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METHOD FOR PREDICTING CANCER SENSITIVITY

PRIORITY
[8801] This application claims the benefit of U.S. Provisional Application No. 61/861,009 filed

August 1, 2613 which 1s hereby incorporated by reference herein in ifs entirety.

FIELD OF THE INVENTION

[8002] The present disclosure relates to methods that are useful in evaluating tumors in human

sampies.

BACKGROUND

188063] The use of predictive and proguostic biomarkers patred with fargeted cancer therapics may
hold the key to reducing drug development tune, taproving drug efficacy, and guiding clinical
decision making. While there are advances in cancer treatment, chemotherapy remains largely
mefficient and meffective. One reason for the generally poor performance of chemotherapy is that the
selected treatment s often not closely matched to the individual patient’s disease. A personalized
medicing approach that couples precision diagnostics with therapeutics, especially targeted
therapeutics, is considered a highly promising method for enhancement of the effectiveness of current
and futare drugs. Biomarkers can facilitate the development and use of such targeted therapeutics as

well as standard of care therapies.

{8804] To date there are only a handful of biomarkers that bave added value to clinical oncology
practice. Tn part this is because percetved markers often are corrclative but not causal to drug
mechanism. Hven when the “biomarker” biology does hine up with the pharmacology of the
companion therapy there i3 still sigmificant challenge to predicting how a drag will work in a patient.
Beyond this, the path {o clinical development requires the participation of physician-scientisis who

see the valae of the test and beliove it can bring benefit to their patients.

180805] Chemotherapy used in the freatmend of cancers can induce apoptosis of the tumor cells.
Apoptosis is a process of programmed cell death mediated by a number of signaling pathways that
converge at the mitochondria and is effected by caspases, a group of eytosolic proteins. These proteins
are activated through a serics of biochemical events and the terminal caspase activating event can be
biocked by proteins called the inhibitors of apoptosis (IAPs) which can prevent apoptosis and block
drug response in cancer patients. Inhibitor of apoptosis proteins (JAPS) suppresse apoptosis through

binding and inhibiting active caspases-3, -7 and -9 via its bacoloviral IAP repeat (BIR) domains.
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Caspase mhibition by IAPs can be npegatively regolated by a mitochondrial protein sccond
mitochondrial-derived activator of caspase (SMAC). SMAC physically interacts with multiple 1APs
and relicves their inhibttory effect on caspases-3, -7 and -9, A new class of treatment that mimics the
function of the protein SMAC, perturbs the TAP function and activates the otherwise blocked caspase,

therchy allowing apopotosis to be indoced in a cell.

[8866] Further, apoptosis can be regulated by the Bel-2 proteins, a groop of mitochondrial proteins.
The response to the Bel-2 family members in 8 ccll is in part regulated by dimerization domaios
within this family. More specifically, pro-apoptotic and anti-apoptotic Bel-2 proteins form
hetorodimers with thetr cognate regulating Bel-2 proteius (e, the BH3-only Bel-2 proteins), thereby
executing cell death or survival signals. For example, the ability of Bel-2 to inkibit apopiosis is

blocked by the formation of a heterodimer with Bax (Yang and Korsmeyer, 1996).

{8007] Essentially all offective cancer drugs induce apoptosis in target cancer cells. However,
different cancer cells respond to an apoptosis-inducing drug in different manvers. This can be due to
the presence of different heterodimers between the caspases and the 1APs or the Bel-2 heterodimers
with their cognaies. Determining the presence of these heterodimers in a cancer patient can then help

in assessing that patient’s responsiveness 10 an apopiosis-inducing cancer drug.
pod

SUMMARY OF THE INVENTION

{8808] Here we provide methods for detecting the presence of a heterodimer complex that will
provide a predictive tool to identify paticnts likely to respond to drogs that perturb beterodimer
binding and indace apoptosis in a cancer cell. In onc aspect of the invention, caspase-IAP
heterodimers are detected. In a further aspect of the mvention, Bel-2 heterodimers are detected. The
presence or absence of a particular heterodimer can be correlated to a patient’s responsivencss {0 g

articular treatment, thereby guiding the treatment regimen administered to the patient.
2 J S = =

{80809 In onc aspect, the invention provides a method for detecting a heterodimer in a pationt
sample, comprising: a) isolating a cancer cell or specimen from said patient; b) contacting said cancer
cell or specimen with one or more antibodies that specifically bind to the heterodimer; ¢y detecting a
signal that indicates binding of the antibody to the heterodimer; and d) determining the presence of

the heterodimer based on the intensity of the signal.

[9018] Another agpect of this invention is a method for detecting the presence of a heterodimer of the
Bel-2 family using any of the antibodics described above. This method includes (i) providing a tissue
sample suspected of having a heterodimer of the Bel-2 family, (i) contacting the sample with the

antibody, (i) deiecting a signal indicative of hinding of the antibody to the heterodimer, and (iv
Ys A g £ s ¥
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determining the presence of the heterodimer i the sample based on the intensity of the signal
Examples of the heterodimer include Biov/Mcl-1 and Bim/Bel-2. The tissue sample examined n this
method can be a peripheral blood sample, a lymph-node sample, 2 bone martow saraple, or an organ

tissuc sample. Preferably, the specimen 18 a mitochondrial fraction.

{8611 In onc aspect, the mmvention provides a method for determining a cancer treatment for a
patient, comprising: a) isolating a cancer cell or specimen from said patient; b} contacting said cancer
cell or specimen with one or more antibodics that specifically bind to a heterodimer; ¢) detecting a
signal that indicates binding of the antibody to the heterodimer; d) determining the presence of the
heterodimer based on the intensity of the signal; ¢} determining a correlation between the antibody
binding to a heterodimer said cancer cell or specimen and the sensitivity of said cell or specimen to
said treatment; and ) classifying the patient for likelihood of chinical response to one or more cancer

treatments, wherein the presence of a heterodimer correlates with treatment efficacy.

{8812 in one aspect, the invention provides a method for predicting cancer sensitivity o treatment,
comprising: a) isolating a cancer cell or specimen from said patient; b) contacting said cancer cell or
specimen with one or more antibodies that specifically bind to a heterodimer; ¢) detecting a8 signal that
indicates binding of the antibody to the heterodimer; d) determining the presence of the heterodimer
bascd on the intensity of the signal; ¢) determining a correlation between the antibody binding to 2
heterodimer said cancer celi or specimen and the sensitivity of satd cell or specinen to said treatment;
and ) classifying the patient for likelihood of clhinical response to one or more cancer treatments,

wherein the presence of a heterodimer correlates with treatment efficacy.

[B8613] In one embodiment, the heterodimer comprises a caspase and an inhibitor of apeptosis protein
(IAP). In another cmbodiment, the heterodimer comprises an AP and TRAF-Z. In another
embodiment, the caspase is sclected from the group consisting of caspase 2, caspase 3, caspase 3,
caspase 7, caspase 8, and caspase 9. In a further embodiment, the AP is selected from the group of

XIAP, IAP-1, cIAP-2, nlAP, and survivin,

[8014] In one embodiment, the heterodimer comprises differont members of the Bel-2 family, In
another embodiment, the heterodimer of Bel-2 family contains a first member of the Bel-2 family
selected from the group consisting of Bim, Bid, Bad, Puma, Noxa, Bak, Hrk, Bax, Bmf, and Mule,
and a second member of the Bel-2 family selected from the group consisting of Mcl-1, Bel-2, Bel-XL,
Bfl-1, and Bel-w. In another embodiment, the first member of the Bel-2 family is Bim and the second
member of the Bel-Z family is Mcl-1, Beh-XL, or Bel-Z,

{8815] in onc cmbodiment, the heterodimer is an anti-apoptotic heterodimer and s presence
indicates that the paticot is sensitive to the drug. In ancther embodiment, the heterodimer is a pro-

apopiotic heterodimer and its presence indicates that the patient is responsive to the drug.
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[8616] In onc embodiment of the mvention, the cancer is 2 hematologic cancer. In another
embodiment, the hematologic cancer is selected from acute myelogenous leukemia (AML), multiple
mycloma, follicular lymphoma, acute lymphoblastic leukemia (ALL), chronic lymaphocytic leukemis,

and nou-Hodgkin’s [ymphoma.

188171 In one embodiment, the cancer is a solid tumor cancer. In a further embodiment, the solid

tumor cancer 1s selected from non-small lung cell carcinoma, gvarian cancer, and melanoma,

[8018] In one embodiment, the cancer freatment is gne or more of anti-cancer drugs, chemaotherapy,
antagonist of an anti-apoptotic protein, sorgery, adjuvant therapy, and neoadjuvant therapy. In a
further embodiment, the cancer treatment is one or more of a SMAC mimetic, BH3 mimetic,
proteasomne inbibitor, histone deacetylase inhibitor, glucocorticoid, steroud, movoclonal antibody,
antibody-drog conjugate, or thalidomude derivative. In ome embodiment, the treatment blocks
formation of the particular heterodimer detected. In one cmbodiment, the treatment perturbs formation

of the particular heterodimer detected.

{8819 in onc embodiment, the specimen 1S a biopsy sclected from a tissue sample, frozen tumor
tissue specimen, cultured cells, circulating tumor cells, and a formalin-fixed paratfin-embedded tumor
tissue specimen. In a further embodiment, the tissue sample is a peripheral blood sample, a lymph-
node sample, a bone marrow sample, or an organ tissue sample. In one embodiment, the sample s a
mitochondrial fraction. In a further cmobodiment, the specimen is 8 buman tumor-derived coll line. In
another embodiment, the specimen 1§ a cancer stem cell. In one cmwbodiment, the specimen is derived
from the biopsy of a non-solid tumor. In another embodiment, the specimen is derived from the
biopsy of a patient with moltiple myeloma, acute myelogenous levkemia, acute hymphoeytic
feukemia, chronic iymphogenous loukemia, mantle cell ymphoma, diffuse large B-cell lymphoma,
and non-Hodgkin’s lymphoma. In a further embodiment, the specimen 15 derived from a circulating
tmor ceil In another embodiment, the specimen is derived from the biopsy of a solid tumor cancer.
In a further embodiment, the specimen is derived from the biopsy of a patient with non-small hing cell

carcinoma, ovarian cancer, and melanoma,

1802¢] In onc cmbodiment, the methed further comprises determining one or more clinical factors of
the pationt. In another embodiment, the clinical factor is one or more of age, cytogenetic status,

performance, histological subclass, gender, and disease stage.
[8821] In one embodiment, the method further comprises predicting a clinical response in the patient.

[8822] In another aspect, the invention provides an isolated antibody that specifically binds to the
heterodimer. In ong embodiment, the heterodimer comprises a caspase and an inhibitor of apoptosis
protein (JAP). The caspasce family proieins are found in inactive and active forms. In some cases IAP
proteios bind to the mactive caspase (i.c., an x1AP inactive caspase 9 heterodimaer). In other cases

IAP proteins bind to and inactivate active caspases, (1.e., a caspase 7 and ¢fAP-1 heterodimer). In
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another embodiment, the heterodimer comprises an IAP and TRAF-2. In another embodiment, the
caspase is sclected from the group consisting of is selected from the group consisting of caspase 2,
caspasc 3, caspasc 5, caspasc 7, caspase 8, and caspase 9. In a further cmbodiment, the 1AP i
selected from the group of XIAP, TAP-1, ¢IAP-2, nlAP, and survivin. In one embodiment, the
heterodimer comprises different members of the Bel-2 family. In ancther embodiment, the
heterodimer of Bel-2 family contains a first member of the Bel-2 family selected from the group
consisting of Bim, Bid, Bad, Puma, Noxa, Bak, Hrk, Bax, Bm{ and Mule, and 2 second member of
the Bel-2 family selected from the group cousisting of Mcl-1, Bel-2, Bel-XL, Bfl-1, and Belw. In
another embodiment, the first member of the Bel-2 family is Bim and the second member of the Bel-2
family 18 Mcl-l, Bel-XL, or Bel2. In one combodiment, the heterodimer is an anti-apoptotic
heterodimer and its presence indicates that the paticnt is sensifive to the drug. In another embodiment,
the heterodimer is a pre-apopiotic heterodimer and its presence indicates that the patient is responsive

io the drug.

18023] The details of one or more examples of the invention are set forth in the description below.
Other features or advantages of the present invention will be apparent from the following drawings,

ctailed description of several examples, and also from the appended claims. The details of the
invention arc sct forth in the accompanying description below. Although methods and materials
similar or equivalent to those described herein can be used in the practice or festing of the present
invention, illustrative methods and materials are now described. Other features, objects, and
advantages of the invention will be apparent from the description and from the claims. In the
specification and the appended claims, the singular forms also include the plural unless the context
clearly dictates otherwise. Unless defined otherwise, all technical and scientific terms used heremn
have the same meaping as commonly understood by one of ordinary skill in the art to which this

invention belongs,

BRIEF DESCRIPTION OF THE FIGURES

{8624] FIG. 1 is a schematic tllustration depicting the conformational change of a caspase protein

following binding of an IAP proteiu.

[8025] FIG. 2 is a schematic illustration depicting the process of selecting antibodies specific to
caspase-IAP heterodimers via an inwmunoassay. Panel A: antibodies binding to a caspase-IAP
heterodimer being positively selecied. Panel B: antibodies binding to non-dimerized members of the
heterodimer being negatively selected. Panel C: illustrate the symbols in Panels A and B.

[8826] FIG. 3 5 a schomatic illustration depicting an inununcassay for profiling caspase-IAP

heterodimers in cancer cells using the antibody of this mvention, ic., an antibody specifically

recognizes caspase-TAP heterodimers,

941
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[8027] FIG. 4 is a schomatic illustration showing substitution of an aromatic amine acid in the BIR
domain of IAP protein and covalent binding of this peptide to the caspase to make the covalent

heterodimer for antibody production.

18028] FIG. 5 15 a schomatic iHlustration depicting the structure of the IAP proteins and the

sequences of the BIR domains.

[8629] FIG. 6 shows the hydrophobic groove of BCL-XL formed by BHI-3. Panel A is a ribbon
representation of BCL-XL with BHU colored pink, BH2 colored yellow, and BH3 colored red. Panel

B is a surface representation of BCL-XL bound to BIM BH3 peptide, shown in ribbon.

18838] FIG. 7 shows a schomatic illustration depicting the coupling of photactivatable benzophenyl
alanine modified Bim-BH3 pepiide. This peptide is sllowed to complex with Bel-xE-GST while
exposed to UV light. The covalent heterodimer is purified and assessed for function before being used

to Immunize mice.

{B8031] FIG. 8 shows the results of an ELISA of various dilutions of hybridoma clones 7146, 7197,

and 7198,

[8832] FIG. 9 1s a schematic Hostration depicting the screen/countersereen of monoclonal antibodics
derived from fusions. Eight 96-well plates = 768 clones tested in ELISA assay plates coated with
Bel-X1L-GS8T/Bim BH3 peptide conjugate, and counter screencd against the Bel-XL GST or Bim-BH3
peptide coated plates.  From this, 39 selectively binding clones, were advanced for testing and

subcloning.

18033] FIG. 18A-B shows an assay in which covalent heterodimer was bound to Glutathione-coated
ELISA plates and tested for binding of fusion clones to GST-Bel-XL-BIM beterodimer. Panel A

shows the set-up of reagents. Panel B shows the results for two dilutions of the heterodimer.

18034] FIG, LHA-D shows the heterodimer binding affinity ranked for all 31 1gG clounes tested in this
ELISA assay.

[80358] FIG. 12 shows an aliernative strategy in which biotinviated peptide was bound to

Streptavidin-coated plates and then incubated with the GST-Beh X1 fusion proteins.

[8836] FIG. 13A-D shows the heterodimer binding affinity ranked for all 31 1gG clones tested in this

ELISA assay.

180371 FIG. 14 shows the selective binding of Bim versus other peptides. GST-Bel-XL fusion
protein was added to Glutathione coated plates first, and subscquently clones wore screened for
specificity by adding non-modified pro-apoptotic BH3-only subfamily domain peptides. This figure
shows an example of five different clones that showed specificity for BIM, but no specificity for BID

peptide.
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[B038] FIG. 18 shows the selective inhibition of HSBXH binding to heterodimer Bel-X1/BIM-BH3
with BH3 mimetic Abi-263: In this assay, non-covalent Bel-XL-GST/BIM-BH3 heterodimer was
bound to QGlutathione-coated ELISA plates and treated with ABT-263 (Navitoclax), a potent
BCL2/Bel- X1, targeted compound. The corapound was added to the ELISA plates after addition of
peptides and before adding the monoclonal antibody. The Bib BH3 domain peptide was added as a

negative condrol.

{81¢8] FIG, 16A-B shows immunofluorescence microscopy for 6 clones selected for subcloning
bascd on the combined ELISA results. Melanoma AUCC903N cells were either fixed with Mcthanol
{Pancl A) or with 4% paraformaldebyde and permesbilized with 0.2% TritonX100 (Panel B} and
meubated with subclone #32. The cells were incubated with an Alexad88-conjugated goat anfi-mouse
antibody. Panel B shows an overlay with DAPI nuclear DNA stain. The mitochondrial staining is

visible.

18101] FIG 17A-B shows HSBXB binding of Bel-XL/BIM heterodimer in cells incubated with
different concentrations of ABT-263. [RDye B00CW goat anti-mouse antibody was used for
detecting the heterodimer specific mouse monocional antibody and [RDye ROOCW (oat anti-rabbit
antibody was osed to detect the commercial Bel-XL rabbit monoclonal antibody. Pascl A is a bar
graph, and Panel B is a line graph showing the percent heterodimer specific signal in relation to ABT-

263 concentration.

{8182} FIG. 18 shows a FACS readout m JEKO-1 cells which were treated with ABT263, no
treatment or BIM peptide for 3 hours is represented positive signal is percentage of signal generated

by the isotype (negative control),

PETAILED DESCRIPTION OF THE INVENTION

[80639] 1t should be understood that singular forms sach as “3,” "an,” and “the” are used throughout
this application for convenicnce, however, except where context or an explicit statement indicales
otherwise, the singular forms are intended to include the plural. Further, #t should be understood that
every journal article, patent, patent application, publication, and the like that is mentioned herein is
hereby ncorporated by reference in its entirety and for all purposes. All mumerical ranges should be
understood to include cach and overy numerical point within the numerical range, and should be
interpreted as rociting cach and every rumerical poind individually., The endpoints of all ranges
directed to the same component or property are inclusive, and intended to be mdependently

combinable.

[8848] “About” includes all values having substantially the same effect, or providing substantially

the same result, as the reference value, Thus, the range encompassed by the term “abowt”™ will vary
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depending on context in which the term is used, for instance the parameter that the reference value is
associated with. Thus, depending on context, “about” can mean, for example, £15%, £10%, +5%,
+4%, £3%, £2%, £1%, or = less than 1%. lmportantly, all recitations of a reference value preceded by
the term “about” arc futended to also be a recitation of the reference value alone. Notwithstanding the
preceding, in this application the term “about” has a special meaning with regard to pharmacokinetic
parameters, such as area under the curve {including AUC, AUC, and AUC, ) Crae Tran and the like,
When used in relationship to a value for a pharmacokinetic parameter, the torm “about”™ means from

85% to 115% of the reference parameter.

[8041] As used herein, the word “include,” and its variants, is intended fo be non-limiting, such that
recitation of items in a list 15 not to the exclusion of other like items that may also be useful in the
materials, compositions, devices, and methods of this technology. Similarly, the terms “can”™ and
“may” and their variants are intended to be non-Hmiting, such that recitation that an embodiment can
or may comprise certain elements or features does not exclude other cmbodiments of the present
technology that do not comtain those eclements or features. Although the open-cnded term
“comprising,” as a synonym of terms such as including, containing, or having, is used herein to
describe and claim the invention, the present technology, or embodiments thercof, may alternatively
be described using more lmiting forms such as “consisting of” or “consisting essentially of” the

recited ingredients.

[B8042] Unless defined otherwise, all technical and scientific terms herein have the same meaning as
commonly anderstood by one of ordinary skill in the art to which this invention belongs. Although
anry methods and materials, similar or equivalent to those described herein, can be used in the practice
or testing of the present invention, the preferred methods and materials are described hercin, All
publications, patents, and patent publications cited are ncorporated by reference herein in their

entirety for all purposes.

18843] Apoptosis securs throogh two main pathways: the extrinsic or cytoplasmic pathway, triggered
through the Fas death receptor, a member of the tumor necrosis factor (TNF) receptor superfamily;
and the irinsic or mitochondrial pathway that when stivwiated leads 1o the release of cytechrome-¢
from the mitochondria and activation of the death signal. Both pathways converge to a final common
pathway involving the activation of a cascade of caspases, a family of proteases that cleave regulatory

and structural molecules, colminating in the death of the cell.

18044] Cancer cells, without wishing to be bound by theory, exhibit abnormalitics, such as DNA
damage, genctic imnstability, abnormal growth factor signaling, and abnormal or missing matrix
mteractions, any of which should typically induce apoptosis through the intrinsic (mitochondrial)

apoptosis pathway. However, rather than respond to these apoptosis signals some cancer cells survive.

&
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(ften, in doing so, these cells become highly dependent on selected blocks to chronic apoptosis

signals. The formation of certain beterodimers can block the apoptotic signals.

{8845] One of the hellmarks of apoptosis is mitochondrial outer membrane permeabilization
(MOMP), a process regulated by the Bel-2 family of proteins. The activity of this family of proteins is
Iinked to the onset of ympheid and several solid tumor cancers and is believed in many cancers to be
a key mediator of resistance to chemotherapy. Bel-2 proteins are regolated by distinct protein-protein
intcractions between pro-survival {(anti-apopiotic) and pro-apoptotic members. These interactions
occur primarily through BH3 (Bel-Z2 homeology domein-3) mediated binding. Apoptosis-initiating
signaling occurs for the most part upstream of the mttochondria and causes the translocation of short,
BH3-only, Bel-2 family members to the mitochondria where they either activate or sensitive MOMP,
The activator BH3 only proteins, Bim and Bid, bind to and directly activate the effector, pro-apoptotic
proteins Bax and Bak, and also bind to and inhibit the anti-apoptotic Bel-2 family proteins, Bel-Z,
Mcl-1, Bfi-1, Bel-w and Bel-xL., The sensitizer BH3 proteins, Bad, Bik, Noxa, Hrk, Boof and Puma,
bind only to the anti-apoptotic Bel-2 family proteins, Bel-2, Mcl-1, Bi-1, Below and Bel-xL, blocking
their anti-apopiotic functions. Without wishing to be bound by theory, each sensitizer protein has a
uniqgue specificity profile. For example, Noxa (A and B) bind with high affinity to Mcl-1, Bad binds
to Belxb and Bel-2 but only weakly to Mci-1, and Puma binds well to all three targets. An snti-
apoptotic function of these proteins is the sequestering of the activator BH32 protein Bim and Bid by
binding to form heterodimers. Dispiacement of these activators by sensitizer peptides or treatments
results in Bax/Bak-mediated apoptotic commitment. These interactions can have various oufcomes,
mncluding, without Hmitation, homcostasis, cell death, sensitization fo apoptosis, and blockade of

apopiosis.

[8846] A featwre of cancer cells n which apoptotic signaling is blocked is an accumulation of the
BH3 only activator proteins at the mitochondrial surface, which results from these proteins being
sequestered by the anti-apoptotic proteins. This accumulation and proximity to their effector target
proteins accounts for increased sensitivity to antagomism of Bel-2 family proteins i the “BH3

primed” state,

[8847] The value of Bel-2 as a target in anti-tumor therapy has been well established. Briefly,
without wishing to be boumd by theory, as a result of aberrant phenctypes, cancer cells develop blocks
in apopiosis pathways. These blocks make cancer cells both resistant to some therapies, and,
surprisingly, make some cancer cells sensitive to other therapics. Bel-2 promotes cell survival and
normal cell growth, and is expressed in many types of cells melading lvmphoceytes, neurons, and self-
renewing cells, such as basal epithelial cells and hematopoietic progenitor cells in the bone marrow.
Rescarchers have recognized that proteins in the Bel-2 family reguolate apoptosis and are key cffectors
of tumorigenesis {Reed, (2002} Nat Rev. Drug Discov. 1{2): 111-21). Tt has also been reported that

Mcl-1 is a target in treating NHEL, CLL, and acute mylogenous leukemia (AML) (Derenne, ef ol
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(2002} Blood, 100:: 194-99; Kitada, of o/ (2004} J. Nat. Canc. Inst. 96: 642-43; Petlickovski, e7 ol
(3018) Blood 105: 4820-28).

{8048] In many cancers, anti-apoptotic Bcl2 proteins, block the sensiiivity of tumor cells o
cytostatic or apoptosis inducing drugs, and these proteins have become targets for anti-tumor therapy.
BH3 mimetic compounds comprise a recently described class of small molecules that intubits Bel-2
family proteins are the (reviewed in Bajwa, of al. (2013) Expert Opin Ther Pat. 2012 Jamuary; 22{1):
37-55) These compounds function by inhibiting BH3 mediated protein/protein interactions among the
Bel-2 family proteins. Several studies bave described BH3 mimetic smali molecules that function as
Bel-2 inhibitors by blocking BH3 binding (reviewed n Billard, (2013) Mol Cancer Ther. 12(9):1691-
700). Compounds with BH3 mumic function include HA-14-1 (Wang, ef af. (2000) Proc. Natl. Acad.
Sci USA 97 7124-9), Antimycin-A {Tzong, ef af (2001) Nat. Cell. Biol 3: 183-191), BH3L-1 and
BH3I-2 (Degterev, ef of. (2001 Nat. Cell. Biol. 3: 173-82), and seven un-named compeounds (Enyedy,
et al. (2000) J. Med Chem 44: 4313-24), as well as a scries of terphenyl derivatives (Kutzki, et af.
(2002} I, Am. Chem. Soc. 124: 1183R-9), and two new classes of molecules (Rosenberg, ef o/, (2004)
Anal. Biochem. 328: 131-8). Compounds with selective BH3 mimic fimetion nclade Bel-2 selective
activity {Ng (Z2014) Clin Adv Hematol Oncol. 12(4):224-9)—as well as selective Mcl-1 activity
{Richard, et al. (2013} Bicorg Med Chem. 21{2116642-9) and arc in various stages of clinical
development. More recently, a BH3 mimic compound has been tested in a mouse tumor model

(Oltersdort, er af. (2005) Natwre 433: 677-81).

[8849] Regardless of the mitiating event or the path taken, the common final portion of the apoptotic
program involves the activation of effector caspases which cause celi death. There may be an element
of cross talk between death receptor-induced apoptotic signalling and the intrinsic apoptotic program.
Evidence suggests that activated caspase-R can cleave Bid (2 pro-apoptotic BH3-only Bel-2 family
member) (o a truncated form, which is then able to activate the intrinsic pathway and thos ampiify the
apopiotic program (Luo et al. Cell, 1998;94:481-50; 11 et al. Cell. 1998;94:491--501; Gross ot al. J
Biol Chenu 1999:274:1156-63}. Bid-deficicnt mice show some rosistance 1o Fas-induced hepatocyte
apoptosis but their lvmphocytes are normal and remain sensiive to Fas-induced kilhng (Yin et al.
Natare. 1999:400:886-91). Thus, Bid may play a role in amplitying the death receptor signal through
the iotrinsic Bel-2 apoptotic pathway in some but not all cells. Indeed, since Bid can also be cleaved
by caspascs other than caspase-8 (Luo et al. Cell. 1998;94:481-90; Li et al. Cell. 1998;94:491-
501; Yin et al. Nature. 1999;400:886--91), it may play a more general role as an amplifier in apoptosis
signalling.

[8888] Caspases are the central components of the execution phase of apoptosis. Caspases may
interact with members of the TNF receptor superfamily which activates the caspases to effect cell
death. For example, cell death signals, such as Fas ligand and tumor necrosis factor -2 can be

specifically vecognized by their corresponding receptors {e.g. Fas or TNFR-1) in the plasma
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membrane. This binding activates the death receptors which tnduces cligomerization of procaspases
on the cytosolic side of the plasma membrane and activates them. These active caspascs start a

cascade resulting in cell death (sce Fan ot al. Acta Biochimica ot Biophys Sinica, 37:719-727 (2005},

{8851] The activation and inactivation of caspases are regulated by various proicins, ions and other
factors, such as JAP, Bel-2 family proteins, calpam, Ca2+ Gran B and cytokine response modifier A
{Crm A). In homans, the IAP family inclades clAPL, ¢IAP2, XTAP (X-linked mammalian inhibitor of
apoptosis protein), NAIP {nouronal apopiosis inhibitory protein), survivin and livin. All members of
the family contain -3 N-terminal baculovirus AP repeat (BIR) domains and one conservative C-
terminal RING (really interesting new gene) domain. The BIR domains are zine finger-like structures
that can chelate zinc jons. These zine fingers can bind to the surface of caspases so that the amino acid
sequences, or hinkers, between BIR domains can block the catalyzing grooves of caspases. As a result,
1APs can protect a cell from apoptosis by inhibiting the activity of caspases. The activity of AP can
be inhibited by SMAC released from mitochondria, which can recognize and bind 1o the caspase-

binding site of the 1AP, thereby inactivating the [AP, and inhibiting its effect on caspases.

[6652] While the promise for using BH3 or SMAC mumetic compounds as anti-tumor therapeatics
has been recognized, to date there are no conclosive clinical reports on the efficacy of any anti-cancer
drug with these modes of action. For example, while pharmacoiogical manipulation of the Bel-2
family proteins 18 a feasible approach to achicving therapeutic bencfit for cancer patients, the
complexity of the network of proteins that comprise this family makes this prospect difficult.
Therefore, with the large uvnmet medical need for treating hematological malignancies, new
approaches to assessing and wtilizing the detailed activity of the BH3 mimetic molecules will have

value in developing this class of therapeutics.

[6633] Cetain methods disclosed herein involve the coupling of an oncology therapy and unigue
companion diagnosnc test that is used to predict likely response to treatment. This information can be
ased to determine the appropriateness of administering a given treatment, and to then guide alternative

treatment if roguired.

{8084] The heterodimer detection assays described herein provide a predictive test for cancer
treatments that work through the apoptosis pathway. These assays detect the presence of heterodimers
that are indicative of a cell’s readiness to umdergo apoptosis when exposed to an apoptotic-inducing
compound or treatment, For example, some, not all, cancer cells are “pre-set” to undergo drug-
induced apoptosis, which is induced by exposure to certain BH3 peptides, chemotherapeutics, or
SMAC mimetics. The determination of the prescoce or absence of Bel-2 or caspase-1AP heterodimers
allows a determination of the cell or specimen’s particular chemoresistance or chemosensitivity, and

provides msight into the likelihood of a cancer cell to respond to treatment.
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[8855] A critical area of focus in cancer treatment is onderstanding, detecting, and controlling
cellular function in response to drugs and other treatments. Events occurring in the cell detormine the
ability of the cancer cell to respond to apopiosis-inducing cancer therapy. Cells can be evaluated to
determine a cell's state using antibodies that bind to heterodimers comprising Bel-2 proteins and their

cognates and/or caspases and TAPs.

Bel-2 heterodimers

18856] The present invention uses the determination of a cancer cell’s predisposition to undergo
apoptosis to elacidate the cancer’s susceptibility to a particular treatment. One way this can be done 18
by using antibodies that bind to Bel-2 heterodimers which regolate apoptosis. Formation of a
heterodimer induces conformational changes in both members of the heterodimer, resolting in
exposure of antigenic epitopes that are sequestered in both members before dimerization. The isolated
antibody of this invention specifically recognizes such an epitope and only binds to a beterodimer of

the Bel-2 family, not to either non-dimerized member.

[8857] Bel-2 proteins, found in mitochondria, are wmajor regulators of the commitment to
programmed cell death and executioners of death/survival signals. See Reed, Natoral Clinical Practice
Cmcology, 3:388-398 (2006}, Green ot al,, Cancer Cell 1:19-30 (2002}, and Adams et al,, Cold Spring
Harb. Syrmop. Quant. Biol, 70:469-477 (2005). There are four sub-groups of Bel-2 proteins: {3) muli-
domain anti-apoptotic Bel-2 protemns, (1) multi-domain pro-apoptotic Bel-2 proteins, (11) activator
BH3-only Bel-2 proteins, and {iv) sensitizer BH3-only Bel-2 proteins. Table 1 below hists major

buman Bel-2 proteins and their GenBank® accession mumbers:

Table 1
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18058] Other Bel-2 proteins, can be identified by homologous search using the amino acid sequence
of a known Bel-2 protein as a query. Polypeptides can be identified based on homology to the BH3
domain, and polypeptides can possess at least about 50%, about 60%, about 70%, about 8%, about
G0%, about 95%, about 96%, about 97%, sbout 98%, about 99% scquence bomology to the amino
acid sequences of the polypeptides disclosed in Table 1. Preferred variants are those that have
conservative amino acid substitutions made at one or more predicted non-cssential amine acid
residues. For example, a “conservative amino acid substitution” is one in which the aming acid
residue is replaced with ao amino acid residue having a similar side chain. in a further embodiment,
the BH3 domain peptide is an activator or a sensitizer of apoptosis. In a preferred embodiment, the

BH3 domain peptide is a sensitizer.

{80659] In one embodiment, the heterodimer comprises different members of the Bel-2 family, In
another embodiment, the bheterodimer of Bel-2 family contains a first member of the Bel-2 family
selected from the group consisting of Bim, Bid, Bad, Puma, Noxa, Bak, Hrk, Bax, Bmf and Mule,
and a sccond member of the Bel-2 family selected from the group consisting of Mcl-1, Bel-Z, Bel-X1,
Bfl-1, and Bel-w. In another embodiment, the first member of the Bel-2 family 1s Bim and the second
member of the Bel-2 family is Mel-1, Bel-XL, or Bel-Z, In one embodiment, the heterodimer

comprises Bel-XL and Bim. In ancther cmbodiment, the heterodimer comprises Bim and Mcl-1. In
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another embodiment, the heterodimer comprises Bim and Bcel2.  In another embodiment, the

heterodimer comprises Bid and Bel-2.

18060] If a cell is pre-set to undergo drug-induced apoptosis (¢.g. the cell is dependent on Bel-2
polypeptide activity for survival), the antibodics of the invention can be used to identify the specific

Bel-2 proteins that are responsible for apoptotic block.

Caspase-fAP heterodimers

{8861] The present invention also provides an isclated antibody specific 1o a caspasc-IAP
heterodimer, 1.2., a naturally-occurring heterodimer formed between any one of the caspases and any

one of the IAP proteius.

[8862] Caspases, or cysteine-aspartic proteases or cysteine-dependent aspartate-directed proteases
arc a family of cystcine proteases that play essential roles in apoptosis (programmed cell death),
necrosis, and inflammation. (Alperort ES, Emad S; et al. (19963, Cell 87 (2): 171.) The inhibitor of
apoptosis (LAP) proteins, found in cytosol of cells, are regulators of the commitment to programmed
cell death and execution of death/survival signals. (Eckelman and Salvese, J. Biol. Chem. 2006,
281:3254-3260). They function o inhibit the activity of caspascs by binding to a caspasc polypeptide

and forming a heterodimer, therchy preventing the caspase from effecting apoptosis.

8863] Table 2 below lists major human caspases and the IAP proteins xIAP, Ciapl, ¢fAP2 and

surviven, and their GenBank® accession numbers:

Table 2

Polypeptide Accession Number
XIAP MNM 00611673
CIAP] MNM 0011664
CIAP2 MNM 0011654
Survivin U75285.1
caspase 2 NM 0329823
caspase 3 NM 0043463
caspase 7 NM 0012274
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caspase 8 ABO38985.2

caspase 9 ABOI9205.2

{8864 IAPs comprise BIR domamms which belong to the zine-finger domain family and
characteristically have a number of invariant amino acid residues, including 3 conserved cysteings and
one conserved histiding, which coordinates a zine ion. BIR domains are typically composed of 4-3
alpha helices and a three-stranded beta sheet and are approximately 70 amino acids in length. These
domains bind to the caspases at the IAP binding motifs and arc essential for the anti-apoptotic
function of these proteins. The sequences within the BIR domains required for caspase binding have
been identified. (Eckelman and Guy, J. Biol Chem. 2006, 281:3254-3260). FiG, 5 shows the

structure of the LAP proteins and the sequences of the BiR domains.

[6868] When IAPs and caspases bind to form heterodimers, conformational changes in both
members of the heterodimer are induced, resulting in exposure of unigue antigenic epitopes that are
sequestered in both members before dimerization (FIG. 1), Antibodies that bind specifically to
heterodimers of the caspase and IAP proteins, but not non-dimerized proteins, may be used to identify
and measure heterodimers. To one embodiment, the disclosure prevides antibodics that bind

specifically to heterodimers of the caspase and IAP proteins, but not non-dimerized proteins.

[B066] Examples of the caspase-IAP heterodimer include caspase 2, 3, §, 7, 8, or 9 binding with

XIAP, IAP-1, cIAP-2Z, nlAP, or survivin,

[8867] Caspase-IAP heterodimer profiling (FIG. 3) can also be used to predict responsiveness to
drugs targeting the apoptotic pathway in patients suffering from apoptosis-related diseascs, ¢.g.,
autoinmoune discase (sec Adams ct al., Cold Spring Harb Symyp Quant Biol. 70:469-477; 2005} and/or

cancer.

[8868] In one embodiment, the presence of a particular caspase-IAP heterodimer in a patient
mdicates that patient's responsiveness to a drug that blocks formation of the particular heterodimer
and inhibits its function. In one embodiment, the presence of a particular caspase-IAP heterodimer in
a cancer patient indicates that this paticnt is sensitive to a drog that interfercs with formation of this

anti-apoptotic FAP/caspase heterodimer.

8869] Anothor aspect of this invention is a method for assessing whether a paticnt is scositive oy
resistant to drug that works through the TNF receptor or other of the death domam family of
receptors. The protein TNF receptor associated factors {TRAF! and TRAF2) are required for TNE-
alpha-mediated activation of MAPKE/JNK and NF-xB. The protein complex formed by TRAFZ and

TRAF1 interacts with the 1AP family members ¢clAP] and clAP2, and functions as a mediator of the
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anti-apopiotic signals from TNF receptors. The iteraction of this protein with TRADD, a TNF
receptor associasted apoptotic signal transducer, epsures the recrvitment of {APs for the direct

inhibition of caspase activation. Song and Donner (Bicchem 1. 309 (Pt 3): 825-9, 1995},

Antibodies

[8878] One aspect of this invention features an isclated antibody that specifically binds to a
heterodimer of the Bel-2 family (e, a Bel-2 heterodimery. The BelkZ family inchludes both Bel-2
proteins {monomers) and naturally-occurring heterodimers formed between two Bel-2 proteins. The
heterodimer containg & first Bel-2 protein {e.g., Bim, Bid, Bad, Puma, Noxa, Bak, Hrk, Bax, or Mule)
and 4 second Bel-2 protein {e.g., Mel-1, Bel-2, Bel-XL, Bfl-1 or Bel-w). One aspect of this mvention
features an isclated antibody that specifically binds to a caspase-IAP heterodimer. Examples of the
caspase-1AP heterodimer include caspase 2, 3, 5, 7, 8, or 9 binding with XIAP, IAP-1, ciAP-Z, nlAP,
OF survivim.

{8871 In various embodiments, antibodies include whole antibodies and/or any antigen binding
fragment (e.g., an antigen-binding portion) and/or single chains of these (e an antibody comprising
at least two heavy (H) chains and two light (L) chains inter-connected by disulfide bonds, an Fab
fragment, a monovalent fragment consisting of the Vy, Vg, € and CHI domains; a F(ab), fragment, a
bivalont fragment fucluding two Fab fragments linked by a disubfide bridge at the hinge region; a Fd
fragment consisting of the Vy and CHI domains; a Fv fragment consisting of the V). and Vi domains
of a single arm of an antibody; and the like). In various embodiments, polyelonal and monoclonal
antibodics are uscfisl, as are chimeric antibodies, isclated human or humanized antibodies, or
functional fragments thercof. The term "isolated antibody” used hercin refers to an antibody
substantially free from naturally associated molecules, i.e., the naturally associated molecules

constituting at most 20% by dry weight of a preparation containing the antibody.

[6872) The antibodies of the invention can be prepared by conventional methods. See, for example,
Harlow and Lane, (1988} Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, New
York. In general, a heterodimer can be preparcd by producing its two members separately by
recombinant technology and then incubating both members under suitable conditions to allow
formation of the heterodimer. To produce antibodics against the heterodimer, the heterodimer,
optionally coupled to 8 carrier protein (e.g., KLH), can be mixed with an adjuvant, and injected into a
host animal. Antibodies produced in the animal can then be purified by heterodimer affinity
chromatography. Commonly employed host andmals include rabbits, mice, guines pigs, and rats,
Various adjuvanis that can be used to increase the immaonological response depend on the host species
and include Freund's adjuvant (complete and incomplete}, mineral gels such as aluminom bydroxide,

CpG, surfacc-active substances such as lyselecithin, pluronic polyols, polyanions, peptides, oil
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emilsions, keyvhole limpet hemocyanin, and dinitrophenol. Useful humean adjuvants include BCG
(bacille Calmette-Guerin} and Corynchacterium parvem. Polyclonal antibodies, i.c., heterogencous

sopulations of anttbody molecules, are present in the sera of the immunized amimal.
! )

188731 Monoclonal antibodigs, 1., homogenecous populations of antibody molecules, can be
prepared using standard hybridoma technology (see, for example, Kohler ot al. (1973) Nature 256,
495; Kohler et al {1976) Eur. | Immunol. 6, 511; Kohier et al. (1976) Eur J Invnunel 6, 292; and
Hammerling ¢t al. (1981) Monoclonal Antibodics and T Cell Hybridomas, Elsevier, N.Y.). In
particular, moncclonal antibodies can be obtained by any technique that provides for the production of
antibedy molecules by continuous cell Hues in culture such as described in Kohler et al. (1975) Nature
256, 495 and U8, Pat. No. 4,376,110 the luman B-cell hybridoma technique (Kosbor et al. (1983)
Immunocl Today 4, 72; Cole et al. (1983} Proc. Natl, Acad. Sci. USA RO, 2026, and the EBV-
hybridoma technigue (Cole ot al. (1943) Monoclonal Antibodies and Cancer Therapy, Alan R. Liss,
Inc., pp. 77-96). Such antibodics can be of any inweunoglobulin class including 1gG, IgM, Igh, IgA,
1gD, and any subclass thereof. The hybridoma producing the monoclonal antibodies of the invention
may be culiivated in vitro or in vivo. The ability to prodoce high titers of monoclonal antibodies n

vivo makes it a particularly useful method of production.

18674} In addition, techniques developed for the production of "chimeric antibodies” can be used.
See, ¢.g., Morrison ot al. (1984) Prec. Natl. Acad. Sci. USA 81, 6851; Neuberger of al. (1984) Nature
312, 604; and Takeda et al. {1984} Nature 314:452. A chimeric antibody is a molecule in which
different portions are derived from different animal species, such as those having a variable region
dertved from a nwrine monocional antibody and a human imuownoglobulin constant region.
Alternatively, techniques described for the production of single chain antibodies (U5, Pat. Nos.
4,946,778 and 4,704,692) can be adapted to produce a phage or yeast hibrary of seFv antibodies, scFv
antibodics are formed by linking the heavy and light chain fragments of the Fv region via an amino

acid bridge.

{8675] Morcover, antibody fragments can be generated by known techniques. For example, such
fragments include, but are not limited to, Flab"y2 fragmenis that can be produced by pepsin digestion
of an antibody molecule, and Fab fragments that can be generated by reducing the disulfide bridges of
F(ab"2 fragments. Antibodies can also be humanized by methods known in the art. For example,
monoclonal antibodics with a desired binding specificity can be commercially humanized (Scotgene,
Scotland; and Oxtord Molecular, Palo Alto, Calif}. Fully human antibodies, such as those expressed
n transgenic animals are also features of the nvention (see, ¢.g., Green et al. (1994) Nature Genetics

7, 13; and U.S. Pat. Nos. 5,545,806 and 5,569,825},

18676] The antibodies prepared by any of the methods described above are confirmed for their

binding to a caspasc-IAP heterodimer or a Bel-2 heterodimer. They are further subjected to a negative
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sclection to exclude those that also bind to either non-dimerized member of the heterodimer. For
example, cach of the twe moembers, i.e, monomer A and monomer B, is labeled with g distinct
fluorescent dye, t.c., dye x and dyc v, respectively. Dyes x and v bave different optimal codssion
wavelengths. The antibody is first incubated with labeled monomer A, labeled monomer B, or the
A/B heterodimer (double labeled) for a snitable period and then captured by GamaBind Sepharose
beads. Whether the antibody is capable of binding to cither monomer or to the heterodimer can be
determined based on the fluorescent signal released from the captured antibody. Antibodies that bind

to the heterodimer and not to either non-dunerized member are selected.

[8877] In onc embodiment, the antibodies that bind to Bel-2 heterodimers are those disclosed in US
Patent No. 8,168,755 and US 2012-0225794, the contenis of which are incorporated by reference in

its entirety for all purposes.

Heterodimer Binding dssay

[8078] In one aspect, the invention provides a method for detecting a heterodimer in a patient
sample, comprising: a) isclating a cancer coll or specimen from said patient; b) contacting said cancer
cell or specimen with one or more antibodies that specifically bind to the heterodimer; ¢) detecting a
signal that indicates binding of the antibody to the heterodimer; and d) determining the presence of

the heterodimer based on the intensity of the signal,

18079] The assay comprises detecting the presence or absence of a Bel-2 or caspase-IAP heterodimer
in a sample, and associating the presence or absence of one or more of these heterodimers with patient

classification (e.g. responder/nou-responder). The heterodimers can be detected through any means

al. Cancer Cell 9(5%:351-363 (2006), immmumoflucrescence microscopy, immunchistochemical
staining, western blotting, in cell western, immunofluorescent staining, ELISA, and fluorescent

activating cell sorting (FACS), bicluminescence, or fluorescent marker detection.

16086 Displacerent of the compounents of the heterodimers may be assayed by first detecting
whether such heterodimers are produced in the cell or sample of interest, treating with a therapeutic,
compound, or treatment, and then assaying for the presence of the heterodimers in said sample. If the
chosen treatment successtully disrupts the formation of heterodimers in the cell or sample, the number
of heterodimers will decrease (as measured, for example, by amoumts of fluorescent signal). A
decrease in heterodimers in a sample after treatment indicates the ccli or sample tested is sensitive to
said tested treatment. Alternatively, if a decrease in heterodimers i3 not observed, this may be an
indication that the ccll or sample will not respond to said tested ireatment, which may guide the

decision to chose an alternative treatment for the patient from whom the sample was obtained.
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[8881] Alernatively, sensitivity to a particular treatment may be measored by determining the
predisposition of the cell to undergo apoptosis. In one cmbodimeni, this can be determined by
measuring the mitochondrial outer membrane permeabilization (MOMP), which increases when a cell
15 about to undergo apoptosis. Mitochondrial outer membrane permeabilization can be measured for
example, using the potentiometric dye JC-1 or dihydrorhodamine. MOMP can be measared using
standard techniques known in the art, including those described in Bogenberger ot al. (Loukemdia ot al.
{2014) which is hercin incorporated by reference in its eutirety). In a non-limiting example, cells are
perraeabilized and incubated with a mitechondrial dye (e.g. JC-1 or dihydrorhodamine 123) and BH3
peptides with dimethyl sulfoxide or carbonyl cyanide m-chlovophenyl hydrazone (CCCPY and the
degree of staining is measured. In one embodiment, the predisposition of a cell to undergo apoptosis
1s determined by measuring the amount of cytochrome C released from the mitochondria. This can be
measured using standard technigues kvown in the art (See for exaraple, Current Protocols in

Molecular Biology, Greene Publ. Assoc. Inc. & John Wiley & Sons, Inc., Boston, MA, 1993},

{8682 In another embodiment, the method comprises conducting the heterodimer binding assay on a
cell that comprising one or more of a cell surface marker CD33, a cell surface marker CD34, a FLT3
mutation statos, a pS3 mutation status, a phosphorylation state of MEK-1 kinase, and phosphorylation
of serine at position 70 of Bel-2; and comrclating to efficacy in treating cancer patients with

chemotherapy.

[8883] In one embodiment, the heterodimer binding assay is performed on patient samples taken
before treatment begins (time “07). In another embodiment, the heterodimer binding assay is
performed on patient samples taken during the course of treatment. In a further embodiment, the
heterodimer binding assay is performed on the patient’s cell or sample taken before and at various
time points during treatment. In another embodiment, the heterodimer binding assay is performed on
the patient’s cell or sample taken at various time poeints during treatment. In one embodiment, the
decision to perform a subsequent heterodimer binding assay in a patient is made when the patient
stops responding to a current course of treatment. In another embodiment, the decision to perform a

subsequent heterodimer binding assay is made independently of the patient’s response to treatment.

[80884] In onc aspect, the heterodimer binding assay is performed im vifro. Standard assays to
evaluate the binding ability of the antibodies toward the target of various species are known in the art,
including for example, ELISAs, westemn blots and RIAs. The binding kinetics {e.g., binding affinity)

of antibodies also can be assessed by standard assays known in the art, sach as by Biacore analysis.

Patient Evaluation and Treatment
18085] In some embodiments, the methods described herein are usefud in the evaluation of a pationt,

for example, for evaluating diagnosis, progoosis, and response to freatment. In various aspects, the
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present invention comprises evaluating a tumor or hematological cancer. In varioos embodiments, the

evaluation may be selected from diagnosis, prognosis, and response (o {reatment.

{8886] Diagnosis refers to the process of attempting to determine or identify a possible discasc or
disorder, such as, for example, cancer. Prognosis refers to predicting s likely outcome of a disease or
disorder, such as, for example, cancer. A complete prognosis often inchides the expected duration, the
fonction, and a description of the course of the disease, such as progressive decline, intermittent crisis,
or sudden, unpredictable crisis. Response (o trestment is a prediction of s patient’s medical ouicome
when receiving a treatment. Responses to #reatment can be, by way of non-limiting example,
pathological complete response, swrvival, and progression free survival, time to progression,

probability of recurrence.

[8887] In various embodiments, the nvention predicts the efficacy of a cancer treatment which can
nclude one or more of anti-cancer drugs, chemotherapy, surgery, adjuvant therapy, and neoadjuvant
therapy. In an exemplary embodiment, the present method will indicate a likelihood of response to a
specific treatment. For example, in some embodiments, the present methods indicate a bigh or low
likehihood of response to a pro-apoptotic agent and/or an agent that operates via apoptosis and/or an
agent that operates via apoptosis driven by direct protein modulation. In an exemplary embodiment,
the present method will indicate whether a patient is to receive a pro-apoptotic agent or an agent that
operates via apoptosis for cancer treatmend. In avother exemplary cmobodiment, the present method
will indicate whether a patient is to receive an agent that does not operate via apoptosis.  [n another
exemplary embodiment, the present invention predicts a cancer patient’s likelihood of response to
chemotherapy and comprises an evaluation of the heterodimer binding, age profile and cytogenctic

factors of the patient.

18088] As used herein, the term “neoadjuvant therapy” refers to treatment given as a first step to
shrink a tumor before the maim treatment, which is usually surgery, 18 given. Examples of necadjuvant
therapy inclode chemotherapy, radiation therapy, and hormone therapy. In some embodiments, the
present methods direct a patient’s treatment to include necadjuvant therapy. For example, a pationt
that is scored to be responsive te a specific treatment may roceive such treatment as necadjuvant
therapy. In some embodiments, neoadjuvant therapy means chemotherapy administered to cancer
patients prior to surgery. In some embodiments, neoadjuvant therapy means an agent, including those
described herein, administered to cancer patients prior to surgery. Further, the present methods may
direct the identity of a neoadjuvant therapy, by way of non-limiting example, as a treatment that
mduces and/or operates in a pro-apoptotic manner or one that does not. In one embodiment, the
present methods may indicate that a patient will not be or will be less responsive to a specific
freatment and therefore such a patient may not receive such ireatment as neoadjuvant therapy.

Accordingly, in some cmbodiments, the present methods provide for providing or withholding
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neoadjuvant therapy according to a patient’s Hkely response. In this way, a patient’s quality of life,

and the cost of case, may be improved.

{8889] As used herein, the term “adivvant therapy™ refers to additional cancer treatment given after
the primary treatment to fower the risk that the cancer will come back. Adjuvant therapy may include
chemotherapy, radiation thevapy, hormone therapy, targeted therapy, or biological therapy. In some
embodiments, the present methods direct a patient’s {reatment to imchide adjovant therapy. For
cxample, a patient that is scored to be responsive to g specific treatment may receive such treatment as
adjovant therapy. Further, the present methods may direct the identity of an adjuvant therapy, by way
of non-Himiting example, as 2 troatment that induces and/or operates in a pro-apoptotic manner or one
that does not. Tn one embodiment, the present methods may indicate that a patient will not be or will
be less responsive to a specific treatment and therefore such a patient may not receive such treatment
as adjuvant therapy. Accordingly, in some embodiments, the present methods provide for providing or
withhelding adjuvant therapy according to a patient’s likely respouse. In this way, a patient’s quality

of life, and the cost of care, may be mproved.

18094] In various embodiments, the present methods divect a chinical decision regarding whether a
patient 18 to receive a specific treatment. In one embodiment, the present methods are predictive of a
positive response to ncoadjuvant and/or adjuvant chemotherapy or non-responsiveness to necadjuvant
and/or adjuvant cherasotherapy. In one embodiment, the present methods are predictive of a posttive
response to a pro-apoptotic agent or an agent that operates via apoptosis and/or an agent that does not
operate via apoptosis or a non-responsiveness {o apoptotic effector agent and/or an agent that does not
operate viz apoptosis. In various embodiments, the present invention directs the treatment of a cancer

paticnt, including, for example, what type of treatment should be administered or withheld.

[8891] In some embodiments, the method comprises analysis of a patierd’s clindcal factor. In various
embodiments, the chinical factor is one or more of age, cytogenetic status, performance, histological
subclass, gender, and discase stage. In another ombodiment, the method further comprises a
measurement of an additional biomarker sclected from mutational status, single nucleotide
polymorphisms, steady state protein levels, and dynamic protein levels, which can add further
specificity and/or semsitivity to the test. In another embodiment, the method firther comprises
predicting a chinical response in the patient. In ancther embodiment, the clinical response is at least

about 1, about 2, about 3, or about 5 year progression/event-free survival,

18092] In one embodiment, the determination of the sensitivity or resistance of a patient’s cancer cell
1o a particular therapeutic is used to classify the patient inte a treatment or proguosis group. Tn some
non-lmiting examples, patients are classified nto groups designated as cure, relapse, no complete
esponse, complete response, refractory to mitial therapy, responder, non-responder, high hikelihood

of response, or low likelihood of response.  in further embodiments, apafysis of the heterodimer
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binding and patient classification direct a clinical decision regarding treatment, such as, for example,
switching from one therapeutic to another, a change in dose of therapeutic, or administration of a
different type of treatment {(e.g. surgery, radiation, allogenic bone marrow or stem cell transplant). In
a further embodiment, the clinical decision is directed by the awvalysis of a change in cancer
sensitivity, classification, and consideration of clinical factors, such as age and/or cytogenetic status.
In various embodiments, a cancer ireatment is administered or withheld based on the methods
described herein. Exemplary treatments include surgical resection, radiation therapy (including the
use of the compounds as described herein as, or in combination with, radiosensitizing agonts),
chemotherapy, pharmacodynamic therapy, targeted therapy, tmmunotherapy, and supportive therapy
(e.g., painkillers, diurctics, antidiuretics, antivirals, antibiotics, nutritional supplements, anemia
therapeutics, blood clotting therapeutics, bone therapeutics, and psychiatric and psychological

therapeutics).

[8093] In onc embodiment, a comparison of the data generated in the heterodimer binding assay
performed at various time points during treatment shows a change heterodimer production indicating
a change in the cancer’s sensitivity to a particular treatment. In one embodiment, the determination of
a cancer’s change in sensitivity o a particular treatment is used to re-classify the patient and to guide

the course of future reatment.

Cancers

{8183] In some embodiments the invention provides a method for determining a cancer treatment
and/or comprises a patient’s tumor or cancer cell specimen. A cancer or tumor refers to an
wncontrolied growth of cells and/or abnormal increased cell survival and/or inhibition of apoptosis
which interferes with the normal functioning of the bodily organs and systems. A subject that has a
cancer Or a tumor is a subject having objectively measurable cancer cells present in the subject’s
body. Included in this invention are benign and malignant cancers, as well as dormant timors or
pricrometastatses. Cancers which migrate from their origimal location and seed vital organs can

eventually lead to the death of the subject through the functional deterioration of the affected organs.

i8104] In onc aspect, the invention provides a method for determining a cancer ireatment for a
patient, comprising: a) solating a cancer cell or specimen from said patient; b} contacting said cancer
cell or specimen with one or more antibodies that specifically bind to a heterodimer; ¢) detecting a
signal that indicates binding of the antibody to the heterodimer; d) determining the presence of the
heterodimer based on the intensity of the sigoal; ¢) determining a correlation between the antibody
binding te a heterodimoer said cancer cell or specimen and the sensitivity of said cell or specimen to
said treatment; and ) classitying the patient for likelthood of clinical response to one or more cancer

treatments, wherein the presence of a heterodimer correlates with treatment efficacy.
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[8185] In one aspect, the invention provides a method for predicting cancer sensitivity o treatment,
comprising: a) isolating a cancer cell or specimen from said patient; b) contacting said cancer cell or
speciraen with one or more autibodies that specifically bind to a heterodimer; ¢) detecting a signal that
ndicates binding of the antibody 1o the heterodimer; d) determyining the presence of the heterodimer
based on the intensity of the signal; ¢) determining a correlation between the antibody binding to a
heterodimer said cancer ccli or specimen and the seunsitivity of said cell or specimen (o said treatment;
and ) classifying the patient for likelihood of clinical response to one or more cancer treatments,

wherein the presence of a heterodimer correlates with freatment efficacy.

{8106] In various cmbodiments, the mvention 15 apphicable to pre-metastatic cancer, or metastatic
cancer. Metastasis refers to the spread of cancer from us primary site to other places in the body.
Cancer cells can break away from a primary fimor, penctrate into lymphatic and bloed vessels,
circulate through the bloodstream, and grow in a distant focos (metastasize) in pormal tissues
eisewhere in the body. Metastasis can be local or distant. Motastasis 15 a sequential process,
contingent on tumor cells breaking off from the primary tumor, traveling through the bloodstream,
and stopping at a distant site. At the new site, the cells cstablish a blood supply and can grow to form
a life-threatening mass. Both stinwlatory and inhibitory molecular pathways within the tumor cell
regulate this behavior, and interactions between the tumor coll and bost celis in the distant site are also
significant. Metastases are often detected through the sole or combned use of magnetic resonance
imaging (MRI} scans, computed tomography (CT) scans, blood and platelet counts, liver function

studies, chest X-rays and bone scans in addition to the monitoring of specific symptoms.

18167] The meothods described herein are directed toward the prognosis of cancer, diagnosis of
cancer, treatment of cancer, and/or the diagnosis, prognosis, freatment, prevention or amclioration of
growth, progression, and/or metastases of malignancies and proliferative disorders associated with
imereased cell survival, or the inhibition of apoptosis. In some embodiments, the cancer is a
hematologic cancer, including, but not Hmited to, acutc myclogenous ieukemia (AML), multiple
myeloma, follicular lvmphoma, acute bymphoblastic leukersia (ALL), chronic lvaphocytic leukemia,
and non-Hodgkin’s lymphoma mclading, but not limited to, mantle cell lymphoma and diffuse large
B-cell lymphoma. In some embodiments, the cancer is 8 solid tumor, including, but not hmited to,

non-small lung cell carcinoma, ovarian cancer, and melanoma.

18#108] In some embodiments, the invention relates to one or more of the following cancers: acute
tymphoblastic leukeoda (ALL), acute myeloid leukemia (AML), adrenocortical carcinoma, AIDS-
related cancers, anal cancer, appendix cancer, astrocytoma {e.g. childhood cercbellar or cerebral),
basal-cell carcinoma, bile duct cancer, bladder cancer, bone tumor {e.g. osteosarcoma, malignant
fibrous histiocytoma), brainstom ghioma, brain cancer, brain tumors {e.g. cercbellar astrocytoma,
cerchral astrocytoma/malignant glioma, cpendyvmona, medulloblastoma, supratontorial primitive

newroectodermal  tumors, visual pathway and hypothalamic ghioma), breast cancer, bronchial
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adenomas/carcinoids, Bukitt's  lymphoma, carcinoid  tomors, central  nervous  system
tymphomas,cerebellar astrocytoma, cervical cancer, chronic lymphocytic leukemia (CLL}, chromic
myclogenous leukenyia (CML), chronic mycloproliferative disorders, colon cancer, cutancous t-cell
lymphoma, desmoplastic small round cell tumor, endometrial cancer, cpendyrooma, csophageal
cancer, Ewing’s sarcoma, extracranial germ cell tumor, extragonadal germ cell tumor, extrahepatic
bile duct cancer, cye cancer, gallbladder cancer, gastric (stomach) cancer, gastrointestinal stromal
tomor (GIST), germ cell tumor (e.g. extracranial, extragonadal, ovarian}, gestational trophoblastic
tumor, ghomas {e.g. brain stem, cerebral astrocytoma, visual pathway and hypotbalamic), gastric
carcinoid, head and neck cancer, heart cancer, hepatocellular (liver) cancer, hypopharyngesl cancer,
hypothalamic and visual pathway glioma, intraocular melanoma, islet cell carcinoma {endocrine
pancreas), kidoey cancer {renal ccll cancer), laryngeal cancer, loukemias (e.g. acute lymphocytic
leukemia, acute myclogenous leukemia, chronic lymphocytic loukemia, chronic mycloid leukemia,
hatry cell), lip and oral cavity cancer, liposarcoma, liver cancer, lung cancer (e.g. non-small cell,
small eell), lymphoma {e.g. AIDS-related, Burkitt, cutancous T-cell Hodgkin, non-Hodgkin, primary
central nervous system), medolioblastoma, melanoma, Merkel cell carcinoma, mesothelioma,
metastatic squamous neck cancer, mouth cancer, nwultiple endocrine neoplasia syndrome, multiple
mycloma, mycosis fungoides, myelodysplastic syndromes, myelodysplastic/myeloproliferative
diseases, myclogenoos leakemia, myeloid leskemia, myeloid leukemia, myecloproliferative disorders,
chronic, nasal cavity and paranasal simus cancer, nasopharyngeal carcinoma, neuroblastoma, non-
Hodgkin lymphoma, non-smali cell lung cancer, oral cancer, oropharyngeal cancer, osteosarcoma,
gvarian cancer, pancreatic cancer, pancreatic cancer, paranasal simus and nasal cavity cancer,
parathyroid cancer, penile cancer, pharyngeal cancer, pheochromocytoma, pineal astrocytoma and/or
germinoma, pincoblastoma and supratentorial primitive ncurcectodermal tumors, pituitary adenoma,
plasma cell neoplasia/multiple myeloma, pleuropulmonary blastoma, primary central nervous system
lymphoma, prostate cancer, rectal cancer, renal cell carcinoma (kidney cancer), renal pelvis and
wreter, retinoblastoma, rhabdomyosarcoma, salivary gland cancer, sarcoma {e.g. Ewing family,
Kaposi, soft tissue, ulerine), Sézary syndrome, skin cancer (e.g. nonmelanoma, melanoma, merkel
cell), small cell lung cancer, small jntestine cancer, soft tissue sarcoma, squamous celf carcinoma,
squamous neck cancer, stomach cancer, supratentorial primitive neuroectodermal tumor, t-cell
Iymphoma, testicular cancer, throat cancer, thymoma and thymic carcinoma, thyroid cancer,
trophoblastic tumors, ureter and renal pelvis cancers, urethral cancer, uterine cancer, utering sarcoma,
vaginal cancer, visual pathway and hypothalamic ghoma, wvulvar cancer, Waldenstrdm
macroglobulinemia, and Wilms tumor,

[818%] In one embodiment, the cancer is multiple myeloma (MM). fn one embodiment, the cancer is
AML. AML 1 the second most common legkemia, with approxamately 13,000 newly diagnosed cases

and 9,000 deaths annually in the US. Although approved therapies cxist, the prognosis of many
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leukemia patients is poor and the likelihood of successful treatment is low. The current standard of
care for AML 1s induction cytosine arabinoside (ara-C} in combination with an anthracycline agent
(such as, for example, daunarubicin, idarubicine or wutoxantrone). This therapeutic regimen 18
typically followed by administration of high dose cytarabine and/or stem cell transplantation. These
treatments have improved outcome in young patients. Progress has also been made in the treatment of
acute promyclocytic leukemia, where targeted therapy with all-trans retinoic acid (ATRA) or arsenic
trioxide have resulted in excellent survival rates. However, patients over 60, a population which
represents the vast majority of AML cases, romain a therapeutic enigma. Although 63-85% of patients
mitially respond to existing treatments, 65% of such responders undergo relapse, and many patients
succumb to the discase. For at least this reason and becanse the afore-mentioned treatments may have
severe side effects, the inventive predictive test can guide use of the reatment that mitigates these
fitigations. In some embodiments, the present invention improves the fikelihood of successful
treatment by matching the right patient to the right freatment. Further, there are currently no tests to

predict AML patient response to treatment.

[8119] The term subiect, as used herein unless otherwise defined, is a mammal, e.g., a homan,
mouse, rat, hamster, guinea pig, dog, cat, horse, cow, goat, sheep, pig, or non-human primate, such as

a monkey, chimapanzee, or babooun. The terms “subject™ and “patient” arc used nterchangeably.

Specimens

[8113] In some embodiments, the present invention includes the measurement of a tumor specimen,
including biopsy or surgical specimen samples. In some embodiments, the biopsy is a human biopsy.
In various embodiments, the biopsy 18 any one of a tissuc sample, a frozen tumor tissue specimen,
cultared cells, circulating tumor cells, and a formalin-fixed paraffin-embedded fumor tissue specimen.
In some embodiments the tissue sample is a peripheral blood sample, a lymph-node sample, a bone
marrow sample, or an organ tissue sample. In another embodiment, the specimen is a mitochondrial

fraction.

19112] In some crbodiments, the tumor specimen may be a biopsy sample, such as a frozen tumor
tissue (cryosection) specimen. As is known in the art, a cryosection may employ a cryostat, which
comprises a microtome inside a freerer. The surgical specimen is placed on a metal tissue disc which
is then secured in a chuck and frozen rapidly to about -20°C to about -30°C. The specimen is
cmbedded in a gel like medimn consisting of, for example, poly ethylene glycol and polyvinyl
alcohol. The frozen tissue is cut frozen with the microtome portion of the cryostat, and the section is

optionally picked up on a glass slide and stained.
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[#113] In some embodiments, the tumor specimen may be a biopsy sample, such as cultured cells,
These cells may be processed using the usval cell culture techuigues that are known in the art. These

cells may be circulating tumor cells,

{8114} in some embodiments, the fimor specimen may be a biopsy sample, such as a formalin-fixed
paraffin-embedded (FFPE) tumor tissue specimen. As is known in the art, a biopsy specimen may be
placed in a container with formalin (2 mixture of water and formaldehyde} or some other flaid to
preserve it The tissue sample may be placed into a mold with bot paraffin wax. The wax cools to
form a solid block that protects the tissue. This paraffin wax biock with the cmbedded tissue is placed

on a microtome, which cuts very thin slices of the tissue.

181158] In certain embodiments, the tumor specimen {or biopsy) contains less than 100 mg of tissue,
ot in certain embodiments, contains about 50 mg of tissue or less. The tumor specimen (or biopsy)

may contain from aboot 20 mg to about SO mg of tissue, such as about 35 mg of tissue.

[#116] The tissue may be obtained, for example, as one or more {e.g., |, 2, 3, 4, or 5} needle biopsies
(e.g., using a 14-gauge necdic or other suitable size). In some embodiments, the biopsy is a fine-
needle aspiration in which a long, thin needle is inserted into a suspicious area and a syringe is used 1o
draw out thid and cells for analysis. Tn some embodiments, the biopsy 18 a core needle biopsy n
which a large needle with a cutting tip is used during core needie biopsy to draw a column of tissug
out of a suspicious area. In some cmbodiments, the biopsy is a vacuum-assisted biopsy in which a
suction device increases the amount of fluid and cells that 1s extracted through the needle. In some
embodiments, the biopsy s an image-guided biopsy in which a needle biopsy is combined with an
imaging procedure, sach as, for example, X ray, computerized tomography (CT), magnetic resonance
imaging (MR1I} or ultrasound. In other embodiments, the sample may be obtained via a device such as
the MAMMOTOME® biopsy system, which is a laser guided, vacoun-assisted biopsy system for

breast biopsy.

{8117} In certain embodiments, the specimen is a human tumor-derived cell line. In certain
embodiments, the specimen is a cancer stem cell. In other embodiments, the specimen is derived from
the biopsy of a solid tumeor, such as, for example, a biopsy of a colorectal, breast, prostate, lung,

pancreatic, renal, or ovarian primary fumor.

{8118] In certain crmobodiments, the spectmen is of epithehial origin. In some cmbodiments, the
epithelial specimen 1s enriched by selection from 2 biopsy sample with an anti-epithelial ccll adhesion

molecule {(EpCAM) or other epithelial cell binding antibody boumd to solid matrix or bead.

{8119 In certain embodiments, the specimen is of mesenchymal origin. In some embodiments, the
mesenchymal specimen is enriched by selection from a biopsy sample with a neural cell adhesion
molecule (N-CAM) or neuropilin or other mesenchymal cell binding antibody bound to 2 solid matrix

or bead.
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{#128] In certain embodiments, the specimen 18 derived from the biopsy of a solid tumor. In certain
embodiments, the specimen is derived from the biopsy of a non-solid tumor, such as, for example, any
of the cancer described herein. n specific embediments, the specimen is derived from the biopsy of a
paticnt with multiple mycloma, acute myelogenous leukemia, acute ymphocytic leukemia, chronic
Iymphogenous leukemia, mantle cell lymphoma, diffuse large B-cell lymphoma, and non-Hodgkin’s
lymphoma. Tn a specific embodiment, the specimen is a multiple mycloma cell that is coriched by
sclection from a biopsy sample with ap anti-CD 138 antibody bound to a solid matrix or bead. In =
specific embodiment, the spectmen is an acuic myelogenous leukemia coll that 15 enriched by binding
to a CD45-directed antibody. In a specific embodiment, the specimen is 8 chronic lymphogenous
leukemia or diffuse large B-cell lympboma that is enriched by non-B cell depletion. In some

embodiments, the specimen is derived from a circulating tumor cell.

Treqaiments

[8094] Alse within the scope of this invention is a method for assessing whether a patient is sensitive
or resistance to a drog that interferes with formation of a heterodimer based on the presence of that
heterodimer i the patient. A cancer patient is sensitive to an apopiosis inducer that blocks formation
of an anti-apoptotic heterodimer it this heterodimer is present in that paticot. A neurodegencrative
disease or cardiovascular disease patient, on the other hand, is responsive to an apoptosis inhibitor that

blocks formation of a pro-apoptotic heterodimer if this heterodimer is present in that patient,

[88938] In exemplary embodiments, the invention selects a treatment agent. Examples of such agents
inchude, but are not Himited to, one or more of anti-cancer drugs, chemotherapy, surgery, adjuvant

therapy, and neoadjuvand therapy.

18096] In various crobodiments, the vemtion perfains to cancer freatments including, without
limitation, one or more of alkylating agents such as thiotepa and CYTOXAN cyclosphosphamide;
kinesin-spindle protein stabilizing agent; proteasome inhibitor; modulator of ecll eycle regulation (by
way of non-limiting cxampie, & cyclin dependent kinase inhibitor); a modelator of celular epigenetic
mechanistic {hy way of non-limiting cxample, one or more of a histone deacetylase (HDAC) (e.g. one
or more of vorinostat or entinostat), azacytidine, decitabine); a glucocorticoid; a steroid; a monocional
antibody; an antibody-drog conjugate; a thalidomide derivative; an inhibitor of MCLI; alkyl
sulfonates such as busulfan, tmprosulfan and piposulfan; aziridines such as benzodopa, carboquone,
meturedops, and  uredopa;  cthylenindoes  and  methylamelamines  including  altretamine,
tricthylenemelaniine, trictylenephosphoramide, tricthivienethiophosphoramide and
trimethylolomelamine: acstogening {e.g., bullatacin and bullatacinone); a camptothecin (including the
synthetic analogue topotecan); bryostating cally stating CC-1065 {including us adozelesin, carzelesin

and bizelesin synthetic analogues); cryptophycins {e.g, cryptophyein 1 and cryptophycin 8);
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dolastatin; deocarmycin (inclading the synthetic analogues, KW-2189 and CB 1-TMI); eleutherobin;
pancratistating a sarcodictyin; spongistatin; nitrogen mustards such as chlorambucii, chlorpaphazine,
cholophosphamide,  estrammustine,  #osfamide, mechlorethamine, mechlorcthammine  oxide
hydrochloride, melphalan, noverbichin, phenesterine, prednimustine, trofosfamide, uractl roustard;
nitrosureas such as carmustine, chlorozotocin, fotemustine, lomustine, nimustine, and ranimnustine;
antibiotics such as the enediyne antibiotics (e.g., calicheamicin, especially calicheamicin gammall and
calichcamicin omegall {see, e.g., Agnew, Chem. il Hd. Engl, 33: 183-186 (1994)); dynemicin,
inchuding dysemicin A; bisphosphonates, such as clodronate; an osperamicin; as well ag
neocarsinostatin chromophore and related chromoprotein  enediyne antibiotic  chromophores),
aclacinomysins, actinomycin, authramycin, azaserine, bleomycins, caclinomycin, carabicin,
caminomycin, carzinophilin, chromomycinis, dactinomycin, daunorubicin, detorubicin, 6-diazo-5-
oxo-L-norlencine,  ADRIAMYCIN  doxorubicin  (ncluding  morpholino-  doxorubicin,
cyanomorpholino-doxombicin,  2-pyrrolino-doxorubicin and  deoxy  doxonubicim),  epirubicin,
esorubicin, idarubicin, marcclomycin, mitomycing such as mitomyein C, mycophenolic acid,
nogalamycin, olivomyemns, peplomyein, potfiromycin, puromycin, quelamycin, rodorubicin,
streptonigrin, stroptozocin, twbercidin, ubenimex, =zinostatin, zovubicin; an anthracvcline or
anthracenedione; anti-metabohites such as methotrexate and 5-fluorouracit (§-FU}, folic acid
analogues such as denopterin, methotrexate, pteropterin, irimetrexate; purine analogs such as
fiudarabine, 6-mercaptopuring, thiamiprine, thioguanine; pyrimidine analogs such as ancitabine,
azacitidine, G-azauridine, carmofur, cytarabine, a cytarabine-based chemotherapy, dideoxyuridine,
doxithuridine, enocitabine, floxuridine; androgens such as calusterone, dromostanclone propionate,
epttiostanol, mepitiostane, testolactone; anti-adrenals such as minoglutethimide, mitotane, trilostane;
folic acid replenisher such as frolinic acid; aceglatone: aldophosphamide glycoside; aminolevulinic
acid; eniluracil; amsacrine; bestrabucil; bisantrene; edatraxate; demecoleine; diaziguoune; clformithing;
ciliptinium acetate; an epothilone; etoglucid; gallium wnitrate; hydroxvurea; lentinan; lonidamnine;
maytansinoids such as maytansine and ansamitocins; mifoguszone; mitoxanirong; mopidanmol;
nifraerine; pentostating phenamet; pirargbicin; losoxantrone; podophyllinic acid; 2-ethylhydrazide;
procarbazine; PSK polysaccharide complex (JHS Natural Products, Fugene, Ureg.); razoxane;
rhizoxin; sizofuran; spirogermanium; ienuazonic acid; triaziguone; 2,2'.2"-trichlorotriethyiamine;
trichothecenes {e.g., T-2 toxin, verracurin A, roridin A and angoiding); urethan; vindesing;
dacarbazine; mannomustine; mitobronitol; mitolactol; pipobroman; gacyicsine; arsbinoside (“Ara-
™y cyclophosphbarmide; thiotepa; taxoids, e.g., TAXOL paclitaxel (Bristol-Myers Squibb Oncoelogy,
Princeton, N.J.), ABRAXANE Cremophor-free, albumin-enginecred nanoparticle formulation of
paclitaxel (American Pharmaceotical Partners, Schaumberg, 111}, and TAXOTERE doxetaxel
(Rhone-Poulenc Rorer, Antony, France); chloranbucil;, GEMZAR gemeitabine; 6-thioguaning;
mercaptopuring; methotrexate; platioum analogs such as cisplatin, oxaliplatin and carboplating

vinblasting; platinum; ctoposide (VP-16); ifosfamide; mitoxantrone; vincristine; NAVELBINE.
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vinorelbine; novantrone; teniposide; edatrexate; davmomycing aminoptering xeloda; ibandronate;
wrinotecan (Camptosar, CPT-11} {including the treatment regimen of irinotecan with 5-FU and
leucovoriny; topeisomerase inhibitor e.g. RFS 2000; difluoromethylorithine (DMEO); retinoids such
as retinoic acid; capecitabing; combretastating leucovorin (LV); exaliplatin, including the oxaliplatin
treatment regimen (FOLFOX); lapatinib (Tykerb); inhibitors of PRC-¢, Raf, H-Ras, EGFR (e.g.,
crictinib (Tarceva)} and VEGF-A that reduce cell proliferation, dacogen, velcade, and

pharmaceutically acceptable salts, acids or derivatives of any of the above.

{8697} In various cmbodiments, cancer treatments include, without limitation, one or more BH3
mimetics.  BH3 numetics or analogs thercof, that may be used include, but are not limited to,
Gossypo! and its analogs (e.g. ldeker et al. Genome Res, 2008), ABT-199, ART-737 {e.g. Petros et al.
Protein Sci. 2000}, ABT-263 {(c.g. Letai et al. Cancer Cell 2002) and their anslogues {e.g.
WO2005049593, US7,767.684, US 7,906,505), Obatoclax {c.g. WOZH04106328, WOZ003117608,
US 7,425,553), BU-5148, EU-5346, E1-4030, BEU-512248 (Hutropics), compounds that sclectively
inhibit Mcl-1 (e.g. WO2008131000, WO2Z00R130970, Richard, et al. (2013) Bioorg Med Chem.
21(21)%:6642-9)), HA-14-1 {e.g. Wang, e/ af (2000} Proc. Natl. Acad. Sci. USA 97: 7124-9),
Antimoycin-A {e.g. Trzung, er ¢l (20061) Nat. Celll Biol 3: 183-191), BH3L-1 and BH3L2 {cg
Degterev, e al. (2001) Nat. Cell. Biel. 3: 173-82), terphenyl derivatives (e.g. Kutzki, ef al. (2002) 1.
Am, Chem. Soc. 124: 11838-9), and compounds with selective BH3 mimic function (e.g. Ng (2014)

Clin Adv Hematol Oncol. 12(4):224-9,

18898] In vartous embodiments, cancer treatments inclode, without limitation, one or more SMAC
mimetics or analogs thereof. SMAC mimetics mimetics or analogs thereof, that may be used include,
but are not limited to, small molecule inhibitors, Smac-oudmic (L1 et al., Science 305: 1471-1474
(2004)), LBW242 (Petrucei ot al PLoS ONE 7(4) 35073 (2012), TL32711 (Tetralogic
Pharmaceuticals), LCL161 (Novartis), GDC-0917 {Genentech), AEG40826/HGS 1029 {Aggera), AT-
406 {Ascenta), and the SMAC mimetics disclosed in US Patent No. 7,807,699,

18099} In various cmbodiments, the invention pertains to cancer treatments including, without
timitation, those described in US Patent Publication No. US 2012-0225851 and International Patent
Publication No. WO 2012/122370, the contents of which are hercby incorporated by reference in their

entireties.

Clinical Faciors and Additional Biomarkers

[8121] In some embodiments, the invention comprises the evaluation of clinical factors. In some
embodiments, the invention comprises an evaloation of heterodimer binding and/or chinical factors to

assess @ patient response. In some embodiments, a clinical factor that provides patient response
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information in combination with a heterodimer binding study may not be linked to apoptosis. In some

embodiments, a clinical factor is non-apopiosis affecting.

1#122] In one embodiment, the clinical factor is one or more of age, cytogenetic status, performance,

histological subclass, gender, and discase stage

19123] In onc embodiment, the clinical factor 15 age. In one embodiment, the patient age profile s
classified as over about 10, or over about 20, or over about 30, or over about 40, or over about 534, or

over about 60, or over abowt 70, or over about 80 vears old.

{8124} In one embodiment, the clinical factor is cvtogenetic status. In some cancers, such as Wilms
tumor and retinoblastoma, for example, gene deletions or mactivations are responsible for initiating
cancer progression, as chromosomal regions associated with tomor suppressors are conunonly deleted
or mutated. For example, deletions, inversions, and translocations are commonly detected in
chromosome region 9p21 in gliomas, non-small-cell lung cancers, leukemias, and melanomas.
Without wishing to be bound by theory, these chromosomal changes may inactivate the tumor
suppressor cyclin-dependent kinase inhibitor ZA. Along with these deletions of specific genes, large
portions of chromosomes can zlso be fost. For instance, chromosomes Ip and 16q are comamonly lost
i solid tumor cells. Gene duplications and increases i gene copy numbers can also contribute to
cancer and can be detected with transcriptional analysis or copy number variation arrays. For
cxample, the chromosomal region 12q13-gi4 is amplified in many sarcomas. This chromosomal
region encodes a binding protein called MDMZ, which is known to bind to a turaor suppressor called
p33. When MDM?2 s amplified, it prevents p53 from regulating cell growth, which can result in
tumor formation. Further, certain breast cancers are associated with overexpression and increases in
copy number of the £RBR2 gene, which codes for human epidermal growth factor receptor 2. Also,
gains in chromosomal number, such as chromosoraes 1g and 3¢, are also associated with increased

cancer risk.

[8128] Cytogenetic status can be measured in a variety of mamners known in the art. For example,
FISH, traditional karyotyping, and virtual karyotyping (e.g comparative genomic hybridization
arrays, CGH and single nucleotide polymorphism arrays) may be used. For example, FISH may be
used 1o assess chromosome rearrangement at specific loct and these phenomenon are assoctated with
disease risk status. In some embodiments, the cviogenetic status is favorable, ntermediate, or

unfavorable.

[#126] In one embodiment, the clinical factor is performance. Performance status can be quantified
using any system and methods for scoring a patient’s performance status are known in the art. The
measure is often vsed to determine whether a paticnt can receive chemotherapy, adjustment of dose
adjustment, and to determine intensity of palliative care. There are various scoring systems, including

the Karnofsky score and the Zobrod score. Parallel scoring systems include the Global Assessment of
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Fumctioning (GAF)} score, which has been incorporated as the fifth axis of the Diagnestic and
Statistical Manual (DSM) of psychiatry. Higher performance status {e.g., at least 8(%, or at lcast 70%
using the Karnofsky scoring system) may indicate treatment to prevent progression of the disease
state, snd enhance the patient’s ability to accept chemotherapy and/or radiation treatment. For
example, in these embodiments, the patient is ambulatory and capable of self care. In other
cmbodiments, the evaluation is indicative of a patient with a low performance status (e.g., less than
50%, less than 30%, or less than 20% using the Kamofsky scoring system), so as to allow
conventional radiotherapy and/or chemotherapy 1o be tolerated. In these embodiments, the patient is

largely confined to bed or chair and is disabled even for self-care.

{8127] The Kamofsky score runs from 100 to 0, where 100 s “‘perfect” health and 0 is death. The
score may be employed at intervals of 10, where: 100% is normal, no complaints, no signs of discase;
50% is capable of normal activity, fow symptoms or signs of discase, 80% is normal activity with
some difficulty, some symptoms or signs; 70% is caring for sclf, not capable of normal activity or
work; 60% is requiring some help, can take care of most personal requirements; 50% requires help
often, requires frequent medical care; 409 is disabled, requires special care and help; 30% is severely
disabled, hospital admission indicated but no risk of death; 20% is very ill, urgently requiring
adrmission, requires supportive measures ot treatment; and 10% is mortbund, rapidly progressive fatal

disease processes.

{#128] The Zubrod scoring system for performance status includes: 0, fully active, able to carry on
all pre-discase performance without restriction; 1, restricted in physically stremuous activity but
ambulatory and able to carry out work of a light or sedentary nature, e.g., Hght house work, office
work; 2, ambulatory and capable of ali self-carc but unable to carry out any work activitics, up and
about more than 50% of waking hours; 3, capable of only himited self-care, confined to bed or chair
more than 50% of waking bowrs; 4, completely disabled, cannot carry on any self-care, totally

confined to bed or chair; §, dead.

{8129] In one embodiment, the clinical factor is histological subclass. In some ombodiments,
histological samples of tumors are graded according to Elston & Ellis, Histopathology, 1991, 19:403-

10, the contents of which are heveby incorporated by reference in their entirety.

{#138] In one embodiment, the climical factor is gender. In one embodiment, the gender is male. In

another embodiment the gender is female.

[#131] In one embodiment, the clinical factor is disease stage. By way of non-limiting example,
using the overall stage grouping, Stage I cancers are localized to one part of the body; Stage H cancers
arc locally advanced, as arc Stage 1H cancers. Whether a cancer is designated as Stage H or Stage Il
can depend on the specific type of cancer. In one non-limiting example, Hodgkin’s disease, Stage 11

indicates affected lymph nodes on only one side of the diaphragm, whereas Stage HI indicates
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affected lymph nodes above and below the diaphragm. The specific criteria for Stages I and HI
therefore differ according to diagnosis. Stage IV cancers bave oficn metastasized, or spread to other

organs or throughout the body.

1#132] In some ombodiments, the clinical factor is the Fronch-American-British (FAB)
classification system for hematologic diseases (e g indicating the presence of dysmyelopoiesis and

the quantification of myeloblasts and erythroblasts). In one cmbodiment, the FAB for acute

Iymphoblastic levkemias is L1-13, or for acute myeloid lcukemias is M{-M7.

[8133] In another embodiment, the method further comprises a measurement of an additional
biomarker sclected from mutational status, single nucleotide polymorphisms, steady state protein
levels, and dynamic protein levels, In ancther erobodiment, the methed further comprises predicting &
clinical response in the patient. In another embodiment, the clinical response 1s about |, about 2, about

3, or about § year progression/event-free survival.

[#134] A variety of clinical factors have been identified, such as age profile and performance statos.
A number of static measurements of diagnosis have also been utilized, such as cytogenctics and
molecular events including, without Himitation, mutations in the genes MLL, AML/ETO, Fi3-1TD,
NPMI1 (NPMce+), CEBPa, 1IDHI, IDH2, RUNXI, ras, and WTI and in the epigenetic modifying

genes TET2 and ASXLE, as well as changes in the cell signaling protein profile.

[8135] Further, in some embodiments, the any one of the following chinical factors may be useful in
the methods described herein: gender; genetic risk factors; family history; personal history; race and
cthmicity; featares of the certain tissues; various benign conditions {e.g. non-proliferative lesions);

previous chest radiation; carcinogen exposure and the like.

{8136] Further still, in some embodiments, the any one of the following clinical factors may be
useful in the methods described herein: one or more of a cell surface marker CD33, a cell surface
marker CD34, a FLT3 mutation status, a p533 mutation status, a phosphorvlation state of MEK-1

kinase, and phosphorylation of serine at position 70 of Bel-2.

{81371 In some embodiments, the clinical factor is expression levels of the cytokines, including,
without himitation, interleukin-6. In some embodiments, interleukin-6 levels will correlate with

likelihood of response in MM patients, including a poor patient prognosis or a good patient prognosis.

{8138] In another ombodiment, the method comprises measuring the heterodimer binding of a cell
expressing one or more of a cell surface marker D33, a cell surface marker CD34, a FLT3 mutation
status, a p533 mutation status, a phosphorylation state of MEK-1 kinase, and phosphorvlation of serine

at position 70 of Bel-2; and correlating to efficacy in treating cancer patients with chemotherapy.

{813%] In stll another embodiment, the cancer is AML and/or MM and the clinical factor 1s age

profile and/or cyiogenetic status; or the cancer is AML and/or MM and the cancer treatment is
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cytarabine or cytarabine-based chemotherapy and/or azacytidine, or the cancer treatment is cytarabine
or cytarabine-based chemotherapy and/or szacytidine and the clinical facior is age profile and/or
cytogenetic status, o7 the cancer treatment 18 cytarabine or cytarabine-based chemotberapy and/or
azacytiding; the cancer is AML and/or MM; and the clinical factor is age profile and/or cytogenctic

status.

{8148] The invention also provides kits that can simplify the evaluation of tumor or cancer cell
specimens. A typical kit of the invention comprises various reagents inciuding, for example, one or
more agents to detect 8 BH3 peptide. A kit may also comprise one or more of reagents for detection,
mcluding those useful in various detection methods, such as, for example, antibodies. The kit can
further comprise materials necessary for the evaluation, including welled plates, syringes, and the hike.
The kit can forther comprise a label or printed instructions instructing the vse of described reagents.

The kit can further comprise a treatment o be tested.

Detection Methods

1881848} In various embodiments, the present methods comprise evaluating the cytogenetic status of a
cell {c.g. evaluating a presence, absence, or level of a protein and/or a nocleie acid). In various
embodiments, the present methods comprise evalaating a presence, absence, or level of a protein
and/or 8 nucleic acid which can enhance the specificity and/or sensitivity of heterodimer binding. In
some embodiments, the evaluating 15 of a marker for patient response. In some embodiments, the
present methods comprise measurement using one or more of imnumohistochemical staining, western
blotting, in cell western, immunofluorescent staining, ELISA, and fluorescent activating cell sorting
(FACS), bioluminescence, flucrescent marker detection, or any other method described herein or
known in the art. The present methods may comprise confacting an antibedy with a tumor specimen
{e.g. biopsy or tissue or body thid) to identify an epitope that is specific 1o the tissue or body fhud

and that is indicative of a state of a cancer.

{86161} There are generally two strategies used for detection of epitopes on antigens n body fluids or
tissues, direct methods and indirect methods, The direct method comprises a one-step staining, and
may involve a labeled antibody {e.g. FITC conjugated antiserom) reacting directly with the antigen in
a body fluid or tissue sample. The indirect method comprises an unlabeled primary antibody that
reacts with the body fluid or fissue antigen, and a labeled secondary antibody that reacts with the
primary antibody. Labels can mclude radivactive labels, fluorescent labels, hapten labels such as,
biotin, or an enzyme such as horse radish peroxidase or alkaline phosphatase. Methods of conducting
these assays are well known in the art. See, e.g., Harlow ef al. {Antibodics, Cold Spring Harbor
Laboratory, NY, 1988), Harlow ef ¢/ (Using Antibodies, A Laboratory Manual, Cold Spring Harbor

Laboratory, NY, 1999}, Virclla (Medical Immunology, 6th edition, Informa HealthCare, New York,
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2007), and Dnamandis ¢f «f (Immumnoasssays, Academic Press, Inc., New York, 1996). Kits for
conducting these assays are commercially available from, for example, Clountech Laboratories, LLC.

{(Mountain View, CA).

180102} In another embodiment, the measuwrement comprises evahiating a presence, absence, or fovel
of a nucleic acid. A person skilled in the art will appreciate that a mumber of methods can be used to

deteet or quantify the DNA/RNA levels of appropriate markers.

188183} Gene expression can be measured using, for example, low-to-mid-plex techniques, including
but not limited to reporter gene assays, Northern blot, fluorescent in situ hybridization (FISH), and
reverse transcription PCR {(RT-PCR). Gene expression can also be measured using, for example,
higher-plex techmigues, including but net liuntied, serial analysis of gene expression (SAGE), DNA
microarrays., Tiling array, RNA-Seg/whole transcriptome shotgun sequencing {(WTSS), high-
throughput sequencing, maltiplex PCR, multiplex Ligation-dependent probe amplification (MLPA),
DINA scquencing by ligation, and Luminex/XMAP. A person skilled in the art will appreciate that a
number of methods can be used to detect or quantify the level of RNA products of the blomarkers
within a sample, including arrays, such as microarrays, RT-PCR (inclhuding quantitative PCR),

nuclease protection assays and Northern blot analyses.

{8141] This invention is further iHustrated by the following non-hmiting examples.
EXAMPLES

Example 1: Preparation of Monoclonal Antibodies Specific to caspase-IAP Heterodimers

18142] Gones encoding human caspase, 9, 7 and 3 minus the caspase recroitment domain are cloned
and expressed as described in Curr Profoc Protein Sci. 2003 Feb; Chapter 21:Unit 21,13, Expression,

purification, and characterization of caspases. Denault JB, Salfvesen GS.)

{8143} Al of the DNA constructs are introduced into BL21 E. coli cells. Positive transformants are
cultared in a suitable medium and expression of the fusion proteins are induced with isopropyl-1-thio-
B-D-galactopyranoside. The expressed fusion proteins are puorified using Amersham  Hitrap
Glutathione column on the ACTA-FPLC (Amersham) and accurstely quentified using

spectrophotometry.

18#144] Poptides comprising the BIR 1 and 3 domains of xIAP and the BIR-Z domaing of xIAP,
clAPL, or ¢lAP2, as described in table 3 are made with one aromatic aming acid residue replaced with
benizol phenyialanine (Bpa) during synthesis. The Bpa modified BIR-3 domain peptides are checked
for binding to caspase 3, 7 and 9 using fluorescence polarization, in this case by inhibiting the
bonding of wild type peptides are labeled with FITC to caspases (Hekelman and Salvesen, J. Biol

Chem. 2006, 281:3254-3260).
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[8#145] After binding kinetics are determined at eqoamolar amounts in PBS and exposed to UV Hght
to catalyze covalent attachment of the Bpa residue to the caspase protein. The muxture is stirred on ice
for 12 hours to allow formation of heterodimers. The beterodimers are separated from unbound
caspase proteins using a BiR 2, BIR-1 or BIR3 peptide coupled sepharose 12 colmon on 2 ACTA-

FPLC, following the method described in Zoe of af., Protein Scignce 6: 781-788 (2007).

{8146] Each of the heterodimers {Img) is suspended in monophosphoryl hipid A phus trehalose
dicorynomycolate adjuvant, The mixtures thus formed are injected into Balb/c mice at cach hind foot
pad once every 3-4 days for 14 times. Three days after the final injection, splecn cells are removed
from the mice and a single cell suspension is prepared in a DMEM mediome supplemented with 1%
peniciilin-streptomyein. The spleen cells are fused with murine myeloma cells P3IX63AgU

(ATCC® CRL 1597 using 35% polyethylens giveol and cultured in 96-wel culture plates,

<

[8#147] Hybridomas are selected in super DMEM [DMEM supplemented with 10% fetal calf seram
FCS, 100 mM pyrovate, 100 U/nd insolin, 100 mM oxaloacetic acid, 2 mM ghitaming, 1%
nonessential amino acids, 100 U/l penicillin, and 100 pg/od streptomyein] containing 100 uM

hypoxanthine, 0.4 uM aminopterin, and 16 pM thymidine (HAT).

§148] Hybridoma cells are fed with 200 ul of super DMEM containing 10% FCS and antibiotics.
\ b p g

Ten days after the fusion, supernatants of the hybridoma cultares are collected and screened for the

presence of antibodies that bind to the cognate heterodimer protein and/or to cither member of the

heterodimer (as negative controlsy in a capture ELISA as described in Certo et af., Cancer Celi,

B(5):351-365 (2006).

[8149] Briefly, 96-well microtiter plates are coated with SO pl (1 pg/mb of a heterodimer or a
member of the heterodimer at 4° C overnight. The plates are then washed three times with PBS
containing (.05% TWEEN 2™ (PBST) and blocked with 50 ul PBS containing 2.0% bovine serum
albumin (BSA) at room temperature for 1 hour. The plates are then washed again three times with
PBST. Afterwards, 100 ul of a hybridoma supernatant 15 added to designated wells. The plates are
incobated at room temperatare for 1 hour on a shaker apparatus and then washed three times with
wash buffer. Next, 50 pl HRP-conjugated goat anti-mouse gl Fe, diluted 1:1060 in assay buffer
{0.5% bovine serum albumin, 0.05% % TWEEN 20™ §.01% Thimersol in PBS), is added to cach
well. The plates are then incubated for | hour at room temperature on a shaker apparatus and washed
three times with wash buffer, followed by addition of 50 ul of substrate DACO and incobation at
room temperature for 10 minuies. SO ul diethyl glycol were added to each well to stop the reaction

and absorbance at 450 nm in cach well is read in a microtiter plate reader.

18150] Hybridoma cells producing antibodies that bind to a heterodimer but not to cither member of

the heterodimer are sclected. These positive hybridoma cells are cloned twice and the specificity of
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the antibodies produced thereby are retested.  The isotypes of the antibodies having the desired

specificity arc determined by conventional methods, e.g., using isotype specific goat anti-mouse Igs.

Example 2: Preparation of Polyclonal Antibodics Specific to caspase-IAP Heterodimers

1#151] Now Zealand rabbits are immunized on the back and proximal Hmbs of the rabbiis with 0.1
mi of a caspase-1AP heterodimer (30 pg/mi) prepared following the method described in Example L
The heterodimer s pre-mixed with 50% Freund's complete adpuvant. The nmunization is repeated
28th days later. On day 35, 0.5 ml of bicod is obtained from cach of the immunized rabbits and
antibody titers in the blood samples are determined by ELISA.  Anti-scra are collected from the

arterial carotid of rabbits having high antibody titers.

[8152] The specificity of the antibodies 1 each antisenum is examined by conventional methods, e.g.,

the mmmunoprecipitation and FACS assays described in Examples 4 and 5 below.

Fxample 3: Screening for scFv Antibodies Specific to caspase-IAP Heterodimers Using A Yeast
i g

sckv Library

{#153] A nonmumnune human scFv yeast Bbrary (using expression vector pYD1) is obtained from
Pacific Northwest National Laboratorics. In this hibrary, a scFv antibody, in which the heavy and
light chains are conmnected by a flexible polypeptide linker, is fused to the adhesion subunit of the
yeast agglutinin protein AgaZp and the HA-tag. Upon expression, the scFv is located on the surface
of a veast host cell via binding of AgaZP t0 AgalP, a cell surface protein. See FIG. 4. Each veast
cell typically displays 1 x 107 o 1 x 10° copies of the scFv and the surface expression of the scFv.
Variations in surface cxpression can be measured through tmmunofluorescence labeling of the HA-

tag flanking the scFv region.

[8184] The scFv library described above is introduced into yeast strain EBY 100 (Invitrogen™) and
scFv antibodies having the desired specificity are identified as follows. The EBY yeast cells are fust
grown overnight in | hiter of SDCAA mediom {containing 20 g dextrose, 6.7 g Difco yeast nitrogen
base, § g Bacto casamino acids, 5.4 g Na2HPO4 and 8.56 g NaH2PO4H20). 1 x 16" yeast cells from
the overnight colture are precipitated by centrifugation at 2,500 g for S minutes and resuspended in
SGCAA medium (a medium identical to SDACC except that it contains galactose instead of dexirose)
to an absorbance of about 0.5-1 at 600 nm. The yeast cells are then cultured at 20° C for 36 h to allow
expression of scFv antibodies. Afterwards, the cells are collected by centrifugation at 2,500 g for 3

min. The cell pellet is washed with 25 ml PBS.

[8158] Yoast colls expressing scFv antibodies are sorted by flow cytometry. Briefly, about 1 x 10° 1o

1 x 107 yeast cells prepared as described above are collected via centrifugation at 14,000 g for 30

(O8]
[e))



WO 2015/017788 PCT/US2014/049420

secconds, washed with 1 ml PBS buffer, and mixed with 2 ul of 10 pg/ml anti-HA phycoerythrin
monoclonal antibody (SIGMA-ALDRICH™) and caspase-1AP heterodimer, in which the anti-capase
antibody is labeled with FITC and the AP antibody is labeled with Texas Red®. After being
ncubated at roon temperature for 1 hour, the mixture is cerdrifuged at 12,000 g for 30 scconds to
precipitate yeast cells. The cell pellet thos formed is resuspended n SO0 ul 10 mM Tris (fnal cell

density about 10°/ml) and subjected to cell sorting by flow cytometry as follows.

i8186] A flow cytometry protocol is pre-determined using EBY 100 yeast cells mixed with the anti-

1A phycoerythrin antibody as a positive control and EBY 100 yeast cells mixed with the double-
labeled heterodimer as a negative condrol. Corapensation is performed to reject crosstalk between the
FITC, Texas Red®, and phycoerythrin channels of the fluorescence detector. The labeled yeast cells
are loaded inte a FACSAria Celi-Sorter (Becton Dickinson, Mountain View, Calif) and gated on
forward- and side scaticr channels. A appropriate sort gate in the FITC/ Texas red/phycoerythrin
positive quadrand is drawn and the top 5% triple posttive yeast cells are collected 1n 1 mi SDCAA
media. If necessary, the top 0G.1% triple-positive yeast cells are collected to cnsure that only cells
having high affinity to caspase IAP heterodimer is sorted.

{8187] The triple-positive cells thus identified are suspended in 16 ml SDCAA and grown over night

sl

at 30° C. These cclls are then subjected to two rounds of negative selection to exclude cells expressing
sckv antibodies that also bind fo caspase monomer or 1AP monomer. More specifically, the cells are
meubated with FITC-labeled caspase and Texas red-labeled [AP and following the same procedure
described above, FITC and Texas Red® double negative cells are sorted. The cells thus collected are

labeled with the double-labeled caspase IAP heterodimer to confirm their binding to the heterodimer,

18#158] The yeast cell thus identified are diluted and plated to allow formation of individual clones.
Plasmid DNAs are isolated from these clones using a Zymoprep kit (Zymo Rescarch, Orange, Califl}
as described in Weaver-Feldhaus et al,, Protein Engineering, Design & Selection vol. 18, no. {1, pp
527-536 (2005). The scFv sequence included in each plasmid DNA is determined following the
method described in Chao ot al., Nature Protocols 1:755-768 (2006).

{8189] The scFv antibodies thus identified arc analyzed by ELISA and FACS to confirm their
specificity to caspasc-1AP heterodimer. They can subject to nutagenesis to select for scFv antibodies

having higher affinity and specificity to caspase [AP heterodimer.

Example 4: Select Antibodies Specific to caspase IAP Heterodimers by Immuonoprecipitation
8168] Ao immunoprecipitation assay, as ilustrated in FIG, 2, is performed to ensure that the
antibodies obtained o Example 1 above arce speocific to caspase AP heterodimer. The two members of

a caspase 1AP heterodimer are conjugated with two fluorcscent probes that have distinet emission
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spectra, i.e., one labeled with fluorescein isothiceyanate (FITC; which emits at 48R nm) and the other
fabeled with Texas red (which emits at 590 run). The labeled members are incubated together to allow
formation of the caspasc TAP heteredimer, following the method described in Example 1 above. 0.1
ig of the heterodimer thus formed is incubated with 50 ul. of supematant from a hydridoma clone
that produces an antibody of interest in (.5 mL PBS containing (.05% tween-20. The non-dimerized
labeied members of the heterodimer are used as negative conirols. The mixtures are incubated for 1
hour on ice to allow formation of antitbody-antigen complexes and 10 ul of GammaBing-G sepharose
beads {GE Healthcare™, Piscataway, N.Y.) arc added to the mixture. After being meubated on ice
for 30 minutes on ice with rotation, the mixtires are centrifuged at 10,000 g for 30 seconds. The
pellet beads, to which the antibody-antigen complexes are attached, are washed several times and
measured for optical demsity at 488 am (0D488) and 590 nm (OGDSY90). The specificity of the

antibody is deteroined based on the values of OD488 and 590 nm ODA90.

Example S: Detecting caspase-IAP Heterodimers in Fixed Cells

18161] Cells care characterized for having a prevalent caspase IAP heterodimer. These cells, placed
on cover ships, are fixed with 2-4% formaldehyde (Formaldehyde, 16%, methanol frec) in PBS for 13
minutes at room temperature. The cell-containing cover slips are rinsed with PBS three times, 5
minutes for ecach. The ships are then soaked in a blocking bufter (TBST/5% normal goat serum: to §
mi 1 x TBST add 250 pl normal goat serum) for 60 minutes.  After the blocking buffer is aspirated, an
antibody specific to either caspase 3, 7 or 9 or cIAPI, cIAPZ, XIAP heterodimer (0.1 to 15 mg/ml) is
added to the slips. After being incubated at 4° C. overnight, the slips are rinsed three times with PBS,
5 minutes each time. A fluorochrome-conjugated secondary antibody, diluted n a dilution buffer, is
then added. After being incubated for 1-2 hours at room temperanie n dark, the ships are rinsed with
PBS three times, 2 minutes each time, and subsequently treated with Prolong Gold Antifade Reagent
{Tnvitrogen™). The ships are then sealed by painting around edges of the siips with nail polish and

observed under an inverted tlaorescent microscope.

Example 6: Detecting caspase-IAP Heterodimers in Fixed Tissoe Samples

{8162] Paraffin embedded and frozen thin section tissue samples from cancer patients and healthy
subjects are purchased from lmgenex™, Thege samples are spotied on microarray chips {4 mm x 4
mim spots that are 4 vuw thick)., The adjacent normal fissucs from the same paticnts/bealthy subjects

are also spotted on the array chips.

[8163] The microarray chips mentioned above are washed in turn with xylene three times, 5 minuotes

gach time, 100% ethanol twice, 10 minuates cach time, 95% ethanol, twice, 10 minotes cach time, and
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finally dH20 twice, § minotes cach time. The chips are then soaked in 1 mM EDTA, pH 8.0, heated

to boiling, and then kept at a sub-boiling temperature for 15 minutes.

[8#164] if the tissue samples on the microarray chips are fixed with formalin, the chips arc washed in
turn with 100%, 95%, 80% cthanol 3 times each, 3 mimites cach time, followed by two washes with
dH20, 3 minutes each. The chips are then soaked m 0.01M sodivm citrate. pH 6.0 for 20 mimstes.

{8168} The chips are then washed with dH.O three times, 5 minutes each time, incubated in 3%

hydrogen peroxide for 1 minutes (this step is not needed for formalin fixed samples), and washed

again with dH2O twice, 5 minutes cach time.

18166] Next, the chips are subjected to immunostaining using the antibodies prepared in Example 1
or an anti-caspase antibody as a control. The chips are soaked in & wash buffer for 5 minutes and then
in 100-400 pl of a blocking buffer (TBST containing 5% normal goat serum) for one hour. After
decanting the blocking solution, the chips are incubated with 100-400 ul of an anti-caspase/IAP-
heterodimer antibody (primary antibody), diluted to 0.1 to 15 pug/ml for cach chip, overnight at 4u C.
Afterwards, the chips are washed with the wash buffer three times, 5 minuies cach time, and then
ncubated with 100-400 wi of a biotinylated goat anti-mouse g antibody (the secondary antibody),
which is diluted in TBST following the manufacturer’s protocol, for 30 mimites at room temperature.
The chips are then washed with the wash boffer three times, 5 minutes each time, and mcubated with
100-400 ul ABC reagent (Vectastain ABC Kit™), which is prepared following the manufacturer's
instructions, for 30 minutes at room temperature. After being washed for three times with the wash
buffer, the chips are incabated with 100-400 pi DAB for signal development. The chips are immersed
i dH,O immediately after a color has developed thercon. When necessary, the chips are

counterstained with hematoxylin and DAPI following manofacturer's instructions.

18#167] The stained chips are dehydrated by incubation sequentially in 95% cthanol two times, 10
seconds cach, i 100% ecthanol two times, 10 seconds each, and finally n xylene two times, 10
seconds cach. The chips are then mounted with cover ships and examined using Fluorescence and UV
mricroscopy for staiming patterns.  The staining patterns obtained from cancer tissue samples arg

compared with those obtained from adjacent normal tissues.

Example 7: Antibodies that Bind Bim-BH3 domain peptide

FPreparation of Heterodimer Immunogen

[81868] We prepared an immunogen consisting of a Bel-xL-GST fusion protein bound with Bim-BH3
domain peptide. (FIG. 6). Though there is tight binding between the peptide and the protein it
seemed likely that only a covalently attached peptide would remain bound during the inununization

process. To make such a covalent heterodimer inununoegen we prepared a series of Bim BH3 domain
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peptides with 4-benzovipheylalanine (BPA)residues with replacing cach of the sterically similar
gromatic amino acids in the peptide one at a time. (FIG. 7). A scries of such peptides were tested for
binding affinitics for Bel-xL using fluorescence polarization and compared to the non-medified Bim
BH3 peptide. The peptide that demonstrated the most similar binding affinity to the non-modified

Bim BH3 peptide was chosen for covalent linking.

18169] Coupling was performed by adding a 2 fold molar excess of BPA-Bim-BH3 to BelxL GST
and exposing to UV light for 8 hours. Following UV activation ecach of the different Bel-xL Bim-
BPA-BH3 covalent complexes were tested for physical features by gel clecirophoresis, mass
spectroscopy analysis. Unbound Bel-xL, GST was removed from the solution by passing over a

Biotinylated-Bim BH3, Streptavidin-bead coluron. The flow through was prepared for immunization.
Monoclonal antibody development

{8178] HTYP™ Mice (Abpro, Lexington MA) have been genetically enginecred to produce a more
sensitive amune response than mouse models. Due the broader epitope diversity of this response, it
generates high affinity antibodies to the most traditionally difficult targets. MAbs were generated in
mice using a rapid immuanization protocol. Using & modified rapid jowoomization at nwltiple sites
(RIMMS)} protocol with the soluble GST-Bel-xL/BIM, the immunized mice developed high levels of
polyelonal IgQ to the mmumogen within 17 days of the first immunization. The lymph node cells
isolated from the tmwmunized animais were then fused with mouse myeloma cells for hybridoma
generation. Use of an efficient hybridoma cloning protocol in combination with an ELISA screening
procedure {sec FIG. 8) allowed for early identification of stable hybridomas scereting anti-Bel-

xL/BIM IgG.

{8171 Mice were momunized with 100og GST-BelxL/BIM protein and Complete Freund’s
Adjuvant {CFA). Subsequent injections every two or three days were with 100ug immunogen and
Incomplete Freund's Adjuvant (IFA). lmmunized mice were titer tested for reactivity by ELISA.
Mouse ymph cells were fused with murine myeloma cell lines and hybridomas were selected in HAT

media.
Screening and selection of monocional antibodies

{8172}] Fuosion hybridoma supernatants were screened for specific reactivity by ELISA. ELISA
positive ciones were subcloned to obtain monoclonal hybridomas of interest. Clones were ranked by
relative affinity. Results were validated using purified GST-Bel-xL. fusion protein it an ELISA-based

assay (FIG. 8). Hight 96-wells plates or 768 clones were tested in an ELISA assay

{8173] Several identified MAbs specifically reacted with the Bel-xL/BIM heterodimer protein

without binding to protein or peptide alone. As evaloated by ELISA analysis, some MAbs displayed
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high affinitics to heterodimer. Fifty clones were selected and 39 clones were still viable and positive

in the pre-subclone screen.

18#174] A sandwich ELISA was used to determine the antibody concentration in the fusion clone
supernatants. Thirty-one of the 39 clones turned out to be Igl class. All following assays were

normalized to 1gG concentration.
Covalent heterodimer assay

[8178] Supernatants from clones were tested binding activity by EILISA. Protein concentrations
were normalized and a concentration series was tested. A representative experiment is shown in FIG.
18A-B. Briefly, a covalent heterodimer was bound to Glutathione-coated ELISA plates and tested for
binding of fusion clones to GST-Bel-XL-BiM heterodimer.  FIG. 11A-D shows the heterodimer

binding affinity ranked for all 31 IgG ciones tested in this ELISA based assay.

8176] FIG. 12 shows a schematic of an altcmative strategy where biotinylated peptide was bound
to Streptavidin-coated plates and then incabated with the GST-Bel-XL fusion proteins. FIG. 134-D

shows the heterodimer binding affimity ranked for all 31 1gG clones tested in this ELISA based assay.
Establishing selective recognition of BIM BH3 induced epitope

[8177) The results from the titrations of 31 clones were confirmed by binding to heterodimers
formed by non-covalent inferactions. In addition, this experiment cxamined the binding of clone
supernatants to other BH3 only protein peptides, Bid, Puma, and Noxa as well as the BPA-Bim BH3
peptide, the native BIM BH3 peptide, the native BIM BH3 peptide with several flanking amino acids.
As shown in FIG. 14, several clones demonstrated selective binging to the Bim-BH3 peptide over the
Bid, Puma and Noxa peptides. Of these we preferred those that bound to cach of the BIM BH3
peptides and we selected clone 32, now called Heterodimer, Belxl, Specific to Bim (henee forth

referred to as HBXSE) as the parent clone for further study.
Esiablishing selective inkibifion of BIM BH3 induced epitope

{8178] ABT-263 i a BH3 domain mimetic that competitively inhibits BH3 domain mediated
binding. ABT-263 disrapts Bel-2/Bel-xL interactions with pro-death proteins {¢.g., Bim), leading to
the initiation of apoptosis within 2 howrs post treatment {Tse ot al, 2008). A dose-dependent
inhibition of heterodimaer antibody signal was observed in heterodimers formed with the BIM peptide.
BID peptide or no peptide served as negative controls confirming a heterodimer specificity of the
monoclonal antibody. The data in FIG. 15 demonstrates that displacement of the Bel-xL bound BIM
BH3 peptide is detected by HSBXB. A dose dependent inhibition of beterodimer antibody signal was
observed with BIM peptide. BID peptide, or no peptide, served as negative condrols confirming =

heterodimer specificity of the monoclonal antibody.

Application of HSBXE 1o Fixed Cells
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[#179] To demounstrate the utility of HSBXEB as biomarker that could be used in fixed archived tumor
samples we used immunoflucrescence microscopy to test 6 of the clones (FIG. 16A-B). Melanoma
AUCCHO3N cells were fixed with cither methanol (Panel A) or 4% paraformaldchyde (Panel B),
permeabilized with 0.2% TritonX100 and incubated with a subclone of HSBSX (#32). Then cells

were incubated with an Alexad488-conjugated goat anti-mouse antibody.
Inhibition of HSBXE binding with ABT 263 and detection in fixed cells

[8188] We have determined that the our novel imaging system would be well suited for quantitative
signal analysis in fixed cels and solid tumor thin sections. The system provides several advantages
over microscopy of high throughput western blotting. The detection system uses near-infrared (IR)
fluorophores (670-1100 noy that bave a distinet advantage over visible dyes, in that very low
background fluorescence at longer wavelengths provides an excellent signal- to-noise ratio. Common
visible fluorophores cannot be used effectively for direct protein detection on membranes and in
plastic plates because of their high background fhuorescence in the visible range. In this system
antibodics labeled with IR dyes at ditferont wavelengths are used for detection of multiple targets.
The tmager simultancously detects two distinct wavelengths. A scanning optical assembly carries two
laser diodes that generale excitation light at 680 and 780 am, as well as two avalanche photodiodes,

which detect emitted fluorescence at 720 and 820 nm.

{8181 Using this system we have demonstrated that displacement of the Bel-xL. bound BIM BH3
peptide is detecied by HSBXB in paraformaldehyde fixed cells. FIG. 17A-B demonstrates HSBXE
binding of Bel-XL/BIM heterodimer in cells incubated with different concentrations of ABT-263 to
shows quantitative measurements of heterodimer in response to ABT-263 in SKBR3 celis. IRDye
SOO0CW goat anti-mouse antibody was used for detecting the heterodimer specific mouse monocional
antibody and IRDye S00CW Goat anti-rabbit antibody was used to detect the commercial Bel-XL

rabbit monoclonal antibody.
Inhibition and enhancement of HSEXE and detection by flow cytometry

[8182] We have established a method for intracellular staining with the Bel-xD and the HSBXB
antibodics and used that in several leukemia cell lines. As a positive control we pretreated with the
Bim BH3 peptide at a concentration that achicve saturated binding to the endogencus Bel-XL.. This
treatment is routinely used as a positive control for conplete mitechondrial priming in owr
mitochondrial profiling AML test. As a negative control we pretreated with ABT 263 to displace Bim
from Bel-xL by the BH3, as we have established above this treatment diminished binding in in viiro
assays and in our novel platform. The displacement of Bim by ABT263 results in MOMP as measured
by the mitochondrial profiling assay (unpublished data). F1G. 18 shows that this displacement in
measurable by flow cytometry using the HSBXB antibody. To enhance staining and to establish a

positive control we added saturating amount of the Bim BH3 peptide to partially lysed cells. As a
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negative control we pretreated with BH3 mimetic compound, ABT 263 to displace Bim from Bel-xL.
In this experiment 5x10e6 JEKO 1 cells were suspended in Newmeyer buffer {Ryan ct al Proc Natl
Acad Sci USA 2010;107:12895-900), digitonin (Sigma-Aldrich, St Louis MO) and treated with 100
uM Bim BH3 peptide; or ABT263 compound at 10uM; or not treated.  Cells were incubated on ice for
3 hours, and then washed and treated with clone 32 at 10ug/ml for 20 mingtes, washed again and
stained with sccondary goat anti- mouse 120 alexa-48%. An 1gG-ZA isotype control was also prepared
and run in parallel. Sanples are analyzed on a FACS Canto I (BD Biosciences, San Jose CA) using

the BD FACS Diva software,

EQUIVALENTS

[8183] The detailed description herein describes various aspects and embodiments of the invention,
however, uniess otherwise specified, none of those are intended to be liniting. Indeed, a person of
skill in the art, having read this disclosure, will envision variations, alterations, and adjustments that
can be made without departing from the scope and spirit of the invention, all of which should be
considered to be part of the invention unless otherwise specified. Applicants thus cnvision that the

invention described herein will be Himited only by the appended claims.

{8184} Those skilled n the art will recognize, or be able o ascertain, using no more than routing
experimentation, numerous equivalents to the specific embodiments described specifically herein.

Such equivalents arc intended to be encompassed in the scope of the following claims.

INCORPURATION BY REFERENCE

{8185] Al patents and publications referenced herein are hereby incorporated by reference in their

entiretics.

{8186] The publications discussed bercin are provided solely for their disclosure prior to the filing
date of the present application. Nothing hercin is to be construed as an admission that the present

invention is not entitled to antedate such publication by virtue of prior invention,
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CLAIMS
What is claimed is:
1. A method for detecting a heterodimer in a patient sample, comprising:
a) isolating a cancer cell or specimen from said patient;

b) contacting said cancer cell or specimen with one or more antibodies that specifically bind

to the heterodimer;
¢} detecting a signal that indicates binding of the antibody to the heterodimer; and

d) determining the presence of the heterodimer based on the intensity of the signal.

2. A method for determining a cancer treatment for a pationt, comprising:
a) isolating a cancer cell or specimen from said patient;

b) contacting said cancer cell or specimen with one or more antibodies that specifically bind

o a heterodimer;
¢} detecting a signal that indicates binding of the antibody to the heterodimer;
d) determining the presence of the heterodimer based on the inteusity of the signal;

¢} determining a correlation between the antibody binding to a heterodimer said cancer cel or

speciraen and the sensitivity of said cell or specimen to said treatroent; and
) classifying the patient for likelihood of clinical response to one or more cancer treatments,

wherein the presence of a heterodimer correlates with treatment efficacy.

3. A method for predicting cancer sensitivity to freatment, comprising:
a} isolating a cancer ccll or specimen from said patient;

b) contacting said cancer celt or specimen with one or more antibodies that specifically bind

i 4 heterodimer;
¢} detecting a signal that indicates binding of the antibody to the heterodimer;
d) determining the presence of the heterodimer based on the intensity of the signal;

¢) determining a correlation between the antibody binding to 4 heterodimer said cancer cell or

specimen and the sensitivity of said cell or specimen to said treatment; and

i classifying the patient for ikelihood of clinical response to one or more cancer treatments,
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wherein the presence of a heterodimer correlates with treatment efficacy.

4. The method of claims 1-3, wherein the heterodimer comprises a caspase and an inhibitor of

apoptosis protein (JAP).

5. The method of claim 4, wherein the casgpase is selected from the group consisting of caspase 2,

caspase 3, caspase 3, caspase 7, caspasc 8, and caspase 9.

6. The method of claim 4, wherein the IAP is selected from the group of XIAP, IAP-1, clAP-Z, ndAP,

and survivin.

7. The method of claims 1-3, wherein the heterodimer comprises different members of the Bel-2

family.

8. The method of claim 7, wherein the heterodimer of Bel-2 family contains a first member of the
Bel-2 family selected from the group consisting of Bim, Bid, Bad, Puma, Noxa, Bak, Hrk, Bax, Bmf{,
and Mule, and a second member of the Bel-2 family selected from the group consisting of Mcl-1, Bel-

2, Bel-XL, Bil-1, and Bel-w,

8. The method of elabm 6, wherein the first member of the Bel-2 family 1s Bim and the second

member of the Bel-2 family is Mcl-1, Bel-XL, or Bel-2.

10. The method of claims 1-3, wherein the heterodimer is an anti-apoptotic heterodimer and its

presence indicates that the patient is sensitive to the drug.

11. The method of claims 1-3, wherein the heterodimer is a pro-apoptotic heterodimer and its

presence indicates that the patient is responsive te the drug.

12, The method of claims 1-3, wherein the cancer is a hematologic cancer.

-~

13. The method of claim 12, wherein the hematologic cancer is selected from acute myclogenous
leukemia (AML), nwliiple myeloma, follicular lymphoma, acute lymphoblastic leukemia (ALLY,
chronic lymphocytic leukemia, and non-Hodgkin's lvophoma.

14, The method of clatms 1-3, wherein the cancer 18 a solid fumor cancer.

15, The method of claim 14, wherein the solid tumor cancer is sclected from nov-small fung cell
carcinoma, ovarian cancer, and melanoma.

16. The method of claims 1-3, wherein the cancer treatment is one or more of anti-cancer drugs,
chemotherapy, antagonist of an anti-apoptotic protein, swrgery, adpevant therapy, and neoadjuvant

therapy.
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17. The method of claim 16, wherein the cancer treatment is one or more of a SMAC mimetic, BH3
mimetic, proteasome inhibitor, histone deaceiylase inhibitor, glucocorticoid, stercid, monocionsl

antibody, autibody-drug conjugate, or thalidomide derivative.

18. The method of claim 17, wherein the treatment blocks formation of the particular heterodimer

detected.

19. The method of claim 17, wherein the treatment perturbs formation of the particular heterodimer

detected.

20. The method of claims 1-3, wherein the specimen 1s a biopsy selected from a frozen tumor tissue
specimen, cultured cells, circulating tumor cells, and a formalin-fixed paraffin-crobedded tumor tissue

specimen.

21, The method of claims 1-3, wherein the specimen is @ huomao fumor-derived ecll line.

22. The method of claims 1-3, wherein the specimen is a cancer stem cell.

23. The method of claims 1-3, wherein the specimen is derived from the biopsy of a non-solid tumeor.

24. The method of claim 23, wherein the specimen is derived from the biopsy of a patient with
multiple myycloma, acute myclogenous leukemia, acute lymphocytic leukemia, chrovic lyophogenous

leukemia, mantle cell lymphoma, diffuse large B-cell lymphoma, and non-Hodgkin’s Iyraphoma.
25, The method of claims 1-3, wherein the specimen 18 derived from a circulating timmor cell.

26. The method of claim 1-3, wherein the specimen s derived from the biopsy of a solid tumor

Cancer.

27. The method of claim 26, wherein the specimen is derived from the biopsy of a patient with non-

small lung cell carcinoma, gvarian cancer, and melanoma.

28. The method of claims 1-3, further comprising determining onc or more clinical factors of the

paticnt.

29. The method of claim 2%, wherein the clinical factor is one or more of age, cytogenetic status,

performance, histological subclass, gender, and discase stage.

30. The method of claims 1-3, wherein the method further conprises predicting a chinical response in

the patient.

31. Anisolated antibody that specifically binds to the heterodimer of claims 4 to 11
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