosine phosphatases may also contribute to
an increase in cellular tyrosine phosphorylation following
stimulation.

[0114] SHP-1 (PTPNG6) is a non-receptor protein tyrosine
phosphatase that is expressed primarily in hematopoietic
cells. The enzyme is composed of two SH2 domains, a
tyrosine phosphatase catalytic domain and a carboxy-termi-
nal regulatory domain (Y1, T. L. etal. (1992) Mol Cell Biol 12,
836-46). SHP-1 removes phosphates from target proteins to
down regulate several tyrosine kinase regulated pathways. In
hematopoietic cells, the N-terminal SH2 domain of SHP-1
binds to tyrosine phosphorylated erythropoietin receptors
(EpoR) to negatively regulate hematopoietic growth (Yi, T. et
al. (1995) Blood 85, 87-95). Following ligand binding in
myeloid cells, SHP-1 associates with IL-3R f§ chain and down
regulates IL-3-induced tyrosine phosphorylation and cell
proliferation (Yi, T. et al. (1993) Mol Cell Biol 13, 7577-86).
Because SHP-1 downregulates signalling pathways emanat-
ing from receptor tyrosine kinases, cytokine receptors, multi-
chain recognition receptors and integrins, it is considered a
potential tumor suppressor (Wu, C. et al. (2003) Gene 306,
1-12, Bhattacharya, R. et al. (2008) ] Mol Signal 3, 8).
[0115] SHP-2 (PTPN11) is a ubiquitously expressed, non-
receptor protein tyrosine phosphatase (PTP). It participates in
signaling events downstream of receptors for growth factors,
cytokines, hormones, antigens and extracellular matrices in
the control of cell growth, differentiation, migration and
death (Qu, C. K. (2000) Cell Res 10, 279-88). Activation of
SHP-2 and its association with Gab1 is critical for sustained
Erk activation downstream of several growth factor receptors
and cytokines (Maroun, C. R. et al. (2000) Mol Cell Biol 20,
8513-25.).

[0116] Insome embodiments, the invention provides meth-
ods for measuring the activity of phosphatases. Accumulation
of phosphate groups on direct and indirect phosphatase tar-
gets, for example Akt, PL.C32, and SLP76, decreases in pro-
portion to phosphatase activity. Thus, levels of phosphory-
lated substrates, for example, p-Akt, p-PLC82, and p-SLP76
can serve as measurements of phosphatase activity. In one
embodiment, a population of cells is contacted with the
modulator H,O,, which functions as a pan-phosphatase
inhibitor, while another population from the same sample is
untreated. Each population is contacted with a binding ele-
ment, for example, fluorophore-conjugated antibodies, and
levels of phosphorylated substrates are measured in single
cells, for example by flow cytometry. Increased levels of
phosphorylated substrates in the treated group would indicate
phosphatase activity. In another embodiment, two different
populations of cells are each treated with H,0,, levels of
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phosphorylated substrates are measured in single cells using
the methods above, and relative phosphatase activity in each
population in compared based on levels of phosphorylated
substrates.

[0117] Insomeembodiments, the invention provides meth-
ods for measuring the activity of phosphatases. Accumulation
of phosphate groups on direct and indirect phosphatase tar-
gets, for example Akt, PLC32, and SLP76, decreases in pro-
portion to phosphatase activity. Thus, levels of phosphory-
lated substrates, for example, p-Akt, p-PLC82, and p-SLP76
can serve as measurements of phosphatase activity. In one
embodiment, the invention includes a kit to contact a popu-
lation of cells with the modulator H,O,, which functions as a
pan-phosphatase inhibitor, while another population from the
same sample is untreated. The kit also includes one or more
binding elements, for example, fluorophore-conjugated anti-
bodies, to contact each population and measure the levels of
phosphorylated substrates, for example by flow cytometry.
Increased levels of phosphorylated substrates in the treated
group would indicate phosphatase activity. In another
embodiment, a kit of the invention can be used to treat two
different populations of cells with H,0,, to measure thelevels
of phosphorylated substrates and/or relative phosphatase
activity in each population using the methods above, and to
make comparisons based on levels of phosphorylated sub-
strates.

Calcium Signaling:

[0118] Ca*" can have multiple roles in cell survival and
growth. Ligand-receptor binding can result in the activation
of second messenger membrane-bound phosphoinositides
such as P1(4,5)P2, the hydrolysis of which produces the
soluble molecule inositol triphosphate (1P3). 1P3 triggers
Ca** release from intracellular vesicles into the cytoplasm.
The subsequent spike in Ca* levels can indirectly regulate
enzyme activity via calcium binding proteins e.g. calcium/
calmodulin-dependent kinases I and IV in neurons, cal-
cineurin in lymphocytes (Berridge, M. J. et al. Nat. Rev. Mol.
Cell. Biol. (2000) 1:11-21). Ca** can also directly regulate
gene expression, for example, c-fos (Carrion, A. M. et al.
(1999) Nature 398:80-84). Thapsigargin is an inhibitor of the
Ca?*-ATPase responsible for sequestering calcium in intrac-
ellular vesicles. See Lenormand, P. et al. Cell Growth Differ
(1990) 1:627-635. Thapsigargin treatment leads to both
increased calcium release and calcium influx across the
plasma membrane. Rodland K. D. et al., Molecular Endocri-
nology (1997) 11:281-91. In some embodiments, the inven-
tion may comprise a kit to measure calcium levels in one or
more population of cells. In some embodiments, the invention
may comprise akit to measure the effects of drug treatment in
calcium levels patients.

Chemokine Function:

[0119] Chemokines are a family of small cytokines that
mediate a variety of responses in healthy cells, including cell
mobilization and chemotaxis (Baggelioni, M, et al. Human
Chemokines: An update. Ann. Rev. Immun. (1997) 15: 675-
705). Tumor cells also secrete and respond to chemokines,
which often synergize with other cytokines to promote cell
growth and survival (Ramarn, D., et al. Role of chemokines in
tumor growth. Cancer letters (2007) 256: 137-65).

[0120] There are four major families of chemokines, based
on the positioning of two conserved N

[0121] terminal cystine residues: CXC, CC, CX3C, and C.
The CXC family is subdivided into ELR+ and ELR- sub-
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families, depending on whether a Glu-Leu-Arg motif pre-
cedes the CXC sequence (Raman, D., et al. Cancer letters
(2007) 256:137-165). Chemokine receptors are seven-trans-
membrane G protein coupled receptors. Chemokine binding
to these receptors results in activation of heterotrimeric G
proteins, which activate downstream targets. For example, in
leukocyte migration, chemokine-receptor binding results in
the activation of PI3K, leading to the production of PTP3, and
the subsequent activation of Rho and Rac family GTPases,
which mediate cytoskeletal rearrangements and subsequent
cell mobility (Rot, A. and von Andrian, U. H. Chemokines in
Innate and Adaptive Host Defense: Basic Chemokines Gram-
mar for Immune Cells. Ann. Rev. Immun. (2004) 22:891-
928). Through the activation of multiple signaling pathways,
chemokines induce a wide range of cellular responses,
including leukocyte movement, activation and accumulation
of inflammatory cells, and cell growth and survival.

[0122] Thechemokine Stromal cell-Derived Factor (SDF)-
1/CXCL12 is expressed constitutively in a number of tissues
including liver, lung, lymph nodes, adrenal glands, and bone
marrow (Raman, D., et al. Cancer letters (2007) 256:137-65).
In healthy cells, including those of the hematopoietic lineage,
SDF-1 mediates cell mobilization and chemotaxis through
the chemokine 4 receptor (CXCR4) (Broxmeyer, H. E. Curr.
Opin. Hemat. (2008) 15:49-58). SDF-1 also signals through
the chemokine 7 receptor (CXCR7) to promote cell growth
and survival (Burns, J. M. et al. A novel chemokine receptor
for SDF-1 and 1-TAC involved in cell survival, cell adhesion,
and tumor development. J. Exp. Med. (2006) 203:2201-13).
CXCR?7 is highly expressed in some tumor cell lines, and
treating animal tumor models with a CXCR7 inhibitor
impairs tumor growth (Burns, J. M. et al. J. Exp. Med. (2006)
203:2201-13). By signaling through both CXCR7 and
CXCR4 on tumor cells, SDF-1 can potentially simulta-
neously enhance both tumor cell growth and migration (Ra-
man, D., et al. Cancer letters (2007) 256:137-165).

[0123] Insomeembodiments, the invention can comprise a
kit for monitoring the effects of chemokine signaling. For
example, the kit can include SDF-1a to induce signaling on
an SDF-1 axis, and binding elements to detect activated target
downstream of SDF-1, for example p-Akt, p-Erk, and pS6.
Thekit can be used, forexample, to identify profiles of SDF-1
cancer cells, or to measure the effects of an inhibitor com-
pound on SDF-1 signaling.

Cell Cycle

[0124] Thecell cycle, or cell-division cycle, is the series of
events that take place in a cell leading to its division and
duplication (replication). The cell cycle consists of five dis-
tinct phases: GO phase, G1 phase, S phase (synthesis), G2
phase (collectively known as interphase) and M phase (mito-
sis). M phase is itself composed of two tightly coupled pro-
cesses: mitosis, in which the cell’s chromosomes are divided
between the two daughter cells, and cytokinesis, in which the
cell’s cytoplasm divides forming distinct cells. Activation of
each phase is dependent on the proper progression and
completion of the previous one. Cells that have temporarily or
reversibly stopped dividing are said to have entered a state of
quiescence called GO phase.

[0125] Regulation of the cell cycle involves processes cru-
cial to the survival of a cell, including the detection and repair
of genetic damage as well as the prevention of uncontrolled
cell division. The molecular events that control the cell cycle
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are ordered and directional; that is, each process occurs in a
sequential fashion and it is impossible to “reverse” the cycle.
[0126] Two key classes of regulatory molecules, cycling
and cyclin-dependent kinases (CDKs), determine a cell’s
progress through the cell cycle. Many of the genes encoding
cyclins and CDKs are conserved among all eukaryotes, but in
general more complex organisms have more elaborate cell
cycle control systems that incorporate more individual com-
ponents. Many of the relevant genes were first identified by
studying yeast, especially Saccharomyces cerevisiae genetic
nomenclature in yeast dubs many these genes cdc (for “cell
division cycle”) followed by an identifying number, e.g.,
cde25.

[0127] Cyclins form the regulatory subunits and CDKs the
catalytic subunits of an activated heterodimer; cyclins have
no catalytic activity and CDKSs are inactive in the absence of
a partner cyclin. When activated by a bound cyclin, CDKs
perform a common biochemical reaction called phosphory-
lation that activates or inactivates target proteins to orches-
trate coordinated entry into the next phase of the cell cycle.
Different cyclin-CDK combinations determine the down-
stream proteins targeted. CDKs are constitutively expressed
in cells whereas cyclins are synthesized at specific stages of
the cell cycle, in response to various molecular signals.
[0128] Upon receiving a pro-mitotic extracellular signal,
G1 cyclin-CDK complexes become active to prepare the cell
for S phase, promoting the expression of transcription factors
that in turn promote the expression of S cyclins and of
enzymes required for DNA replication. The G1 cyclin-CDK
complexes also promote the degradation of molecules that
function as S phase inhibitors by targeting them for ubiquiti-
nation. Once a protein has been ubiquitinated, it is targeted for
proteolytic degradation by the proteasome. Active S cyclin-
CDK complexes phosphorylate proteins that make up the
pre-replication complexes assembled during G1 phase on
DNA replication origins. The phosphorylation serves two
purposes: to activate each already-assembled pre-replication
complex, and to prevent new complexes from forming. This
ensures that every portion of the cell’s genome will be repli-
cated once and only once. The reason for prevention of gaps
in replication is fairly clear, because daughter cells that are
missing all or part of crucial genes will die. However, for
reasons related to gene copy number effects, possession of
extra copies of certain genes would also prove deleterious to
the daughter cells.

[0129] Mitotic cyclin-CDK complexes, which are synthe-
sized but inactivated during S and G2 phases, promote the
initiation of mitosis by stimulating downstream proteins
involved in chromosome condensation and mitotic spindle
assembly. A critical complex activated during this process is
an ubiquitin ligase known as the anaphase-promoting com-
plex (APC), which promotes degradation of structural pro-
teins associated with the chromosomal kinetochore. APC also
targets the mitotic cyclins for degradation, ensuring that telo-
phase and cytokinesis can proceed. Interphase: Interphase
generally lasts at least 12 to 24 hours in mammalian tissue.
During this period, the cell is constantly synthesizing RNA,
producing protein and growing in size. By studying molecu-
lar events in cells, scientists have determined that interphase
can be divided into 4 steps: Gap 0 (GO0), Gap 1 (G1), S
(synthesis) phase, Gap 2 (G2).

[0130] CyclinDisthe firstcyclin produced in the cell cycle,
in response to extracellular signals (e.g. growth factors).
Cyclin D binds to existing CDK4, forming the active cyclin
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D-CDK4 complex. Cyclin D-CDK4 complex in turn phos-
phorylates the retinoblastoma susceptibility protein (Rb).
The hyperphosphorylated Rb dissociates from the E2F/DP1/
Rb complex (which was bound to the E2F responsive genes,
effectively “blocking” them from transcription), activating
E2F. Activation of E2F results in transcription of various
genes like cyclin E, cyclin A, DNA polymerase, thymidine
kinase, etc. Cyclin E thus produced binds to CDK?2, forming
the cyclin E-CDK2 complex, which pushes the cell from G1
to S phase (G1/S transition). Cyclin B along with cde2 (cde2-
fission yeasts (CDK1-mammalia)) forms the cyclin B-cdc2
complex, which initiates the G2/M transition. Cyclin B-cdc2
complex activation causes breakdown of nuclear envelope
and initiation of prophase, and subsequently, its deactivation
causes the cell to exit mitosis.

[0131] Two families of genes, the Cip/Kip family and the
INK4a/ARF (Inhibitor of Kinase 4/Alternative Reading
Frame) prevent the progression of the cell cycle. Because
these genes are instrumental in prevention of tumor forma-
tion, they are known as tumor suppressors.

[0132] The Cip/Kip family includes the genes p21, p27 and
p57. They halt cell cycle in G1 phase, by binding to, and
inactivating, cyclin-CDK complexes. p21 is a p53 response
gene (which, in turn, 1s triggered by DNA damage, .. due to
radiation). p27 is activated by Transforming Growth Factor f3
(TGF p), a growth inhibitor.

[0133] The INK4a/ARF family includes p16INK4a, which
binds to CDK4 and arrests the cell cycle in G1 phase, and
pldarf which prevents p53 degradation.

[0134] Cell cycle checkpoints are used by the cell to moni-
tor and regulate the progress of the cell cycle. Checkpoints
prevent cell cycle progression at specific points, allowing
verification of necessary phase processes and repair of DNA
damage. The cell cannot proceed to the next phase until
checkpoint requirements have been met.

[0135] Several checkpoints are designed to ensure that
damaged or incomplete DNA is not passed on to daughter
cells. Two main checkpoints exist: the G1/S checkpoint and
the G2/M checkpoint. G1/S transition is a rate-limiting step in
the cell cycle and is also known as restriction point. An
alternative model of the cell cycle response to DNA damage
has also been proposed, known as the postreplication check-
point. p53 plays an important role in triggering the control
mechanisms at both G1/8 and G2/M checkpoints.

[0136] DAPI (4',6-Diamidino-2-phenylindole) is a blue
fluorescent probe that fluoresces brightly when it is selec-
tively bound to the minor groove of double stranded DNA
where its fluorescence is approximately 20-fold greater than
in the non-bound state. DAPI has an excitation maximum at
345 nm and an emission maximum at 455 nm. Cells stained
with DAPI emit fluorescence in direct proportion to their
DNA content. An exponentially growing population of cells
will have a DNA content distribution containing an initial
peak of GO/G1 cells, a valley of S Phase cells, and a second
peak containing G2/M cells. Cells in the G2/M Phase have
twice the DNA content as cells in the GO/G1 Phase. DAPI
offers a rapid method for measuring the DNA content of cells
and provides a convenient research tool to monitor cell cycle
status and regulation.

[0137] Insome embodiments, a kit of the present invention
comprises one or more binding elements to measure one or
more activatable elements within a cell cycle pathway in
response to a modulator that slows or stops the growth of cells
and/or induces apoptosis of cells. In some embodiments, a kit
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can further comprise the modulator that slows or stops the
growth of cells and/or induces apoptosis of cells. In some
embodiments, the activatable element is selected from the
group consisting of, Cdkl1, Cyclin B1, Histone H3, Cyclin
D1,pl15,pl6, and p21. In some embodiments, the modulator
that slows or arrests cell cycle progression, and/or induces
apoptosis of cells is selected from the group consisting of
Staurosporine, Etoposide, Gemtuzumab (such as Gemtu-
zumab ozogamicin, marketed as Mylotarg), Daunorubicin,
Ara-C, Azacitidine (marketed as Vidaza), Decitabine (mar-
keted as Dacogen), and Vorinostat (marketed as Zolinza).
Kits

[0138] In some embodiments, the present invention pro-
vides a kit comprising binding elements specifically targeted
toward certain diseases, cell types and signaling pathways. A
kit can comprise one or more binding elements for one or
more intracellular marker to measure the effects of modula-
tors or therapeutic agents on evoked cell signaling. A kit can
further comprise the modulators and/or the therapeutic
agents. A kit of the invention can allow for the analysis of
intracellular markers in response to modulators or therapeutic
agents in specific diseases, cell types and signaling pathways.
This provides relevant information that can then beused in the
diagnosis, prognosis, drug discovery, drug development or
patient stratification in a specific condition.

[0139] In some embodiments, the present invention pro-
vides akit with binding elements and one or more modulators
to develop patient drug response signatures for signaling
response to a drug or potential therapeutics. Such signatures
can be useful for predicting patient response to a therapeutic
regimen.

[0140] Insome embodiments, a kit of the invention can be
used in multiparametric flow cytometry on cell populations
and activation states for diagnosis, prognosis, drug discovery,
drug development, and patient stratification.

[0141] Table 1 illustrates some combinations of reagents to
be included into the kits in some embodiments of the present
invention. It should be noted that the table herein is mere for
exemplary purpose and does not intend to limit the scope of
usage of the present invention. The Target Cell Type column
shall refer to both the cell of interest and the source where it
is obtained. The Extracellular Marker column shall refer to
binding elements to the specific surface markers listed. The
Intracellular Marker and Readouts column shall refer to the
binding elements specific to the state-specific intracellular
markers listed in the column or the dyes listed which bind to
intracellular molecules to produce a readout. Kits for other
diseases can be assembled with surface and intracellular
markers as shown above with the appropriate stains.

[0142] In some embodiments, a kit of the invention can
include at least two to at least three modulators; and least one
to at least three binding elements specific for an intracellular
element listed in either one of the combinations of Table 1. In
some embodiments, a kit can comprise at least one to at least
four modulators; and at least two to at least five binding
elements that are specific to intracellular markers listed in
either one of the combinations of Table 1. In some embodi-
ments, akitcan comprise at least four to at least six, or at least
six to at least eight modulators. In some embodiments, a kit
can comprise at least four to at least six, or at least six to at
least eight binding elements.

[0143] More specifically, kits used for myeloid cells can
comprise one or more binding elements specific for the extra-
cellular markers CD11b, CD34, CD45, CD33, CDI14, or
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CD7. Kits used for nucleated red blood cells can comprise
one or more binding elements specific for the extracellular
markers CD34, CD45, CD71, CD235a, CD235b, CD14, or
CD7. Depending on the need of the customer, a kit can further
comptise state-specific binding element for an intracellular
markers targeted at particular signaling pathways. A kit can
further comprise one or more modulators for specific target
applications.

[0144] For example, if end users want to analyze the JAK/
STAT pathway of a leukemia patient’s myeloid cell, they have
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the option to purchase a customized kit having one or more
binding elements specific for the cell surface markers CD11b,
CD34, CD45, CD33, CD14, or CD7; one or more binding
elements specific to the intracellular markers p-STATI,
p-STAT3, or p-STATS. Alternatively, the customized kit
might also include one or more of the modulators that can be
IL-27, IL-6, 1L.-10, IFNa, IFNg, G-CSF, GM-CSF, TPO, or
IL-3. In some embodiments, the binding elements are anti-
bodies.

TABLE 1

Exemplary Composition of Kits

Intracellular

Target Markers and
Target Cell Type Pathway Modulator Readouts
Extracellular
Markers
Myeloid Bone CD11b JAK/STAT IL-27, IL-6,1L-10,  p-STAT1
Marrow/leukemia CD34 IFNa, I[FNg, IL-3,  p-STAT3
CD45 G-CSF, GM-CSF, p-STATS
CD33 TPO
CD14
CD7
Myeloid Bone CD11b PI3K/Ras-Raf- FLT3L p-TSC2
Marrow/Leukemia CD34 MAPK SCF p-mTor
CD45 IGF-1 p-AMPK
CD33 M-CSF p-S6
CD14 p-Erk
CD7 p-Akt
p-7086K
p-38
p-INK
p-4EBP1
Myeloid Bone CD11b Apoptosis, Etoposide Cleaved PARP
Marrow/Leukemia CD34 DNA Damage Ara-C cytochrome C
CD45 Daunorubicin p-ATM
CD33 Gemtuzumab p-ATR
CD14 (such as p-CHK1
CD7 Gemtuzumab p-CHK2
ozogamicin, p-H2AX
marketed as p-p53
Mylotarg) p-Mdm2
Staurosporine Cleaved Caspase3
Avzacitidine Cleaved Caspase 8
(marketed as Survivin
Vidaza) XIAP
Decitabine Mel-1
(marketed as Bel-2
Dacogen)
Clofarabine
Vorinostat
(marketed as
Zolinza)
Idarubicin
Mitoxantrone
Myeloid Bone CD11b Apoptosis, Etoposide Annexin-V or Yo-
Marrow/Leukemia CD34 DNA Damage Ara-C Pro
CD45 Daunorubicin Propidium Iodiode
CD33 Gemtuzumab Amine Aqua
CD14 (such as DRAQS5
CD7 Gemtuzumab Scatter properties
ozogamicin, XIAP
marketed as Survivin
Mylotarg) Bel-2
Staurosporine

Azacitidine
(marketed as
Vidaza)
Decitabine
(marketed as
Dacogen)
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TABLE I-continued
Exemplary Composition of Kits
Intracellular
Target Markers and
Target Cell Type Pathway Modulator Readouts
Clofarabine
Vorinostat
(marketed as
Zolinza)
Idarubicin
Mitoxantrone
Myeloid Bone CD11b Death Receptor  Staurosporine Annexin-V or
Marrow/Leukemia CD34 Induced TNFa Yo-Pro
CD45 Apoptosis TRAIL Propidium Iodicde
CD33 FASL Amine Aqua
CD14 DRAQ5
CD7 Scatter properties
Myeloid Bone CD11b Death Receptor  Staurosporine Cleaved PARP
Marrow/Leukemia CD34 Induced TNFa Cleaved Caspase 8
CD45 Apoptosis TRAIL Cleaved Caspase 3
CD33 FASL Cytochrome C
CD14 XIAP
CD7 Survivin
Bel-2
Mel-1
Myeloid Bone CD11b Chemokine SDF-1a p-Akt
Marrow/Leukemia CD34 Receptors p-Erk
CD45 pS6
CD33
CD14
CD7
Myeloid Bone CD11b ABL function Imatinib and salts ~ p-CRKL
Marrow/Leukemia CD34 BCR/ABL thereof (marketed  p-Akt
CD45 funetion as Gleevec) p-Erk
CD33 CML p-S6
CD14 monitoring p-Statl
CD7 p-Stats
Myeloid Bone CD11b Phosphatase Hydrogen p-Akt
Marrow/Leukemia CD34 Peroxide p-PLCH2
CD45 Sodium p-SLP-76
CD33 pervandate Stat 1,3,5
CD14 Phenylarsine
CD7 oxide
Myeloid Bone CD11b Calcium Thapsigargin, p-S6
Marrow/Leukemia CD34 Signaling, PKC ~ PMA p-Erk
CD45 p-CREB
CD33
CD14
CD7
Myeloid Bone CD11b Cell Cycle Staurosporine CDX4
Marrow/Leukemia CD34 GUS Etoposide CDX6
CD45 Ara-C CDK7
CD33 Daunorubicin Cyclin D1
CD14 Gemtuzumab Cyclin D2
CD7 (such as Cyclin D3
Gemtuzumab CyclinE
ozogamicin, Cyclin A
marketed as NPM (pT199)
Mylotarg) pRb
Vorinostat pE2F
(marketed as
Zolinza)
Azacitidine
(marketed as
Vidaza)
Decitabine
(marketed as
Dacogen)
Myeloid Bone CD11b Tumor Staurosporine pls
Marrow/Leukemia CD34 Suppressors Etoposide plé
CD45 Ara-C p19
CD33 Daunorubicin p21
CD14 Gemtuzumab p27
CD7 (such as pl4ARF

Gemtuzumab
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TABLE 1-continued
Exemplary Composition of Kits
Intracellular
Target Markers and
Target Cell Type Pathway Modulator Readouts
ozogamicin,
marketed as
Mylotarg)
Vorinostat
(marketed as
Zolinza)
Azacitidine
(marketed as
Vidaza)
Decitabine
(marketed as
Dacogen)
Myeloid Bone CD11b Cell Cycle Staurosporine DAPI
Marrow/leukemia CD34 Etoposide p-Cdk1
CD45 Ara-C Cyclin Bl
CD33 Daunorubicin p-Histone H3
CD14 Gemtuzumab Cyclin D1
CD7 (such as pl5
Gemtuzumab plé
ozogamicin, p21
marketed as
Mylotarg)
Azacitidine
(marketed as
Vidaza)
Decitabine
(marketed as
Dacogen)
Vorinostat
(marketed as
Zolinza)
Clofarabine
Myeloid Bone CD11b Cell Cycle Staurosporine CDX1
Marrow/leukemia CD34 G2/M Nocodozole Cyclin Bl
CD45 Etoposide CDC25¢
CD33 Ara-C Histone H3
CD14 Daunorubicin Aurora A
CD7 Gemtuzumab Aurora B
(such as NPM
Gemtuzumab Polo like kinases
ozogamicin, Wee 1
marketed as Myt 1
Mylotarg)
Azacitidine
(marketed as
Vidaza)
Decitabine
(marketed as
Dacogen)
Vorinostat
(marketed as
Zolinza)
Nucleated Red CD34 JAK/STAT EPO, TPO, G- p-STAT1
Blood Cells/Bone CD45 CSF, IFN-y, IL-3,  p-STAT3
Marrow CD71 p-STATS
CD235a,
CD235b
CD14
CD7
Myeloid Bone CD11b DNA Methyl Azacitidine DNMTI1
Marrow/leukemia CD34 transferase (marketed as DNMT3a
CD45 (DNMT) Vidaza) DNMT3b
CD33 Tumor Decitabine
CD14 suppressors (marketed as
CD7 silenced by Dacogen)
DNMTs
Nucleated Red CD34 PI3K/Akt FLT3L p-TSC2
Blood Cells/Bone CD45 Ras/Raf/Erk SCF p-mTor
Marrow CD71 PLCg p-AMPK
CD235a, p-S6
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TABLE I-continued
Exemplary Composition of Kits
Intracellular
Target Markers and
Target Cell Type Pathway Modulator Readouts
CD235b p-Erk
CD14 p-Akt
CD7 p-4EP-1
p-PLCg
p-38
p-JNK
Nucleated Red CD34 Death Receptor  Azacitidine Cleaved PARP
Blood Cell/Bone CD45 Induced (marketed as p-CHK1
Marrow CD71 Apoptosis Vidaza) p-CHK2
CD235a, Decitabine p-H2AX
CD235b (marketed as Cytochrome C
CD14 Dacogen) Cleaved Caspase 3
CD7 Vorinostat Cleaved
(marketed as Caspase 8
Zolinza) p-ATM
Lenalidomide p-ATR
EPO p-pS3
EPO + G-CSF Mdm-2
p19
Nucleated Red CD34 Death Receptor ~ TNF-a Cleaved PARP
Blood Cells/Bone CD45 Induced TRAIL Cytochrome C
Marrow CD71 Apoptosis FASL Cleaved Caspase 8
CD235a, Cleaved Caspase 3
CD235b
CD14
CD7
Nucleated Red CD34 Phosphatase Hydrogen p-S6
Blood Cells/Bone CD45 Peroxide p-Erk
Matrtow CD71 Sodium p-Akt
CD235a, pervanadate p-Stat1,3,5
CD235b Phenlyarsine
CD14 oxide
CD7
Nucleated Red CD34 Calcium PMA p-S6
Blood Cells/Bone CD45 Signaling, PKC p-Erk
Marrow CD71 PLC-g
CD235a,
CD235b
CD14
CD7
Nucleated Red CD34 Cell Cycle Staurosporine DAPI
Blood Cells/Bone CD45 Etoposide p-Cdk1
Marrow CD71 Ara-C Cyclin B1
CD235a, Daunorubicin p-Histone H3
CD235b Gemtuzumab Cyclin D1
CD14 (such as pl5
CD7 Gemtuzumab plé
ozogamicin, p21
marketed as
Mylotarg)
Azacitidine
(marketed as
Vidaza)
Decitabine
(marketed as
Dacogen)
Vorinostat
(marketed as
Zolinza)
EPO
EPO + G-CSF
Megakaryocytes CD41 Differentiation TPO p-STAT 3,5,
and their CD42b (thrombopoietin) p-Akt
progenitors/ CD6l1 p-Erk
Platelets CD110 (TPO-
R,
thrombopoietin-

receptor)
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TABLE I-continued
Exemplary Composition of Kits
Intracellular
Target Markers and
Target Cell Type Pathway Modulator Readouts
T Cells CD&+ T cells: (T Cell receptor ~ aCD3/aCD28 p-ZAP70
Bone Marrow/ CD3 (TCR) signaling  aCD3/aCD137 p-Lek
Blood/Lymph CD45RA aCD3/aCD44 p-65/RelA
Nodes/Spleen/Thymus CD45RO aCD3/aCD134 p-Ek,
CD4+ T cells: p-Akt,
cD3 p-S6
CD45RA p-PLCy1
CD45RO p38
T Cells CD84+ T cells Jak/Stat Lak/, IL-6,IL-12,  p-Statl,2,3,4,5,6
Bone Marrow/ CD3 IL-2,IL-23, IFNa, p38
Blood/Lymph CD45RA IFNy
Nodes/Spleen/Thymus CD45RO
CD4+ T cells
CD3
CD45RA
CD45RO
T Cells CD8+ T cells TGF-p TGF-p p-Akt
Bone Marrow/ CD3 p-Erk
Blood/Lymph CD45RA p-S6
Nodes/Spleen/Thymus CD45RO p-mTor
CD4+ T cells p-38
CD3 SMADS
CD45RA
CD45RO
Transcription
Factor
T Cells TH1 JAK/STAT IL-6,1L-12, IL-2,  p-Stat1,2,3,4,5,6
Bone Marrow/ T-bet TGF-p 1L-23, IFNa, p38
Blood/Lymph TH2 (T Cell receptor  IFN-y, TGF-p p-Akt
Nodes/Spleen/ GATA1 (TCR) signaling ~ aCD3/aCD28 p-Erk
Thymus GATA3 aCD3/aCD137 p-JNK
TH17 aCD3/aCD44 p-S6
RORyt aCD3/aCD134 p-mTor
Treg p-38
FOXP3 SMADS
pvl p-ZAP70
p-Lek
p-65/RelA
p-Erk,
p-Akt,
p-S6
p-PLCYL
[0145] Insome embodiments, myeloid cell kits directed to optionally comprise at least one modulator FLT3L, SCEF, or

the JAK/STAT signaling pathway can comprise at least one
binding element specific for a cell surface marker CD11b,
CD34, CD45,CD33, CD14, or CD7; and at least one binding
element specific for an intracellular marker p-STATI1,
p-STAT3, or p-STATS. A kit can optionally comprise at least
one modulator IL-3, IL-27, 1L-6, IL.-10, IFNa, IFNy, G-CSF,
GM-CSF, or TPO. In some embodiments, myeloid cell kits
directed to the JAK/STAT signaling pathway comprise a cell
surface marker CD11b, CD34, CD45, CD33, CD14, or CD7,;
binding elements specific for p-STAT1, p-STAT3, and
p-STATS; and at least two of the following modulators: IL-3,
1L-27,1L-6, IL-10, IFNa, IFNy, G-CSF, GM-CSF, or TPO. In
some embodiments, the binding elements are antibodies.

[0146] Insome embodiments, myeloid cell kits directed to
PI3K/Raf-Ras-MAPK pathway can comprise at least one
binding element specific for a cell surface marker CD11b,
CD34, CD45,CD33, CD14, or CD7; and at least one binding
element specific for an intracellular marker p-TSC2, p-mTor,
p-AMPK, p-S6, p-Erk, p-Akt, or p-4EP-1. The kits can

IGF-1. In some embodiments, a myeloid cell kit directed to
PI3K/Raf-Ras-MAPK pathway comprise at least one binding
element specific for a cell surface marker CD11b, CD34,
CD45, CD33, CDI14, or CD7, at least three binding elements
specific for the intracellular markers p-TSC2, p-mTor,
p-AMPK, p-S6, p-Erk, p-Akt, or p-4EP-1; and least two of the
following modulators: FLT3L, SCF, or IGF-1. In some
embodiments, the binding elements are antibodies.

[0147] Insome embodiments, myeloid cell kits directed to
the intrinsic apoptosis and DNA damage-induced apoptosis
pathways can comprise at least one binding element specific
for a cell surface marker CD11b, CD34, CD45, CD33, CD14,
or CD7; at least one binding element specific for an intracel-
lular marker cleaved Cleaved PARP, cytochrome C, p-ATM,
p-ATR, p-CHKI1, p-CHK2, p-H2AX, p-p53, Cleaved
Caspase 3 or Cleaved Caspase 8. The kits can optionally
comprise at least one modulator Etoposide, Ara-C, Daunoru-
bicin, Gemtuzumab (such as Gemtuzumab ozogamicin, mar-
keted as Mylotarg), or Staurosporin. In some embodiments,
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myeloid cell kits directed to the intrinsic apoptosis and DNA
damage-induced apoptosis pathways comprise at least one
binding element specific for a cell surface marker CD11b,
CD34, CD45, CD33, CD14, or CD7, at least three binding
elements specific for the intracellular markers cleaved
Cleaved PARP, cytochrome C, p-ATM, p-ATR, p-CHKI,
p-CHK2, p-H2AX, p-p53, Cleaved Caspase 3 or Cleaved
Caspase 8; and at least two of the following modulators:
Etoposide, Ara-C, Daunorubicin, Gemtuzumab (such as
Gemtuzumab ozogamicin, marketed as Mylotarg), or Stauro-
sporin. The kits can also optionally comprise at least one dye
of Annexin-V, Yo-Pro, propidium iodide (PI), Amine Aqua,
DRAQ3, or XIAP. In some embodiments, the binding ele-
ments are antibodies.

[0148] Insome embodiments, myeloid cell kits directed to
the extrinsic apoptosis and DNA damage-induced apoptosis
pathways can comprise at least one binding element selected
specific for a cell surface marker CD11b, CD34, CD45,
CD33, CD14, or CD7, at least one binding element specific
for an intracellular marker cleaved PARP, cleaved Caspase 8,
cleaved Caspase 3, cytochrome C, XIAP or Survivin. The kits
can optionally comprise at least one modulator Staurospo-
rine, TNF, TNFa, TRAIL, or FASL. In some embodiments,
myeloid cell kits directed to the extrinsic apoptosis and DNA
damage-induced apoptosis pathways comprise at least one
binding element selected specific for a cell surface marker
CD11b, CD34, CD45, CD33, CD14, or CD7; at least three
binding elements specific for the intracellular pathways
cleaved PARP, cleaved Caspase 8, cleaved Caspase 3, cyto-
chrome C, XIAP or Survivin; and at least two modulators
Staurosporine, TNF, TNFa, TRAIL, or FASL. The kits can
also optionally comprise at least one dye Annexin-V, Yo-Pro,
propidium iodide (PI), Amine Aqua, DRAQS, or XIAP. In
some embodiments, the binding elements are antibodies.
[0149] In some embodiments, myeloid cell kits directed to
measure chemokine signaling can comprise at least one bind-
ing element specific for a cell surface marker of CD11b,
CD34, CD45, CD33, CD14, or CD7; at least one binding
element specific for an intracellular marker of p-Akt, p-Erk,
or p-S6. The kits can optionally comprise SDF-1¢.as a modu-
lator. In some embodiments, myeloid cell kits directed to
measure chemokine signaling comprise at least one binding
element specific for a cell surface marker CD11b, CD34,
CD45, CD33, CD14, or CD7; binding elements specific for
p-Akt, p-Erk, and p-S6; and SDF-1a as a modulator. In some
embodiments, the binding elements are antibodies.

[0150] In some embodiments, myeloid cell kits directed to
measure ABL function or BCR/ABL function for chronic
myelogenous leukemia (CML) monitoring may comprise at
least one binding element specific for a cell surface marker
CD11b, CD34, CD45, CD33, CD14, or CD7; and at least
three binding elements specific the for the intracellular mark-
ers p-CRKL, p-Akt, p-Erk, p-S6, p-Stat1 or p-Stat5. The kits
canoptionally comprise a therapeutic agent Imatinib and salts
thereof (marketed as Gleevec). In some embodiments, the
binding elements are antibodies.

[0151] In some embodiments, myeloid cell kits directed to
phosphatase function can comprise at least one binding ele-
ment specific for a cell surface marker CD11b, CD34, CD45,
CD33, CD14, or CD)7; at least one binding element specific
for an intracellular marker p-Akt, p-PLC32, p-SLP-76, Stat 1,
Stat 3, or Stat 5. The kits can optionally comprise hydrogen
peroxide, sodium pervandate or phenylarsine oxide as a
modulator. In some embodiments, myeloid cell kits directed
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to phosphatase function comprise at least one binding ele-
ment specific for a cell surface marker CD11b, CD34, CD4S5,
CD33, CD14, or CD7; at least three binding elements specific
for the intracellular markers p-Akt, p-PLCH2, p-SLP-76, Stat
1, Stat 3, or Stat 5; and sodium pervandate or phenylarsine
oxide as a modulator. In some embodiments, the binding
elements are antibodies.

[0152] Insome embodiments, myeloid cell kits directed to
measure calcium signaling pathway and PKC function can
comprise at least one binding element specific for a cell
surface marker CD11b, CD34, CD45, CD33, CD14, or CD7,;
at least one binding element specific for an intracellular
marker p-S6, p-Erk, or p-CREB. The kits can optionally
comprise at least one modulator of Thapsigargin or phorbol
myristate acetate (PMA). In some embodiments, the binding
elements are antibodies.

[0153] Insome embodiments, myeloid cell kits directed to
measure cell cycle G1/S can comprise at least one binding
element specific for a cell surface marker CD11b, CD34,
CD45, CD33, CD14, or CD7; at least one binding element
specific for an intracellular marker CDk4, CDK6, Cyclin D1,
Cyclin E, Cyclin A, NPM (pT199), Rb or E2F. The kits can
optionally comprise at least one modulator of Staurosporine,
Etoposide, Ara-C, Daunorubicin, Gemtuzumab (such as
Gemtuzumab ozogamicin, marketed as Mylotarg), Azaciti-
dine (marketed as Vidaza), Decitabine (marketed as Daco-
gen), or Vorinostat (marketed as Zolinza). In some embodi-
ments, myeloid cell kits directed to measure cell cycle G1/3
comprise at least one binding element specific for a cell
surface marker CD11b, CD34,CD45, CD33, CD14, or CD7,
at least three binding elements specific for an intracellular
marker CDk4, CDK6, Cyclin D1, Cyclin E, Cyclin A, NPM
(pT199), Rb or E2F; and at least two of the following modu-
lators: Staurosporine, Etoposide, Ara-C, Daunorubicin,
Gemtuzumab (such as Gemtuzumab ozogamicin, marketed
as Mylotarg), Azacitidine (marketed as Vidaza), Decitabine
(marketed as Dacogen), or Vorinostat (marketed as Zolinza).
In some embodiments, the binding elements are antibodies.
[0154] In some embodiments, myeloid cell kits directed to
measure tumor suppressors can comprise at least one binding
element specific for a cell surface marker CD11b, CD34,
CD45, CD33, CD14, or CD7; at least one binding element
specific for an intracellular marker p15, p16, p21 or p27. The
kits can optionally comprise at least one modulator of Stau-
rosporine, Etoposide, Ara-C, Daunorubicin, Gemtuzumab
(such as Gemtuzumab ozogamicin, marketed as Mylotarg),
Azacitidine (marketed as Vidaza), Decitabine (marketed as
Dacogen), or Vorinostat (marketed as Zolinza). In some
embodiments, myeloid cell kits directed to measure tumor
suppressors comprise at least one binding element specific for
acell surface marker CD11b, CD34, CD45, CD33, CD14, or
CD7; at least three binding elements specific for an intracel-
lular marker p15, pl16, p21 or p27; and at least two of the
following modulators: Staurosporine, Etoposide, Ara-C,
Daunorubicin, Gemtuzumab (such as Gemtuzumab ozo-
gamicin, marketed as Mylotarg), Azacitidine (marketed as
Vidaza), Decitabine (marketed as Dacogen), or Vorinostat
(marketed as Zolinza). In some embodiments, the binding
elements are antibodies.

[0155] Insome embodiments, myeloid cell kits directed to
measure cell cycle can comprise at least one binding element
specific for a cell surface marker CD11b, CD34, CD45,
CD33, CD14, or CD7,; at least one binding element specific
for an intracellular marker DAPI, p-Cdk1, Cyclin B1, Cyclin
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D1, p-Histone H3, p15, p16, or p21. The kits can optionally
comprise at least one modulator of Staurosporine, Etoposide,
Ara-C, Daunorubicin, Gemtuzumab (such as Gemtuzumab
ozogamicin, marketed as Mylotarg), Azacitidine (marketed
as Vidaza), Decitabine (marketed as Dacogen), or Vorinostat
(marketed as Zolinza). In some embodiments, myeloid cell
kits directed to measure cell cycle comprise at least one
binding element specific for a cell surface marker CD11b,
CD34, CD45, CD33, CD14, or CD7, at least three binding
elements specific for an intracellular marker DAPI, p-Cdk1,
Cyclin B1, Cyclin D1, p-Histone H3, p15, p16, or p21; and at
least two of the following modulators: Staurosporine, Etopo-
side, Ara-C, Daunorubicin, Gemtuzumab (such as Gemtu-
zumab ozogamicin, marketed as Mylotarg), Azacitidine
(marketed as Vidaza), Decitabine (marketed as Dacogen), or
Vorinostat (marketed as Zolinza). In some embodiments, the
binding elements are antibodies.

[0156] In some embodiments, myeloid cell kits directed to
measure cell cycle G2/M can comprise at least one binding
element specific for a cell surface marker CD11b, CD34,
CD45, CD33, CD14, o CD7,; at least one binding element
specific for an intracellular marker p-Cdkl, Cyclin B,
CDC25¢1, p-Histone H3, Aurora A, Aurora B, NPM, Polo
likekinases, Wee 1 or Myt 1. Thekits can optionally comprise
at least one modulator of Staurosporine, Nocodozole, Etopo-
side, Ara-C, Daunorubicin, Gemtuzumab (such as Gemtu-
zumab ozogamicin, marketed as Mylotarg), Azacitidine
(marketed as Vidaza), Decitabine (marketed as Dacogen), or
Vorinostat (marketed as Zolinza). In some embodiments,
myeloid cell kits directed to measure cell cycle G2/M com-
prise at least one binding element specific for a cell surface
marker CD11b, CD34, CD45, CD33, CD14, or CD7; at least
three binding elements specific for an intracellular marker
p-Cdkl, Cyclin Bl, CDC25¢1, p-Histone H3, Aurora A,
Aurora B, NPM, Polo like kinases, Wee 1 or Myt 1; and at
least two of the following modulators: Staurosporine,
Nocodozole, Etoposide, Ara-C, Daunorubicin, Gemtuzumab
(such as Gemtuzumab ozogamicin, marketed as Mylotarg),
Azacitidine (marketed as Vidaza), Decitabine (marketed as
Dacogen), or Vorinostat (marketed as Zolinza). In some
embodiments, the binding elements are antibodies.

[0157] Insome embodiments, myeloid cell kits directed to
measure DNMT function and/or tumor suppresors silenced
by DNMTs can comprise at least one binding element spe-
cific for a cell surface marker CD11b, CD34, CD435, CD33,
CD14, or CD7; at least one binding element specific for an
intracellular marker DNMT1, DNMT3a or DNMT3b. The
kits can optionally comprise at least one modulator of Azac-
itidine (marketed as Vidaza), or Decitabine (marketed as
Dacogen). In some embodiments, the binding elements are
antibodies.

[0158] In some embodiments, nucleated red blood cell
(nRBC) kits directed to the JAK/STAT signaling pathway can
comprise at least one binding element specific for a cell
surface marker CD7, CD14, CD34, CD45, CD71, CD235a,
or CD235b; and at least one binding element specific for an
intracellular marker p-STAT1, p-STAT3, or p-STATS5. The
kits can optionally comprise at least one modulator of EPO,
TPO, G-CSF, IFN-y, or IL-3. In some embodiments, nucle-
ated red blood cell (nRBC) kits directed to the JAK/STAT
signaling pathway comprise at least one binding element
specific for a cell surface marker CD7, CD14, CD34, CD45,
CD71, CD235a, or CD235b; binding elements specific for
p-STAT1, p-STAT3, and p-STATS; and at least two of the
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following modulators: EPO, TPO, G-CSF, IFN-y, or IL-3. In
some embodiments, the binding elements are antibodies.
[0159] Insome embodiments, nRBC kits directed to PI3K/
Akt, Raf/Ras/Erk and or PL.Cg pathways comprise at least
one binding element specific for a cell surface marker CD7,
CD14,CD34,CD45,CD71,CD235a, or CD235b; and at least
one binding element specific for an intracellular marker
p-TSC2, p-mTor, p-AMPK, p-S6, p-Erk, p-Akt, p-4EP-1 or
p-PLCg. The kits can optionally comprise at least one modu-
lator of FLT3L or SCF. In some embodiments, the nRBC kits
directed to PI3K/Akt, Raf/Ras/Erk and or PLCg pathways
comprise at least three binding elements specific for the intra-
cellular markers p-TSC2, p-mTor, p-AMPK, p-S6, p-Erk,
p-Akt, p-4EP-1 or p-PLCg. In some embodiments, the bind-
ing elements are antibodies.

[0160] In some embodiments, nRBC kits directed to mea-
sure intrinsic apoptosis pathway and DNA damage induced
apoptosis pathway can comprise at least one binding element
specific for a cell surface marker CD7, CD14, CD34, CD45,
CD71,CD235a, or CD235b; and at least one binding element
specific for an intracellular marker PARP, p-CHK1, p-CHK 2,
p-H2AX, Cytochrome C, cleaved Caspase 3, cleaved Caspase
8, p-ATM, p-ATR, or p-p53. The kits can optionally comprise
at least one therapeutic agent of Azacitidine (marketed as
Vidaza), Decitabine (marketed as Dacogen), Vorinostat (mar-
keted as Zolinza), Lenalidomide, EPO or EPO plus G-CSF. In
some embodiments, nRBC kits directed to measure intrinsic
apoptosis pathway and DNA damage induced apoptosis path-
way comprise at least one binding element specific for a cell
surface marker CD7, CD14, CD34, CD45, CD71, CD235a,
or CD235b; at least three binding elements specific for intra-
cellular markers cleaved PARP, p-CHK 1, p-CHK 2, p-H2AX,
Cytochrome C, cleaved Caspase 3, cleaved Caspase 8,
p-ATM, p-ATR, or p-p53; and at least two therapeutic agents
of Azacitidine (marketed as Vidaza), Decitabine (marketed as
Dacogen), Vorinostat (marketed as Zolinza), Lenalidomide,
EPO and EPO plus G-CSF. In some embodiments, the bind-
ing elements are antibodies.

[0161] In some embodiments, nRBC kits directed to mea-
sure extrinsic apoptosis and induced apoptosis pathways can
comprise at least one binding element specific for a cell
surface marker CD7, CD14, CD34, CD45, CD71, CD235a,
or CD235b; and at least one binding element specific for an
intracellular marker cleaved PARP, Cytochrome C, cleaved
Caspase 3 or cleaved Caspase 8. The kit can optionally com-
prise at least one modulator of TNF-c., TRAIL, or FASL. In
some embodiments, nRBC kits directed to measure extrinsic
apoptosis and induced apoptosis pathways comprise at least
one binding element specific for a cell surface marker CD7,
CD14, CD34, CD45, CD71, CD235a, or CD235b; at least
three binding elements specific for the intracellular markers
cleaved PARP, Cytochrome C, cleaved Caspase 3 or cleaved
Caspase 8; and at least two of the following modulators:
TNF-a, TRAIL, or FASL. In some embodiments, the binding
elements are antibodies.

[0162] Insome embodiments, nRBC kits directed to mea-
sure phosphatase function may comprise at least one binding
element specific for a cell surface marker CD7, CD14, CD34,
CD45, CD71, CD235a, or CD235b; and at least one binding
element specific for an intracellular marker p-S6, p-Erk,
p-Akt, p-Stat 1, p-Stat 3 or p-Stat 5. The kit can optionally
comprise hydrogen peroxide, sodium pervanadate or pheny-
larsine oxide as a modulator. In some embodiments, nRBC
kits directed to measure phosphatase function can comprise at
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least one binding element specific for a cell surface marker
CD7, CD14, CD34, CD45, CD71, CD235a, or CD235b; at
least three binding elements specific for an intracellular
marker p-S6, p-Erk, p-Akt, p-Stat 1, p-Stat 3 or p-Stat 5; and
hydrogen peroxide, sodium pervanadate or phenylarsine
oxide as a modulator. In some embodiments, the binding
elements are antibodies.

[0163] In some embodiments, nRBC kits directed to cal-
cium signaling and PKC function can comprise at least one
binding element specific for a cell surface marker CD7,
CD14, CD34,CD45,CD71,CD235a, or CD235b; and at least
one binding element specific for an intracellular marker p-S6,
p-Erk, p-Akt, p-STAT1, p-STAT3, or p-STATS. The kit can
optionally comprise PMA as a modulator. In some embodi-
ments, the nRBC kits directed to calcium signaling and PKC
function comprise at least three binding elements specific for
the intracellular markers p-S6, p-Erk, p-Akt, p-STATI,
p-STAT3, or p-STATS5; and PMA. In some embodiments, the
binding elements are antibodies.

[0164] In some embodiments, nRBC kits directed to mea-
sure cell cycle may comprise at least one binding element
specific for a cell surface marker CD7, CD14, CD34, CD45,
CD71, CD235a, or CD235b; and at least one binding element
specific foran intracellular marker DAPL, p-Cdk1, Cyclin B1,
Cyclin D1, p-Histone H3, pl15, pl16, or p21. The kit can
optionally comprise at least one modulator of Staurosporine,
Etoposide, Ara-C, Daunorubicin, Gemtuzumab (such as
Gemtuzumab ozogamicin, marketed as Mylotarg), Azaciti-
dine (marketed as Vidaza), Decitabine (marketed as Daco-
gen), Vorinostat (marketed as Zolinza), EPO or EPO plus
G-CSF. In some embodiments, nRBC kits directed to mea-
sure cell cycle comprise at least one binding element specific
for a cell surface marker CD7, CD14, CD34, CD43, CD71,
CD235a, or CD235b; at least three binding elements specific
for an intracellular marker DAPI, p-Cdk1, Cyclin B1, Cyclin
D1, p-Histone H3, p15, pl16, or p21; and at least two of the
following modulators: Staurosporine, Etoposide, Ara-C,
Daunorubicin, Gemtuzumab (such as Gemtuzumab ozo-
gamicin, marketed as Mylotarg), Azacitidine (marketed as
Vidaza), Decitabine (marketed as Dacogen), Vorinostat (mar-
keted as Zolinza), EPO or EPO plus G-CSF. In some embodi-
ments, the binding elements are antibodies.

[0165] In some embodiments, T cell kits directed to mea-
sure T cell receptor signaling can comprise at least one bind-
ing element specific for a cell surface marker CD7, CD3,
CD45RA, or CD45RO; and at least one binding element
specific for an intracellular marker p-ZAP70, p-Lck, p-65/
RelA, p-Erk, p-Akt, p-S6 or p-PLCy1. The kit can optionally
comprise one binding element specific for a cell surface
marker specific for CD8 T cells or CD4 T cells such as one
binding element specific for CD8 or CD4. The kit can option-
ally comprise one binding element specific for a cell surface
marker specific for TH1 such as T-bet; a binding element
specific for a cell surface marker specific for TH2 such as
GATA3; binding element specific for a cell surface marker
specific for TH17 such as RORyt; and/or a binding element
specific for a cell surface marker specific for Treg such as
FOXP3. The kit can optionally comprise at least one modu-
lator of aCD3/aCD28, aCD3/aCD137, aCD3/aCD44 or
a.CD3/aCD134. In some embodiments, T cells kits directed
to measure T cell receptor signaling comprise at least one
binding element specific for a cell surface marker CD3,
CD45RA, or CD45RO; at least three binding elements spe-
cific for an intracellular marker p-ZAP70, p-Lck, p-65/RelA,
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p-Erk, p-Akt, p-S6 or p-PLCy1; and at least two of the fol-
lowing modulators: CD3/aCD28, aCD3/aCD137, aCD3/
aCD44 or a.CD3/aCD134. In some embodiments, the bind-
ing elements are antibodies.

[0166] In some embodiments, T cell kits directed to mea-
sure Jak/Stat signaling pathway can comprise at least one
binding element specific for a cell surface marker CD7,CD3,
CD45RA, or CD45RO; and at least one binding element
specific for an intracellular marker p-Stat1, p-Stat 2, p-Stat 3,
p-Stat 4, p-Stat 5, p-Stat 6 or p38. The kit can optionally
comprise one binding element specific for a cell surface
marker specific for CD8 T cells or CD4 T cells such as one
binding element specific for CD8 or CD4. The kit can option-
ally comprise one binding element specific for a cell surface
marker specific for TH1 such as T-bet; a binding element
specific for a cell surface marker specific for TH2 such as
GATA3; binding element specific for a cell surface marker
specific for TH17 such as RORyt; and/or a binding element
specific for a cell surface marker specific for Treg such as
FOXP3. The kit can optionally comprise at least one modu-
lator of 1L-6, 1L-12, 1L-2, IL-23, IFNa, IFNy. In some
embodiments, T cells kits directed to measure Jak/Stat sig-
naling pathway comprise at least one binding element spe-
cific for a cell surface marker CD3, CD45RA, or CD45RO; at
least three binding elements specific for an intracellular
marker p-Statl, p-Stat 2, p-Stat 3, p-Stat 4, p-Stat 5, p-Stat 6
0p38; and at least two of the following modulators: Iak, I1.-6,
1L-12,11.-2, IL-23, IFNe, IFNy. In some embodiments, when
the kits contain a binding elements specific for p-p38, the kits
also contains IFNa and IFNy as modulators. In some embodi-
ments, the binding elements are antibodies.

[0167] In some embodiments, T cell kits directed to mea-
sure TGF-f signaling pathway can comprise at least one
binding element specific for a cell surface marker CD7, CD3,
CD45RA, or CD45RO; and at least one binding element
specific for an intracellular marker p-Akt, p-Erk, p-S6,
p-mTor, p-38 or SMADS. The kit can optionally comprise
one binding element specific for a cell surface marker specific
for CD8 T cells or CD4 T cells such as one binding element
specific for CD8 or CD4. The kit can optionally comprise one
binding element specific for a cell surface marker specific for
THI1 such as T-bet; a binding element specific for a cell
surface marker specific for TH2 such as GATA3; binding
element specific for a cell surface marker specific for TH17
such as RORyt; and/or a binding element specific for a cell
surface marker specific for Treg such as FOXP3. The kit can
optionally comprise TGF-f3 as a modulator. In some embodi-
ments, T cells kits directed to measure TGF-f signaling path-
way comprise at least one binding element specific for a cell
surface marker CD3, CD45RA, or CD45R0; at least three
binding elements specific for an intracellular marker p-Akt,
p-Erk, p-S6, p-mTor, p-38 or SMADS. In some embodiments,
the binding elements are antibodies.

[0168] In some embodiments, the kits of the invention are
directed to hematologic malignancies, e.g. for diagnosis,
prognosis, drug discovery, drug development, and patient
stratification of such malignancies. Such malignancies
include non-Hodgkin’s lymphoma, Hodgkin’s lymphoma,
non-B cell lymphomas, and other lymphomas, acute or
chronic leukemias, polycythemias, thrombocythemias, mul-
tiple myeloma, myelodysplastic disorders, myeloprolifera-
tive disorders, myelofibroses, atypical immune lymphopro-
liferations and plasma cell disorders.
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[0169] Plasma cell disorders that may be evaluated by the
kits of the invention include multiple myeloma, amyloidosis
and Waldenstrom’s macroglobulinemia.

[0170] Leukemias that may be evaluated by the kits of the
invention include both myeloid and lymphoid leukemias.
Myeloid leukemias include AML, CML, and juvenile
myelomonocytic leukemia (JMML). Lymphoid leukemias
include non-B cell acute lymphocytic leukemia (T-ALL), and
B cell acute lymphoblastic leukemia (including pre-B cell)
and chronic lymphocytic leukemia (CLL). Other hemato-
logic diseases and disorders that may be evaluated by the kits
of this invention include myeloid disorders such as myelod-
ysplastic disorders, myeloproliferative disorders, myelofi-
broses, polycythemias, and thrombocythemias and others
such as B cell immunoproliferations (post transplant lym-
phoproliferation disorder (PTLD) and non-B atypical
immune lymphoproliferations. See Haskell et al, Cancer
Treatment, 5th Ed., W.B. Saunders and Co., 2001.

[0171] Insomeembodiments of the invention, the hemato-
logic disease that is evaluated by the kits of the invention is
CLL. In some embodiments ofthe invention, the hematologic
disease that is evaluated by the kits of the invention is AML.
In some embodiments of the invention, the hematologic dis-
ease that is evaluated by the kits of the invention is ALL. In
some embodiments of the invention, the hematologic disease
that is evaluated by the kits of the invention is CML. In some
embodiments of the invention, the hematologic disease that is
evaluated by the kits of the invention is follicular lymphoma.
In some embodiments of the invention, the hematologic dis-
ease thatis evaluated by the kits of the invention is mantle cell
lymphoma. In some embodiments of the invention, the hema-
tologic disease that is evaluated by the kits of the invention is
multiple myeloma. In some embodiments of the invention,
the hematologic disease that is evaluated by the kits of the
invention is MPN. In some embodiments of the invention, the
hematologic disease that is evaluated by the kits of the inven-
tion is MDS.

[0172] Table 2 illustrates some combinations of reagents to
be included into the kits directed to MDS, e.g. for diagnosis,
prognosis, drug discovery, drug development, and patient
stratification. In this example, the kits of the present invention
comprise binding element cocktails to be used in the study of
a MDS patient’s myeloid cells and nucleated red blood cells.
In one embodiment, the kits includes binding elements spe-
cific to activatable elements in the JAK/STAT signalling path-
way and binding elements specific to the extracellular mark-
ers CD33, CD34, and CD45. In some embodiments, the
activatable elements in the JAK/STAT signalling pathway are
p-STAT1, p-STAT3, and p-STATS. Thus, in some embodi-
ments, the kits for diagnosis, prognosis, drug discovery, drug
development, and patient stratification of MDS comprises
binding elements specific for p-STAT1, p-STAT3, and
p-STATS and binding elements specific to the extracellular
markers CD33, CD34, and CD45. In some embodiments, the
binding elements are antibodies.

[0173] Insome embodiments, the invention includes MDS
kits to measure intrinsic apoptosis as illustrated in Table 2.
The kits include cocktails of binding elements that recognize
four extracellular markers—CD34, CD45, CD235a and
CD235b—and three intracellular markers—cleaved PARP,
p-Chk2, and p-PH2ax. Each binding element is conjugated
with a fluorescent label and can be detected by multiparamet-
ric flow cytometer to resolve the difference between treated
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and untreated cells with high precision and specificity. In
some embodiments, the binding elements are antibodies.

TABLE 2

MDS Binding Elements and Cocktails Kits

Target Target Extracellular

Cell Type pathway marker Intracellular marker

Myeloid JAK/STAT  CD33-PE p-STAT1 - Alexa488

cell/bone CD34-PerCP p-STAT3 - PacBlue

MAITow CD45-Alexa700  p-STATS - Alexa647

Nucleated red  Intrinsic CD34-PerCP Cleaved PARP -

Alexa647

blood cell apoptosis CD45-Alexa700  p-Chk2 - PacBlue

(1RBC) CD235ab-PE p-H2AX - Alexad88
CD71

[0174] Insome embodiments, the invention includes MDS

kits to measure signaling pathways in megakaryocytes and
their progenitors, which give rise to platelets. Megakaryo-
cytes and their progenitors are present in bone marrow, while
platelets will be most prominent in the peripheral blood. The
kits can include binding elements that recognize three of the
extracellular markers CD41, CD42b, CD61, 0 CD110 (TPO-
R, thrombopoietin-receptor); at least three of the binding
elements specific for the intracellular markers p-STAT 3,
p-STAT 35, p-Akt or p-42/44 MAPK; and TPO (thrombopoi-
etin) as a modulator.

[0175] Table 3 illustrates some combinations of reagents to
be included into the kits directed to AML, e.g., for diagnosis,
prognosis, drug discovery, drug development, and patient
stratification. In this example, the kits of the present invention
comprise binding element cocktails to be used in the study of
AML patients” myeloid cells. In some embodiments, the kits
of the invention include at least two to at least three modula-
tors and least one to at least three binding elements specific
for anintracellular element listed in Table 3. In some embodi-
ments, a kit can comprise at least one to at least four modu-
lators and at least two to at least five binding elements that are
specific to five of the intracellular markers listed in Table 1. In
some embodiments, a kit can comprise at least four to at least
six, or at least six to at least eight, or at least nine to at a least
thirteen modulators. In some embodiments, a kit can com-
prise at least four to at least six, or at least six to at least eight,
or at least nine to at least 11 binding elements.

[0176] In one embodiment, the kits include binding ele-
ments specific to the extracellular markers CD34, CD4S5,
CD71, CD235a, CD235b, CD 14, CD 7, FLT3, Kit, SCF
receptor or Drug Transporters such as MDR1, BCRP, MRP1.
In some embodiments, the kits include binding elements spe-
cific to the activatable elements p-STAT1, p-STAT3,
p-STATS, Cleaved PARP, p-Erk, p-Akt, p-S6, p-Chk2,
p-pH2ax, Caspase 3, or Cytosolic cytochrome C. In some
embodiments, a kit can comprise at least two modulators and
at least three binding elements that are specific to three of the
intracellular markers listed in either one of the combinations
of Table 3. In some embodiments, a kit can comprise at least
two modulators and at least five binding elements that are
specific to five of the intracellular markers listed in either one
of the combinations of Table 3. In some embodiments, a kit
can comprise at least one binding elements specific to the
extracellular marker CD34, CD45, CD71,CD235a, CD235b,
CD 14, or CD 7; at least one binding element of FLT3, Kit,
SCF receptor or Drug Transporters such as MDR1, BCRP,
MRPI; at least three binding elements of p-STAT 1, p-STAT3,
p-STATS, Cleaved PARP, p-Erk, p-Akt, p-S6, p-Chk2,
p-H2AX, Caspase 3, or Cytosolic cytochrome C; and at least
at least two of the following modulators: FLT3L, SCF, GCSF,
GMCSF, IL-6, IL-10, IFN alpha, or IFN gamma.
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AML Binding Elements and Cocktails Kits

Extracellular
Target Cell Type  marker Modulator Intracellular marker
Myeloid cell/bone CD34 FLT3L p-STAT1
MAarrow CD45 SCF p-STAT3
CD71 GCSF p-STATS
CD235a GMCSF Cleaved PARP
CD14 IL-27 p-Erk
CD7 IL-6 p-Akt
FLT3 IL-10 p-S6
¢-KIT IFN alpha p-Chk2
SCF receptor IFN gamma p-H2AX
Drug Transporters Staurosporine Caspase 3
(MDRI1, BCRP,  AraC/daunorubicin Cytosolic eytochrome C
MRP1) Etoposide
Gemtuzumab (such as
Gemtuzumab
ozogamicin, marketed as
Mylotarg)
Zolinza

[0177] In some embodiments, the invention provides kits
directed to measuring the JAK/STAT signaling pathway in
different cell types, e.g., for diagnosis, prognosis, drug dis-
covery, drug development, and patient stratification. The cell
types to be analyzed with the kits may be selected according
to the condition being studied. One or more cell types may be
analyzed in a given condition for diagnosis, prognosis, drug
discovery, drug development, and patient stratification in the
condition. For instance, when diagnosing AML the JAK/
STAT signaling pathway can be measured using the kits
described herein in myeloid cells alone or in combination
with other cell types such as B or T lymphocytes in order to
make a diagnosis, prognosis, drug discovery, drug develop-
ment, and patient stratification. Table 4 illustrates some com-
binations of reagents to be included into the kits directed to
measuring the JAK/STAT signaling pathway. In some

embodiments, a kit can comprise at least two modulators and
at least three binding elements that are specific to three of the
intracellular markers listed in either one of the combinations
of Table 4. In some embodiments, a kit can comprise at least
two modulators and at least five binding elements that are
specific to five of the intracellular markers listed in either one
ofthe combinations of Table 4. In some embodiments, the kits
of the invention include at least two to at least three modula-
tors; and least one to at least three binding elements specific
for an intracellular element listed in either one of the combi-
nations of Table 4. In some embodiments, a kit can comprise
at least one to at least three modulators; and at least two to at
least five binding elements that are specific to intracellular
markers listed in either one of the combinations of Table 4.
[0178] The JAK/STAT kits can also include controls such
as lyophilized cell lines and protocols. These kits are useful,
for example, for testing JAK-STAT inhibitors.

TABLE 4
Intracellular Markers and
Cell Types Modulator ~ Epitopes
Cell Surface Markers
T cells CD3, CD4, CDg, IFN alpha p-STAT1 (pY701; pS727)
CD45RA, CD45RO IFN gamma p-STAT2 (pY690)
1L-2 p-STAT3 (pY705; pS727)
IL-4 p-STAT4 (pY693)
1L-6 p-STAT5 (pY694)
1-27 p-STAT6 (pY641)
Monocytes CD11b, CD15, CD33, IFN alpha p-STAT1 (pY701; pS727)

Bone Marrow (T Cells,
Monocytes, nRBCs, Stem
Cells, and

Megakaryocytes/Megakaryocyte-

precursors)

CD34, CD45 IFN gamma  p-STAT2 (pY690)

GM-CSF  p-STAT3 (pY705; pS727)
IL-4 p-STAT4 (pY693)
IL-6 p-STATS (pY694)
IL-27 p-STAT6 (pY641)
G-CSF

CD11b,CD15,CD33,  IFNalpha  p-STAT1 (pY701; pS727)

CD34,CD41,CD42b  IFNgamma p-STAT2 (pY690)

CD45,CD61, CD71, GM-CSF  p-STAT3 (pY705; pS727)
CD110, CD235a, G-CSF p-STAT4 (pY693)
CD235b TPO p-STATS (pY694)

IL-4 p-STAT6 (pY641)

IL-6

1L-27
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Intracellular Markers and

Cell Types Modulator  Epitcpes
PBMC CDl11b,CDI1S,CD33,  IFNalpha  p-STATI (pY701; pS727)
CD34, CD45 IFN gamma  p-STAT?2 (pY690)

GM-CSF  p-STAT3 (pY70S; pS727)
p-STAT4 (pY693)
p-STATS (pY694)
p-STAT6 (pY641)

Stem Cells CD34,CD117,Lin(—)  IFNalpha  p-STATI (pY701; pS727)

IFN gamma p-STAT2 (pY690)

FLT3L p-STAT3 (pY705; pS727)
p-STAT4 (pY693)
p-STATS (pY694)
p-STAT6 (pY641)

Tcells CD3,CD4, CDS, IL-6 p-STAT3 (pY705; pS727)
CD45RA, CD4SRO p-STATI (pY701; pS727)
B cells CD20,CD19, CD79%,  IL-6 p-STAT3 (pY705; pS727)
IeM, IgD, CDS, CD3, p-STATI (pY701; pS727)
Kappa light chain,
Lambda light chain
macrophages CD11b, CD15, CD33, IL-10 p-Stat4
CD34, CD45 p-Stat3
B cells CD20, CD19, CD79a,  IL-4 p-Stat 6
IeM, IgD, CDS, CD3, p-Stats
Kappa light chain and
Lambda light chain
TH2 CD3, CD4, CDS, IL-4 p-Stat 6
CD45RA, CD45RO, p-StatS
GATA3
Bone Marrow CD34, CD117 IL-3 p-Statl
p-Stat 3
p-StatS
p-Stat6
Transcription Factor
TH2 GATA3 IL-4 p-Stat 6
p-Stat 5
[0179] In some embodiments, the invention provides kits binding elements that are specific to five of the intracellular

markers listed in either one of the combinations of Table 5. In

directed to measuring the PI3K signaling pathway in different
cell types, e.g., for diagnosis, prognosis, drug discovery, drug
development, and patient stratification. The cell types to be
analyzed with the kits may be selected according to the con-
dition being studied. One or more cell types may be analyzed
in a given condition for diagnosis, prognosis, drug discovery,
drug development, and patient stratification in the condition.
Table 5 illustrates some combinations of reagents to be
included into the kits directed to measuring the PI3K signal-
ing pathway. In some embodiments, a kit can comprise at
least two modulators and at least three binding elements that
are specific to three of the intracellular markers listed in either
one of the combinations of Table 5. In some embodiments, a
kit can comprise at least two modulators and at least five

some embodiments, the kits of the invention include at least
two to at least three modulators; and least one to at least three
binding elements specific for an intracellular element listed in
either one of the combinations of Table 5. In some embodi-
ments, a kit can comprise at least one to at least four modu-
lators; and at least two to at least five binding elements that are
specific to intracellular markers listed in either one of the
combinations of Table 5. In some embodiments, a kit can
comprise at least four to at least six, or at least six to at least
eight modulators. In some embodiments, akit can comprise at
least four to at least six, or at least six to at least nine binding
elements.

[0180] The PI3K kits can also include controls such as
lyophilized cell lines and protocols.

TABLE 5
PI3K signaling pathway
Intracellular

Cell Surface Markers and
Cell Types Markers Modulator  Epitopes
T cells CD3, CD4, CD8, FLT3L pAKT (pT308;

CD45RA, CD45RO SCF p3473)
Monocytes CD11b, CD15, SDFla TSC2

CD33,CD34,CD45 GCSE (pS1086/pS1088;
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TABLE 5-continued
PI3K signaling pathway
Intracellular
Cell Surface Markers and
Cell Types Markers Modulator  Epitopes
Bone Marrow (T Cells, CD11b, CD15, GM-CSF pS1798; pS939;
Monocytes, nRBCs, Stem Cells, CD33,CD34,CD41, G-CSF pT1422; pY1571)
and CD42b CD45, Epo BAD (pS112; pS155;
Megakaryocytes/Megakaryocyte-  CD61, CD71, IL-6 pS75; pS99; pS136)
precursors) CD110, CD235a, IL-27 PRAS-40 (T246)
CD235b Solid tumors 4EBP1 (pT36/pT45;
PBMC CD11b, CD15, EGF pT69)
CD33, CD34, CD45 IGF1 FOXO1A (pS256;
Stem Cells CD34, CD117 Met pS322)
FGF FOXO3a (pS253;
VEGF pS315; pT32)
GSK3B (pS9)
PS6 (pS240/244; pS9;
pS235/pS236)
[0181] In some embodiments, the invention provides Kits

directed to measuring metabolism in different cell types, e.g.,
for diagnosis, prognosis, drug discovery, drug development,
and patient stratification. The cell types to be analyzed with
the kits may be selected according to the condition being
studied. One or more cell types may be analyzed in a given
condition for diagnosis, prognosis, drug discovery, drug
development, and patient stratification in the condition. Table
6 illustrates some combinations of reagents to be included
into the kits directed to measuring the metabolism. In some
embodiments, a kit can comprise at least two modulators and
at least three binding elements that are specific to three of the
intracellular markers listed in either one of the combinations
of Table 6. In some embodiments, a kit can comprise at least
two modulators and at least five binding elements that are

specific to five of the intracellular markers listed in either one
ofthe combinations of Table 6. In some embodiments, the kits
of the invention include at least two to at least three modula-
tors; and least one to at least three binding elements specific
for an intracellular element listed in either one of the combi-
nations of Table 6. In some embodiments, a kit can comprise
at least one to at least four modulators; and at least two to at
least five binding elements that are specific to intracellular
markers listed in either one of the combinations of Table 6. In
some embodiments, a kit can comprise at least four to at least
six, or at least seven modulators. In some embodiments, a kit
can comprise at least four to at least six, or at least six to at
least thirteen binding elements.

[0182] The metabolism kits can also include controls such
as lyophilized cell lines and protocols.

TABLE 6

Metabolism

Intracellular

Cell Surface Markers and
Cell Types Markers Modulator Epitopes
T cells CD3, CD4,CDg, GSK TSC2
CD45RA, CD45RO Met (pS1086/pS1088;
Monocytes CD11b, CD15, HGF pS1798; pS939;
CD33,CD34,CD45  EGF pT1422; pY1571)
Bone Marrow (T Cells, CDl11b, CD15, FGR Pyk2 (pY402)
Monocytes, nRBCs, Stem Cells, CD33,CD34,CD41, FLT3L mTOR (pan; pS2448,
and CD42b CDA45, SCF pS2481; pT2446)
Megakaryocytes/Megakaryocyte-  CD61, CD71, Glucose  pS6 (pS2443;
precursors) CD110, CD235a, pS235/pS236;
CD2335b PS240; pS2448)
PBMC CD11b, CD15, p7056 kinase (pT389)
CD33, CD34, CD45 p-AMPK (T172)
Stem Cells CD34,CD117, p-LKB(5428)
CD45 p-M2-PK
Glutl
Glut4
Pyruvate
determinations

Lactate determinations
NADPH/NADP ratios
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[0183] In some embodiments, the invention provides kits
directed to measuring DNA damage in different cell types,
e.g., for diagnosis, prognosis, drug discovery, drug develop-
ment, and patient stratification. The cell types to be analyzed
with the kits may be selected according to the condition being
studied. One or more cell types may be analyzed in a given
condition for diagnosis, prognosis, drug discovery, drug
development, and patient stratification in the condition. Table
7 illustrates some combinations of reagents to be included
into the kits directed to measuring DNA damage. In some
embodiments, a kit can comprise at least two modulators and
at least three binding elements that are specific to three of the
intracellular markers listed in either one of the combinations
of Table 7. In some embodiments, a kit can comprise at least
two modulators and at least five binding elements that are
specific to five of the intracellular markers listed in either one
ofthe combinations of Table 7. In some embodiments, the kits
of the invention include at least two to at least three modula-
tors; and least one to at least three binding elements specific
for an intracellular element listed in either one of the combi-
nations of Table 7. In some embodiments, a kit can comprise
at least one to at least four modulators; and at least two to at
least five binding elements that are specific to intracellular
markers listed in either one of the combinations of Table 7. In
some embodiments, a kit can comprise at least four to at least
six, or at least six to at least eight modulators. In some
embodiments, akit can comprise at least four to at least six, or
at least six to at least eight binding elements.

[0184] The DNA damage kits can also include controls
such as lyophilized cell lines and protocols.

TABLE 7
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[0185] In some embodiments, the invention provides kits
directed to measuring G1/S cell cycle in different cell types,
e.g., for diagnosis, prognosis, drug discovery, drug develop-
ment, and patient stratification. The cell types to be analyzed
with the kits may be selected according to the condition being
studied. One or more cell types may be analyzed in a given
condition for diagnosis, prognosis, drug discovery, drug
development, and patient stratification in the condition. Table
8 illustrates some combinations of reagents to be included
into the kits directed to measuring G1/S cell cycle. In some
embodiments, a kit can comprise at least two modulators and
at least three binding elements that are specific to three of the
intracellular markers listed in either one of the combinations
of Table 8. In some embodiments, a kit can comprise at least
two modulators and at least five binding elements that are
specific to five of the intracellular markers listed in either one
ofthe combinations of Table 8. In some embodiments, the kits
of the invention include at least two to at least three modula-
tors; and least one to at least three binding elements specific
for an intracellular element listed in either one of the combi-
nations of Table 8. In some embodiments, a kit can comprise
at least one to at least four modulators; and at least two to at
least five binding elements that are specific to intracellular
markers listed in either one of the combinations of Table 8. In
some embodiments, a kit can comprise at least four to at least
six, or at least six to at least thirteen modulators. In some
embodiments, akit can comprise at least four to at least six, or
at least six to at least twelve binding elements.

[0186] The G1/S cell cycle kits can also include controls
such as lyophilized cell lines and protocols.

DNA damage - Hematological Malignancies, e.g., AML, CLL, MPNs and MDS

Intracellular

Cell Surface Markers and
Cell Types Markers Modulator Epitopes
T cells CD3,CDA4, CDS, Etoposide ATM (pS1981)

CDA45RA, CD45RO Ara-C DNA-PKcs
Monocytes CD11b, CD15, Dauno (PT2605)

CD33, CD34, CD45 Azacitidine CHK1
Bone Marrow (T Cells, CD11b, CD15, (marketed as Vidaza)  CHK2 (pT63)
Monocytes, nRBCs, Stem Cells, CD33,CD34,CD41,  Decitabine (marketed  pH2AX (pS139)
and CD42b CDA45, as Dacogen) P53 (pS15; pS20)
Megakaryocytes/Megakaryocyte-  CD61, CD71, Vorinostat (marketed ~ ATR (pT180,pY182)
precursors) CD110, CD235a, as Zolinza)

CD235b Gemtuzumab (such
PBMC CD11b, CD15, as Gemtuzumab

CD33, CD34, CD45 ozogamicin,
Stem Cells CD34,CD117 marketed as

Mylotarg)

Staurosporine
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TABLE 8
G1/8 cell cycle
Cell Surface Intracellular
Cell Types Markers Modulator Markers
Myeloid Bone Marrow/leukemia ~ CD11b, CD34, Staurosporine CDX2
CD45, CD33 Etoposide CDK4
CD14, CD7 Ara-C CDK6
Nucleated Red Blood Cells/Bone  CD34, CD45, CD71 Daunorubicin CyclinD1
Marrow CD235a, CD235b, Gemtuzumab (such plé
CD14, CD7 as Gemtuzumab pl5
T cells CD3, CD4, CD8, ozogamicin, Rb
CD45RA, CD45RO marketed as E2F
Monocytes CD11b, CD15, Mylotarg) Cyclin E
CD33, CD34, CD45 Azacitidine Cyclin A
Bone Marrow (T Cells, CD11b, CD15, (marketed as Vidaza)  p21
Monoeytes, nRBCs, Stem Cells, CD33,CD34,CD41,  Decitabine (marketed — p27
and CD42b CD45, as Dacogen)
Megakaryocytes/Megakaryoeyte-  CD61, CD71, Vorinostat (marketed
precursors) CD110, CD2335a, as Zolinza)
CD235b Nocodozole
PBMC CD11b, CD15, FLT3L
CD33,CD34,CD45  SCF
Stem Cells CD34, CD117, SDF1
CD45 GCSE
GM-CSF
Epo
IL-6
Solid tumors
EGF
IGF1
Met
FGF
GSK
Met
HGF
FGR
IFN alpha
IFN gamma
IL-10
IL-3
IL-4
Clofarabine

[0187]

In some embodiments, the invention provides kits

ofthe combinations of Table 9. In some embodiments, the kits

directed to measuring G2/M cell cycle in different cell types,
e.g., for diagnosis, prognosis, drug discovery, drug develop-
ment, and patient stratification. The cell types to be analyzed
with the kits may be selected according to the condition being
studied. One or more cell types may be analyzed in a given
condition for diagnosis, prognosis, drug discovery, drug
development, and patient stratification in the condition. Table
9 illustrates some combinations of reagents to be included
into the kits directed to measuring G2/M cell cycle. In some
embodiments, a kit can comprise at least two modulators and
at least three binding elements that are specific to three of the
intracellular markers listed in either one of the combinations
of Table 9. In some embodiments, a kit can comprise at least
two modulators and at least five binding elements that are
specific to five of the intracellular markers listed in either one

of the invention include at least two to at least three modula-
tors; and least one to at least three binding elements specific
for an intracellular element listed in either one of the combi-
nations of Table 9. In some embodiments, a kit can comprise
at least one to at least four modulators; and at least two to at
least five binding elements that are specific to intracellular
markers listed in either one of the combinations of Table 9. In
some embodiments, a kit can comprise at least four to at least
six, or at least six to at least thirteen modulators. In some
embodiments, akit can compriseat least four to at least six, or
at least six to at least nine binding elements.

[0188] The G2/M cell cycle kits can also include controls
such as lyophilized cell lines and protocols. The G2/M cell
cycle kits can also include controls such Nocodozole, taxol
and G2/M inhibitors.
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TABLE 9
G2/M cell cycle
Intracellular
Cell Surface Markers and
Cell Types Markers Modulator Epitopes
Myeloid Bone Marrow/leukemia ~ CD11b, CD34, Staurosporine CDX1 (pY15)
CD45,CD33,CD14,  FEtoposide Cyclin Bl
CD7 Ara-C CDC25¢
Nucleated Red Blood Cells/Bone ~ CD34, CD45, CD71,  Daunorubicin HistoneH3 (pS28)
Marrow CD235a, CD235b, Gemtuzumab (such Aurora A (pT288)
CD14, CD7 as Gemtuzumab Aurora B (pT232)
Monocytes CD11b, CD15, ozogamicin, Polo like kinases
CD33, CD34, CD45 marketed as Wee 1
Bone Marrow (T Cells, CD11b, CD15, Mylotarg) Myt 1
Monoeytes, nRBCs, Stem Cells, CD33, CD34, CD41,  Azacitidine
and CD42b CD45, (marketed as Vidaza)
Megakaryocytes/Megakaryocyte-  CD61, CD71, Decitabine (marketed
precursors) CD110, CD235a, as Dacogen)
CD235b Vorinostat (marketed
PBMC CD11b, CD15, as Zolinza)
CD33, CD34, CD45 Nocodozole
Stem Cells CD34, CD117 FLT3L
Monocytes CD11b, CD15, SCF
CD33, CD34, CD45 SDF1
G-CSF
GM-CSF
Epo
IL-6
Solid tumors
EGF
IGF1
Met
FGF
GSK
Met
HGF
FGR
IFN alpha
IFN gamma
IL-10
IL-3
IL-4
IL-27
[0189] In some embodiments, the invention includes CLL Anti-y, Fludarabine (F-Ara-a), orhydrogen peroxide. In some

kits to measure BCR ligand dependent signalling as illus-
trated in Table 10. In some embodiments, the kits of the
invention include at least two to at least three modulators; and
least one to at least three binding elements specific for an
intracellular element listed in either one of the combinations
of Table 10. In some embodiments, a kit can comprise at least
oneto at least three modulators; and at least two to at least five
binding elements that are specific to intracellular markers
listed in either one of the combinations of Table 10. In some
embodiments, akit can comprise at least four to at least six, or
at least six to at least ten binding elements.

[0190] The kits can include at least one binding element
specific for cell surface markers CD20, CD19, CD79a, IgM,
IgD, CDS, CD3, Kappa light chain or Lambda light chain;
and at least one binding element specific for an intracellular
marker p-Lyn, p-Syk, P-BLNK, P-PLCg2. p-Akt, p-Erk,
p-S6, p-Stat5, cleaved PARP, or Cleaved caspase 3. The kits
can optionally comprise at least one modulator of Anti-y,

embodiments, the CLL kits to measure BCR ligand depen-
dent signaling comprise at least one binding element specific
for cell surface markers CD20, CD19, CD79a, IgM, IgD,
CD?3, CD3, Kappa light chain or Lambda light chain; at least
three binding elements specific for an intracellular marker
p-Lyn, p-Syk, P-BLNK, P-PLCg2, p-Akt, p-Erk, p-S6,
p-Stat5, cleaved PARP, or Cleaved caspase 3; and at least two
of the following modulators: Anti-u, Anti-y, or Fludarabine
(F-Ara-a). In some embodiments, the CLL kits to measure
BCR ligand dependent signaling comprise at least one bind-
ing element specific for cell surface markers CD20, CD19,
CD79a, IgM, IgD, CD3, CD3, Kappa light chain or Lambda
light chain; at least three binding elements specific for an
intracellular marker p-Lyn, p-Syk, P-BLNK, P-PLCg2,
p-Akt, p-Erk, p-S6, p-Stat5, cleaved PARP, or Cleaved
caspase 3; and hydrogen peroxide or Fludarabine (F-Ara-a)
as a modulator. In some embodiments, the binding elements
are antibodies.



US 2010/0240542 Al

Sep. 23,2010

32
TABLE 10
CLL Kits

Extracellular Intracellular
Target Cell Type  markers Target Pathway Modulator markers
B cells CD20 BCR ligand Anti-p p-Lyn

CD19 dependent Anti-y p-Syk

CD79a signaling Fludarabine (F- P-BLNK

IgM Ara-a) P-PLC2

IgD Bendamustine  p-Akt

CD5 p-Erk

CD3 p-S6

CD38 p-Stats

Kappa light chain p-Statl

Lambda light p-Stat3

chain cleaved PARP

Cleaved caspase 3

B cells CD20 BCR ligand Hydrogen p-Lyn

CD19 independent peroxide p-Syk

CD79a signaling Fludarabine (F- p-BLNK

IgM Ara-a) p-PLCg

IgD Bendamustine  p-Erk

CDs5 p-Akt

CD3 p-Statl

Kappa light chain p-Stat3

Lambda light p-Stat §

chain cleaved PARP

CD38 Cleaved caspase 3
[0191] In some embodiments, the invention provides kits [0192] In some embodiment, the invention provides kits

directed to the prognosis, diagnosis, patient stratification or
selection of treatment for myeloproliferative neoplasms or
diseases with activated Jak/Stat signaling. Examples of these
kits are depicted in Table 11. The kits can be directed to
measure Jak/Stat and Ras/Raf/Erk pathways; and include
cocktails of at least one binding element specific for cell
surface markers CD14, CD15, or CD45; and binding ele-
ments specific for p-Stat5 and p-Erk. The kits can optionally
comprise 1L-2 and/or GM-CSF as modulator(s). In some
embodiments, these kits can be used for drug development of
pathway inhibitors. In some embodiments, these kits can be
used for drug development of JAK?2 specific inhibitors.

TABLE 11

Myeloproliferative Neoplasms or Diseases with
Activated Jak/Stat Signaling

Target Extracellular Intracellular
Cell Type markers Target Pathway Modulator markers
Myeloid and T CD14, Jak/Stat 1L-2 p-Stats
cells CD135, CD45 Ras/Raf/Erk GM-CSF  p-Erk

CD3, TCR IL-15 p-CREB

directed to the prognosis, diagnosis, patient stratification or
selection of treatment of viral infections such as HIV and flu;
parasite infections such as helminthes; inflammatory condi-
tions such as allergies, multiple sclerosis and rheumatoid
arthritis; and autoimmune conditions such as thyroiditis and
lupus. Examples of these kits are depicted in Table 12. In
some embodiments, the kits of the invention include at least
two to at least three modulators; and least one to at least three
binding elements specific for an intracellular element listed in
either one of the combinations of Table 12. In some embodi-
ments, a kit can comprise at least one to at least four modu-
lators; and at least two to at least five binding elements that are
specific to intracellular markers listed in either one of the
combinations of Table 12, In some embodiments, a kit can
comprise at least four to at least six, or at least six to at least
eight modulators. In some embodiments, akit can comprise at
least four to at least six, or at least six to at least twelve binding
elements.

[0193] Insomeembodiments, these kits can be used to test
efficacy or drug development of immuno-suppressive
reagents.

TABLE 12
Viral Infections, Parasite Infections, Inflammatory Conditions and Autoimmune
Conditions
Intracellular

Target Cell Type Target Pathway ~ Modulator markers

Extracellular

markers
T cells CD8+ T cells T cell Receptor ~ aCD3/aCD28 ZAPT0

CD3 (TCR) signaling  aCD3/aCD137  Ick

CD45RA aCD3/aCD44 p-63/Rel A



US 2010/0240542 Al Sep. 23,2010

33

TABLE 12-continued

Viral Infections, Parasite Infections, Inflammatory Conditions and Autoimmune

Conditions
Intracellular
Target Cell Type Target Pathway ~ Modulator markers
CD45RO aCD3/aCD134  Erk
CDA4+ T cells Akt
CD3 S6
CD45SRA PLCy1
CD45RO
T cells CD8+ T cells Cytokine and IL-4,11-6,1L-12  Stat3/4/6
CD3 Growth Factors:  IL-2, [L-23 Stat1/3/5, p-
CD45SRA Jak/STAT TGF-p 65/RelA
CD45RO IFN-at, TFN-y Akt, mTOR, S6,
CD4+ T cells p38
CD3 Stat1/2, Akt,
CD45RA mTOR, §6, p38
CD45RO
Transcription
Factor
T cells TH1 T cell Recptor aCD3/aCD28 ZAP70
T-bet (TCR) signaling  aCD3/aCD137  Ick
TH2 aCD3/aCD44 p-65/RelA
GATA3 aCD3/aCD134  Erk
TH17 Akt
RORY S6
Regulatory T cells PLCyl
(Treg)
FOXP3
T cells THI Cytokine and IL-4,11-6,1L-12  Stat3/4/6
T-bet Growth Factors:  IL-2, [L-23 Stat1/3/5, p-
TH2 Jak/STAT TGF-p 65/RelA
GATA3 IFN-c, IFN-y Akt, mTOR, S6,
TH17 p38
RORYt Stat1/2, Akt,
Treg mTOR, 86, p38
FOXP3
[0194] In some embodiments, T cell kits are directed to [0196] In some embodiments, T cell kits are directed to

measure TH1 T cells for the prognosis, diagnosis, patient
stratification or selection of treatment of viral infections such
as HIV and flu. These kits can comprise at least one binding
element specific for a cell surface marker CD7, CD3,
CD45RA, CD45RO or T-bet; and at least three binding ele-
ments specific for an intracellular marker ZAP70, Ick, p-65/
RelA, Erk, Akt, S6 or PLCy1. The kits can optionally com-
prise one binding element specific for a cell surface marker
specific for CD8 T cells or CD4 T cells such as one binding
element specific for CD8 or CD4. The kits can optionally
comprise at least two of the following modulators: aCD3/

aCD28, aCD3/aCDI137, aCD3/aCD44, and aCD3/
aCD134.
[0195] In some embodiments, T cell kits are directed to

measure TH2 T cells for the prognosis, diagnosis, patient
stratification or selection of treatment of parasite infections
such as helminthes and/or inflammatory conditions such as
allergies, multiple sclerosis and rheumatoid arthritis. These
kits can comprise at least one binding element specific for a
cell surface marker CD7, CD3, CD45RA, CD45RO or
GATA-3; and at least three binding elements specific for an
intracellular marker ZAP70, Ick, p-65/RelA, Erk, Akt, S6 or
PLCyl. Thekits can optionally comprise one binding element
specific for a cell surface marker specific for CD8 T cells or
CD4 T cells such as one binding element specific for CD8 or
CDA4. The kits may optionally comprise at least two of the
following modulators: aCD3/aCD28, aCD3/aCD137,
a.CD3/aCD44, or a.CD3/aCD134.

measure TH17 T cells for the prognosis, diagnosis, patient
stratification or selection of treatment of autoimmune condi-
tions such as thyroiditis and lupus. These kits can comprise at
least one binding element specific for a cell surface marker
CD7,CD3, CD45RA, CD45RO or RORyt; and at least three
binding elements specific for an intracellular marker ZAP70,
Ick, p-65/RelA, Erk, Akt, S6 or PLCy1. The kits can option-
ally comprise one binding element specific for a cell surface
marker specific for CD8 T cells or CD4 T cells such as one
binding element specific for CD8 or CD4. The kits can
optionally comprise at least two of the following modulators:
aCD3/aCD28, aCD3/aCD137, aCD3/aCD44, or aCD3/
aCD134.

[0197] In some embodiments, T cell kits are directed to
measure Treg cells for the prognosis, diagnosis, patient strati-
fication or selection of treatment of cancer and/or autoim-
mune conditions such as thyroiditis and lupus. These kits can
comprise at least one binding element specific for a cell
surface marker CD7, CD3, CD45RA, CD45RO or FOXP3;
and at least three binding elements specific for an intracellular
marker ZAP70, Ick, p-65/RelA, Erk, Akt, S6 or PLCyl. The
kits can optionally comprise one binding element specific for
a cell surface marker specific for CD8 T cells or CD4 T cells
such as one binding element specific for CD8 or CD4. The
kits can optionally comprise at least two of the following
modulators: aCD3/aCD28, aCD3/aCD137, aCD3/aCD44,
or aCD3/aCD134.
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[0198] In some embodiments, T cell kits are directed to
measure TH1 T cells for the prognosis, diagnosis, patient
stratification or selection of treatment of viral infections such
as HIV and flu. These kits may comprise at least one binding
element specific for a cell surface marker CD7, CD3,
CD45RA, CD45RO or T-bet; and at least three binding ele-
ments specific for an intracellular marker Stat 3, Stat 4 or Stat
6. The kits can optionally comprise one binding element
specific for a cell surface marker specific for CD8 T cells or
CDA4 T cells such as one binding element specific for CD8 or
CD4. The kits may optionally comprise at least two of the
following modulators: [L-4, IL-6, or IL-12. In some embodi-
ments, these kits can beused to test efficacy of anti-thymocyte
globulin.

[0199] In some embodiments, T cell kits are directed to
measure TH1 T cells for the prognosis, diagnosis, patient
stratification or selection of treatment of viral infections such
as HIV and flu. These kits can comprise at least one binding
element specific for a cell surface CD7, CD3, CD45RA,
CD45RO or T-bet; and at least three binding elements specific
for an intracellular marker Stat 1, Stat 3, Stat 5, or p-65/RelA.
The kits can optionally comprise one binding element spe-
cific for a cell surface marker specific for CD8 T cells or CD4
T cells such as one binding element specific for CD8 or CD4.
The kits can optionally comprise at least two of the following
modulators: IL-2, IL-23, IL-12, IL-6, IFNa, IFNy, or TGF-f.
In some embodiments, these kits can be used to test efficacy
of anti-thymocyte globulin.

[0200] In some embodiments, T cell kits are directed to
measure TH1 T cells for the prognosis, diagnosis, patient
stratification or selection of treatment of viral infections such
as HIV and flu. These kits can comprise at least one binding
element specific for a cell surface marker CD7, CD3,
CD45RA, CD45RO or T-bet; and at least three binding ele-
ments specific for an intracellular marker Akt, mTOR, S6, or
p38. The kits can optionally comprise one binding element
specific for a cell surface marker specific for CD8 T cells or
CDA4 T cells such as one binding element specific for CD8 or
CDA4. The kits can optionally comprise at TGF-f as a modu-
lator. In some embodiments, these kits can be used to test
efficacy of anti-thymocyte globulin.

[0201] In some embodiments, T cell kits are directed to
measure TH1 T cells for the prognosis, diagnosis, patient
stratification or selection of treatment of viral infections such
as HIV and flu. These kits can comprise at least one binding
element specific for a cell surface marker CD7, CD3,
CD45RA, CD45RO or T-bet; and at least three binding ele-
ments specific for an intracellular marker Stat 1, Stat 2, Akt,
mTOR, S6, or p38. The kits can optionally comprise one
binding element specific for a cell surface marker specific for
CD8 T cells or CD4 T cells such as one binding element
specific for CD8 or CD4. The kits can optionally comprise
IFN-¢, and IFN-y as modulators. In some embodiments,
these kits can be used to test efficacy of anti-thymocyte globu-
lin.

[0202] In some embodiments, T cell kits are directed to
measure TH2 T cells for the prognosis, diagnosis, patient
stratification or selection of treatment of parasite infections
such as helminthes and/or inflammatory conditions such as
allergies, multiple sclerosis and rheumatoid arthritis. These
kits can comprise at least one binding element specific for a
cell surface marker CD7, CD3, CD45RA, CD45RO or
GATA-3; and at least three binding elements specific for an
intracellular marker Stat 3, Stat 4 or Stat 6. The kits can
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optionally comprise one binding element specific for a cell
surface marker specific for CD8 T cells or CD4 T cells such as
one binding element specific for CD8 or CD4. The kits may
optionally comprise at least two of the following modulators:
1L-4, IL-6, or IL-12. In some embodiments, these kits can be
used to test efficacy of anti-thymocyte globulin.

[0203] In some embodiments, T cell kits are directed to
measure TH2 T cells for the prognosis, diagnosis, patient
stratification or selection of treatment of parasite infections
such as helminthes and/or inflammatory conditions such as
allergies, multiple sclerosis and rheumatoid arthritis. These
kits can comprise at least one binding element specific for a
cell surface marker CD7, CD3, CD45RA, CD45RO or
GATA-3; and at least three binding elements specific for an
intracellular marker Stat 1, Stat 3, Stat 5, or p-65/RelA. The
kits can optionally comprise one binding element specific for
a cell surface marker specific for CD8 T cells or CD4 T cells
such as one binding element specific for CD8 or CD4. The
kits can optionally comprise at least two of the following
modulators: IL-2, 1L-23, 1L-12, IL-6, IFNc, IFNy, or TGF-f.
In some embodiments, these kits can be used to test efficacy
of anti-thymocyte globulin.

[0204] In some embodiments, T cell kits are directed to
measure TH2 T cells for the prognosis, diagnosis, patient
stratification or selection of treatment of parasite infections
such as helminthes and/or inflammatory conditions such as
allergies, multiple sclerosis and rheumatoid arthritis. These
kits can comprise at least one binding element specific for a
cell surface marker CD7, CD3, CD45RA, CD45RO or
GATA-3; and at least three binding elements specific for an
intracellular marker Akt, mTOR, S6, or p38. The kits can
optionally comprise one binding element specific for a cell
surface marker specific for CD8 T cells or CD4 T cells such as
one binding element specific for CD8 or CD4. The kits can
optionally comprise at TGF-f as a modulator. In some
embodiments, these kits can be used to test efficacy of anti-
thymocyte globulin.

[0205] In some embodiments, T cell kits are directed to
measure TH2 T cells for the prognosis, diagnosis, patient
stratification or selection of treatment of parasite infections
such as helminthes and/or inflammatory conditions such as
allergies, multiple sclerosis and rheumatoid arthritis. These
kits can comprise at least one binding element specific for a
cell surface marker CD7, CD3, CD45RA, CD45RO o GATA-
3; and at least three binding elements specific for an intrac-
ellular marker Stat 1, Stat 2, Akt, nTOR, S6, or p38. The kits
can optionally comprise one binding element specific for a
cell surface marker specific for CD8 T cells or CD4 T cells
such as one binding element specific for CD8 or CD4. The
kits can optionally comprise IFN-a., and [FN-y as modulators.
In some embodiments, these kits can be used to test efficacy
of anti-thymocyte globulin.

[0206] In some embodiments, T cell kits are directed to
measure TH17 T cells for the prognosis, diagnosis, patient
stratification or selection of treatment of autoimmune condi-
tions such as thyroiditis and lupus. These kits can comprise at
least one binding element specific for a cell surface marker
CD7,CD3, CD45RA, CD45RO or RORyt; and at least three
binding elements specific for an intracellular marker Stat 3,
Stat 4 or Stat 6. The kits can optionally comprise one binding
element specific for a cell surface marker specific for CD8 T
cells or CD4 T cells such as one binding element specific for
CD8 or CD4. The kits may optionally comprise at least two of
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the following modulators: 1L-4, 1L-6, or IL-12. In some
embodiments, these kits can be used to test efficacy of anti-
thymocyte globulin.

[0207] In some embodiments, T cell kits are directed to
measure TH17 T cells for the prognosis, diagnosis, patient
stratification or selection of treatment of autoimmune condi-
tions such as thyroiditis and lupus. These kits can comprise at
least one binding element specific for a cell surface marker
CD7,CD3, CD45RA, CD45RO or RORyt; and at least three
binding elements specific for an intracellular marker Stat 1,
Stat 3, Stat 5, or p-65/RelA. The kits can optionally comprise
onebinding element specific for a cell surface marker specific
for CD8 T cells or CD4 T cells such as one binding element
specific for CD8 or CD4. The kits can optionally comprise at
least two of the following modulators: 1L-2, 1L-23, 1L.-12,
1L-6, IFNa, IFNy, or TGF-8. In some embodiments, these
kits can be used to test efficacy of anti-thymocyte globulin.
[0208] In some embodiments, T cell kits are directed to
measure TH17 T cells for the prognosis, diagnosis, patient
stratification or selection of treatment of autoimmune condi-
tions such as thyroiditis and lupus. These kits can comprise at
least one binding element specific for a cell surface marker
CD7,CD3, CD45RA, CD45RO or RORyt; and at least three
binding elements specific for an intracellular marker Akt,
mTOR, S6, or p38. The kits can optionally comprise one
binding element specific for a cell surface marker specific for
CD8 T cells or CD4 T cells such as one binding element
specific for CD8 or CD4. The kits can optionally comprise at
TGF-p as a modulator. In some embodiments, these kits can
be used to test efficacy of anti-thymocyte globulin.

[0209] In some embodiments, T cell kits are directed to
measure TH17 T cells for the prognosis, diagnosis, patient
stratification or selection of treatment of autoimmune condi-
tions such as thyroiditis and lupus. These kits can comprise at
least one binding element specific for a cell surface marker
CD7,CD3, CD45RA, CD45RO or RORyt; and at least three
binding elements specific for an intracellular marker Stat 1,
Stat 2, Akt, mTOR, S6, or p38. The kits can optionally com-
prise one binding element specific for a cell surface marker
specific for CD8 T cells or CD4 T cells such as one binding
element specific for CD8 or CD4. The kits can optionally
comprise IFN-qa, and IFN-y as modulators. In some embodi-
ments, these kits can beused to test efficacy of anti-thymocyte
globulin.

[0210] In some embodiments, T cell kits are directed to
measure Treg cells for the prognosis, diagnosis, patient strati-
fication or selection of treatment of cancer and/or autoim-
mune conditions such as thyroiditis and lupus. These kits can
comprise at least one binding element specific for a cell
surface marker CD7, CD3, CD45RA, CD45RO or FOXP3;
and at least three binding elements specific for an intracellular
marker Stat 3, Stat 4 or Stat 6. The kits can optionally com-
prise one binding element specific for a cell surface marker
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specific for CD8 T cells or CD4 T cells such as one binding
element specific for CD8 or CD4. The kits can optionally
comprise at least two of the following modulators: 11.-4, 11.-6,
or IL-12. In some embodiments, these Kits can be used to test
efficacy of anti-thymocyte globulin.

[0211] In some embodiments, T cell kits are directed to
measure Treg cells for the prognosis, diagnosis, patient strati-
fication or selection of treatment of cancer and/or autoim-
mune conditions such as thyroiditis and lupus. These kits can
comprise at least one binding element specific for a cell
surface marker CD7, CD3, CD45RA, CD45RO or FOXP3;
and at least three binding elements specific for an intracellular
marker Stat 1, Stat 3, Stat 5, or p-65/RelA. The kits can
optionally comprise one binding element specific for a cell
surface marker specific for CD8 T cells or CD4 T cells such as
one binding element specific for CD8 or CD4. The kits can
optionally comprise at least two of the following modulators:
IL-2, 1L.-23, 1L-12, IL-6, IFNa. IFNy, or TGF-B. In some
embodiments, these kits can be used to test efficacy of anti-
thymocyte globulin.

[0212] In some embodiments, T cell kits are directed to
measure Treg cells for the prognosis, diagnosis, patient strati-
fication or selection of treatment of cancer and/or autoim-
mune conditions such as thyroiditis and lupus. These kits can
comprise at least one binding element specific for a cell
surface marker CD7, CD3, CD45RA, CD45RO or FOXP3;
and at least three binding elements specific for an intracellular
marker Akt, mTOR, S6, or p38. The kits can optionally com-
prise one binding element specific for a cell surface marker
specific for CD8 T cells or CD4 T cells such as one binding
element specific for CD8 or CD4. The kits can optionally
comprise at TGF-13 as a modulator. In some embodiments,
these kits can be used to test efficacy of anti-thymocyte globu-
lin.

[0213] In some embodiments, T cell kits are directed to
measure Treg cells for the prognosis, diagnosis, patient strati-
fication or selection of treatment of cancer and/or autoim-
mune conditions such as thyroiditis and lupus. These kits can
comprise at least one binding element specific for a cell
surface marker CD7, CD3, CD45RA, CD45RO or FOXP3;
and at least three binding elements specific for an intracellular
marker Stat 1, Stat 2, Akt, mTOR, 86, or p38. The kits can
optionally comprise one binding element specific for a cell
surface marker specific for CD8 T cells or CD4 T cells such as
one binding element specific for CD8 or CD4. The kits cn
optionally comprise IFN-a, and IFN-y as modulators. In
some embodiments, these kits can be used to test efficacy of
anti-thymocyte globulin.

[0214] In some embodiment, the invention provides kits
directed to the prognosis, diagnosis, patient stratification or
selection of treatment of MDS, Erythroleukemia and/or any
other RBC disorders such as sickle cell anemia. Examples of
these kits are depicted in Table 13.

TABLE 13

MDS, Erythroleukemia and/or any other RBC disorders

Extracellular Intracellular
Target Cell Type  Markers Target Pathway ~ Modulator Markers
1RBC CD45, CD34, Erythroid EPO Stat1/3/5
CD71, CD235a, developmentand Lenalidamide  pErk/p-Akt/p-S6
CD235b differentiation Azacitidine

Jak/Stat (marketed as
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MDS, Erythroleukemia and/or any other RBC disorders

Extracellular

Target Cell Type ~ Markers Target Pathway ~ Modulator

Intracellular
Markers

Vidaza)
Decitabine
{marketed as
Dacogen)
Vorinostat
{marketed as
Zolinza)
PMA

SCF

IFN-y

[0215] In some embodiments, nRBC kits can comprise at
least one binding element specific for a cell surface marker
CD45, CD34, CD71, CD235a, or CD235b; and at least three

directed to the prognosis, diagnosis, patient stratification or
selection of treatment of MDS and/or CLL. Examples of
these kits are depicted in Table 14.

TABLE 14

Megakaryocytes, Megakaryocyte progenitors, and platelets Kits

Extracellular Intracellular
Target Cell Type  markers Target Pathway ~ Modulator markers
Megakaryocytes, CD45, CD41, Megakaryocyte  TPO p-Statl/3/5
Megakaryocyte ~ CD42b, CD61, developmentand Lenalidamide  pErk/p-Akt/p-S6
progenitors, and differentiation Azacitidine
platelets Jak/Stat (marketed as

Vidaza)
Decitabine
(marketed as
Dacogen)
Vorinostat
(marketed as
Zolinza)
PMA

SCF

IFN-y

binding elements specific for an intracellular marker Stat 1,
Stat 3, or Stat 5. The kit can optionally comprise at least two
of the following modulators: EPO, Lenalidamide, Azaciti-
dine (marketed as Vidaza), Decitabine (marketed as Daco-
gen), Vorinostat (marketed as Zolinza), PMA, SCF, or IFN-y.
In some embodiments, these kits can be used to test efficacy
of Lenalidamide, Azacitidine (marketed as Vidaza), Decitab-
ine (marketed as Dacogen), Vorinostat (marketed as Zolinza),
EPO and EPO plus G-CSF.

[0216] In some embodiments, nRBC kits can comprise at
least one binding element specific for a cell surface marker
CD45, CD34, CD71, CD235a, or CD235b; and at least three
binding elements specific for an intracellular marker p-Erk,
p-Aktor p-S6. The kit can optionally comprise at least two of
the following modulators: EPO, Lenalidamide, Azacitidine
(marketed as Vidaza), Decitabine (marketed as Dacogen),
Vorinostat (marketed as Zolinza), PMA, SCF, or IFN-y. In
some embodiments, these kits can be used to test efficacy of
Lenalidamide, Azacitidine (marketed as Vidaza), Decitabine
(marketed as Dacogen), Vorinostat (marketed as Zolinza),
EPO or EPO plus G-CSF.

[0217] Insomeembodiment, the invention provides Mega-
karyocytes, Megakaryocyte progenitors, and platelets kits

[0218] In some embodiments, Megakaryocytes, Mega-
karyocyte progenitors, and platelets kits can comprise at least
one binding element specific for a cell surface marker CD45,
CD41, CD42b, or CD61; and at least three binding elements
specific for an intracellular marker p-Stat 1, p-Stat 3, or p-Stat
5. The kit can optionally comprise at least two of the follow-
ing modulators: TPO, Lenalidamide, Azacitidine (marketed
as Vidaza), Decitabine (marketed as Dacogen), Vorinostat
(marketed as Zolinza), PMA, SCF, or IFN-y. In some embodi-
ments, these kits can be used to test efficacy of Lenalidamide,
Azacitidine (marketed as Vidaza), Decitabine (marketed as
Dacogen), Vorinostat (marketed as Zolinza), EPO or EPO
plus G-CSF.

[0219] In some embodiments, Megakaryocytes, Mega-
karyocyte progenitors, and platelets kits can comprise at least
one binding element specific for a cell surface marker CD45,
CDA41, CD42b, or CD61; and at least three binding elements
specific for an intracellular marker p-Erk, p-Akt or p-S6. The
kit can optionally comprise at least two of the following
modulators: TPO, Lenalidamide, Azacitidine (marketed as
Vidaza), Decitabine (marketed as Dacogen), Vorinostat (mar-
keted as Zolinza), PMA, SCF, or IFN-y. In some embodi-
ments, these kits can be used to test efficacy of Lenalidamide,
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Azacitidine (marketed as Vidaza), Decitabine (marketed as
Dacogen), Vorinostat (marketed as Zolinza), EPO or EPO
plus G-CSF.

[0220] In some embodiment, the invention provides
myeloid kits directed to the prognosis, diagnosis, patient
stratification or selection of treatment of autoimmune disor-
ders such as rheumatoid arthritis. Examples of these kits are
depicted in Table 15. In some embodiments, these kits can be
used to test efficacy or drug development of kinase inhibitors,
especially inhibitors of the P38 MAPK pathway.

TABLE 15
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calibration and performance monitoring of a fluorescence
detector. Detailed discussion of the usage of calibration beads
disclosed in U.S. Ser. No. 61/176,420 is hereby incorporated
by reference in its entity.

[0224] Kits of the present invention can also include one or
more reagents or supplies that are useful in the invention, such
as fixatives, permeabilizing agent, buffers, containers, plates,
instructions, and etc.

[0225] In certain embodiments, kits of the present inven-
tion also comprise fixatives to preserve or “freeze” a cellina

Myeloid kits for Autoimmune Disorders

Extracellular

Target Cell Type ~ Markers Target Pathway Modulator

Intracellular
Markers

Myeloid CD14,CD11b, p38MAPK  TNFa p-p38, pMK?, p-
(monoeytes and ~ CD135, CD33, LPS Erk
neutrophils) CD34, CD45 TLR Ligands
IFNa
TLFp
IFNB
GM-CSTF
DC, B, Myeloid ~ CD14, CD11b, TLR-9 CpG p-IRAK1, p-
CD15,CD33, TLR-7/8 R848 IRAK4, p65/RelA,
CD34,CD43, TLR-1 CL-075 p-Jnk, IRF-7,
CD19, CD3 TLR-2 ssRNA MYD88, p-p38,
TLR-4 FSL1 TRAF6
TLR-5 LPS
MDP Flagellin
Imiquimod
NLRs
DC, Myeloid CD14, CD11b, TLR-3/MAVS PolyIC, dsRNA p-IRAKI, p-p-
CD15, CD33, 65/RelA, pp38, p-
CD34, CD4S, nK, IRAK4,
CD19, CD3 MYDS88, p65/RelA
[0221] In some embodiments, the myeloid kits comprise at certain state, preferably so that an accurate representation of

least one binding element specific for a cell surface marker
CD14, CD11b, CD15, CD33, CD34, or CD45; and at least
three binding elements specific for an intracellular marker
p-p38, pMK2, or p-Erk. The kits can optionally comprise at
least two of the following modulators: TNFa, LPS, TLR
Ligands, IFNa, TLFp, IFNf or GM-CSF.

[0222] Any ofthe kits described above can include controls
such as cells in a fixed/preserved state. For example when kits
have binding elements specific for p-Erk and p-Stat 5, the kit
can have as controls one vial of fixed/preserved cells with
elevated levels of p-STAT-5 and/or p-ERK; and one vial of
fixed/preserved cells with low levels of p-STAT-5 and p-ERK
representing a basal state. As another example, when Kits
have binding elements specific for p-p-38, pMk2 and p-Erk,
the kits can have as controls one vial of fixed/preserved cells
with elevated levels of p-p38 MAP Kinase, p-MK2, and/or
p-Erk; and one vial with low levels of p-p38 MAP Kinase,
p-MK2, and/or p-Erk.

[0223] The binding elements of the invention can be con-
jugated to a solid support. In some embodiments, binding
elements are immobilized using beads analogous to those
known and used for standardization in flow cytometry.
Attachment of a multiplicity of binding elements to beads
may be done by methods known in the art. Such conjugated
beads may be contacted with sample, preferably cell extract,
under conditions that allow for a multiplicity analytes, if
present, to bind to the multiplicity of immobilized binding
elements. Calibration beads may be added to the kits for

the structure of the cell is maintained. Cells may be fixed by
any of a variety of suitable chemical and physical methods.
The commonly used cell fixatives include, but not limited to
formaldehyde, paraformaldehyde, glutaraldehyde, acetic
acid, picric acid, methanol, ethanol, and acetone. Preferred
fixatives comprised 0.756%-0.85% formaldehyde, 25.4-30
mM DNBS, 6.9-6.92% DMSO and 0.086-0.095%
TWEEN™ 20 detergent, although many variations are
described.

[0226] In certain embodiments, kits can comprise wash
buffers containing fixatives to fix a cell after stimulation with
amodulator. Wash buffers are well known in the art. Prior art
examples disclosed in U.S. Pat. No. 7,326,577 and U.S. Pub.
No. 2006/0141549 are hereby incorporated by reference in
their entireties. One exemplary fixation buffer suitable for
whole blood samples is BD™ Phosflow Lyse/Fix Buffer (BD
Biosciences, Franklin Lakes, N.I.).

[0227] Fixatives have been used for detection of both sur-
face andintracellular antigens. See, Francis C. & Connelly M.
C., Rapid single-step method for flow cytometric detection of
surface and intracellular antigens using whole blood, Cytom-
etry (1996) 25(1):58-70. Current fixatives revolve primarily
around alcohol and formaldehyde/paraformaldehyde, Jacob-
berger, ] W, Flow Cytometric Analysis of Intracellular Protein
Epitopes Immunophenotyping (2000) 361-409. The fixative
described by Connelly (Pizzolo, G, et al. Detection of mem-
brane and intracellular antigens by flow cytometry following
ORTHO PermeaFix fixation. Leukemia. (1994) 8(4):672-76)
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is the best single step fixative and permeation agent discov-
ered to date (see Metso, T, et al., Identification of intracellular
markers in induced sputum and bronchoalveolar lavage
samples in patients with respiratory disorders and healthy
persons. Respir Med. (2002) 6(11):918-26) stating that “Best
results were obtained using a commercial reagent Ortho Per-
meaFix (OPF) for flow cytometry™). It is called Ortho PER-
MEAFIX™, although that product has been replaced with a
new product called PERMIFLOW™ (INVIRION, INC.™
MI). OPF and its variants are well described in U.S. Pat. No.
5,422,277 and U.S. Pat. No. 5,597,688. Preferred fixatives
comprised 0.756%-0.85% formaldehyde, 25.4-30 mM
DNBS, 6.9-6.92% DMSO and 0.086-0.095% TWEEN™ 20
detergent, although many variations are described.

[0228] Incertain embodiment, kits of the present invention
can further comprise a permeabilizing agent. Permeabiliza-
tion is performed to facilitate access to cellular cytoplasm or
intracellular molecules, components or structures of a cell. In
particular, permeabilization can allow a binding element
(such as a phospho-specific antibody) to enter into a cell and
reach an intracellular concentration much greater than the
concentration in the absence of such permeabilizing treat-
ment.

[0229] Permeabilization of the cells can be performed by
any suitable method (see, for example, C. A. Goncalves et al.,
Neurochem. Res. (2000) 25:885-894). These methods
include, but are not limited to, exposure to adetergent (such as
CHAPS, cholic acid, deoxycholic acid, digitonin, n-dodecyl-
[-D-maltoside, lauryl sulfate, glycodeoxycholic acid, n-lau-
roylsarcosine, saponin, and triton X-100) or to an organic
alcohol (such as methanol and ethanol). Other permeabilizing
methods comprise the use of certain peptides or toxins that
render membranes permeable (see, for example, O. Aguilera
etal., FEBS Lett. (1999) 462:273-277; and Bussing A. et al.,
Cytometry (1999) 37:133-139). Permeabilization may also
be performed by addition of an organic alcohol to the cells.
Selection of an appropriate permeabilizing agent and optimi-
zation of the incubation conditions and time can easily be
performed by one of ordinary skill in the art. Cells can be
permeabilized in the presence of 90% methanol and incu-
bated on ice for 30 minutes. Following this treatment, the
assay plate may be stored at -20° C. for up to one month
before being analyzed. Permeabilization can occur concur-
rently with the fixation step. With for example, BD™ Cytofix/
Cytoperm (BD Biosciences, Franklin Lakes, N.J.).

[0230] Incertain embodiments, some of the components of
the kits can be lyophilized or frozen in the multi-well plates as
part of the kit. The choice of fluorochrome conjugated bind-
ing elements for surface markers and intracellular proteins
can be designed for one channel or more than one channel to
allow the user some flexibility to add their own stain and to
allow some customization of the experiment. Kits may also be
designed for specific flow cytometer, for example, one for
many channels (SR II-Becton Dickinson), or one for a small
number of channels (FACS Canto II-Becton Dickinson).

[0231] The kit can further include, where necessary, other
members of the signal-producing system of which system the
detectable group is a member (e.g., enzyme substrates),
agents for reducing background interference in a test, control
reagents, apparatus for conducting a test, and the like. The kit
can be packaged in any suitable manner, typically with all
elements in a single container along with a sheet of printed
instructions for carrying out the test.

Sep. 23,2010

[0232] Some embodiments of the invention can addition-
ally comprise software on a CD, a removable hard disk drive,
USB or flash drive implemented with methods for collection,
storage, display and querying information on the relationship
between modulators, activated elements, and/or cell type, and
may further include further correlations on signaling, e.g.
signaling data generated by flow cytometry analysis, such as
signaling pathways or signaling levels. Some embodiments
of the software comprise a graphical user interface (GUT) for
displaying, querying and/or filtering the obtained informa-
tion.

[0233] Such kits can also include information, such as pro-
tocols, scientific literature references, package insert materi-
als, clinical trial results, and/or summaries of these and the
like, which indicate or establish the activities and/or advan-
tages of the composition, and/or which describe optimal con-
centration, dosing, administration, side effects, drug interac-
tions, or other information useful to the health care provider.
Such information can be based on the results of various stud-
ies, for example, studies using experimental animals involv-
ing in vivo models and studies based on human clinical trials.
[0234] Insome embodiments, a kit of the present invention
can additionally comprise controls and assay preparation pro-
tocols.

[0235] While preferred embodiments of the present inven-
tion have been shown and described herein, it will be obvious
to those skilled in the art that such embodiments are provided
by way of example only. Numerous variations, changes, and
substitutions will now occur to those skilled in the art without
departing from the invention. It should be understood that
various alternatives to the embodiments of the invention
described herein may be employed in practicing the inven-
tion. It is intended that the following claims define the scope
of the invention and that methods and structures within the
scope of these claims and their equivalents be covered
thereby.

1. A myeloid cell kit, wherein said kit is directed to one of
the following:
a) the JAK/STAT signaling pathway, said kit comprising;

(i) at least one binding element specific for a cell surface
marker, wherein said cell surface marker is: CD11b,
CD15,CD 16, CD34, CD45, CD33, CD14, or CD7,

(i) at least three binding elements specific for the intra-
cellular markers: SOCS protein, p-Statl, p-Stat3, or
p-StatS; and

(iil) at least two of the following modulators: IL.-3,
IL-27, IL-6, IL-10, IFNa, IFNy, G-CSF, GMCSF, or
TPO;

b) the PI3K/mTOR/Ras-Raf-MAPK pathway, said kit
comprising:

(1) at least one binding element specific for a cell surface
marker, wherein said cell surface marker is: CD11b,
CD15, CD16, CD34, CD45, CD33, CD14, or CD7;

(ii) at least three binding elements specific for the intra-
cellular markers: p-S6, p-Erk, p-Akt, or p-4EBPI;
and

(ii1) and least two of the following modulators: FLT3L,
SCF, and IGF-1, GMCSF, 1L.-34, or SDF1a;

¢) a kit to measure DNA damage and apoptosis pathways,
said kit comprising:

(1) at least one binding element specific for a cell surface
marker, wherein said cell surface marker is: CD11b,
CD15, CD16, CD34, CDA45, CD33, CD14, or CD7;
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(ii) at least three binding elements specific for the intra-
cellular markers: PARP, p-CHK1, p-CHK?2, p-H2AX,
p-ATM, p-ATR, p-p33, or cleaved Caspase 3; and

(i11) at least two of the following modulators: Etoposide,
Ara-C, Daunorubicin, or Gemtuzumab;

d) a kit to measure apoptosis induced by death receptor
pathways, said kit comprising:

(1) at least one binding element specific for a cell surface
marker, wherein said cell surface marker is: CD11b,
CD15, CD16, CD34, CD45, CD33, CD14, or CD7;

(ii) at least three binding elements specific for the intra-
cellular markers: cleaved PARP, cleaved Caspase 8,
cleaved Caspase 3, or adaptor proteins; and

(iii) at least two of the following modulators: Staurospo-
rine, TNFa,, Apo2L/TRAIL, or FASL;

e) akit to measure ABL function or BCR/ABL function for
chronic myelogenous leukemia (CML) monitoring, said
kit comprising:

(1) at least one binding element specific for a cell surface
marker, wherein said cell surface marker is: CD11b,
CD15, CD16, CD34, CD45, CD33, CD14, or CD7;

(i1) a binding element specific for p-CrkL, p-Akt, p-Erk,
p-S6, or p-4EBP1; and

(iii) at least two of the following modulators: Imatinib,
Nolotinib or Dasatinib;

1) a kit to measure tyrosine phosphatase function, said kit
comprising:

(1) at least one binding element specific for a cell surface
marker, wherein said cell surface marker is: CD11b,
CD15, CD16, CD34, CD45, CD33, CD14, or CD7;

(ii) at least three binding elements specific for the intra-
cellular markers: p-Akt, p-PLCy2, p-Statl, p-Stat3,
p-Stat5, SHP-1, SHP-2, p-SLP-76 or p-Erk; and

(iii) at least two of the following modulators: hydrogen
peroxide, phenylarsine oxide, or sodium vanadate;

2) a kit to measure calcium signaling pathway and PKC
function, said kit comprising:

(1) at least one binding element specific fora cell surface
marker, wherein said cell surface marker is: CD11b,
CD15, CD16, CD34, CD45, CD33, CD14, or CD7;

(i1) at least three binding elements specific for the intra-
cellular markers: p-S6, p-Erk, p-CREB, p-CaMKI]I,
p-HDAC4, p-HDACS, p-Statl, or p-Stat3; and

(ii1) at least two of the following modulators: thapsigar-
gin, phorbol myristate acetate (PMA) or ionomycin;
or

h) a kit to measure cell cycle, said kit comprising:

(1) at least one binding element specific for a cell surface
marker, wherein said cell surface marker is: CD11b,
CD15, CD16, CD34, CD45, CD33, CD14, or CD7;

(ii) at least three binding elements specific for the intra-
cellular markers: p-Cdkl1, Cyclin B1, Cyclin D, p-Hi-
stone H3, p-15, p-16, p-21, p-53, p-Rb, cdk4, cdke,
p-27, cyclin E, c¢dk7, or cdc25; and

(i1) at least two of the following modulators: Staurospo-
rine, Etoposide, Ara-C, Daunorubicin, Gemtuzumab,
Azacitidine, Decitabine, or Vorinostat;

2-4. (canceled)

5. The kit of claim 1 further comprising at least one dye of

Annexin-V, Yo-Pro, or propidium iodide (PI).

6-9. (canceled)

10. A nucleated red blood cell (nRBC) kit, wherein said kit

is directed to one of the following:
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a) the JAK/STAT signaling pathway, said kit comprising:

(1) at least one binding element specific for a cell surface
marker, wherein said cell surface marker is: CD45,
CD71, CD235a, or CD235b;

(ii) at least three binding elements specific for the intra-
cellular markers p-Statl, p-Stat3, and p-Stat5, or
SOCS proteins; and

iii) at least two of the following modulators: EPO, TPO,
G-CSF, IFN-y, or IL-3;

b) the PI3K/mTor/Ras-Raf-MAPK pathway, said kit com-
prising:

(1) at least one binding element specific for a cell surface
marker, wherein said cell surface marker is: CD45,
CD71, CD235a, or CD235b;

(ii) at least three binding elements specific for the intra-
cellular markers: p-S6, p-Erk, p-Akt, or p-4EBPI;
and

(iii) at least two of the following modulators: EPO and
TPO, G-CSF, IFN-y, or IL-3;

¢) a kit to measure the DNA damage and apoptosis path-
ways, said kit comprising:

(1) at least one binding element specific for a cell surface
marker, wherein said cell surface marker is: CD45,
CD71, CD235a, or CD235b;

(i) at least three binding elements specific for the intra-
cellular markers: cleaved PARP, p-Chkl1, p-Chk2,
p-H2AX, cleaved Caspase 3, cleaved Caspase 8,
p-ATM, p-ATR, or p-p53; and

(ii1) at least two of the following modulators: Azaciti-
dine, Decitabine, Zebularine, Lenalidomide, Vori-
nostat, Belinostat, or Panabinostat;

d) a kit to measure apoptosis induced by death receptor
pathways, said kit comprising;

(1) at least one binding element specific fora cell surface
marker, wherein said cell surface marker is: CD45,
CD71, CD235a, or CD235b;

(ii) at least three binding elements specific for the intra-
cellular markers: cleaved PARP, cleaved Caspase 3,
cleaved Caspase 8, FADD, TRADD, or TRAF; and

(iii) at least two of the following modulators: Staurospo-
rine, TNF-a, Apo2l/TRAIL, or FASL;

e) akit to measure ABL function or BCR/ABL function for
chronic myelogenous leukemia (CML) monitoring, said
kit comprising:

(i) at least one binding element specific for a cell surface
marker, wherein said cell surface marker is: CD11b,
CD15, CD16, CD34, CD45, CD33, CD14, or CD7;

(ii) a binding element specific for p-CrkL, p-Akt, p-Erk,
p-S6, or p-4EBP1; and

(iii) at least two of the following modulators: Imatinib,
Nolotinib or Dasatinib;

1) a kit to measure tyrosine phosphatase function, said kit
comprising:

(i) at least one binding element specific for a cell surface
marker, wherein said cell surface marker is: CD45,
CD71, CD235a, or CD235b;

(i1) at least three binding elements specific for the intra-
cellular markers: p-S6, p-Erk, p-Statl, p-Stat3,
p-Stat5, p-Akt, p-SLP-76, p-PLCy2, SHP-1, or SHP-
2; and

(iii) at least two of the following modulators: phenylars-
ine oxide, sodium vanadate, or hydrogen peroxide;
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2) a kit to measure calcium signaling and PKC function,

said kit comprising:

(1) at least one binding element specific for a cell surface
marker, wherein said cell surface marker is: CD45,
CD71, CD235a, or CD235b;

(ii) at least three binding elements specific for the intra-
cellular markers: p-S6, p-Erk, p-CREB, p-CAMKI]I,
p-HDAC4, p-HDACS, p-Statl, or p-Stat3; and

(iii) at least two of the following modulators: thapsigar-
gin, phorbol myristate acetate (PMA) or ionomycin;
or

h) a kit to measure cell cycle, said kit comprising:

(1) at least one binding element specific for a cell surface
marker, wherein said cell surface marker is: CD45,
CD71, CD235a, or CD235b;

(i) at least three binding elements specific for the intra-
cellular markers: p-Cdkl, Cyclin B1, Cyclin DI,
p-Histone H3, p-15, p-16, and p-21, p-p53, p-Rb,
cdk4, cdké, p-27, cyclin E, cdk7, or cde25; and

(ii1) at least two of the following modulators: Azaciti-
dine, Decitabine, Zebularine, Lenalidomide, Vori-
nostat, Belinostat, or Panabinostat.

11-16. (canceled)

17. The kit of claim 1, wherein the binding elements com-
prise antibodies.

18. The kit of claim 1 further comprising a control cell
and/or control compound.

19. The kit of claim 1 further comprising a protocol.

20. The kit of claim 1 further comprising software for data
analysis.

21. The kit of claim 1 wherein said kit is used in the
diagnosis, prognosis, drug discovery, drug development or
patient stratification in a condition.

22. The kit of claim 21, wherein said condition is non-
Hodgkin’s lymphoma, Hodgkin’s lymphoma, non-B cell
lymphomas, and other lymphomas, acute or chronic leuke-
mias, polycythemias, thrombocythemias, multiple myeloma,
myelodysplastic disorders, myeloproliferative disorders,
myelofibroses, atypical immune lymphoproliferations or
plasma cell disorders.

23. The kit of claim 22, wherein said plasma cell disorder
is multiple myeloma, amyloidosis or Waldenstrom’s macro-
globulinemia.

24. The kit of claim 22, wherein said leukemia is myeloid
leukemia or lymphoid leukemias.

25. The kit of claim 24, wherein said myeloid leukemia is
AML, CML, or juvenile myelomonocytic leukemia (IMML).

26. The kit of claim 24, wherein said lymphoid leukemia is
non-B cell acute lymphocytic leukemia (T-ALL), B cell acute
lymphoblastic leukemia, or chronic lymphocytic leukemia
(CLL).

27. The kit of claim 21 wherein said condition is a hema-
tologic disease or disorder, wherein the hematologic disease
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or disorder is myelodysplastic disorders, myeloproliferative
disorders, myelofibroses, polycythemias, thrombocythemias,
B cell immunoproliferations, post transplant lymphoprolif-
eration disorder (PTLD), or non-B atypical immune lym-
phoproliferations.

28. The kit of claim 21, wherein said condition is CLL.
29. The kit of claim 21, wherein said condition is AML.
30. The kit of claim 21, wherein said condition is ALL.
31. The kit of claim 21, wherein said condition is CML.
32. The kit of claim 21, wherein said condition is MDS.
33. An MDS kit comprising:
(i) at least three binding elements specific for the intracel-
lular markers p-Statl, p-Stat3, p-AKT, p-S6, p-Erk,

cleaved PARP, p-Chk2, p-H2AX, Caspase 3 or p-Stat5;
and

(ii) at least three binding elements specific for the extracel-
lular markers CD34, CD45, CD33, CD71, CD235a,
CD235b, CD14, or CD7; and

(ii1) at least two of the following modulators: EPO, G-CSF
or IFNy.

34. An AML kit comprising:

(1) at least one binding element specific to the extracellular
markers CD34, CD45, CD11b, CD33, CD14, or CD7;

(ii) at least one binding element, wherein the binding ele-
ment is F1t3 receptor, SCF receptor, SDF1a receptor,
MDRI1, BCRP, or MRP1;

(iii) at least three binding elements wherein the three bind-
ing elements are three of p-Statl, p-Stat3, p-Stat5,
Cleaved PARP, p-Erk, p-Akt, p-S6, p-Chk2, pH2AX,
Caspase 3, or cytochrome C; and

(iv) at least two of the following modulators: FLT3L, SCF,
GCSF, GMCSF, IL-6, IL-10, IFNa, SDF 1o or IFNy.
35. A computer-implemented method of generating a kit,

the method comprising:

identifying, at a computer comprising a memory and a
processor, activation state data generated responsive to
quantifying, in a plurality of single cells, a level of a
detection element associated with a binding element,
wherein the binding element detects an activation state
of an activatable element responsive to treatment with a
modulator;

generating, at the computer, one or more performance met-
rics based on the activation state data; and

selecting one or more of the binding element, the detection
element and the modulator for use in a kit based on the
one or more performance metrics.
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