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Methods of Preparing a Primary Cell Sample

Related Applications
This application claims the benefit of the priority date of U.S. Provisional

Application No. 62/243,763, filed on October 20, 2015, the content of which 1s hereby

incorporated by reference 1n 1ts entirety.

Background of the Invention

A number of constraints make 1t difficult to obtain viable human diseased cells
suitable for use as a sample 1n a clinical test when the cells are obtained directly from a
human tissue specimen. This largely explains why there are few, it any, clinical tests that use
live human cells extracted from tissue. Oftentimes, the preparation of a viable diseased cell
sample must be performed at a different location than where the specimen 1s removed from a
patient. This requires that the tissue be transported 1n a collection container that retains cell
viability for an extended period of time. In addition, the amount of diseased tissue available
for testing 1s limited. When the specimen 1s obtained during a biopsy procedure, 5-10
milligrams or less of diseased tissue may be all that 1s available. Conventional techniques to
extract viable cells from a tissue specimen of this size yield few viable cells. A clinical test
requires more than a few viable diseased cells, which would require that the extracted cells to
be expanded to have a suitable number representing the tumor of the patient. This presents
several additional constraints. First, the time available to expand the cells 1s limited. Clinical
test results are 1deally available within several days following the acquisition of the patient
specimen to ensure timely selection of an appropriate treatment protocol. In rare cases, a
clinical result may still be useful 30 days after a specimen 1s obtained from a patient. In most
cases, the clinical test must be designed to yield a result 1n less than two weeks to be useful.
This requires, 1deally, methods to extract and expand a small number of viable cells extracted
from a specimen capable of providing a sufficient number of viable diseased cells 1n less than
two weeks.

Furthermore, for the clinical test results to be reliable, the cells must be
extracted and expanded 1in a manner that maintains the distribution of diseased cells found
originally in the specimen. This 1s because any clinical test involving a human specimen

requires that a test sample derived from the specimen be representative of the original



CA 02999054 2018-03-16

WO 2017/070353 PCT/US2016/057923

specimen 1tself. For instance, a tumor specimen 1s comprised of different epithelial cell types
— luminal, myo, basal, stem — 1n a certain proportion to each other; a sample obtained from 1t
should 1nclude these cell types 1n roughly similar proportions. However, when a sample of
cells obtained directly from a human specimen 1s extracted and expanded, one cell type may
proliferate at a greater rate than the others, or another cell type may not expand at all
depending upon the conditions employed. Should that occur, the resulting sample would not
be representative of the original specimen and thus may be compromised as a clinical sample.

A related requirement for preparation of a cell sample 1s that the resulting
diseased cells retain their in vivo genomic and physiologic activity profile so that they retain
the physiological or genomic characteristics that will be tested. For instance, to measure cell
adhesion or cell signaling pathway activity, the cells” pathways ex vivo must retain their in
vivo function. Otherwise, the accuracy of a clinical test result would be comprised. Another
requirement 1s that any method used to prepare a cell sample must be capable of yielding
testable cell samples from a high percentage of specimens obtained.

Current practices described 1n scientific literature for acquiring primary cells
from tissue for research report less than a 50% success rate in obtaining viable cell samples
from tumor tissue (see e.g., Crystal, A.S. et al. (2014) Science 346:1480-1486). The
willingness of clinicians to wait up to two weeks for a clinical test result requires the
likelithood of a successful test to be high enough to justity delaying treatment of their patient.
Since delaying treatment for a patient entails risk, clinicians are unlikely to adopt a clinical
test that imposed this risk without a reasonable likelihood that a test result of high utility will
be available.

Thus, given the unique requirements of preparing a sample of viable diseased
cells for clinical testing — preserving the viability of the cells during a transit period,
availability of only a small amount of specimen, the short time available to expand the
diseased cells, maintaining cell sample composition consistent with the original tumor,
yielding a high percentage of testable cell samples, maintaining physiological and genomic
characteristics — there 1s a need for the development of novel methods of preparing primary
cell samples derived from human tissue specimens such that the sample 1s suitable for use 1n

clinical testing.
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Summary of the Invention

The methods described herein address obstacles to preparing a sample of
viable diseased cells suitable for clinical testing. The invention provides compositions and
methods of preparing a sample of viable diseased cells (1.e., primary cells) obtained from a
subject by culturing said viable diseased cells 1n a media comprising anoikis inhibitors (e.g.,
intrinsic and/or extrinsic anoikis inhibitors), and/or on anti-anoikis, stress reducing surfaces
(e.g., hydrated extracellular matrix protein combinations), and/or 1n anti-anoikis, stress
reducing, atmospheric conditions (e.g., greater than 2% and less than 20% oxygen) and
especially during times of test sample preparation that are the most likely to cause the viable
disease cells to enter into anoikis. The methods of the invention allow for preparation of
sufficient numbers of primary human cells, 1n a sufficiently short amount of time, that
maintain the physiological and genomic characteristics of the cells in vivo such that highly
accurate clinical testing can be performed on them 1n a clinically relevant time frame.

Accordingly, 1n one aspect, the invention provides a method of preparing a
sample of viable diseased cells obtained from a human subject for clinical testing, the method
comprising:

culturing the sample of viable diseased cells obtained from the human subject 1n a
media comprising at least one anoikis inhibitor under conditions comprising greater than 2%
and less than 20% oxygen; and
conducting a clinical test on the sample of viable diseased cells.

In another aspect, the invention provides a method of preparing a sample of

viable diseased cells obtained from a human subject for clinical testing, the method

comprising:

culturing the sample of viable diseased cells obtained from the human subject 1n a
media comprising at least one anoikis inhibitor under conditions comprising 6-17% oxygen

(e.g., 10% oxygen), e.g., for at least one hour (e.g., tor 3 hours);

culturing the sample 1n a media comprising at least one anoikis inhibitor and lacking
digestion enzymes under conditions comprising 6-17% oxygen (e.g., 10% oxygen), e.g., for

at least one hour; (e.g., 3 hours); and

culturing the sample 1in media lacking anoikis inhibitors under conditions comprising

20% oxygen, to thereby prepare the sample for clinical testing.
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In another aspect, the invention provides a method of preparing a sample of
viable diseased cells obtained from a human subject for clinical testing, the method

comprising:

culturing the sample of viable diseased cells obtained from the human subject 1n a
media comprising at least one anoikis inhibitor under conditions comprising 6-17% oxygen

(e.g., 10% oxygen) on a cell culture vessel surface coated with a hydrated extracellular matrix

(ECM).

In another aspect, the invention provides a method of preparing a sample of viable

diseased cells obtained from a human subject for clinical testing, the method comprising:

culturing the sample of viable diseased cells obtained from the human subject 1n a
media comprising at least one anoikis inhibitor under conditions comprising 6-17% oxygen

(e.g., 10% oxygen) on a cell culture vessel surface coated with a hydrated extracellular matrix

(ECM); and

attaching the sample of viable diseased cells to a surface comprising a hydrated
extracellular matrix (ECM), wherein the ECM consists of: (1) fibronectin and collagen; (11)
collagen and laminin 332 (laminin V) or (111) laminin 332 (laminin V), to thereby prepare the

sample for clinical testing.

In yet another aspect, the invention provides a method of preparing a sample
of viable diseased cells obtained from a human subject for clinical testing, the method

comprising:

culturing the sample of viable diseased cells obtained from the human subject 1n a
media comprising at least one caspase inhibitor, at least one MMP3 1nhibitor and at least one
Rho-associated kinase inhibitor under conditions comprising 6-17% oxygen (e.g, 10%

oxygen), to thereby prepare the sample for clinical testing.

In yet another aspect, the invention provides a method of preparing a sample
of viable diseased cells obtained from a human subject for clinical testing using a biosensor,

the method comprising:

attaching the sample of viable diseased cells to a surface comprising a hydrated

extracellular matrix (ECM) consisting of fibronectin and collagen; and
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conducting a clinical test using a biosensor on the sample of viable diseased cells.

In yet another aspect, the invention pertains to a method of preparing a sample

of viable diseased cells obtained from a human subject for clinical testing comprising:

culturing the sample of viable diseased cells obtained from the human subject 1n a
media comprising at least one anoikis inhibitor (e.g., at least one inhibitor of an intrinsic
anoikis pathway and at least one inhibitor of an extrinsic anoikis pathway) under conditions
comprising 6-17% oxygen (e.g., 10% oxygen);

attaching the sample of viable diseased cells to a surface comprising a hydrated
extracellular matrix (ECM) consisting of fibronectin and collagen; and

continuing culture of the sample attached to the surface 1in a media comprising at least
one anoikis inhibitor under conditions comprising 6-17% oxygen (e.g., 10% oxygen).

In one embodiment, the sample 1s cultured in a media comprising at least one
inhibitor of an intrinsic anoikis pathway and at least one inhibitor of an extrinsic anoikis
pathway. In another embodiment, the sample 1s cultured 1n a media comprising at least one
inhibitor of an intrinsic anoikis pathway and/or at least one inhibitor of an extrinsic anoikis
pathway inhibitor, or combinations thereof. In one embodiment, the at least one apoptosis
inhibitor agonizes an anti-anoikis pathway. In one embodiment, the sample 1s cultured 1n a
media comprising at least one inhibitor of an anoikis pathway.

In one embodiment, the at least one anoikis inhibitor 1s selected from the
group consisting of kinase inhibitors, protease inhibitors, stress inhibitors, death receptor
inhibitors, cytochrome C inhibitors and anoikis inhibitors. In another embodiment, the at
least one anoikis inhibitor 1s selected from the group consisting of Rho-associated kinase
inhibitors, ALKS 1nhibitors, caspase inhibitors, matrix metalloprotease inhibitors, redox
buffering agents, reactive oxygen species inhibitors, TNFa inhibitors, TGF[} inhibitors,
cytochrome C release inhibitors, carbonic anhydrase antagonists without calcium channel
activation, integrin stabilizers, integrin ligands, Fas inhibitors, FasL inhibitors, Bax inhibitors
and Apaf-1 inhibitors. Various non-limiting examples of anoikis inhibitors are described
further herein. In certain embodiments, the media in which the cell sample 1s cultured
comprises two or more anoikis inhibitors, such as two, three, four, five or more anoikis
inhibitors. For example, in one embodiment, the sample 1s cultured 1n a media comprising at

least three anoikis inhibitors, such as a Rho-associated kinase inhibitor, a caspase inhibitor
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and an MMP3 1nhibitor used in combination. Various other non-limiting examples of
combinations of anoikis inhibitors are described further herein.

In one embodiment, the sample 1s cultured under conditions comprising 6-
17% oxygen. In another embodiment, the sample 1s cultured under conditions comprising
10% oxygen. In yet another embodiment, the sample 1s cultured under conditions comprising
17-19% oxygen. In certain embodiments, the sample 1s cultured under two or more different
atmospheric conditions at different times, such as first culturing under conditions comprising
6-17% oxygen, such as at 10% oxygen for a period of time, and then switching the sample to
different atmospheric conditions, such as comprising 1-5% oxygen, or 17-19% oxygen, or
20% oxygen. Various suitable anti-anoikis, stress-reducing atmospheric conditions are
described further herein.

In certain embodiments, the sample of viable diseased cells 1s contacted with a
digestion media for a period of time prior to culturing, wherein the digestion media digests
tissue without causing anoikis, cell surface adhesion molecule damage or non-anoikis means
of cell death. Typically, the digestion media comprises one or more digestion enzymes. In
certain embodiments, the digestion media also comprises at least one anoikis inhibitor and
may contain multiple anoikis inhibitors (e.g., at least one inhibitor of an intrinsic anoikis
pathway and/or at least one inhibitor of an extrinsic apoptotic pathway). In certain
embodiments, the digestion media also comprises at least one anoikis inhibitor.

The method of the invention can comprise culturing the cell sample in
multiple different culture media for different periods of time and/or culturing the cell sample
in culture media that comprise additional components 1n addition to the anoikis inhibitor(s).
For example, 1n one embodiment, the sample of viable diseased cells 1s cultured 1n a media
comprising at least one component that promotes activation of adhesion pathways. Non-
limiting examples of such components are described further herein. In another embodiment,
the sample of viable diseased cells 1s cultured 1n a serum free culture media comprising at
least one component that preserves physiological or genomic characteristics of the viable
diseased cells. Non-limiting examples of such components are described further herein. In
another embodiment, the sample of viable diseased cells 1s cultured 1n a serum free media
comprising at least one component that promotes cell growth, cell division or cell cycling to
facilitate cell proliferation. Non-limiting examples of such components are described further

herein. In another embodiment, the sample of viable diseased cells 1s cultured 1n a media
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comprising at least one component that promotes temporary reversal of adhesion to facilitate
transfer of cells from one vessel to another vessel. Non-limiting examples of such
components are described further herein.

In certain embodiments, prior to conducting the clinical test, the sample of
viable diseased cells 1s transferred to a media lacking anoikis inhibitors. In one embodiment,
the sample of viable diseased cells 1s cultured 1n the media comprising at least one anoikis
inhibitor for at least 120 hours before transter to the media lacking anoikis inhibitors. In other
embodiments, the sample 1s cultured 1n the media comprising at least one anoikis inhibitor for
at least 24-96 hours before transfer to the media lacking anoikis inhibitors. In one
embodiment, the sample of viable diseased cells 1s transferred to the media lacking anoikis
inhibitors under conditions comprising 20% oxygen.

In certain embodiments, prior to conducting the clinical test, the sample of
viable diseased cells 1s attached to a surface comprising a hydrated extracellular matrix
(ECM). In one embodiment, the hydrated ECM 1s folded. In one embodiment, the hydrated
extracellular matrix (or hydrated and folded ECM) consists of fibronectin and collagen,
preferably wherein the fibronectin and collagen comprise a fibrillic and hydrophilic surface.
In another embodiment, the hydrated extracellular matrix (or hydrated and folded ECM)
consists of a collagen-laminin 332 (laminin V) co-structure. In yet another embodiment, the
hydrated extracellular matrix (or hydrated and folded ECM) consists of laminin 332 (laminin
V). In one embodiment, the surface 1s a biosensor surface. In another embodiment, the cells
surface 1s a cell culture vessel surface. The method can further comprise conducting a
clinical test using a biosensor on the sample of viable diseased cells.

The methods of the invention are suitable for use with a wide variety of viable
diseased cells obtainable from human subjects. In a preferred embodiment, the viable
diseased cells are cancer cells. Furthermore, the methods of the invention are suitable for
preparing primary human cells for a wide variety of in vitro clinical testing, including
diagnostic tests, genetic tests, treatment regimen tests and the like. In one embodiment, the
clinical test 1s conducted using a biosensor. In one embodiment, the clinical test comprises
contacting the sample of viable diseased cells with at least one agent and measuring cell
adhesion or attachment before and after contact of the sample with the at least one agent.

In another aspect, the invention pertains to a cell culture composition

comprising primary human cancer cells cultured 1n a media comprising at least one anoikis
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inhibitor under conditions comprising greater than 2% and less than 20% oxygen (e.g., 6-
17% oxygen, 10% oxygen). In one embodiment of the cell culture composition, the media
comprises at least one inhibitor of an intrinsic anoikis pathway and at least one inhibitor of an
extrinsic anoikis pathway and wherein the cells are cultured under conditions comprising 6-
17% oxygen (e.g., 10% oxygen). In another embodiment of the cell culture composition, the
media comprises at least three anoikis inhibitors (e.g., a Rho-associated kinase inhibitor, a
caspase inhibitor and an MMP3 1nhibitor) and the cells are cultured under conditions
comprising 6-17% oxygen (e.g., 10% oxygen).

In another aspect, the invention pertains to a biosensor surface comprising
primary human cancer cells attached to the biosensor surface via a hydrated extracellular
matrix (ECM), wherein the ECM consists of: (1) fibronectin and collagen; (11) collagen and
laminin 332 (laminin V) or (111) laminin 332 (laminin V). In one embodiment of the
biosensor surface, the ECM consists of fibronectin and collagen comprising a fibrillic and
hydrophilic surface. In one embodiment, the hydrated ECM 1s folded.

In another aspect, the invention pertains to a cell culture vessel surface
comprising primary human cancer cells attached to the cell culture vessel surface via a
hydrated extracellular matrix (ECM), wherein the ECM consists of: (1) fibronectin and
collagen; (11) collagen and laminin 332 (laminin V) or (111) laminin 332 (laminin V). In one
embodiment of the cell culture vessel surface, the ECM consists of fibronectin and collagen
comprising a fibrillic and hydrophilic surface. In one embodiment, the hydrated ECM 1s
folded.

Kits for carrying out the methods of the invention, as well as methods for
optimizing the cell culture conditions for culturing viable disease cells from a human primary
cell sample are also encompassed by the invention.

The details of various embodiments of the invention are set forth in the
description below. Other features, objects, and advantages of the invention will be apparent

from the description and the drawings, and from the claims.

Detailed Description
The present invention describes methods of preparing samples of viable
diseased cells extracted from tissue specimens obtained from human subjects that are

subsequently used while the cells are viable for clinical testing. These methods reduce the
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percentage of diseased (e.g. cancer) cells entering anoikis when human primary viable
diseased cell samples are extracted from tissue, cultured, and prepared for testing. Research
on anoikis to date has largely been aimed at harnessing the cellular apoptosis system to kill
cancer cells while preserving healthy cell function. Anoikis research has not addressed the
opposite function of temporarily suspending anoikis in order to attain a stable testable state of
viable cultures of primary human cells, such as viable cancer cells from a tumor sample.

In order to obtain and test viable cells, they must first be 1solated from tissue
freshly removed from a patient. The present invention describes methods to suspend the
anoikis processes initiated once cells are 1solated from their native tissue so that it 1s possible
to recover sufficient viable cells representative of their state in vivo. The present invention
also describes methods to prepare a cell sample with physiological function and genomic
composition comparable to the diseased cells when they were in vivo. The present invention
also describes methods to prepare a cell sample that attaches to a culture surface in a manner
that prevents the cell adhesion pathways from interfering with cell signaling pathway
function. The methods of the invention involve the use of culture media comprising anoikis
inhibitors and/or the use of anti-anoikis, stress-reducing atmospheric conditions and/or
attachment of cells to anti-anoikis, stress reducing surfaces, and/or combinations thereof.

The utility and distinct advantages of the present invention are apparent by
comparison of empirical results for different media with the present invention. Specifically,
the present invention provides heterogeneous populations of cells capable of being cultured
rapidly from milligram amounts of disease tissue to provide uniform clinical test results.
Morphological and biomarker analysis of cells cultured using the compositions and methods
of the present invention demonstrate the presence of multiple disease cell types (luminal,
basal, stem, mesenchymal) replete with markers synonymous with disease (estrogen receptor,
progesterone receptor, ErbB family receptors, CD 10, claudin 4, CD491, and other markers
described herein) whereas other media known and commercially available 1n the art are
incapable of generating suitable samples of diseased cells for clinical testing. Other media
types do not support the propagation of luminal diseased cell types that also typically
characterize diseased cell patient samples. Furthermore, other media types support only
healthy cells or stem cells or squamous cell types that are not 1in keeping with the desired
outcome of the present invention for a heterogeneous mixture of diseased cells from a patient

sample. In summary the present invention provides cells of heterogeneous types with
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identified markers from a sample of primary diseased cells from a subject suitable for clinical

testing whereas other media known 1n the art do not.

Various aspects of the invention are described further in the subsections

below.

Inhibition of Anoikis

An obstacle to the successtul culturing of primary cells, such as a sample of
viable diseased cells from a subject such that the cells can be used 1n clinical testing, 1s
anoikis, part of the natural control system 1n cells to program death. Programmed death may
be 1nitiated 1in response to many factors, potentially acting together, including, but not limited
to, buildup of intolerable numbers of mutations, pH, cell age, environmental factors, various
forms of stress such as high or low extremes of oxygen partial pressure, contact with
cytokines, chemokines, cell signaling molecules, proteins, and various RNA, and cell growth
beyond established tissue boundaries. Balance of programmed cell death activity 1s attained
in cells by interlinked protein pathways that are either pro-anoikis or pro-angiogenic. For
example, multi-domain pro-anoikis family members such as BAX and BAK, once activated,
permeabilize mitochondria to trigger anoikis, whereas anti-anoikis BCL-2 family members
preserve mitochondrial integrity. The BH3-only molecules (BH3s) promote anoikis by either
activating BAX—BAK or 1nactivating anti-anoikis members.

Two forms of anoikis pathways have been described, intrinsic and extrinsic
(see e.g., Fulda, S. and Debatin, K.M. (2006) Oncogene 7:4798-4811. The 1ntrinsic anoikis
pathway 1s characterized by mitochondrial membrane permeabilization, cytochrome ¢
release, and apoptosome formation in response to cytotoxic stimuli. Extrinsic anoikis
pathways are activated 1n response to ligand binding to death receptors of the TNFE-
superfamily. Exemplary ligands include TNFo and FasL. Death receptor activation can
result 1n mitochondrial membrane permeabilizaton, cytochrome ¢ release, and through
caspase dependent cleavage and translocation of the pro-anoikis protein Bid to mitochondria,
progress 1s made to later stages of anoikis. Both intrinsic and extrinsic pathways involve
mitochondrial membrane permeabilization, cytochrome C release, and caspase activation as

shared components.

10
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Inhibition of anoikis in the present invention focuses on prevention and
addressing the early, initiating, anoikis events for the sake of inhibition efficiency.
Interruption of anoikis processes can be performed at later points before cell death and may
also be desirable to revive cell culture samples that have already entered late stages of
anoikis. Buffering of pH and redox potential and metal 1on concentration (especially release
of calcium) of the diseased primary cells are preferred early points of preventing anoikis.
Early points of inhibition of anoikis preferably include disruption of mitochondrial
permeability and inhibition of cytochrome ¢ release. Somewhat later points of intervention in
anoikis processes preferably include disruption of the caspase activity cascade and disruption
of other proteases. Deregulated anoikis with increased expression of anti-anoikis molecules
of the Bc¢l-2 family or reduction of pro-anoikis molecules such as Bax, Apaf-1 or caspase- 8
are additional embodiments that may be combined to 1nhibit anoikais.

Accordingly, in the methods of the invention, a sample of viable diseased cells
obtained from a subject 1s cultured 1n a media comprising at least one anoikis inhibitor. In
certain embodiments, the culture media comprises at least one intrinsic anoikis inhibitor and
at least one extrinsic anoikis inhibitor. In other embodiments, the media comprises at least
one 1ntrinsic anoikis inhibitor and at least one extrinsic anoikis inhibitor. In other
embodiments, the apoptosis inhibitors are selected to agonize anti-anoikis pathways.

Following any 1nitial preparatory steps on the tissue specimen to obtain cells
suitable for culture (discussed further below), the cells extracted from the specimen are
cultured 1n a media comprising anoikis inhibitors and more preferably a combination of
anoikis inhibitors, most preferably combinations that are selected from intrinsic and or
extrinsic pro-anoikis pathway inhibitors and or anti-anoikis activators.

Table 1 below shows non-limiting examples of general types of anoikis
inhibitors and exemplary classes of inhibitors that fall within those types, as well as examples
of specific reagents and whether the inhibitor atfects the intrinsic anoikis pathway, the
extrinsic anoikis pathway or a component common to both pathways (referred to herein as

“shared pathway” anoikis inhibitors)

Table 1: Exemplary Anoikis Inhibitor Molecules
General Inhibitor Exemplary Classes Specific reagent Pathway

Type examples
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Kinase inhibitor ¢ Rho-kinase Y-27632 Shared
inhibitor

e AlLKS inhibitor Ceritinib, RepSox Extrinsic

/-VAD-FMK Shared

Protease inhibitor

Caspase inhibitor

Matrix Metallo-
UK-356618 Shared

Protease inhibitor

Stress inhibitor ¢ Redox buffering Niacin Intrinsic

® Reactive Oxygen

Species inhibitor Glutathione ethyl ester  |Intrinsic

Death Receptor e TNF alpha Infliximab Extrinsic
inhibitor ¢ TGF beta , o
Fresolumimab Extrinsic
Cytochrome C ¢ Release inhibitor Melatonin Shared
inhibitor e (Carbonic .
Methazolamide Shared
anhydrase

antagonist without
Ca’* channel

activation
Adhesion-related ¢ Integrin stabilizer | Tetraiodothyronine Extrinsic
anoikis inhibitor ® |[ntegrin ligand

Fibrinogen, fibronectin Extrinsic

In one embodiment, the at least one anoikis inhibitor 1s a Rho-associated

kinase 1nhibitor, non-limiting examples of which include Y-27632, GSK429286A and RKI-
1447. In one embodiment, the at least one anoikis 1inhibitor 1s a caspase inhibitor, such as a
pan caspase inhibitor (e.g., Z-VAD-FMK), a caspase 3 inhibitor (e.g., Z-DEVD-FMK, Q-
VD-0OPh), a caspase 8 inhibitor (e.g., Z-IETD-FMK, Ac-LETD-CHO, Q-VD-0OPh) and/or a
caspase 9 inhibitor (e.g., Z-LEHD-CHO, Ac-LETD-CHO, Q-VD-OPh). In one embodiment,
the at least one anoikis inhibitor 1s a cytochrome C inhibitor, non-limiting examples of which
include melatonin and methazolamide. In one embodiment, the at least one anoikis inhibitor
1s a Matrix Metalloprotease (MMP3) inhibitor, a non-limiting example of which 1s UK-
356618. In one embodiment, the at least one anoikis inhibitor 1s an ALKS5 inhibitor, non-
limiting examples of which include ceritinib, RepSox, alectinib, AP26113, GW788388, SD-
208 and Galunisertib (LY2157299). In one embodiment, the at least one anoikis inhibitor 1s a
TNFo inhibitor, non-limiting examples of which include R-7050, infliximab, golimumab,
adalimumab, certolizumab and etanercept. In one embodiment, the at least one anoikis

inhibitor is a TGF[ inhibitor, non-limiting examples of which include fresolimumab, as well
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as inhibitors of TGF[3 pathway signaling, such as ceritinib, RepSox, alectinib, AP26113,
GW788388, SD-208 and Galunisertib (LY2157299). In one embodiment, the at least one
anoikis 1inhibitor 1s an oxidative stress reducer (1.e., a Reactive Oxygen Species inhibitor),
non-limiting examples of which include glutathione, glutathione ethyl ester, methionine,
cystine, cysteine, glutamic acid and glycine. In one embodiment, the at least one anoikis
inhibitor 1s a redox buffering agent, non-limiting examples of which include niacin, niacin-
related compounds, calciterols, beta carotene and vitamin C. In one embodiment, the at least
one anoikis inhibitor 1s an adhesion-related anoikis inhibitor, non-limiting examples of which
include fibrinogen, fibronectin, and tetraiodothyronine. In one embodiment, the at least one
anoikis inhibitor 1s a Fas and/or FasL inhibitor, non-limiting examples of which include<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>