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The tittle does not conform to PCT rule 4.3 because it is too long. Text of a New Tittle:
"METHODS OF IDENTIFYING THERAPUTICALLY EFFECTIVE ANTINEOPLASTIC

AGENTS WITH CULTURED CELLS HAVING INTACT CELL MEMBRANES AND
CORRESPONDING PRODUCTS."

Background of the Invention

Field of the Invention

This invention relates to a method for identifying potential therapeutically
effective antineoplastic agents. In particular, the invention relates to the use of
viable cultured cells having an intact cell membrane to identify compounds that
directly or indirectly activate the caspase cascade. Also taught is a method for
using the potentially therapeutically effective antineoplastic agents and

pharmaceutical compositions for their use.
Related Art
Cancer

Cancer is a group of diseases characterized by the uncontrolled growth
and spread of abnormal cells. The occurrence of cancer increases as individuals
age, and the majority of cases affect adults who are middle-aged or older. Inthe
U.S., men have a 1 in 2 lifetime risk of developing cancer, whereas for women
the risk is 1 in 3. More than 11 million new cancer cases have been diagnosed
since 1990 in the U.S., and more than 1 million new cancer cases are diagnosed
each year. Cancer is the second leading cause of death in the U.S., exceeded only
by heart disease, and since 1990 there have been approximately 5 million cancer

related deaths.
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Antineoplastic Agents

The primary methods of treatment for cancer are surgery, irradiation, and
chemotherapy with antineoplastic agents. Progress has been made in enhancing
the effectiveness of each of these methods. Thus, curative treatments have been
developed for such otherwise fatal cancers as leukemia and testicular cancer. It
is equally true that there is still a major need for improvement in virtually every
therapeutic method for the treatment of cancer, especially in the case of
chemotherapy with antineoplastic agents (Hardman, Limbird, Molinoff, Ruddon
and Gilman, Eds., Goodman and Gilman's The Pharmacological Basis of
Therapeutics, Ninth Edition, McGraw-Hill, New York, pages 1225-1287 (1996)).

It is remarkable that the earliest antineoplastic agents were actually
derived from the war gas "sulfur mustard"” first used in World War I. The closely
related "nitrogen mustards" were studied somewhat later. The first clinical
studies using these compounds were undertaken in 1942, which began the modern
use and development of antineoplastic agents. Even today, the nitrogen mustard
drugs form a substantial part of the antineoplastic drug inventory. In view of the
derivation of antineoplastic agents from war gases, it is not surprising that drug
toxicity remains an important limitation of antineoplastic therapy.

An essential element in connection with the drug of a therapeutic agent
is its therapeutic index. The therapeutic index is obtained by first determining the
median effective dose, also termed the EDy,, which is the dose of the drug
required to produce a specified effect in 50% of a test animal population. Next,
the median lethal dose, or LD, is obtained by determining the dose that is lethal
for 50% of an animal population. The ratio of the LDj, to the EDy, is the
therapeutic index, or T.I. It is obviously desirable to use drugs with as higha T.I.
value as possible, as these will be the safest drugs for any given purpose.

The T.I. values for the antineoplastic agents are typically among the
lowest of any class of medicinal agents. This low T.L is one of the greatest single
problems facing the physician in treating a patient with a neoplastic disease. In

addition to considering whether an antineoplastic agent is suited for treating the
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disease afflicting the patient, the physician must consider the renal (kidney) and
hepatic (liver) function of the patient, as well as the general state of health of the
patient, and his or her willingness to undergo arduous or painful therapy. Thus,
it is clear that much progress remains to be made in developing new, safer, and
more effective antineoplastic agents, and more particularly, in methods for the
identification of such agents.

An essential question to be answered in attempting to reduce the toxicity
of an entire class of therapeutic agents, such as the antineoplastic agents, is the
identity of the mechanisms by which the agents exert their therapeutic effect. The
goal in this type of analysis is to obtain new agents that act by mechanisms

producing fewer toxic effects.

The Cell Cycle

In the case of current antineoplastic drugs, the mechanism of action
frequently involves an attack at specific phases of the cell cycle. In brief, the cell
cycle refers to the stages through which cells normally progress during their
lifetimes. Normally, cells exist in a resting phase termed G,. During
multiplication, cells progress to a stage in which DNA synthesis occurs, termed
S. Later, cell division, or mitosis occurs, in a phase called M. Antineoplastic
drugs such as cytosine arabinoside, hydroxyurea, 6-mercaptopurine, and
methotrexate are S phase specific, whereas antineoplastic drugs such as
vincristine, vinblastine, and paclitaxel are M phase specific. Many slow growing
tumors, for example colon cancers, exist primarily in the G, phase, whereas
rapidly proliferating normal tissues, for example bone marrow, exist primarily in
the S or M phase. Thus, a drug like 6-mercaptopurine can cause bone marrow
toxicity while remaining ineffective for a slow growing tumor. Further aspects
of the chemotherapy of neoplastic diseases are known to those skilled in the art
(see, e.g., Hardman, Limbird, Molinoff, Ruddon and Gilman, Eds., Goodman and
Gilman's The Pharmacological Basis of Therapeutics, Ninth Edition,

McGraw-Hill, New York, pages 1225-1287 (1996)).
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The Search for Antineoplastic Drugs

Because of the severity of the problem of neoplastic disease in a public
health sense, as briefly indicated above, an extensive search for antineoplastic
drugs has been undertaken in past years in government, academic, and industry
laboratories. The National Cancer Institute has sponsored a wide-ranging
empirical search for such agents for many years. Testing was undertaken in
animals, usually mice, which were inoculated with tumor cell lines. The results
of these empirical programs have been limited, but they provided the relatively
unsatisfactory drugs that are in use today.

More recently, antimetabolite theory and rational drug design approaches
have been used. The Nobel Prize in Medicine or Physiology was awarded to
Gertrude Elion and George Hitchings for their extensive studies leading to new
antineoplastic antimetabolites. Lengthy x-ray crystallographic studies on
thymidilate synthase have led to inhibitors of the enzyme that are useful as
antineoplastic agents. Nevertheless, none of these approaches, from the early
"brute force" methods to the later elegant crystallographic work has resulted in
"breakthrough" antineoplastic drugs.

Today, high throughput screening (HTS) and combinatorial chemistry
offer the possibility of screening thousands of compounds, even hundreds of
thousands of compounds, in a relatively short time. The availability of automated
methods has been an important factor in this development. These methods
obviously cannot be applied to whole animal screening, but must be restricted to
cellular or macromolecular targets. Thus, a long felt need exists for assay
methods suitable for the HTS discovery of effective new antineoplastic agents,
which is uniquely solved by the present invention.

Prior cell based assays involved treatment of cell lines for prolonged
periods with potential antineoplastic drugs. For example, the National Cancer
Institute screen involves a panel of 60 cell lines that are treated for a prolonged
period, for example 48-60 hours. The control cells are then counted and

compared to the number of cell colonies in the treated samples. These methods,
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which result in dead or dying cells, have been disappointing in that they have
failed to identify drugs that are effective in the presence of tumor lines with

mutated p53 phenotypes.

Apoptosis

A normal checkpoint in the life of cells in multicellular organisms is the
process of apoptosis (see, e.g., Evan and Littlewood, Science 281:1317-1322
(1998). Apoptosis is the highly conserved mechanism by which cells commit
suicide. Characteristics of the process include an execution phase that includes
loss of cell volume, plasma membrane blebbing and chromatin condensation,
followed by packing of the cellular contents into membrane-enclosed vesicles
called apoptotic bodies that are rapidly phagocytosed by neighboring cells.
Apoptosis differs from necrosis, which is cell death resulting from physical
injury.

Apoptosis is one of several mechanisms that cells employ in response to
the hazards raised by DNA damage. In particular, apoptosis is an effective action
for damaged cells that can replicate and become cancerous. One major mediator
of apoptosis is p53, which is a transcription factor that is normally present in low
amounts because it is subject to a destruction process signaled by the Mdm-2
protein. Additionally, p53 can induce growth arrest in cells. In human cancer,
p53 is often functionally inactivated so that its growth arrest activity or apoptotic
activity is diminished. Thus, a therapeutic treatment for cancer, in which normal
apoptosis is diminished, would be to enhance the apoptotic process through the
administration of appropriate drugs. Moreover, since autoimmune disease and
certain degenerative diseases also involve the proliferation of abnormal cells,
therapeutic treatment for these diseases could also involve the enhancement of the
apoptotic process through the administration of appropriate drugs.

It is pertinent, therefore, to inquire into the mechanism of apoptosis in
order to develop a method for the identification of such antineoplastic and related

drugs. It has been found that a group of proteases are a key element in apoptosis
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(see, e.g. Thornberry, Chemistry and Biology 5:R97-R103 (1998); Thornberry,
British Med. Bull. 53:478-490 (1996)). Genetic studies in the nematode
Caenorhabditis elegans revealed that apoptotic cell death involves at least 14
genes, two of which are the pro-apoptotic (death-promoting) ced (for cell death
abnormal) genes, ced-3 and ced-4. CED-3 is homologous to interleukin
1B-converting enzyme, a cysteine protease, which is now called caspase-1. When
these data were ultimately applied to mammals, and upon further extensive
investigation, it was found that the mammalian apoptosis system appears to
involve a cascade of caspases, or a system that behaves like a cascade of caspases.
At present, the caspase family of cysteine proteases comprises 10 different
members, and more may be discovered in the future. All known caspases are
synthesized as zymogens that require cleavage at an aspartyl residue prior to
forming the active enzyme. Thus, caspases are capable of activating other
caspases, in the manner of an amplifying cascade.

The caspase cascade can be involved in disease processes in two major
aspects. Excessive activity of the caspase cascade can lead to excessive apoptosis
and organ failure. Among the diseases that could result from this excessive
activity are myocardial infarction, congestive heart failure, viral infections,
rheumatoid arthritis and others. Inhibitors of the caspase cascade could thus be
candidates for therapeutic intervention in such diseases. Inasmuch as methods for
the discovery of enzyme inhibitors is a frequently practiced art, numerous
approaches to the discovery of caspase inhibitors are available (see Villa et al.,
Trends Biochem Sci. 22:388-393, (1997); Liang and Fesik, J Mol. Biol.
274:291-302 (1997)).

Caspase Cascade Activators

Although the development of enzyme inhibitors as therapeutic agents is
a well understood art (see Muscate and Kenyon, Burger's Medicinal Chemistry
1:733-782, 5" Ed. (1995)) this is not the case in the development of enzyme

activators. The theoretical basis for the development of enzyme activators is still
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in its infancy. In the case of the apoptosis process, control points are known to
exist that represent points for intervention leading to activation. These control
points include the CED-9—BCL-like and CED-3—ICE-like gene family
products, which are intrinsic proteins regulating the decision of a cell to survive
or die and executing part of the cell death process itself, respectively (see Schmitt
et al., Biochem. Cell. Biol, 75:301-314 (1997)). BCL-like proteins include
BCL-xL and BAX-a,, which appear to function upstream of caspase activation.
BCL-xL appears to prevent activation of the apoptotic protease cascade, whereas
BAX-a accelerates activation of the apoptotic protease cascade. Thus, it is clear
that the possibility exists for the activation of the caspase cascade, although the
exact mechanisms for doing so are not clear at this point. Inasmuch as it is
equally clear that insufficient activity of the caspase cascade and consequent
apoptotic events are implicated in various types of cancer and possibly in various
degenerative and autoimmune diseases, the development of caspase cascade
activators is a highly desirable goal in the development of potentially
therapeutically effective antineoplastic agents.

In order to identify caspase cascade activators that are potentially
therapeutically effective antineoplastic agents, a number of issues must be
resolved that have not been adequately addressed by the prior art. First, inasmuch
as about half of all cancers have mutations of p53, it is important to use a method
that activates the caspase cascade directly or indirectly, independently of p53.
This means that an isolated enzyme assay, wherein the enzyme is an individually
isolated caspase, or a caspase assay in dead cells (see Los et al, Blood,
90:3118-3129, (1997)) is unsuitable because receptors and/or cofactors that
influence the caspase cascade might not be present in such preparations. In
addition, because the caspase cascade is intracellular, compounds that influence
it must ordinarily cross the cell membrane, in contrast to many other types of
drugs that interact with the external elements of transmembrane receptors. Thus,
an assay in viable cells having an intact cell membrane must be used for the

present purpose. Thirdly, any assay for this purpose should be amenable to a
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high-throughput mode embodiment if it is to be useful for broadly based drug
screening. Thus, it should be an assay that can be carried out quickly.

However, there are substantial technical obstacles to the development of
cellular assays for caspase activators. Prior attempts to make the discovery of
potentially therapeutically effective antineoplastic agents that act as caspase
activators more accurate, cost effective, and rapid, have not achieved the
simplicity and reliability of operation of the present invention.

Identification of compounds that modulate caspase cascade activity, such
as those that act as specific activators, may not only aid in elucidating the
function of caspases, but may yield therapeutically useful compounds. In
particular, compounds that specifically activate specific elements of the caspase
cascade should be useful in identifying essential characteristics of those elements
and should aid in the design of therapeutic disease specific agents.

Therefore, the teachings of the present invention provide a method for
identifying compounds that activate the caspase cascade independent of the p53
transcription factor in viable cultured eukaryotic cells having an intact cell
membrane. The present invention is also directed to the use of compounds that
act as activators of the caspase cascade in viable cultured eukaryotic cells having
an intact cell membrane. Such compounds should be useful as therapeutic agents
for the treatment of caspase cascade-mediated diseases and disorders, such as
neoplastic diseases and disorders, and also for the identification of the function
of the caspase cascade.

W098/55863 discloses a microscale method of determining the specific
apoptotic activity of a cell. According to this application, an accessory reagent
is required. Such accessory reagents include reagents that allow for the lysis,
solubilization or permeabilization of the cell membrane.

These and other objects are accomplished by the teachings of the present
invention, the nature of which is set forth in the following description and

distinctly pointed out and set forth in the appended claims.
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Summary of the Invention

The present invention is directed to methods for identifying direct and
indirect activators of the caspase cascade, therapeutic methods to use such
activators, compositions for such activators, and kits comprising such activators.

More particularly, the invention relates to a method for identifying
potentially therapeutically effective antineoplastic compounds by determining the
ability of test compounds to activate the caspase cascade in viable cultured
eukaryotic cells having an intact cell membrane when the cells are exposed to test
compounds for a predetermined period of time at a predetermined temperature,
wherein a test compound is determined to have potential therapeutic efficacy if
said caspase cascade activity is enhanced in response to the presence of said test
compound.

In particular, the invention relates to a method for identifying a
potentially therapeutically effective antineoplastic compound comprising
determining the ability of a test compound to act as an activator of the caspase
cascade in viable cultured eukaryotic cells having an intact cell membrane,
wherein a test compound is determined to have potential therapeutic efficacy if
said caspase cascade activity is enhanced in response to the presence of said test
compound, said method comprising:

obtaining viable cultured eukaryotic cells having an intact cell membrane
expressing a cancer phenotype by culturing in a cell growth medium under
conditions which result in growth;

exposing said viable cultured cells to the test compound for a
predetermined period of time at a predetermined temperature;

adding a reporter compound having at least one measurable property
which is responsive to the caspase cascade;

measuring the caspase cascade activity of said exposed viable cultured

cells by measuring said at least one measurable property; and,
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wherein an increase in the measured caspase cascade activity in the
presence of said test compound is an indication that said test compound is a
potential therapeutically effective antineoplastic compound.

A permeabilization enhancer or agent may be added in combination with
the test compound. Preferably, a reporter compound for measuring caspase
activity with or without a permeabilization enhancer is added to the cell after the
test compound has been incubated with the cell for a predetermined time to allow
transport of the test compound across the cell membrane or interaction of the test
compound with receptors on the surface of the cell membrane. The
predetermined period of time may be about 1 minute to less than about 24 hours,
preferably about 1-24 hours, and most preferably about 3, 5, or 24 hours. The
predetermined temperature may be about 4 °C to about 50 °C, preferably about
37 °C. In contrast to previously used methods, which employ time periods of
48-72 hours, the shorter predetermined period of time used in the present
invention is sufficiently short to maintain an intact cell membrane in the cells
being used in the assay, and makes possible the specificity of the present method
for activators of the caspase cascade that are potentially therapeutically effective
antineoplastic agents, rather than nonspecific cell poisons, etc. The intactness of
the cell membrane may be confirmed by use of propidium iodide (available from
Alrich Chemical Co.) as set forth in Example 1. In contrast to methods
previously known in the art, wherein non-viable cells were used to measure
apoptosis, the method of the present invention detects therapeutically important
caspase cascade activator drugs, ignores non-specific cell poisons, differentiates
among known antineoplastic agents such as p53-dependent agents vs. p53
independent agents, and rapid caspase activator agents vs. other antineoplastic
agents. Thus, in contrast to currently available methods, the method of the
present invention offers important advantages regarding therapeutic relevance and

selectivity in the discovery of new antineoplastic agents.
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The invention also relates to methods for assaying the potency of a
potentially therapeutically effective antineoplastic compound as an activator of
the caspase cascade in viable cultured eukaryotic cells having an intact cell
membrane.

The invention also relates to a method for assaying the potency of a
potential therapeutically effective antineoplastic compound that functions as an
activator of the caspase cascade in viable cultured eukaryotic cells having an
intact cell membrane, said method comprising:

obtaining a first and a second population of viable cultured eukaryotic
cells having an intact cell membrane expressing a cancer phenotype by culturing
said eukaryotic cells in a cell growth medium under conditions which result in
growth;

exposing said first population to a predetermined amount of a test
compound dissolved in a solvent for a predetermined period of time at a
predetermined temperature;

exposing said second population to an amount of the solvent which was
used to dissolve said test compound for said predetermined period of time at said
predetermined temperature;

adding to said test compound-exposed first population and said solvent-
exposed second population a reporter compound having at least one measurable
property which is responsive to the caspase cascade;

measuring said at least one measurable property of said reporter
compound in said test compound-exposed first population and thereby measuring
the caspase cascade activity of said test compound-exposed first population;

measuring said at least one measurable property of said reporter
compound in said solvent-exposed second population and thereby measuring the
caspase cascade activity of said solvent-exposed second population; and

calculating the ratio of caspase cascade activity measured for said test
compound-exposed first population compared to said caspase cascade activity
measured for said solvent-exposed second population to determine the relative

potency of the test compound as an activator of the caspase cascade.
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The invention also relates to a method for assaying the potency of a test
compound to synergise with other cancer chemotherapeutic agents as an activator
of the caspase cascade. This method may also be employed with eukaryotic cells
including, but not limited to, p53 deficient cells, Bcl-2 overexpressing family
member cells, ataxia telengiectasia mutated cells, surviving overexpressing cells,
ber/abl mutated cells, p16 mutated cells, Brcal mutated cells, Brca2 mutated
cells, multi-drug resistance cells, and DNA mismatch repair deficiency cells.

This aspect of the invention relates to a method for assaying the potency
of a test compound to synergise with a known cancer chemotherapeutic agent by
functioning as an activator of the caspase cascade, said method comprising:

obtaining a first and a second population of viable cultured eukaryotic
cells having an intact cell membrane expressing a cancer phenotype by culturing
in a cell growth medium under conditions which result in growth;

exposing said first population to a combination of a predetermined
amount of a test compound and a subinducing amount of a known cancer
chemotherapeutic agent for a first predetermined period of time, at a first
predetermined temperature;

exposing said second population to an amount of solvent which was used
to dissolve the test compound and to a subinducing amount of a known cancer
chemotherapeutic agent for said first predetermined period of time at said first
predetermined temperature;

adding a reporter compound to said exposed first population and to said
exposed second population, said reporter compound having at least one
measurable property which is responsive to the caspase cascade;

incubating the resulting mixture of said first population, said test
compound, said known cancer chemotherapeutic agent and said reporter
compound for a second predetermined time period at a second predetermined
temperature;

incubating the resulting mixture of said second population, said solvent,
said known chemotherapeutic agent and said reporter compound for said second

predetermined time period at said second predetermined temperature;
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measuring said at least one measurable property of said reporter
compound in said first resulting mixture and thereby measuring the caspase
cascade activity of said first population in said first resulting mixture;

measuring said at least one measurable property of said reporter
compound in said second resulting mixture and thereby measuring the caspase
cascade activity of said second population in said second resulting mixture; and,

calculating the ratio of measured caspase cascade activities of said first
population to said second population to determine whether said test compound
acts synergistically with said known cancer chemotherapeutic agent as an
activator of the caspase cascade.

Also provided is a method for carrying out any of the forgoing methods
in an automated apparatus such as Zymark Allegro™ (Zymark, Inc. Hopkinton,
MA) or Beckman Multimek™ (Beckman Instruments, Fullerton, CA). In a
preferred embodiment, the method is carried out in an automated measurement
apparatus; said apparatus comprising:

a controller (e.g. a computer interface control) for coordinating the
operation of the apparatus;
sample-containing plate comprising a plurality of wells;
moving equipment, controlled by said controller for moving at least one
said well to a predetermined position;

liquid transfer equipment controlled by said controller for adding
predetermined amounts of at least one liquid to at least one said well in a
predetermined position; environmental control equipment controlled by said
controller for controlling the environment (e.g. temperature or atmosphere) of
said sample-containing means in a predetermined position; and

measurement equipment controlled by said controller for measuring at
least one attribute (e.g. fluorescence) in at least one said well in said
sample-containing plate.

The present invention includes a therapeutic method useful to modulate
in vivo apoptosis or in vivo neoplastic disease, comprising administering, to an

animal in need of such treatment, an effective amount of a compound, preferably
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with a measured ratio of at least 2, and most preferably with a measured ratio
greater than a statistically significant value calculated as (Ave Control RFU + 4
X SD¢oea) / (Ave Control RFU) for that run, or a pharmaceutically acceptable salt
or prodrug of the compound, which functions as a caspase cascade activator in the
method of the invention, provided that the compound is not a known apoptosis
modulator and/or antineoplastic agent prior to its identification as a caspase
cascade activator in the method of the invention.

The present invention also includes a kit for performing this therapeutic
method, comprising packaging material containing the compound, or a
pharmaceutically acceptable salt of the compound, and including a package label
indicating that the compound, or a pharmaceutically acceptable salt or prodrug
of the compound, is useful to modulate in vivo apoptosis, or one or more in vivo
neoplastic diseases.

In practicing the therapeutic methods, effective amounts of compositions
containing therapeutically effective concentrations of the compounds formulated
for oral, intravenous, local or topical application, for the treatment of neoplastic
diseases and other diseases in" which caspase cascade mediated physiological
responses are implicated, are administered to an animal exhibiting the symptoms
of one or more of these disorders. The amounts are effective to ameliorate or
eliminate one or more symptoms of the disorders.

In another embodiment, a pharmaceutical composition comprising a
compound, or a pharmaceutically acceptable salt of said compound, which
functions as a caspase cascade activator according to the assay method of the
invention, preferably where the ratio is at least 2, and most preferably with a
measured ratio greater than a statistically significant value calculated as (Ave
Control RFU + 4 x SD_....,) / (Ave Control RFU) for that run, in combination
with a pharmaceutically acceptable vehicle is provided.

Another embodiment of the present invention is directed to a composition
effective to inhibit neoplasia comprising a first compound, or a pharmaceutically
acceptable salt or prodrug of said compound, which functions as a caspase

cascade activator according to the assay method of the invention, preferably
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wherein the ratio is at least about 2, in combination with a second compound, or
a pharmaceutically acceptable salt of said compound, which is a known cancer
chemotherapeutic agent. A composition, in which the inhibition achieved by a
predetermined amount of the combination is greater than the additive effect
achieved by using the first compound and the second compound individually in
the amounts that each comprises in the predetermined amount of the composition

is also taught.
Brief Description of the Drawing

Fig. 1 depicts a bar graph showing the ratio calculated for the compounds

listed in Table 2 as well as the standard deviation.

Detailed Description of the Preferred Embodiments

Definitions

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

As used herein, apoptosis is a highly conserved, genetically programmed
form of cellular suicide characterized by distinct morphological changes such as
cytoskeletal disruption, cell shrinkage, membrane blebbing, nuclear condensation,
fragmentation of DNA, and loss of mitochondrial function.

As used herein, a caspase is a cysteine protease of the interleukin-
1B/CED-3 family. As used herein, the caspase cascade is a sequential activation
of at least two caspases, or the activation of caspase activity that behaves as if it
involves the sequential activation of at least two caspases. _

As used herein, cancer is a group of diseases characterized by the
uncontrolled growth and spread of abnormal cells or one in which compounds

that activate the caspase cascade have therapeutic use. Such diseases include, but
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are not limited to, Hodgkin's disease, non-Hodgkin's lymphomas, acute and
chronic lymphocytic leukemias, multiple myeloma, neuroblastoma, breast
carcinomas, ovarian carcinomas, lung carcinomas, Wilms' tumor, cervical
carcinomas, testicular carcinomas, soft-tissue sarcomas, chronic lymphocytic
leukemia, primary macroglobulinemia, bladder carcinomas, chronic granulocytic
leukemia, primary brain carcinomas, malignant melanoma, small-cell lung
carcinomas, stomach carcinomas, colon carcinomas, malignant pancreatic
insulinoma, malignant carcinoid carcinomas, malignant melanomas,
choriocarcinomas, mycosis fungoides, head and neck carcinomas, osteogenic
sarcoma, pancreatic carcinomas, acute granulocytic leukemia, hairy cell
leukemia, neuroblastoma, rhabdomyosarcoma, Kaposi's sarcoma, genitourinary
carcinomas, thyroid carcinomas, esophageal carcinomas, malignant
hypercalcemia, cervical carcinomas, renal cell carcinomas, endometrial
carcinomas, polycythemia vera, essential thrombocytosis, adrenal cortex
carcinomas, skin cancer, and prostatic carcinomas.

As used herein an effective amount of a compound for treating a
particular disease is an amount that is sufficient to ameliorate, or in some manner
reduce, the symptoms associated with the disease. Such amount may be
administered as a single dosage or may be administered according to a regimen,
whereby it is effective. The amount may cure the disease but, typically, is
administered in order to ameliorate the disease.  Typically, repeated
administration is required to achieve the desired amelioration of symptoms.

As used herein, a subinducing amount of a substance is an amount that is
sufficient to produce a measurable change in caspase cascade activity when used
in the method of the present invention and which produces a greater measurable
change in caspase cascade activity when used in synergistic combination with a
test compound in the method of the present invention.

Examples of known anti-cancer compounds which can be used in the
practice of the invention, e.g. to screen for compounds with synergistic apoptotic
induction activity and for combination therapy include, but are not limited to

alkylating agents such as busulfan, cis-platinum, mitomycin C, and carboplatin;
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antimitotic agents such as colchicine, vinblastine, paclitaxel, and docetaxel; topo
I inhibitors such as camptothecin and topotecan; topo II inhibitors such as
doxorubicin and etoposide; RNA/DNA antimetabolites such as 5-azacytidine,
5-fluorouracil and methotrexate; and DNA antimetabolites such as 5-fluoro-2'-
deoxyuridine, ara-C, hydroxyurea and thioguanine.

As used herein, an activator of the caspase cascade is a compound, such
as a drug or antibody that enhances caspase-mediated physiological responses
such as cellular apoptosis. The activator may act by any one or a combination of
mechanisms.

As used herein, the biological activity of the caspase cascade includes any
activity induced, potentiated or influenced by the caspase cascade in vivo.

As used herein, EC,, refers to a dosage, concentration or amount of a
particular test compound that elicits a dose-dependent response at 50% of
maximal expression of a particular response that is induced, provoked or
potentiated by the particular test compound.

As used herein, pharmaceutically acceptable salts or prodrugs of the
compounds include any salts, esters or derivatives that may be readily prepared
by those of skill in this art using known methods for such derivatization and that
produce compounds that may be administered to animals or humans without
substantial toxic effects and that either are pharmaceutically active or are
prodrugs. For example, hydroxyl groups can be esterified (e.g., with a C,,
alkanoyl group or succinic acid) or etherified (with a C, ¢ alkoxy methylchloride).
In addition, a carboxylic acid group maybe esterified (e.g. with a C, ¢ alcohol).

As used herein, a prodrug is a compound that, upon in vivo
administration, is metabolized or otherwise converted to the biologically,
pharmaceutically or therapeutically active form of the compound. To produce a
prodrug, the pharmaceutically active compound is modified such that the active
compound will be regenerated by metabolic processes. The prodrug may be
designed to alter the metabolic stability or the transport characteristics of a drug,
to mask side effects or toxicity, to improve the flavor of a drug or to alter other

characteristics or properties of a drug. By virtue of knowledge of
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pharmacodynamic processes and drug metabolism in vivo, those of skill in this
art, once a pharmaceutically active compound is known, can design prodrugs of
the compound (see, e.g., Nogrady, Medicinal Chemistry: A Biochemical
Approach, Oxford University Press, New York, pages 388-392 (1985)). For
example, succinylsulfathiazole is a prodrug of  4-amino-N-(2-
thiazoyl)benzenesulfonamide (sulfathiazole) that exhibits altered transport
characteristics.

As used herein, treatment means any manner in which the symptoms of
a condition, disorder or disease are ameliorated or otherwise beneficially altered.

As used herein, amelioration of the symptoms of a particular disorder by
administration of a particular pharmaceutical composition refers to any lessening,
whether permanent or temporary, lasting or transient, that can be attributed to or
associated with administration of the composition.

As used herein, substantially pure means sufficiently homogeneous to
appear free of readily detectable impurities as determined by standard methods
of analysis, such as thin layer chromatography (TLC), gel electrophoresis and
high performance liquid chromatography (HPLC), used by those of skill in the
art to assess such purity, or sufficiently pure such that further purification would
not detectably alter the physical and chemical properties, such as enzymatic and
biological activities, of the substance. Methods for purification of the compounds
to produce substantially chemically pure compounds are known to those of skill
in the art. A substantially chemically pure compound, however, may be a mixture
of stereoisomers. In such instances, further purification might increase the
specific activity of the compound.

As used herein, biological activity refers to the in vao activities of a
compound or physiological responses that result upon in vivo administration of
a compound, composition or other mixture. Biological activity, thus,
encompasses therapeutic effects and pharmaceutical activity of such compounds,
compositions, and mixtures.

As used herein, a fluorogenic, chromogenic or chemiluminescent

substrate is a substance that produces fluorescence, light absorption within the
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ultraviolet, visible or infrared spectrum, or light emission under the influence of
the caspase cascade. Example of substrates which are useful for the screening
including N-(Ac-DEVD)-N'-acetyl-Rhodamine 110 (SEQ ID NO:1), N-(Ac-
DEVD)-N'-ethoxycarbonyl-Rhodamine 110 (SEQ ID NO:1), N~(Ac-DEVD)-N'-
hexyloxycarbonyl-Rhodamine 110 (SEQ ID NO:1), N-(Ac-DEVD)-N-
octyloxycarbonyl-Rhodamine 110 (SEQ ID NO:l), N-(Ac-DEVD)-N-
decyloxycarbonyl-Rhodamine 110 (SEQ ID NO:1), N-(Ac-DEVD)-N'-
dodecyloxycarbonyl-Rhodamine 110 (SEQ ID NO:1), N-(Ac-DEVD)-N'-2-
butoxyethoxycarbonyl-Rhodamine 110 (SEQ ID NO:1), N-(Ac-DEVD)-N'-
(ethylthio)carbonyl-Rhodamine 110 (SEQ ID NO:1), N-(Ac-DEVD)-N'-
(hexylthio)carbonyl-Rhodamine 110 (SEQ ID NO:1), N-(Ac-DEVD)-N'-
(octylthio)carbonyl-Rhodamine 110 (SEQ ID NO:1), N-(Ac-DEVD)-N-(N-hexyl-
N-methylcarbamyl)-Rhodamine 110 (SEQ ID NO:1), N-(Ac-DEVD)-N-
(2,3,4,5,6-pentafluorobenzoyl)-Rhodamine (SEQ ID NO:1), N-(Ac-DEVD)-N'-
(2,3,4,5-tetrafluorobenzoyl)-Rhodamine (SEQ ID NO:1) and others disclosed in
pending U.S. patent application Serial No. 09/168,888, filed October 9, 1998, and
international patent application No. PCT/US98/21231, filed October 9, 1998
which applications are herein incorporated by reference in their entirety. Since
they are relatively small in size and lipophilic at the same time, many of these
substrates can be used in the assays of the invention in the absence of a
permeabilization enhancer.

Such substrates may be prepared by a process comprising condensation
of Rhodamine 110 with an acylating agent (e.g. acetic anhydride or
ethylchloroformate) to give the mono-acylated Rhodamine 110 (e.g. Rhodamine
110 mono-acetate), followed by condensation with N-Ac-Asp(OBu-t)-Glu(OBu-
t)-Val-Asp(OBu-t) (SEQ ID NO:1) with EDC/pyr/DMF, and removal of the t-
butyl groups with trifluoroacetic acid.

Other useful substrate includes Ac-DEVD-pNA (SEQ ID NO:1), Ac-
DEVD-AMC (SEQ ID NO:1), MCA-DEVDAPK(DNP)-OH (SEQ ID NO:2), Z-
DEVD-AFC (SEQ ID NO:1), MCA-VDQMDGW|K-DNP]-NH, (SEQ ID NO:3),
MCA-DEVDAR[K-DNP]-NH, (SEQ ID NO:4), Z-VDVAD-AFC (SEQ ID
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NO:5), MCA-VDVADGWI[K-DNP]-NH, (SEQ ID NO:6), MCA-
VDQVDGW[K-DNP]-NH, (SEQ ID NO:7), Ac-VEID-pNA (SEQ ID NO:8), Ac-
VEID-AMC (SEQ ID NO:8), Z-VEID-AFC (SEQ ID NO:8) and MCA-
VQVDGWI[K-DNP]-NH, (SEQ ID NO:9), (CALBIOCHEM, California).

As used herein, the abbreviations for any protective groups, amino acids,
and other compounds, are, unless indicated otherwise, in accord with their

common usage, or recognized abbreviations.

A. Identifying Compounds That Activate the Caspase Cascade

In one aspect, the invention relates to a method for identifying potentially
therapeutically effective antineoplastic compounds by determining the ability of
test compounds to activate the caspase cascade in viable cultured eukaryotic cells
having an intact cell membrane, wherein a test compound is determined to have
potential therapeutic efficacy if said caspase cascade activity is enhanced in
response to the presence of said test compound, the method comprising (a)
obtaining viable cultured eukaryotic cells having an intact cell membrane
expressing a cancer phenotype by culturing those cells in a cell growth medium
under conditions which result in growth; (b) exposing the viable cultured cells to
a test compound for a predetermined period of time at a predetermined
temperature; (c) adding a reporter compound having at least one measurable
property which is responsive to the caspase cascade; (d) measuring the caspase
cascade activity of said exposed viable cultured cells by measuring said at least
one measurable property of said reporter compound; and (e) wherein an increase
in the measured caspase cascade activity in the presence of the test compound is
an indication that the test compound is a potentially therapeutically effective
antineoplastic compound.

In another aspect, the invention relates to a method for assaying the
potency of a potentially therapeutically effective antineoplastic compound that
functions as an activator of the caspase cascade in viable cultured eukaryotic cells

having an intact cell membrane, comprising:
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(a) obtaining a first and a second population of viable cultured
eukaryotic cells, each of which having an intact cell membrane expressing a
cancer phenotype, by culturing said eukaryotic cells in a cell growth medium
under conditions which result in growth;

(b) exposing the first population to a predetermined amount of a test
compound for a predetermined period of time at a predetermined temperature;

(©) exposing the second population to an amount of solvent that was
used to dissolve the test compound for the predetermined period of time at the
predetermined temperature;

(d adding to said test compound-exposed first population and said
solvent-exposed second population a reporter compound having at least one
measurable property which is responsive to the caspase cascade;

(e) measuring said at least one measurable property of said reporter
compound in said test compound-exposed first population and thereby measuring
the caspase cascade activity of the test compound-exposed first population;

® measuring said at least one measurable property of said reporter
compound in said solvent-exposed second population and thereby measuring the
caspase cascade activity of the solvent-exposed second population; and

(g) calculating the ratio of caspase cascade activity measured for the
test compound-exposed first population of cells to the caspase cascade activity
measured for the solvent-exposed second population of cells to determine the
relative potency of the test compound as an activator of the caspase cascade.

The caspase cascade activity measured for test compounds by this method
can be compared to that measured for compounds which are known to affect
enzymes involved in the apoptosis cascade to generate a measure of the relative
effectiveness of the test substance. Compounds that can be used in comparison
include known activators of enzymes involved in the apoptosis cascade. Known
activators, either by direct or indirect mechanisms, of enzymes involved in the
apoptosis cascade include but are not limited to vinblastine, etoposide (Yoon,
H.J., et al., Biochim. Biophys. Acta. 1395:110-120 (1998)) and doxorubicin
(Gamen, S., et al., FEBS Lett. 417:360-364 (1997)) which are topoisomerase II
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inhibitors; cisplatin (Maldonado et al., Mutat. Res. 381:67-75 (1997));
chlorambucil (Hickman, J.A., Cancer Metastasis Rev. 11:121-139 (1992)) which
is an alkylating agent; and fluorouracil, an RNA/DNA anti-metabolite (Hickman,
J.A., Cancer Metastasis Rev. 11:121-139 (1992)).

In a preferred embodiment, a plurality of viable cultured cells are
exposed separately to a plurality of test compounds, e.g. in separate wells of a
microtiter plate. In this embodiment, a large number of test compounds may be
screened at the same time.

In another aspect, the invention relates to a method for assaying the
potency of a test compound to synergise with other cancer chemotherapeutic
agents as an activator of the caspase cascade, comprising (a) obtaining a first and
a second population of viable cultured eukaryotic cells, having an intact cell
membrane expressing a cancer phenotype, by culturing the cell populations in a
cell growth medium under conditions which result in growth; (b) exposing the
first population to a combination of a predetermined amount of a test compound
and a subinducing amount of a known cancer chemotherapeutic agent for a first
predetermined period of time at a first predetermined temperature; (c) exposing
the second population to an equal amount of solvent, which was used to dissolve
the test compound, and a subinducing amount of a known cancer
chemotherapeutic agent for said first predetermined period of time at said first
predetermined temperature; (d) adding a reporter compound to the exposed first
population and to the exposed second population, the reporter compound having
at least one measurable property which is responsive to the caspase cascade; ()
incubating the resulting mixture of the first population, the test compound, the
known cancer chemotherapeutic agent and the reporter compound for a second
predetermined time period at a second predetermined temperature; (f) incubating
the resulting mixture of said second population, said solvent, said known
chemotherapeutic agent, and said reporter compound for a second predetermined
time period at a second predetermined temperature; (g) measuring said at least
one measurable property of said reporter compound in said first resulting mixture

and thereby measuring the caspase cascade activity of the first population in the
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first resulting mixture; (h) measuring said at least one measurable property of the
reporter compound in the second resulting mixture and thereby measuring the
caspase cascade activity of the second population in the second resulting mixture;
and (i) calculating the ratio of the caspase cascade activity of the first resulting
mixture to the caspase cascade activity of the second resulting mixture to
determine whether said test compound acts synergistically with the known cancer
chemotherapeutic agent.

Reporter compounds are preferably used as a means for measuring
caspase cascade activity in the whole-cell assays of the present invention.

Typical reporter compounds include fluorogenic, chromogenic or
chemiluminescent compounds applied to cells or tissues containing cells at a
concentration of about 0.01 nanomolar to about 0.1 molar, or an equivalent
amount of a salt or prodrug thereof. A most preferred concentration is about 10
micromolar.

The test compounds are preferably presented to the cells or cell lines
dissolved in a solvent. Preferred solvents include, DMSO, water and/or buffers.
A most preferred solvent is DMSO. The preferred amount of DMSO is generally
below 2% and most preferably 1% or below. At this concentration, DMSO
functions as a solubilizer for the test compounds and not as a permeabilization
agent. The amount of solvent tolerated by the cells must be checked initially by
measuring cell viability or caspase induction with the different amounts of
solvent alone to ensure that the amount of solvent has no effect on the cellular
properties being measured.

Suitable buffers include cellular growth media, for example Iscove's
media (Life Technologies, Inc.) with or without 10% fetal bovine serum. Other
known cellular incubation buffers include phosphate, PIPES or HEPES buffers.
One of ordinary skill in the art can identify other suitable buffers with no more
than routine experimentation.

The cells can be derived from any organ or organ system for which it is
desirable to find a potentially therapeutically effective antineoplastic compound

that functions as an activator of the caspase cascade in viable cultured eukaryotic
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cells having an intact cell membrane. Cellular genotypes for screening of test
compounds include, but are not limited to, cells that are P53 negative, Bel-2
overexpressing, Bel-xL overexpressing, ataxia telengiectasia mutated (e.g. ATCC
CRL 7201), multi-drug resistance (e.g. P-glycoprotein overexpressing, ATCC
CRL-1977), DNA mismatch repair deficiency (e.g., defects in hMSH2, hMSH3,
hMSH6, hPMS2, or hPMS1), HL-60 cells (ATCC CCL-240), SH-SYSY cells
(ATCC CRL-2266), and Jurkat cells (ATCC TIB-152), surviving overexpressing
(e.g. ATCC CCL-185), ber/abl mutated (eg ATCC CCL-243), pl6 mutated,
Brcal mutated (e.g. ATCC CRL-2336), or Brca2 mutated. These and other cells
may be obtained from the American Type Culture Collection, Manassas, VA.

Suitable solubilizers may be used for presenting reporter compounds to
cells or cell lines. Preferred solubilizers include aqueous solutions of the test
compounds in water-soluble form, for example as water-soluble salts. More
preferably, the test compounds are dissolved in a buffer solution containing 20%
sucrose (Sigma) 20 mM DTT (Sigma), 200 mM NaCl (Sigma), and 40 mM Na
PIPES buffer pH 7.2 (Sigma).

Inasmuch as the caspase cascade takes place in the intracellular
environment, measures may be undertaken to enhance transfer of the reporter
compound across the cell membrane. This can be accomplished with a suitable
permeabilization agent. Preferable permeabilization agents include, but are not
limited  to, NP-40, n-octyl-O-D-glucopyranoside, n-octyl-O-D-
thioglucopyranoside, taurocholic acid, digitonin, CHAPS, lysolecithin,
dimethyldecylphosphine oxide (APO-10), dimethyldodecylphosphine oxide
(APO-12), N,N-bis-(3-D-gluconamidopropyl)cholamide (Big Chap), N,N-bis-(3-
D-gluconamidopropyl)deoxycholamide (Big Chap, deoxy), BRIG-35,
hexaethyleneglycol (C10E6), C10E8, C12E6, C12E8, C12E9, cyclohexyl-n-
ethyl-O-D-maltoside,  cyclohexyl-n-hexyl-O-D-maltoside,  cyclohexyl-n-
methyl-O-D-maltoside, polyethylene glycol lauryl ether (Genapol C-100),
polyethylene glycol dodecyl ether (Genapol X-80), polyoxyethylene isotridecyl
ether (Genapol X-100), n-decanoylsucrose, n-decyl-O-D-glucopyranoside,

n-decyl-O-D-maltopyranoside, n-decyl-O-D-thiomaltoside, n-dodecanoylsucrose,
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n-dodecyl-O-D-glucopyranoside, n-dodecyl-O-D-maltoside,
n-heptyl-O-D-glucopyranoside, n-heptyl-O-D-thioglucopyranoside, n-hexyl-O-D-
glucopyranoside, n-nonyl-O-D-glucopyranoside, n-octanoylsucrose,
n-octyl-O-D-maltopyranoside, n-undecyl-O-D-maltoside,
n-octanoyl-O-D-glucosylamine (NOGA), PLURONIC® F-127, and PLURONIC®
F-68.

The cell lines are exposed to a predetermined amount of test compounds
at concentrations in the range from about 1 picomolar to about 1 millimolar,
preferably about 1-10 micromolar. The predetermined period of time may be
about 1 minute to less than about 24 hours, preferably 1-24 hours, and most
preferably 3, 5, or 24 hours. The predetermined temperature may be about 4 °C
to about 50 °C, preferably about 37 °C.

B. Measuring the Potency of Caspase Cascade Activation

Using a fluorescent plate reader, an initial reading (T=0) is made
immediately after addition of the reporter reagent solution, employing excitation
and emission at an appropriate wavelength (preferably excitation at 485 nm and
emission at 530 nm) to determine the background absorption and/or fluorescence
of the control sample. After the incubation, the absorption and/or fluorescence

of the sample is measured as above (e.g., at T = 3hr).

Sample Calculation:
The Relative Fluorescence Unit values (RFU) are used to calculate the
potency of the test compounds as follows:
RFU (13- RFU (.0,= Net RFU
The potency of caspase cascade activation is determined by the ratio of the Net
RFU value for a test compound to that of control samples as follows:

Net RFU of test compound

= Ratio
Net RFU of control sample
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Preferred test compounds are those indicating a ratio of 2 or greater and most
preferably with a measured ratio greater than a statistically significant value
calculated as (Ave Control RFU + 4 X SD¢yo) / (Ave Control RFU) for that run.
In all embodiments, preferred compounds can also be determined by reference to
Tables 1, 2, 3, and 4 which set forth exemplary compounds. Table 2 reports the
average data and standard deviation for a number of compounds shown in
Table 1. See also Fig. 1 which shows the standard deviation error bar. These
results demonstrate that the test compounds that have a ratio around the control
value have consistent values and do not lead to false positives. The results also
show that compounds with ratios above about 1.5 exhibit wider variation in the
numbers they generate. Thus, the assay may give false negatives unless it is run

several times.
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Table 1 indicates the results of the propidium iodide test described in
Example 1 herein, wherein cells that show a propidium iodide ratio of about 1 are
viable cells having an intact cell membrane. Table 1 provides evidence for the
effectiveness of the present invention for the purpose of identifying potentially
therapeutically effective antineoplastic agents. By contrast to methods previously
known in the art, wherein non-viable cells were used to measure apoptosis, the
method of the present invention detects therapeutically important caspase
activator drugs, ignores non-specific cell poisons, differentiates among known
antineoplastic agents such as p53-dependent agents vs. non-p53 independent
agents and rapid caspase activator agents vs. other antineoplastic agents. Thus,
the method offers important advantages regarding therapeutic relevance and
selectivity in the discovery of new antineoplastic agents, over currently available
methods.

Table 3 summarizes the results of a library of 800 generic compounds,

using 80 compounds per plate. Potentially therapeutically effective antineoplastic

agents identified in this library, having a ratio greater than about 2 are shown.

Representative samples of inactive compounds, which do not have a ratio greater
than about 2, are also shown.

Table 4 shows the results from a library of 640 natural products, tested
using 80 compounds per plate. Potentially therapeutically effective antineoplastic
agents identified in this library, having a ratio greater than about 2 are shown.

Thus, the present assay identifies the following compounds as activators
of the caspase cascade having a potency ratio of greater than about 2 in viable
cultured eukaryotic cells having an intact cell membrane: aklavin hydrochloride,
citrinin, cytochalasin d, chloroquine, gramicidin, rotenone, cetylpyridinium
chloride, staurosporine, emetine, etoposide, digitoxin, ouabain, benzethonium
chloride, baclofen, bithinolate sodium, apomorphine, amphotericin B, colchicine,
dehydrocholic acid, dienestrol, gentian violet, hexylresorcinol, disulfiram, gamma
aminobutyric acid, furosemide, hydroxyprogesterone caproate, mechlorethamine,

oxyphenbutazone, strophanthidin, tyrothricin, pimethixene, estradiol disulfate
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potassium salt, atrovenetin, gossypol-acetic acid, 7-chlorokynurenic acid,
benzamil hydrochloride, amiodarone, 1—(5-isoquinolinésulfonyl)-2-
methylpiperazine hydrochloride, verapamil hydrochloride, 7-desacetoxy-6.7-
dehydrogedunin, 6,2°,3° -trihydroxy-7,4’ -dimethoxyisoflavan, anthothecol,
chukrasin, cedrelone, heteropeucenin methyl ether, gambogic acid,
diacetyldideisovaleryl—rhodomyrtoxin, sericetin diacetate, gamboginic acid
methyl ester, gambogic acid amide, pomiferin, sumatrol acetate, brazilin,
lonchocarpic acid diacetate, osajin, celastrol, orsellinic acid ethyl ester,
gitoxigenin diacetate, strophanthidin, ~cymarin, stophanthidin ~ acetate,
periplocymarin, digoxin, emicymarin, strophanthidinic acid lactone acetate,
melatonin, chelidonine, norleagnine, calycanthine dictamine, dihydrogambogic
acid, gambogic acid diethyl amide, crassin acetate, tetrahydrogambogic acid,
decahydrogambogic acid, deoxodeoxydihydrogedunin, 1-(2-
a—epoxy)—deacetoxydihydrogedunin, mexicanolide enol acetate,
4 4’-dimethoxydalberginone, methyl gamboginate, obtusaquinone, brazilin
trimethyl ether, isorhodomyrtoxin, juglone, resistomycinolide, cucumin,
dihydrocinchonidin, leodin diacetate, and 18a-glycyrrhetic acid.

The identification of some of the above and other compounds that possess
the requisite activities are set forth in the Examples. Compounds whose
identification is not explicitly exemplified can be identified by routine
modification of one or more methods described in detail in the Examples by

appropriately modifying conditions without undue experimentation.

C. Formulation and Administration of the Compositions

Effective concentrations of one or more of the caspase cascade activators
or pharmaceutically acceptable salts, or prodrugs thereof are mixed with a
suitable pharmaceutical carrier or vehicle. In instances in which the compounds
exhibit insufficient solubility, methods for solubilizing compounds may be used.

Such methods are known to those of skill in this art, and include, but are not
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limited to, using solubilizers, such as dimethylsulfoxide (DMSO), surfactants,
such as polysorbate 80, dissolution in aqueous sodium bicarbonate, or use of
transdermal penetration enhancers (e.g., AZONE ™),

Upon mixing or adding the antineoplastic compound(s) with a suitable
carrier or vehicle, the resulting mixture may be a solution, suspension, emulsion
or the like. The form of the resulting mixture depends upon a number of factors,
including the intended mode of administration and the solubility of the
compounds in the selected carrier or vehicle.

Pharmaceutical carriers or vehicles suitable for administration of the
compounds provided herein include any such carriers known to those skilled in
the art to be suitable for the particular mode of administration. In addition, the
compounds may be formulated as the sole pharmaceutically active ingredient in
the composition or may be combined with other active ingredients.

The active compounds can be administered by any appropriate route, for
example, bucally, intransally, orally, parenterally, intravenously, intradermally,
subcutaneously, or topically, in liquid, semi-liquid, or solid form formulated in
a manner suitable for each route of administration. Preferred modes of
administration include oral, nasal and parenteral modes of administration.

The active compound is included in the pharmaceutically acceptable
carrier in an amount sufficient to exert a therapeutically useful effect in the
absence of undesirable side effects on the patient treated. The concentration of
active compound in the drug composition will depend on absorption, inactivation
and excretion rates of the active compound, the dosage schedule, and amount
administered as well as other factors known to those of skill in the art.

Typically, a therapeutically effective dosage should produce a serum
concentration of active ingredient from about about 50-100 pg/ml to 0.1 mg/ml.
The pharmaceutical composition typically should provide a dosage of from about
0.01 mg to about 10 mg of compound per kilogram of body weight per day. The
active ingredient may be administered at once, or may be divided into a number

of smaller doses to be administered at selected intervals of time. It is understood
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that the precise dosage and duration of treatment is a function of the disease being
treated and may be determined empirically using known testing protocols or by
extrapolation from in vivo or in vitro test data. It is to be noted that
concentrations and dosage values may also vary with the severity of the condition
to be alleviated. It is to be further understood that for any particular subject,
specific dosage regimens should be adjusted over time according to the individual
need and the professional judgment of the person administering or supervising the
administration of the compositions, and that the concentration ranges set forth
herein are exemplary only and are not intended to limit the scope or practice of
the claimed compositions.

If oral administration is desired, the compound may be provided in a
composition that protects it from the acidic environment of the stomach. For
example, the composition can be formulated in an enteric coating (e.g. with
hydroxypropylmethyl cellulose phthalate) that maintains its integrity in the
stomach and releases the active compound in the intestine (See Remington's
Pharmaceutical Sciences, Osol, A., ed., Mack Publishing Co. (1980)). The
composition may also be formulated in combination with an antacid or other such
ingredient.

Oral compositions will generally include an inert diluent or an edible
carrier and may be compressed into tablets or enclosed in gelatin capsules. For
the purpose of oral therapeutic administration, the active compound or
compounds can be incorporated with excipients and used in the form of tablets,
capsules or troches. Pharmaceutically compatible binding agents and adjuvant
materials can be included as part of the composition.

The tablets, pills, capsules, troches and the like can contain any of the
following ingredients, or compounds of a similar nature: a binder, such as
microcrystalline cellulose, gum tragacanth and gelatin; an excipient such as starch
and lactose; a disintegrating agent such as, but not limited to, alginic acid and
corn starch; a lubricant such as, but not limited to, magnesium stearate; a glidant,

such as, but not limited to, colloidal silicon dioxide; a sweetening agent such as
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sucrose or saccharin; and a flavoring agent such as peppermint, methyl salicylate.
or fruit flavoring.

When the dosage unit form is a capsule, it can contain, in addition to
material of the above type, a liquid carrier such as a fatty oil. In addition, dosage
unit forms can contain various other materials that modify the physical form of
the dosage unit, for example, coatings of sugar and other enteric agents. The
compounds can also be administered as a component of an elixir, suspension,
syrup, wafer, chewing gum or the like. A syrup may contain, in addition to the
active compounds, sucrose as a sweetening agent and certain preservatives, dyes
and colorings and flavors.

The active material can also be mixed with other active materials that do
not impair the desired action, or with materials that supplement the desired action.
such as antacids, H2 blockers, and antimetabolites. For example, if the
compound is used for treating colon cancer, it may be used with other
antineoplastic agents.

Solutions or suspensions used for parenteral, intradermal, subcutaneous,
intranasal or topical application can include any of the following components: a
sterile diluent, such as water for injection, saline solution, fixed oil, polyethylene
glycol, glycerin, propylene glycol or other synthetic solvent; antimicrobial agents,
such as benzyl alcohol and methyl parabens; antioxidants, such as ascorbic acid
and sodium bisulfite; chelating agents such as ethylenediaminotetraacetic acid
(EDTA); buffers, such as acetate, citrates. and phosphates; and agents for the
adjustment of tonicity such as sodium chloride or dextrose. Parenteral
preparations can be enclosed in ampoules. disposable syringes or multiple dose
vials made of glass, plastic or other suitable material.

If administered intravenously, suitable carriers include physiological
saline or phosphate buffered saline (PBS), and solutions containing thickening
and solubilizing agents, such as glucose, polyethylene glycol, and polypropylene
glycol and mixtures thereof. Liposomal suspensions, including tissue-targeted

liposomes, may also be suitable as pharmaceutically acceptable carriers. These
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may be prepared according to methods known to those skilled in the art. For
example, lipsome formulations may be prepared as described in U.S. Pat.
No. 4,522,811.

The active compounds may be prepared with carriers that protect the
compound against rapid climination from the body, such as time release
formulations or coatings. Such carriers include controlled release formulations,
such as, but not limited to, implants and microencapsulated delivery system, and
biodegradable, biocompatible polymers, such as collagen, ethylene vinyl acetate,
polyanhydrides, polyglycolic acid, polyorthoesters, polylactic acid and others.
Methods for preparation of such formulations are known to those skilled in the
art.

The compounds may be formulated for local or topical application, such
as for topical application to the skin and mucous membranes, such as in the nose
or eye, in the form of gels, creams, and lotions. The compounds may be
formulated for application to the eye, or for intracisternal or intraspinal
application in the form of solutions. Such solutions, particularly those intended
for ophthalmic use, may be formulated as 0.01%-10% isotonic solutions, pH
about 5-7, with appropriate salts. The compounds may be formulated as aerosols
for topical application, such a by inhalation (see, e.g. U.S. Pat. Nos. 4,044,126,
4,414,209 and 4,364,923, which describe acrosols for delivery of a steroid useful
for treating inflammatory diseases, particularly asthma).

Finally, the compounds may be packaged as kits containing packaging
material, a compound identified by the method of the invention which is effective
as an antineoplastic agent, ameliorating the symptoms of a neoplastic disorder,
or activating the caspase cascade, and a packaging label that indicates that the
compound or salt thereof is used as an antineoplastic agent, or for treating caspase
cascade mediated disorders.

The following examples demonstrate usefulness of the invention in
measuring the activity of caspases and other enzymes involved in apoptosis in

cells and tissues. The examples also demonstrate usefulness of the invention in
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drug screening assays that can be utilized to find enhancers of apoptosis. These
examples are illustrative, but not limiting, of the method and compositions of the
present invention. Other suitable modifications and adaptations of the variety of
conditions and parameters normally encountered in in vitro assays and drug
5 screening procedures or which are obvious to those skilled in the art are within

the spirit and scope of the invention.

Example 1

10 Propidium iodide test for cell viability and membrane integrity

HL-60 cells were grown in Iscove's media (Life Techﬁologies, Inc.) +
10% FCS (Sigma Chemical Company) in a 5% CO, -95% humidity incubator at
37 °C, and maintained at a cell density between 1 and 6 x 10° cells/ml. Cells were

15  harvested at 600xg and resuspended at 2.2 x 10° cells/ml into Iscove's media +
1% FCS. An aliquot of 45 pl of cells was added to at least one well of a 96-well
microtiter plate containing 5 ul of 10% DMSO in Iscove media solution
containing the test compound as the test solution and at least one other well that
is free of the test compound as a control sample. The samples were agitated and

20 then incubated at 37 °C for 3 hr in a 5% CO,-95% humidity incubator.

To each sample well there was added 50 pl of a solution of 10 pg/ml of
propidiuin ‘odide in Iscove's media with 1% fetal calf serum. The samples were
‘ncubated for an additional 1 hour. Using a fluorescent plate reader (Model 1420,
Wallac Instruments), an initial reading (T=0) was made approximately 1- 2 min

75 after addition of the substrate solution, employing excitation at 520 nm and
emission at 560 nm, to determine the background fluorescence of the control
sample. After the 1-hr incubation at room temperature, the samples were read for

fluorescence as above.
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Calculation:
The Relative Fluorescence Unit values (RFU) were used to calculate the
sample readings as follows:
RFU 1oy - RFU (1= Net REU
5 The viability of the cell and integrity of the membrane was determined by the
ratio of the net RFU value for test compound to that of control samples as
follows:

Net RFU of test compound sample _ Ratio
Net RFU of control sample

Viable cells with an integral cell membrane are those indicating a ratio of about
10 1 whereas non-viable cells with damaged membranes have ratios as high as 3.6.

Results are tabulated in Table 1 herein.

Example 2

15 Identification of vinblastine sulfate as an antineoplastic compound that
exhibits caspase cascade activation

HIL-60 cells were maintained and harvested as described in Example 1.

An aliquot of 45 pl of HL-60 cells was added to a well of a 96-well microtiter

20  plate containing 5 pl of a 10% DMSO in Iscove media solution containing 30 pug
per ml of vinblastine sulfate. An aliquot of 45 pl of cells was added to a well of

a 96-well microtiter plate containing 5 pl of a 10% DMSO in Iscove media
solution without vinblastine as the control sample. The samples were mixed by
agitation and then incubated at 37 °C for 3 hr in a 5% CO,-95% humidity

25 incubator. After incubation, the samples were removed from the incubator and
50 pl of a solution containing 20 uM of N-(Ac-DEVD)-N "-ethoxycarbonyl-R110

(SEQ ID NO:1) fluorogenic substrate, 20% sucrose (Sigma), 20 mM DTT
(Sigma), 200 mM NaCl (Sigma), 40 mM Na PIPES buffer pH 7.2 (Sigma), and

500 pg/ml lysolecithin was added. The samples were mixed by agitation and

30  incubated for 3 hr at room temperature. Using a fluorescent plate reader (Model
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1420, Wallac Instruments), an initial reading (T=0) was made approximately 1-
2 min after addition of the substrate solution, employing excitation at 485 nm and
emission at 530 nm, to determine the background fluorescence of the control
sample. After the 3 hr incubation, the samples were read for fluorescence as
above (T = 3hr).
Calculation:

The Relative Fluorescence Unit values (RFU) were used to calculate the
sample readings as follows:

Sample RFU (1.3, — Control RFU (1= Net RFU 13,
The potency of caspase cascade activation was determined by the ratio of the net
RFU value for vinblastine to that of control samples as follows:
Ratio =12.2
Thus, vinblastine is identified as an antineoplastic compound that is a

caspase cascade activator in this assay.

Example 3

Identification of cyclophosphamide as an antineoplastic compound that does
not exhibit caspase cascade activation

The assay was run under the same conditions described in Example 2 with
vinblastine being replaced by cyclophosphamide.

The potency of caspase cascade activation was determined by the ratio of
the net RFU value for cyclophosphamide to that of control samples as follows:
Ratio = 1.0

Thus, cyclophosphamide is identified as an antineoplastic compound that

is not a caspase cascade activator in this assay.
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Example 4

Multisample assay of known antineoplastic compounds for identifying
compounds that exhibit caspase cascade activation (Table 1)

HL-60 cells were grown and harvested as in Example 1. Aliquots of 45
pl of cells, using an 8-channel multi-pipettor (Eppendorf), were added to wells
of a 96-well microtiter plate -- each plate containing 5 ul of a 10% DMSO in
Iscove media solution containing 30 pg per ml of a known antineoplastic,
antibacterial, antimetabolite, immunosuppressive, cell poison or other compound.
An aliquot of 45 pl of cells was added to a well of a 96-well microtiter plate
containing 5 ul of a 10% DMSO in Iscove media solution without a test
compound as the control sample. The samples were mixed by agitation and then
incubated at 37 °C for 3 hr in a 5% C0,-95% humidity incubator. After
incubation, the samples were removed from the incubator and 50 pl of a solution
containing 20 pM of N-(Ac-DEVD)-N _ethoxycarbonyl-R110 (SEQ ID NO:1)
fluorogenic substrate, 20% sucrose (Sigma), 20 mM DTT (Sigma), 200 mM NaCl
(Sigma), 40 mM Na PIPES buffer pH 7.2 (Sigma), and 500 pg/ml lysolecithin
was added using an 8-channel multi-pipettor (Eppendorf). The samples were
mixed by agitation and incubated for 3 hr at room temperature. Using a
fluorescent plate reader (Model 1420, Wallac Instruments), an initial reading
(T=0) was made approximately 1-2 min after addition of the substrate solution,
employing excitation at 485 nm and emission at 530 nm, to determine the
background fluorescence of the control sample. After the 3 hr incubation, the
samples were read for fluorescence as above (T = 3hr).

Calculation for net RFU and ratio were carried out as described in
Example 2. The potency of caspase cascade activation was determined by the
ratio of the net RFU value for each sample to that of control samples to determine
the potency of caspase cascade activation as shown in Table 1 herein. The assay
detects therapeutically important known antineoplastic compounds which activate

the caspase cascade. The assay also detects compounds which activate the

PCT/US00/02329
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caspase cascade but are not known to be antineoplastic. The assay does not detect

non-specific cell poisons or cytotoxic compounds.

Example 5

Multisample assay of a random library for identifying compounds that
exhibit caspase cascade activation using 96-well liquid handling apparatus
(Table 3)

HL-60 cells were grown and harvested as described in Example 1. All
additions were made with a 96-well liquid handling apparatus (Quadra 96,
Tomtec Instruments). Aliquots of 45 pl of cells was added to wells of a 96-well
microtiter plate, each well containing 5 pl of a 10% DMSO in Iscove media
solution containing 30 pg per ml of test compound. An aliquot of 45 ul of cells
was added to a well of a 96-well microtiter plate containing 5 pl of a 10% DMSO
in Iscove media solution without a test compound as the control sample. The
samples were mixed by agitation and then incubated at 37 °C for 3 hrin a 5%
C0,-95% humidity incubator. After incubation, the samples were removed from
the incubator and 50 ul of a solution containing 20 uM of N-(Ac-DEVD)-
N’-ethoxycarbonyl-R110 (SEQ ID NO:1) fluorogenic substrate, 20% sucrose
(Sigma), 20 mM DTT (Sigma), 200 mM NaCl (Sigma), 40 mM Na PIPES buffer
pH 7.2 (Sigma), and 500 pg/ml lysolecithin was added. The samples were mixed
by agitation and incubated for 3 hr at room temperature. Using a fluorescent plate
reader (Model 1420, Wallac Instruments), an initial reading (T=0) was made
approximately 1- 2 min after addition of the substrate solution, employing
excitation at 485 nm and emission at 530 nm, to determine the background
fluorescence of the control sample. After the 3 hr incubation, the samples were
read for fluorescence as above (T = 3hr).

Calculations were carried out as described in Example 2. The potency of

caspase cascade activation was determined by the ratio of the net RFU value for
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ecach sample to that of control samples to determine the potency of caspase

cascade activation as shown in Table 3 herein.

Example 6

Multisample assay of natural products for identifying compounds that
exhibit caspase cascade activation using automated analysis equipment

The following procedure was conducted in an automated measurement
apparatus for automatic drug screening. The apparatus is designed to initiate and
measure events such as enzymatic transformations. The apparatus is designed to
measure a resulting attribute of the sample for a period of time, record and
process the resulting data, and present the processed data on a printer, magnetic
storage device, or video display.

HL-60 cells were grown and harvested as described in Example 1.
Aliguots of 45 ul of cells was added to wells of a 96-well microtiter plate, each
of 80 wells containing 5 pl of a 10% DMSO in Iscove media solution containing
30 pg per ml of a natural product test compound. An aliquot of 45 pl of cells was
added to a well of a 96-well microtiter plate containing 5 ul of a 10% DMSO in
Iscove media solution without a test compound as the control sample. The
samples were mixed by agitation and then incubated at 37 °C for 3 hr in a 5%
C0,-95% humidity incubator. After incubation, the samples were removed from
the incubator and 50 pl of a solution containing 20 uM of N-(Ac-DEVD)-N"-
ethoxycarbonyl-R110 (SEQ ID NO:1) fluorogenic substrate, 20% sucrose
(Sigma), 20 mM DTT (Sigma), 200 mM NaCl (Sigma), 40 mM Na PIPES buffer
pH 7.2 (Sigma), and 500 pg/ml lysolecithin was added. The .samples were mixed
by agitation and incubated for 3 hr at room temperature. Using a fluorescent plate
reader (Victor Model 1420, Wallac Instruments, Bethesda, MD) an initial reading
(T=0) was made approximately 1- 2 min after addition of the substrate solution,

employing excitation at 485 nm and emission at 530 nm, to determine the
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background fluorescence of the control sample. After the 3 hr incubation, the
samples were read for fluorescence as above (T = 3hr).

Calculations were made as described in Example 2. The potency of
caspase cascade activation was determined by the ratio of the net RFU value for
each sample to that of control samples to determine the potency of caspase

cascade activation as shown in Table 4 herein.

Example 7

Identification of antineoplastic compound that exhibits caspase cascade
activation in solid tumor cells.

Solid tumor cells are frequently resistant to many standard
chemotherapeutic agents and lack of activation of apoptosis indicates a lack of
efficacy as an antineoplastic agent. To assess the ability to use solid tumor lines
to identify antineoplastic compounds that exhibit caspase activation, T47D and
7R 75-1 human breast cancer lines or PC3 prostate cancer line were maintained
with appropriate media (ATCC recommended media + 10% FCS). Cells were
harvested and resuspended at 0.6x10° cells/ml in media + 10% FCS. An aliquot
of 45 pl of cells was added to each well of a 96-well microtiter plate. 5 pl of 100
UM vinblastine or 5 pl of 50 UM staurosporine or S pl of DMSO (solvent control)
in RPMI media, was added to wells. The plates were incubated in a 5% CO,-95%
humidity incubator at 37 °C for 24 hr (T=24hr). After incubation, the samples
were removed from the incubator and 50 ul of a solution containing 20 uM of N-
(Ac-DEVD)-N '_ethoxycarbonyl-R110 (SEQ ID NO:1) fluorogenic substrate, 20%
sucrose (Sigma), 20 mM DTT (Sigma), 200 mM NaCl (Sigma), 40 mM Na
PIPES buffer pH 7.2 (Sigma), and 500 pg/ml lysolecithin (Calbiochem) was
added. The samples were mixed by agitation and incubated for 3 hr at room

temperature. Using a fluorescent plate reader (Model 1420, Wallac Instruments),

“an initial reading (T=0) was made approximately 1-2 min after addition of the

substrate solution, employing excitation at 485 nm and emission at 530 nm, to
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determine the background fluorescence of the control sample. After the 3 hr
substrate incubation, the samples were read for fluorescence as above (T¥24hr).
Calculation:
The Relative Fluorescence Unit values (RFU) were used to calculate the
5  sample readings as follows:
RFU (14— Control RFU 1_5= Net RFU 4
The potency of caspase cascade activation was determined by the ratio of the net
RFU value for the experimental compound to that of control samples as follows:
Ratio = Net Sample RFU 1o/ Net Control RFU(H%,;
10
For these solid tumor cells vinblastine at 10 M had a ratio of 2.1 with
T47D cells, a ratio of 1.4 with ZR 75-1 cells, and a ratio of 1.3 with PC3 cells.
The low ratios indicate that the compound is not effective with these resistant
solid tumor cells. With staurosporine at 5 uM, the ratio was 6.7 with T47D, 9.5
15  with ZR 75-1 cells, and 2.5 with PC3 cells indicating a more potent caspase

activation and more efficacy in cell killing.

Example 8

Identification of antineoplastic compound that exhibits caspase cascade
20 activation without a permeabilizer for presenting reporter substrate to cells

Caspase activation can also be assessed when the reporter compound 1s
presented directly to cells without a permeabilizer for the reporter substrate.
T47D and ZR 75-1 human breast cancer lines or PC3 prostate cancer lines were

25  maintained with appropriate media (ATCC recommended media + 10% FCS).
Cells were harvested and resuspended at 0.6x10° cells/ml in media + 10% FCS.
An aliquot of 45 pl of cells was added to each well of a 96-well microtiter plate.
5 ul of 100 uM vinblastine or 5 pl of 50 pM staurosporine or 5 pl of DMSO
(solvent control) in RPMI media, was added to wells. The plates were incubated

30 in a 5% CO,-95% humidity incubator at 37 °C for 24 hr (T=24hr). After
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incubation, the samples were removed from the incubator and 50 pl of a solution
having concentrations of 20 uM of N-(Ac-DEVD)-N -ethoxycarbonyl-R110
(SEQ ID NO:1) fluorogenic substrate, 20% sucrose (Sigma), 20 mM DTT
(Sigma), 200 mM NaCl (Sigma), and 40 mM Na PIPES buffer pH 7.2 (Sigma)

5 was added. The samples were mixed by agitation and incubated for 3 hr at room
temperature. Using a fluorescent plate reader (Model 1420, Wallac Instruments),

an initial reading (T=0) was made approximately 1-2 min after addition of the
substrate solution, employing excitation at 485 nm and emission at 530 nm, to
determine the background fluorescence of the control sample. After the 3 hr

10 substrate incubation, the samples were read for fluorescence as above (T=24hr).
Calculations were made as described in Example 7. For these solid

tumor cells vinblastine at 10 1M had a ratio of 5.2 with T47D cells, a ratio of 9.4

with ZR 75-1 cells, and a ratio of 12.7 with PC3 cells. With staurosporine at 5

uM, the ratio was 53.1 with T47D, 62.6 with ZR 75-1 cells, and 62.6 with PC3

15 cells. These ratios are higher than seen with a permeabilizer to present the
reporter compound and the cut-off ratio for selection of antineoplastic agents can

be increased to reflect these higher ratios. The lower ratios seen with vinblastine
treatment indicate that the compound is not effective with these solid tumors
compared to staurosporine. A quantitative method for determining an appropriate

20 value for a minimum value for the ratio is to assess the control sample values and
the standard deviation for the control sample: (Average Net RFU Control + 4x

SD) / (Average Net RFU Control). This gives a statistically significant value to
determine a cut-off value. Alternatively, in an evaluation with a large number of
compounds, the mean and standard deviations of the inactive compounds can be

25  used to determine an appropriate ratio. In these cases, the ratio for statistical

significance (<0.01%) is greater than 7.5.
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Example 9

Use of Pre-plated cells for the assay

Solid tumor cells grow and proliferate attached to a solid substratum.

5 Examples 7 and 8 utilized solid tumor cells grown on a solid substratum then
harvested and added directly to test sample. Assessed in this example was the
effect on the level of caspase activation of harvesting cells, allowing time for
adherence and then initiating treatment with test sample. T47D and ZR 75-1
human breast cancer lines or PC3 prostate cancer lines maintained with

10 appropriate media (ATCC recommended media + 10% FCS) were used for
evaluation. Cells grown attached to a solid substratum were harvested and
resuspended at 0.6x10° cells/ml in media + 10% FCS and 45 pl was added to
wells of a 96-well plate and incubated overnight (16 hr) at 37 °C ina 5% CO2-

95% humidity incubator to allow adherence to the assay plate (pre-plate). 5 ul

15  of 100 uM vinblastine or 5 pl of 50 uM staurosporine or 5 pl of DMSO (solvent
control) in RPMI media, was added to the wells and the samples incubated at

37 °C in a 5%C02-95% humidity incubator for an additional 24 hr (T=24). Cells
added at the time of compound addition were prepared and treated as described

in Example 7. Caspase activity and the ratio of induction was measured for both

20 conditions as described in Example 7. For these solid tumor cells, staurosporine
at 5 pM showed with pre-plated cells a ratio of 7 with T47D cells, 18.3 with
ZR75-1 cells, and 1.4 with PC3 cells. With compound addition at the same time

as the cells, as in Example 7, the ratio was 7.6 for T47D cells, 15.3 for ZR75-1

cells, and 1.1 for PC3 cells, indicating little or no difference between the caspase

25  induction levels, irrespective of whether cells were pre-plated or added at time of
compound addition. Vinblastine at 10 pM showed marginal activation of caspase
activity whether the cells were pre-plated or added at time of compound addition.
These results demonstrate that cells either pre-plated or added at time of

compound addition show little difference in the level of caspase activation.
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On this basis, the instant invention should be recognized as constituting
progress in science and the useful arts, as solving the problems in the
identification of caspase cascade activators and potentially therapeutically
effective antineoplastic agents.

5 Having described preferred embodiments of the invention, it is to be
understood that the invention is not limited to those precise embodiments, and
that the various changes and modifications may be effected therein by one skilled
in the art without departing from the scope or spirit of the invention as defined in
the appended claims. Thus, the scope of the invention should be determined by

10  the appended claims and their legal equivalents, rather than by the examples
given. All patents, patent applications and publications referred to herein are

incorporated by reference in their entirety.
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What Is Claimed Is:

1. A method for identifying a potentially therapeutically effective
antineoplastic compound compriéing determining the ability of a test compound
5 to act as an activator of the caspase cascade in viable cultured eukaryotic cells
having an intact cell membrane, wherein a test compound is determined to have
potential therapeutic efficacy if said caspase cascade activity is enhanced in
response to the presence of said test compound, said method comprising:
(a) obtaining viable cultured eukaryotic cells having an intact
10 cell membrane expressing a cancer phenotype by culturing in a cell growth
medium under conditions which result in growth;
(b) exposing said viable cultured cells to the test compound
for a predetermined period of time at a predetermined temperature;
(c) adding a reporter compound having at least one
15  measurable property which is responsive to the caspase cascade;
(d) measuring the caspase cascade activity of said exposed
viable cultured cells by measuring said at least one measurable.property; and,
(e) wherein an increase in the measured caspase cascade
activity in the presence of said test compound is an indication that said test

20 compound is a potential therapeutically effective antineoplastic compound.

2. The method of claim 1, wherein said cultured eukaryotic cells are
higher eukaryotic cells.
25 3, The method of claim 1, wherein said cultured eukaryotic cells are

mammalian cells.

4. The method of claim 1, wherein said cells are exposed to test
compounds at concentrations in the range from about 1 picomolar to about

30 1 millimolar.
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5. The method of claim 1, further comprising the addition of a

permeabilization enhancer in combination with said reporter compound.

5 6. The method of claim 1, wherein said predetermined period of time
is about 1 minute to about 24 hours; and, wherein said predetermined temperature

is about 4 °C to about 50 °C.

7. The method of claim 6, wherein said predetermined period of time

10 is about 1 hour to about 3 hours.

8. The method of claim 7, wherein said predetermined period of time

is about 3 hours.

15 9. The method of claim 6, wherein said predetermined period of time

is about 3 hours to about 24 hours.

10.  The method of claim 9, wherein said predetermined period of time
is about S hours.
20
11.  The method of claim 9, wherein said predetermined period of time

is about 24 hours.

12.  The method of claim 1, wherein said reporter compound is
25  selected from the group consisting of:
(a) a fluorogenic compound that produces fluorescence under
the influence of the caspase cascade;
(b) a chromogenic compound that produces light absorption

under the influence of the caspase cascade; and
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(c) a chemiluminescent compound that produces light
emission under the influence of the caspase cascade.
13. The method of claim 3, wherein said mammalian cells are a cell

5 line selected from the group consisting of p33 deficient cells, Bcl-2
overexpressing family member cells, surviving overexpressing cells, Ataxia
Telengiectasia Mutated cells, ber/abl mutated cells, p16 mutated cells, Breal
mutated cells, Brca 2 mutated cells, multi-drug resistance cells, and DNA
mismatch repair deficiency cells.

10
14.  The method of claim 1, with the proviso that a permeabilization

enhancer is not added in combination with said reporter compound.

15. The method of claim 1, wherein a plurality of viable cultured cell

15  samples are exposed separately to a plurality of test compounds.

16.  The method of claim 15, wherein said plurality of viable cultured

cells are in separate wells of a microtiter plate.

20 17. A method for assaying the potency of a potential therapeutically
effective antineoplastic compound that functions as an activator of the caspase
cascade in viable cultured eukaryotic cells having an intact cell membrane, said
method comprising:

(a) obtaining a first and a second population of viable

25  cultured eukaryotic cells having an intact cell membrane expressing a cancer
phenotype by culturing said eukaryotic cells in a cell growth medium under
conditions which result in growth;

(b) exposing said first population to a predetermined amount
of a test compound dissolved in a solvent for a predetermined period of time at

30  apredetermined temperature;
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(©) exposing said second population to an amount of the
solvent which was used to dissolve said test compound for said predetermined
period of time at said predetermined temperature;

(d)  adding to said test compound-exposed first population and
said solvent-exposed second population a reporter compound having at least one
measurable property which is responsive to the caspase cascade;

(e) measuring said at least one measurable property of said
reporter compound in said test compound-exposed first population and thereby
measuring the caspase cascade activity of said test compound-exposed first
population;

@ measuring said at least one measurable property of said
reporter compound in said solvent-exposed second population and thereby
measuring the caspase cascade activity of said solvent-exposed second
population; and

(g) calculating the ratio of caspase cascade activity measured
for said test compound-exposed first population compared to said caspase cascade
activity measured for said solvent-exposed second population to determine the

relative potency of the test compound as an activator of the caspase cascade.

18. The method of claim 17, wherein said cultured eukaryotic cells

are higher eukaryotic cells.

19. The method of claim 17, wherein said cultured eukaryotic cells

are mammalian cells.

20. The method of claim 17, wherein said cell lines are exposed to the
test compound at a concentration in the range from about 1 picomolar to about 1

millimolar.
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21. The method of claim 17, further comprising the addition of a

permeabilization enhancer in combination with said reporter compound.

22, The method of claim 17, wherein said predetermined period of
5 time is about 1 minute to about 24 hours; and, wherein said predetermined

temperature is about 4 °C to about 50 °C.

23.  The method of claim 22, wherein said predetermined period of
time is about 1 hour to about 3 hours.
10
24. The method of claim 23, wherein said predetermined of time is

about 3 hours.

75 The method of claim 22, wherein said predetermined period of

15  time is about 3 hour to about 24 hours.

26.  The method of claim 25, wherein said predetermined period of

time is about 5 hours.

20 27.  The method of claim 25, wherein said predetermined period of

time is about 24 hours.

78 The method of claim 17, wherein said reporter compound is
selected from the group consisting of:
25 (a)  afluorogenic compound that produces fluorescence under
the influence of the caspase cascade;
(b) a chromogenic compound that produces light absorption
under the influence of the caspase cascade; and,
() a chemiluminescent compound that produces light

30 emission under the influence of the caspase cascade.
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29.  The method of claim 17, with the proviso that a permeabilization

enhancer is not added in combination with said reporter compound.

30.  The method of claim 17, wherein a plurality of first populations

of viable cultured cells are exposed separately to a plurality of test compounds.

31, The method of claim 30, wherein said plurality of first populations
of viable cultured cells are in separate wells of a microtiter plate.

32. A method for assaying the potency of a test compound to
synergise with a known cancer chemotherapeutic agent by functioning as an
activator of the caspase cascade, said method comprising: |

(a) obtaining a first and a second population of viable cultured
eukaryotic cells having an intact cell membrane expressing a cancer phenotype
by culturing in a cell growth medium under conditions which result in growth;

(b) exposing said first population to a combination of a
predetermined amount of a test compound and a subinducing amount of a known
cancer chemotherapeutic agent for a first predetermined period of time, at a first
predetermined temperature;

(©) exposing said second population to an amount of solvent
which was used to dissolve the test compound and to a subinducing amount of a
known cancer chemotherapeutic agent for said first predetermined period of time
at said first predetermined temperature;

(d) adding a reporter compound to said exposed first
population and to said exposed second population, said reporter compound
having at least one measurable property which is responsive to the caspase
cascade;

(e) incubating the resulting mixture of said first population,

said test compound, said known cancer chemotherapeutic agent and said reporter
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compound for a second predetermined time period at a second predetermined
temperature;

® incubating the resulting mixture of said second population,
said solvent, said known chemotherapeutic agent and said reporter compound for
said second predetermined time period at said second predetermined temperature;

(g) measuring said at least one measurable property of said
reporter compound in said first resulting mixture and thereby measuring the
caspase cascade activity of said first population in said first resulting mixture;

(h)  measuring said at least one measurable property of said
reporter compound in said second resulting mixture and thereby measuring the
caspase cascade activity of said second population in said second resulting
mixture; and, |

1) calculating the ratio of measured caspase cascade
activities of said first population to said second population to determine whether
said test compound acts synergistically with said known cancer chemotherapeutic

agent as an activator of the caspase cascade.

33. The method of any one of claims 17 or 32, wherein said
mammalian cells are a cell line selected from the group consisting of p53
deficient cells, Bcl-2 overexpressing family member cells, survivin
overexpressing cells, Ataxia Telengiectasia Mutated cells, ber/abl mutated cells,
pl6 mutated cells, Breal mutated cells, Brca 2 mutated cells, multi-drug

resistance cells, and DNA mismatch repair deficiency cells. .

34, The method of claim 32, wherein a plurality of first populations

of viable cultured cells are exposed separately to a plurality of test compounds.

35 The method of claim 34, wherein said plurality of first populations

of viable cultured cells are in separate wells of a microtiter plate.
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36. A method of modulating in vivo apoptosis or neoplasia comprising
administering to an animal in need of such modulation an effective amount of a
compound, or a pharmaceutically acceptable salt or prodrug of said compound,
which functions as a caspase cascade activator in the method of claim 1, with the

5 proviso that said compound was first identified as a modulator of in vivo

apoptosis or neoplasia in the method of claim 1.

37. A kit for performing the method of claim 36, comprising

packaging material containing said compound, or a pharmaceutically acceptable

10 salt or prodrug of said compound, said packaging material further comprising a
label that indicates that said compound, or a pharmaceutically acceptable salt or
prodrug of said compound, is useful to modulate in vivo apoptosis, or in vivo

neoplastic disease.

15 38. A method of modulating i vivo apoptosis or neoplasia comprising
administering to a subject in need of each modulation an effective amount of a
compound, or a pharmaceutically acceptable salt or prodrug of said compound,
which functions as a caspase cascade activator in the method of claim 17, wherein
said ratio is at least about 2, with the proviso that said compound was first

20  identified as a modulator of in vivo apoptosis or neoplasia in the method of claim
17.

39.  The therapeutic method of claim 38, wherein said compound, or

a pharmaceutically acceptable salt or prodrug of said compound, is selected from

the group consisting of aklavin hydrochloride, citrinin, cytochalasin d,

25  chloroquine, gramicidin, rotenone, cetylpyridinium chloride, emetine, digitoxin,

and ouabain.

40.  The therapeutic method of claim 38, wherein said compound, or
a pharmaceutically acceptable salt of said compound, is selected from the group

30 consisting of benzethonium chloride, baclofen, bithinolate sodium, apomorphine,
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amphotericin B, colchicine, dehydrocholic acid, dienestrol, gentian violet,
hexylresorcinol, disulfiram, gamma aminobutyric acid, furosemide,
hydroxyprogesterone caproate, oxyphenbutazone, strophanthidin, tyrothricin,
pimethixene, estradiol disulfate potassium salt, atrovenetin, gossypol-acetic acid,
7-chlorokynurenic acid, benzamil hydrochloride, amiodarone,
1-(5-isoquinolinesulfonyl)-2-methylpiperazine hydrochloride, and verapamil

hydrochloride.

41.  The therapeutic method of claim 38, wherein said compound, or
a pharmaceutically acceptable salt of said compound, is selected from the group
consisting of 7-desacetoxy-6,7-dehydrogedunin, 6,2°,3’-trihydroxy-7,4’-
dimethoxyisoflavan, anthothecol, chukrasin, cedrelone, heteropeucenin methyl
ether, gambogic acid, diacetyldiisovaleryl rhodomyrtoxin, sericetin diacetate,
gamboginic acid methyl ester, gambogic acid amide, pomiferin, sumatrol acetate,
brazilin, lonchocarpic acid diacetate, osajin, celastrol, orsellinic acid ethyl ester,
gitoxigenin diacetate, ~strophanthidin, cymarin, stophanthidin  acetate,
periplocymarin, digoxin, emicymarin, strophanthidinic acid lactone acetate
emetine, melatonin, chelidonine, norleagnine, calycanthine dictamine,
dihydrogambogic acid, gambogic acid diethyl amide, crassin acetate,
tetrahydrogambogic acid, decahydrogambogic acid, deoxodeoxydihydrogedunin,
1-(2-a-epoxy)-deacetoxydihydrogedunin, mexicanolide  enol  acetate,
4,4’-dimethoxydalberginone, methyl gamboginate, obtusaquinone, brazilin
trimethy! ether, isorhodomyrtoxin, juglone, resistomycinolide, cucumin,

dihydrocinchonidin, leodin diacetate, and 18a.-glycyrrhetic acid.

42. A therapeutic method comprising administering to a subject an
effective amount of a compound, or a pharmaceutically acceptable salt or prodrug
of said compound, which functions as a caspase cascade activator in the method
of claim 1, wherein said therapeutic method is useful to treat Hodgkin's disease,

non-Hodgkin's lymphoma, acute or chronic lymphocytic leukemia, multiple
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myeloma, neuroblastoma, breast carcinoma, ovarian carcinoma, lung carcinoma,
Wilms' tumor, cervical carcinoma, testicular carcinoma, soft-tissue sarcoma,
chronic lymphocytic leukemia, primary macroglobulinemia, bladder carcinoma,
chronic granulocytic leukemia, primary brain carcinoma, small-cell lung
5  carcinoma, stomach carcinoma, colon carcinoma, malignant pancreatic
insulinoma, malignant carcinoid carcinoma, malignant melanoma,
choriocarcinoma, mycosis fungoide, head or neck carcinoma, osteogenic sarcoma,
pancreatic carcinoma, acute granulocytic leukemia, hairy cell leukemia,
neuroblastoma, rhabdomyosarcoma, Kaposi's sarcoma, genitourinary carcinoma,
10 thyroid carcinoma, esophageal carcinoma, malignant hypercalcemia, cervical
carcinoma, renal cell carcinoma, endometrial carcinoma, polycythemia vera,
essential thrombocytosis, adrenal cortex carcinoma, skin cancer, and prostatic
carcinoma with the proviso that said compound was first identified in the method

of claim 1 as therapeutically useful for such treatment.

15

43. A pharmaceutical composition effective to inhibit neoplasia
comprising a first compound, or a pharmaceutically acceptable salt or prodrug of
said compound, which functions ag,a caspase cascade activator, a second known
cancer chemotherapeutic agent, and a pharmaceutically acceptable vehicle, with
20  the proviso that said first compound was first identified as having potential
antineoplastic activity in the method of claims 1, 17 or 32 and wherein said first

and second compounds are present in amounts effective to inhibit neoplasia.

44. A pharmaceutical composition according to claim 43, wherein the

25  measured potency of said first compound is at least about 2.

45. A pharmaceutical composition according to claim 43, wherein
said first compound is selected from the group consisting of aklavin
hydrochloride, citrinin, cytochalasin d, chloroquine, gramicidin, rotenone,

30 cetylpyridinium chloride, emetine, digitoxin, and ouabain.
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46. A pharmaceutical composition according to claim 43, wherein
said first compound is selected from the group consisting of benzethonium
chloride, baclofen, bithinolate sodium, apomorphine, amphotericin B, colchicine,

5 dehydrocholic acid, dienestrol, gentian violet, hexylresorcinol, disulfiram, gamma
aminobutyric acid, furosemide, hydroxyprogesterone caproate, oxyphenbutazone,
strophanthidin, tyrothricin, pimethixene, estradiol disulfate potassium salt,
atrovenetin, gossypol-acetic acid, 7-chlorokynurenic acid, benzamil
hydrochloride, amiodarone, 1-(5-isoquinolinesulfonyl)-2-methylpiperazine

10 hydrochloride, and verapamil hydrochloride.

47. A pharmaceutical composition according to claim 43, wherein
said first compound is selected from the group consisting of 7-desacetoxy-
6,7-dehydrogedunin, 6,2°,3° -trihydroxy-7,4’-dimethoxyisoflavan, anthothecol,

15  chukrasin, cedrelone, heteropeucenin methyl ether, gambogic acid, diacetyldi-
isovaleryl-Thodomyrtoxin, sericetin diacetate, gamboginic acid methyl ester,
gambogic acid amide, pomiferin, sumatrol acetate, brazilin, lonchocarpic acid
diacetate, osajin, celastrol, orsellinic acid ethyl ester, gitoxigenin diacetate,
strophanthidin, cymarin, stophanthidin acetate, periplocymarin, digoxin,

20  emicymarin, strophanthidinic acid lactone acetate, emetine, melatonin,
chelidonine, norleagnine, calycanthine dictamine, dihydrogambogic acid,
gambogic acid diethyl amide, crassin acetate, tetrahydrogambogic acid,
decahydrogambogic aéid, deoxodeoxydihydrogedunin, 1-(2-
a-epoxy)-deacetoxydihydrogedunin, mexicanolide enol acetate,

25 4 4’-dimethoxydalberginone, methyl gamboginate, obtusaquinone, brazilin
trimethyl ether, isorhodomyrtoxin, juglone, resistomycinolide, cucumin,

dihydrocinchonidin, leodin diacetate, and 18a-glycyrrhetic acid.

48. A composition according to claim 43, wherein said inhibition

30 achieved by a predetermined amount of said composition is greater than the
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additive effect achieved by using said first compound and said second compound

individually in the amounts that each comprises in said predetermined amount of

said composition.
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