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(54) Title: COMPOSITIONS INCLUDING CALCIUM INFLUX BLOCKERS FOR INHIBITING CELL GROWTH

(57) Abstract

A general feature of the present invention is the induction of the death of stimulated cells by a Ca2+ influx blocker. The invention, in 
its various aspects, includes administration of compositions that induce cell death including administration of a composition to a mammal, 
e.g., a human for therapeutic purposes; compositions, e.g., a composition having a Ca2+ influx blocker and an agent which normally 
stimulates cells in which cell death is to be induced; kits of compositions, e.g., a kit having a Ca2+ influx blocker and an agent which 
normally stimulates cells in which cell death is to be induced; use of such compositions or kits of compositions as anti-inflammatory agents 
and/or anti-proliferative agents; and use of a Ca2+ influx blocker or use of Ca2+ influx blocker and agent in the preparation of a medicament 
for use in inducing cell death. The invention includes a method for diagnosing the susceptibility of diseased animals to treatment with a 
Ca2+ influx blocker or the combination of a Ca2+ influx blocker and agent which normally stimulates cells in order that the treatment can 
induce cell death. The invention includes a method for screening potential compounds as Ca2+ influx blockers.
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COMPOSITIONS INCLUDING CALCIUM INFLUX BLOCKERS 
FOR INHIBITING CELL GROWTH

FIELD OF THE INVENTION

This invention features the use of a Ca2+ influx blocker to induce death of a

5 stimulated cell, including a method of treating a proliferative disease.

BACKGROUND OF THE INVENTION

Cancer therapies aim, in large part, to eliminate or control the growth of 

cancer cells while sparing normal tissue. Therefore, much attention has been placed on the 

identification of characteristics that distinguish cancer cells from normal cells with the goal of 

10 targeting these differences with specific therapeutic agents.

The orderly growth and development of cells is controlled, in large part, by the 

interaction between soluble, secreted ligands and specific receptors on the surface of the 

stimulated cell (Cell, 61:203-12 [1990]). Not surprisingly, given their important role in 

controlling cell growth, a number of growth factors or their receptors are known proto- 

15 oncogenes including neu, EGFR (v-erb-b), c-fms (CSF-1R), and c-kit, underlying the close 

relationship in these instances between normal and abnormal growth stimulation. Since growth 

factors or their receptors are often involved in the genesis and/or maintenance of tumor cells, 

these molecules may be considered as valid targets for specific therapies aimed at 

counteracting or neutralizing their stimulatory activity.

20 The c-kit receptor is an example where Inappropriate expression or mutation

has been associated with a number of tumors. In addition to its common expression in 

myeloid leukemias (Siitonen et al., 1994), c-kit is also found in a high proportion of small cell 

lung cancers (Hida et al., 1994), tumors of the female genital tract (Inoue etal., 1994), and 

breast cancers (Hines etal., 1995). In many of these cases, the tumor cells express both c-kit

25 and SLF, resulting in an autocrine stimulation that contributes to their tumorigenicity. As well, 

a common, dominant activating mutation in c-kit has been identified in mastocytomas from 

human, mouse and rat origin (Tsujimura et al., 1994; Tsujimura et al.; 1995; Kanakura etal., 

1994; Kitayama etal., 1995).

Dominant-transforming oncogenes and loss of tumor suppressor function are 

30 strongly implicated in many forms of cancer. For instance, several studies have documented 

mutation, inappropriate expression, overexpression, and autocrine stimulation of growth factor 

receptors in primary breast cancer cells (Lupu et al., 1992; Ethier, 1995; LeJeune et al., 1993). 

Consequently, many investigators are pursuing innovative approaches that specifically target 

these molecules (Kopreski etal., 1996; Fry etal., 1995; Levitzki etal., 1995). It is also clear 

35 that loss of tumor suppressor function can contribute to cancer cell formation through the 

generation of cells that are no longer subject to physiological mechanisms of cell death. Loss 

of tumor suppressor function has also been widely documented in breast cancer (Horak et al., 

1991; Thoref al., 1992; Wang etal., 1993; Bargou etal., 1995; Krajewski etal., 1995; Lee,
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1995). An important consequence of loss of tumor suppressor function can be resistance to 

conventional forms of anti-cancer treatment (Lu et al., 1996; Korsmeyer, 1995).

Numerous antiproliferative agents are currently in use in the treatment of 

cancers. For the most part, they are designed to act specifically on rapidly dividing cells.

5 However, since cell division is a normal occurrence in many cell types of the body, toxicity 

towards normal tissue is often observed, limiting the usefulness and effectiveness of these 

agents.

In a similar fashion, abnormal or excessive cell activation and proliferation is a 

characteristic of many inflammatory states. For example, autoimmune diseases represent a 

10 situation where cells of the immune system recognize and respond to autoantigens present in 

the afflicted individual. Current treatments tend to attenuate immune cell responses in a non­

specific fashion, resulting in possible susceptibility to infection and other undesirable 

consequences.

Allergic diseases represent another situation where inappropriate activation

15 signals result in significant morbidity.

In these and other situations, there is therefore a need for therapies with 

greater specificity towards cells responding to a particular growth or activation signal.

The mobilization of Ca2* from intracellular stores, followed by the influx of 

extracellular Ca2* through Store-Operated Channels (also called lcrac channel) (Hoth et al., 

20 1992; Hoth et al., 1993; Penner et al., 1993) is a common signaling event initiated by many 

growth factor, antigen, Fc, and G-protein-Iinked receptors. This signal is the consequence of 

activation of various isoforms of phospholipase C (PLC), leading to the generation of second 

messengers IP3 and diacylglycerol (Rhee, 1991). This rapid rise in intracellular Ca2*, followed 

by a gradual decline has been implicated in a number of cellular processes including

25 mitogenesis, activation, and cell movement (Lewis et al., 1995).

Although Ca2* influx has been linked to the control of apoptosis, or 

programmed cell death in a number of cell types, the precise role of Ca2* influx in apoptosis is 

not understood (Orrenius etal., 1992; Nicotera eta/., 1994; Dowd, 1995). Excessive 

intracellular Ca2* levels such as those induced by Ca2* ionophore, have been shown to induce 

30 apoptosis in a number of experimental systems (Kizaki et al., 1989; Tadakuma et al., 1990).

Apoptosis in splenocytes appears to involve a Ca2*-dependent endonuclease (Ribeiro et al., 

1993) and intracellular Ca2* increases have been linked to apoptosis of both activated T cell 

hybridomas (Mercep et al., 1989) and immature thymocytes (McConkey et al., 1989). 

Recently, Takata et al. (Takata et al., 1995) showed that surface-IgM-mediated apoptosis of B 

35 cells is decreased in the absence of PLC-γ, linking this form of apoptosis with Ca2*

mobilization. In contrast to these observations, some cells seem to be protected from 

apoptosis by Ca2* influx. For instance, IL-3 dependent mast cells and cell lines are protected 

from growth factor withdrawal mediated apoptosis by addition of Ca2* ionophore (Rodriguez-
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Tarduchy et al., 1992), and programmed neuronal death is also suppressed by increases in 

intracellular Ca2*(Lampeef al., 1995).

Certain proteins which mediate both positive and negative effects on apoptosis 

have been identified. Bcl-2 is a member of a family of related proteins for which the C.

5 elegans ced-9 is the prototype (Reed, 1994). While one class of family members (including 

Bcl-2) protects cells from apoptotic signals, another class (including bax, a pro-apoptotic 

member of this family,) promotes apoptosis. It has been suggested that the balance between 

these two classes determines whether a cell will die apoptotically or survive (Oltvai et al., 

1993).

10 Overexpression of the Bcl-2 protein leads to protection from apoptosis induced

by a wide variety of agents including radiation, chemotherapeutic drugs, oxidizing agents, and 

steroids (Korsmeyer, 1995). However other apoptotic signals appear to be Bcl-2 insensitive. 

These include cell death induced by TNF, Fas activation, activation-induced cell death, anti- 

IgM treatment of WEHI-231 cells, and superantigen-mediated clonal deletion (Ashwell etal.,

15 1987; Smith et al., 1989; Jones etal., 1990; Sentman et al., 1991; Brown etal., 1992; Cuende 

etal., 1993; Memon etal., 1995; Miura etal., 1995). In some cases, it has been demonstrated 

that these apoptotic signals may be neutralized by inhibitors of the interleukin-1B converting 

enzyme (ICE) family of proteases suggesting involvement of these enzymes in apoptosis 

(Enari etal., 1995; Chinnaiyan etal., 1996).

20 Ketotifen, a known Ca2’ influx blocker has been reported to inhibit mast cell

activation and proliferation of mononuclear cells at high concentrations (Gushchin et al., 1985). 

It has also been shown that ketotifen can be used to control mast cell-associated symptoms in 

neurofibroma (Riccardi et al. 1987; Riccardi etal., 1993). Ketotifen has also been shown to be 

effective in suppressing the symptoms of systemic mastocytosis (Povoa et al., 1991).

25 Ketotifen has been shown to inhibit T cell responses to antigen but not to PHA or tetanus 

toxoid (Kondo et al., 1994). It has been reported that ketotifen can Inhibit mitogen-stimulated 

lymphocyte proliferation (Petrasch et al., 1993). High ketotifen concentrations also inhibited T- 

lymphocyte mitogen- and adenosine triphosphate stimulated increases in intracellular Ca2+ in 

lymphocytes and the U937 human monocyte precursor cell line, respectively. However, in in

30 vivo experiments, treatment of healthy volunteers with 1 mg ketotifen b.i.d. for 7 days did not 

alter the number or subset composition of circulating lymphocytes.

Econazole, another Ca2+ influx blocker has been shown to reduce cell viability 

and cell numbers of NS1/Ag4 myeloma cells at 1pg/ml (Denyer et al., 1985).

The compound CAI, which has Ca2+ influx inhibitory properties, has been

35 reported to suppress the growth of tumor cells, and the growth of HUVECs in response to FGF 

(Kohn etal., 1992; Kohn etal., 1994a; Kohn etal., 1994b).

Inhibition of tumor growth and metastasis with calcium channel blocker 

compounds is described in U.S. Patent No. 4,690,935 (Taylor et al., 1987). Administration of a
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calcium channel blocker compound and a platinum coordination compound to inhibit tumor 

growth and metastasis is described in U.S. Patent No. 4,906,646 (Honn et al., 1990).

Clotrimazole has been shown to release Ca2* from intracellular stores of 3T3 

cells at levels in which it inhibits cell proliferation in vitro. The effect of clotrimazole on Ca2*

5 pools was found to be reversible. Clotrimazole was also found to have an inhibitory effect on 

the number of experimental lung metastases produced in SCID mice by human melanoma 

cells (Benzaquen et al., 1995).

10

15

20

• ·

SUMMARY OF THE INVENTION

A general feature of the present invention is the induction of the death of 

stimulated cells by a Ca2* influx blocker. The invention, in its various aspects, includes 

administration of compositions that induce cell death including administration of a composition 

to a mammal, e.g., a human for therapeutic purposes; compositions, e.g., a composition 

having a Ca2* influx blocker and an agent which normally stimulates cells in which cell death is 

to be induced; kits of compositions, e.g., a kit having a Ca2* influx blocker and an agent which 

normally stimulates cells in which cell death is to be induced; use of such compositions or kits 

of compositions as anti-inflammatory agents and/or anti-proliferative agents; and use of a Ca2* 

influx blocker or use of a Ca2* influx blocker and agent in the preparation of a medicament for 

use in inducing cell death. The invention includes a method for diagnosing the susceptibility of 

diseased animals to treatment with a Ca2* influx blocker or the combination of a Ca2* influx 

blocker and agent which normally stimulates cells in order that the treatment can induce cell 

death. The invention includes a method for screening potential compounds as Ca2* influx 

blockers.

25

······ ······ • · · · ·

f ♦ · · ·• · · 30

35

In the context of this invention, an agent or factor or ligand or other agonist 

which normally stimulates a cell or cell receptor is one which stimulates the cell or receptor. 

Such stimulation generally promotes growth, survival and/or activation of the cell. In other 

words, according to the present invention, cell death is actually induced in a stimulated cell. 

According to a particular example, the details of which are described below, mast cells which 

are normally stimulated when cultured in the presence of SLF are induced to die when cultured 

in the presence of a combination of SLF and a Ca2* influx blocker. In general such normal 

stimulation is accompanied by Ca2* influx into the cell.

Preferred Ca2* influx blockers are non-voltage-gated influx blockers.

Preferred subjects pf treatment are human.

According to a first aspect the invention provides a method for inducing death of cells in a 

mammal in need thereof, wherein the cells are capable of being stimulated by a factor with 

accompanying Ca2* influx, comprising administering to the mammal an effective amount of a 

Ca2* influx blocker and an effective amount of such a factor.

According to a second aspect the invention provides, in a mammal having cells that 

are subject to stimulation by a ligand of a receptor of a said cell by an agent, with

• · · ·

• ·
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accompanying Ca2+ influx, a method of inducing death of the cells comprising 

administering to the mammal an effective amount of a Ca2* influx blocker and an effective 

amount of such a ligand.

According to a third aspect, the invention provides a method for

5 inducing death of cells of a mammal in need thereof, wherein such a cell has a receptor which, 

upon binding by an agent results in calcium influx into the cell and activation of phospholipase 

C, comprising administering to the mammal an effective amount of a Ca2* influx blocker and 

an effective amount of such an agent.

According to a fourth aspect, the invention provides a method for inducing

10 death of cells of a mammal in need thereof, wherein the cells are capable of being stimulated 

by a factor with accompanying Ca2* influx, comprising administering to the mammal an 

effective amount of a non-voltage gated Ca2* influx blocker and an effective amount of such a 

factor.

The factor or agent, etc., can be for example an agonistic antibody to a

. 15 receptor of the cells, or a natural ligand of a receptor of the cells.

The cells can be mast cells, monocytes, macrophages, fibroblasts, T cells, B

; cells, basophils or cancer cells.

. The mammal can be in need of treatment of a proliferative disease, for

example, it might be a human suffering from cancer, particularly breast cancer, or the patient

ί 20 might be suffering from an allergy or from an autoimmune disorder.

; A cell (or group of cells) in which death is to be induced can have, for

example, a surface receptor selected from the group c-kit receptor or a mutant c-k.it receptor, a 

T cell receptor, CD3, FcyRII, FcyRIII, FceRI, a G-protein-linked receptor, a receptor for 

bombesin, a receptor for a gastrin releasing peptide, a receptor for bradykinin, a receptor for 

·**·“; 25 carbachol, a receptor for muscarinic molecule, a receptor for CCK-8, a receptor for 

,··;·, vasopressin, a receptor for neurokinin, a receptor for substance P, a receptor for a purinergic
• · ·
, molecule, a receptor for TGF-ot, a receptor for EGF, a receptor for heregulin, a receptor for

! erbB1, a receptor for erbB2, a receptor for erbB3, a receptor for erbB4, a receptor for PDGF, a • · ·
•......... receptor for SLF, a receptor for FLT-3 ligand, a receptor for a basic FGF, a receptor for an
*** *’ 30 acidic FGF, a receptor for enothelin, a receptor for NGF, a receptor for VEGF, and a receptor 

.··;·. for HGF.

. The agent or factor to be administered to said cells can be selected from the
······
• * group SLF, TGF-α, EGF, heregulin, agonists to erbB1, agonists to erbB2, agonists to erbB3,

agonists to erbB4, PDGF A, PDGF B, FLT-3 ligand, basic FGF, acidic FGF, enothelin, NGF,

35 VEGF, HGF, agonists to a TCR, agonists to CD3 receptor, agonists to FcyRII receptor,

agonists to FcyRIII receptor, agonists to FceRI receptor, agonists of G-protein-linked receptors, 

bombesin, gastrin, gastrin releasing peptide, bradykinin, carbachol, muscarinic receptor 

agonists, CCK-8, vasopressin, neurokinins, substance P, purinergic receptor agonists, ATP,

adenosine, and 1,25-dihydroxyvitamin D3, and combinations thereof.
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The cell can be a hyperactive immune cell and the method can include an

antibody and the factor can be an antigen to the antibody, for example. The cell can be a 

hyperactive immune cell in which an IgE is bound to the cell and the factor can be an agonist 

to the IgE, for example.

5 The cell can include an IgE receptor and the factor can be an antibody to the

receptor.

The cells can be basophils or mast cells.

The Ca2* influx blocker and the factor, ligand, etc. can be administered 

separately.

10 According to a preferred embodiment, the Ca3* influx blocker is administered

prior to the agent.

According to another preferred embodiment, the agent/factor, etc. and the 

Ca2’ influx blocker are administered in a single step.

Preferably, stimulation of the cells by such an agent in the absence of a Ca2’ 

15 influx blocker normally promotes growth, survival and/or activation of the cells.

In a particular embodiment, the cells express a c-kit receptor, wherein the 

method includes administering an effective amount of a c-kit ligand to the mammal.

The patient can be suffering from leukemia, tumor growth or lung cancer.

A factor of the invention can be a growth factor which binds to a receptor of a

20 cell, which binding normally causes proliferation of the cell.

The patient can be suffering from cancer or hyperplasia.

The factor can be a protein.

The factor can be a survival factor which binds a receptor of a said cell, which 

binding, in the absence of a said Ca2’ influx blocker normally enhances the longevity of the

25 cell.

According to a particular embodiment, the cells are haematopoietic progenitor 

cells.

The factor can be an activation factor which binds to a receptor of a said cell, 

which binding, in the absence of a said Ca2’ influx blocker normally causes activation of the 

30 cell.

The Ca2’ influx blocker can be any one or more of Ni2’, ketotifen, econazole, 

tenidap, CAI, Cd2’, Co2’, La3’, Mn2‘, SKF-96365 and cromolyn, ora combination thereof.

According to a fifth aspect, the invention provides a method for inducing 

death of constitutively activated cells of a mammal in need thereof, comprising administering 

35 an effective amount of a Ca2* influx blocker to the mammal. Preferably, the activation results 

in a concentration of Ca2’ elevated above levels in said cells when in an unactivated state.

The constitutive activation can be the result of the presence of a mutant c-kit receptor. The

patient can be suffering from mastocytosis.
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According to a sixth aspect, the invention provides a method for inducing 

death of cells of a mammal in need thereof in which the cells are subject to autocrine 

stimulation, comprising administering an effective amount of a Ca2* influx blocker to the 

mammal. The Ca2* influx blocker can be Ni2*

5 According to a seventh aspect, the invention provides a pharmaceutical

composition for administration to a mammal as an anti-proliferative agent to inhibit cell growth, 

comprising a Ca2* influx blocker and a factor which normally binds to a receptor of said cell so 

as to cause Ca2* influx into the cell.

The composition can be one in which binding of such a factor to the receptor

10 normally results in activation of phospholipase C. The composition can include a Ca2* influx 

blocker which is a non-voltage-gated Ca2* influx blocker. The factor can be an agonistic 

antibody to the receptor. The factor can be a natural ligand of the receptor. The factor might 

be selected from the group SLF, TGF-α, EGF, heregulin, agonists to erbB1, agonists to erbB2,

agonists to erbB3, agonists to erbB4, PDGF A, PDGF B, FLT-3 ligand, basic FGF, acidic FGF, 

15 enothelin, NGF, VEGF, HGF, agonists to a TCR, agonists to CD3 receptor, agonists to FcyRII

receptor, agonists to FcyRIII receptor, agonists to FceRI receptor, agonists of G-protein-linked 

receptors, bombesin, gastrin, gastrin releasing peptide, bradykinin, carbachol, muscarinic 

receptor agonists, CCK-8, vasopressin, neurokinins, substance P, purinergic receptor agonists, 

ATP, adenosine, and 1,25-dihydroxyvitamin D3, and combinations thereof. In a particular

20 embodiment the composition includes SLF as a factor. .

A composition might include an antigen of a surface antibody of an immune 

cell.

The composition can include a factor which is an agonist to an IgE.

The composition can include a factor, binding of which said factor to the

25 receptor normally, in the absence of a said Ca2* influx blocker, promotes growth, survival 

and/or activation of a said cell.

According to an eighth aspect, the invention provides a kit of pharmaceutical 

compositions for use in inhibiting cell growth in a mammal, the kit comprising a Ca2* influx

blocker and a factor which normally binds to a receptor of said cell so as to cause Ca2* influx 

30 into the cell. The factor can be one in which binding thereof to the receptor normally results in 

activation of phospholipase C.

The Ca2* influx blocker can be a non-voltage-gated Ca2* influx blocker.

A factor of the composition can be an agonistic antibody to the receptor. The

factor can be a natural ligand of the receptor. The factor can be selected from the group SLF, 

35 TGF-α, EGF, heregulin, agonists to erbB1, agonists to erbB2, agonists to erbB3, agonists to

erbB4, PDGF A, PDGF B, FLT-3 ligand, basic FGF, acidic FGF, enothelin, NGF, VEGF, HGF,

agonists to a TCR, agonists to CD3 receptor, agonists to FcyRII receptor, agonists to FcyRIII

receptor, agonists to FccRI receptor, agonists of G-protein-linked receptors, bombesin, gastrin,

gastrin releasing peptide, bradykinin, carbachol, muscarinic receptor agonists, CCK-8,
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vasopressin, neurokinins, substance P, purinergic receptor agonists, ATP, adenosine, and 

1,25-dihydroxyvitamin D3, and combinations thereof. Particularly, the factor can be 

SLF.

The factor can be an antigen of surface antibody of an immune cell.

5 The factor can be an agonist to an IgE.

The factor can be one for which binding thereof to the receptor normally, in the 

absence of a said Ca influx blocker, promotes growth, survival and/or activation of a 

said cell.

According to a ninth aspect, the invention provides use of the pharmaceutical

10 composition of the seventh aspect for the preparation of a medicament for treatment of a 

proliferative disease.

According to a tenth aspect, the invention provides use of the pharmaceutical 

composition of the seventh aspect for the preparation of a medicament for the treatment 

of an inflammatory disease.

15 According to an eleventh aspect, the invention provides use of the components of

the kit of the eighth aspect for the preparation of a medicament for the treatment of a 

proliferative disease.

According to a twelfth aspect, the invention provides use of the components of the

kit of the eighth aspect for the preparation of a medicament for the treatment of an

20 inflammatory disease.

2+According to a thirteenth aspect the invention provides use of a Ca influx blocker 

and a factor which normally binds to a receptor of a cell so as to cause Ca influx into 

the cell in the preparation of a medicament for use as an agent to inhibit growth of said 

cells.

25 The invention includes the use of a Ca influx blocker and a factor of the

• · invention in the preparation of a medicament for use as an agent to inhibit growth of said

cells wherein binding of a said factor to the receptor normally results in activation of 

phospholipase C.

2"hThe invention includes the use of a Ca influx blocker and a factor of the present

30 invention in the preparation of a medicament for use as an agent to inhibit growth of said
2+ 2+

cells wherein said Ca influx blocker is a non-voltage-gated Ca influx blocker.

21158-OO.DOC
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According to a fourteenth aspect, the invention provides the use of a Ca2+ influx

blocker and a factor of the invention in the preparation of a medicament for use as an 

agent to inhibit growth of said cells wherein said factor is an agonistic antibody to the 

receptor.

5 A particular embodiment includes the use of a Ca influx blocker and a factor of

the invention in the preparation of a medicament for use as an agent to inhibit growth of 

said cells wherein said factor is a natural ligand of the receptor.

Particular embodiments include the use of a Ca influx blocker and a factor of the 

present invention in the preparation of a medicament for use as an agent to inhibit

10 growth of said cells wherein said factor is selected from the group SLF, TGF-a, EGF, 

heregulin, agonists to erbBl, agonists to erbB2, agonists to erbB3, agonists to erbB4, 

PDGF A, PDGF B, FLT-3 ligand, basic FGF, acidic FGF, enothelin, NGF, VEGF, HGF, 

agonists to a TCR, agonists to CD3 receptor, agonists to FcyRII receptor, agonists to 

FcyRIII receptor, agonists to FcsRI receptor, agonists of G-protein-linked receptors,

15 bombesin, gastrin, gastrin releasing peptide, bradykinin, carbachol, muscarinic receptor 

agonists, CCK-8, vasopressin, neurokinins, substance P, purinergic receptor agonists, 

ATP, adenosine, and 1,25-dihydroxyvitamin D3, and combinations thereof.- The factor
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A preferred embodiment includes the use of a Ca2’ influx blocker and a factor

of the invention in the preparation of a medicament for use as an agent to inhibit growth of 

said cells wherein said factor is an antigen of surface antibody of an immune cell.

A preferred embodiment includes the use of a Ca2’ influx blocker and a factor

5 of the invention in the preparation of a medicament for use as an agent to inhibit growth of 

said cells wherein said factor is an agonist to an IgE.

Another embodiment includes the use of a Ca2’ influx blocker and a factor of

the invention in the preparation of a medicament for use as an anti-proliferative agent wherein 

binding of a said factor to the receptor normally, in the absence of a said Ca2’ influx blocker, 

10 promotes growth, survival and/or activation of a said cell.

According to a fifteenth aspect, the invention provides a method for diagnosing 

susceptibility of diseased mammalian cells to treatment with a Ca2’ influx blocker, or a blocker 

and factor which further activates receptors of the cells, comprising:

assaying whether a sample of tissue contains a level of PLC activity which is elevated in

comparison to normal tissue; wherein,

an elevated level of activated PLC indicates the cells are likely to be susceptible to said 

treatment.

Such a method can also include obtaining a sample of diseased tissue. 

Further the method can include an assaying step in which includes monitoring

20 the amount of a PLC substrate which reacts in the presence of PLC obtained from a 

predetermined amount of said tissue. The method can also include isolating the PLC from the 

predetermined amount of said tissue by an enzyme-linked immunosorbent assay. The PLC 

substrate can be [3H]-PIP2.

According to a sixteenth aspect, the invention provides a method for screening an agent as a Ca2+

25 influx blocker, the method comprising the steps of:

culturing a first group of cells in the presence of the agent, wherein the cells have an 

activated receptor which promotes influx of Ca2’ into the cells;

30

culturing a second group of cells in the presence of the agent, wherein the cells of the 

second group lack an activated receptor which promotes influx of Ca2+ into cells of the 

second group;

ascertaining whether growth of the first group of cells is less than a first predetermined 

level corresponding to growth of cells of the first group in the absence of the agent; 

and

ascertaining whether growth of the second group of cells is substantially the same as a 

second predetermined level corresponding to growth of cells of the second group in 

the absence of the agent; wherein,

growth of the first group of cells less than the first predetermined level and growth of the 

second group of cells substantially the same as the second predetermined level 

indicates that said agent is a Ca2’ blocker.
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The receptor of the first group of cells can be constitutively activated, or the

receptor of the first group of cells is subject to autocrine stimulation, or the receptor of 

the first group of cells is activated by an exogenous agent.

The agent can be a natural ligand of the receptor of the first group of cells. The

5 receptor of the first group of cells and the receptor of the second group of cells can be the 

same receptor.

In particular embodiments, the receptor is selected from the group of c-kit receptor, 

a receptor for EGF and a receptor for FGF.

Preferably, the cells of the first group and the cells of the second group are human 

10 cells.

··

• · ·

• · ·
• · 9
• · ·

• ·
• ·
• · · ·

• · · ·
• ·

15

20

Preferably, the cells of the first group are mast cells, the cells of the second group 

are mast cells, the receptor is the c-kit receptor and the first group of cells is cultured in 

the presence of SLF.

According to a particular embodiment, the first group of cells is transfected with 

said receptor of the first group of cells.

Unless the context clearly requires otherwise, throughout the description and the 

claims, the words ‘comprise’, ‘comprising’, and the like are to be construed in an 

inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense 

of “including, but not limited to”.

BRIEF DESCRIPTION OF THE DRAWINGS
• · · · 

• ·

• · · ·
• ·

• · ·

25

30

Figures 1A to IF show induction of death in BMMC through the combination of 

growth or activation signals with Ca influx blockers. Cytotoxicity assays were 

performed as described in Materials and Methods. In Figures 1A to 1C, BMMCs were 

incubated with either SLF (500ng/ml in all cases) (circles) or IL-3 (25% WEHI-3 

conditioned medium in all cases) (squares) with the indicated amounts of ketotifen 

(Figure 1 A), econazole (Figure IB) or Ni (Figure 1C). In Figure ID, BMMCs were 

incubated with IL-3, and the indicated amounts of SLF. Plotted circles also included 

2.5mM Ni2+ and plotted squares included no Ni2+. In Figure IE, BMMCs were coated 

with IgE anti-DNP monoclonal SPE-7, then incubated with IL-3 plus the indicated 

amounts of DNP-HSA (Ag), with 5μΜ econazole (circles) or without econazole

(squares). In Figure IF, BMMCs were incubated with IL-3 plus the indicated amounts

21158-OO.DOC
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of Substance P, with 5μΜ econazole (circles) or without econazole (squares). In all 

cases, the proportion of dead cells was determined after 24 hours in culture by counting 

cells that could or could not exclude Trypan blue. Error bars represent the standard error 

determined from triplicate measurements.

5 Figures 2A and 2B show induction of cell death in 32D-kit or p815 cells with SLF

plus Ca influx blockers. 32D-kit (Figure 2A) or p815 (Figure 2B) cells were incubated 

with either SLF (solid bars) or IL-3 (striped bars) plus the indicated concentration of 

Ca influx blocker. Cell death was determined by Trypan Blue exclusion after 18 hours 

in culture.

10 Figures 3A to 3E show morphology of 32D-kit cells incubated with various factors

and Ca influx blockers. 32D-kit cells were incubated with SLF alone (Figure 3 A), IL-

21158-OO.DOC
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hours (Figure 3D). In Figure 3E, the cells were incubated with no added factor. Cells were 

photographed under phase contrast at 400X magnification.

Figure 4 shows plots of relative number of 32D-kit cells (y-axis) as a function 

of cellular DNA content. 32D-kit cells were incubated with SLF alone (Figure 4A), IL-3 alone 

(Figure 4B), in 8μΜ econazole and SLF (Figure 4C), or in 8μΜ econazole and IL-3 (Figure 4D) 

for 18 hours. In Figure 4E, cells were incubated with no added factor. Cells were stained with 

propidium iodide as described in Materials and Methods and then analyzed by flow cytometry 

for DNA content.

Figure 5 shows oleic acid protection of 32D-kit cells from apoptosis induced by 

SLF and Ca2+ influx blocker. 32D-kit cells were incubated for 18 hours with SLF and 5μΜ 

econazole and oleic acid (solid bars), or with SLF and 5μΜ econazole and elaidic acid 

(hatched bars), or IL-3 and 5 μΜ econazole and oleic acid (stippled bars). The proportion of 

dead cells was determined by Trypan Blue exclusion.

Figures 6A and 6B show the effect of ionomycin on apoptosis induced by SLF 

and Ca2+ influx blocker. In Figure 6A, 32D-kit cells were incubated for 18 hours with 5μΜ 

econazole and the indicated amounts of ionomycin in the presence of either SLF (circles) or 

IL-3 (squares). In Figure 6B, 32D-kit-Bcl-2 cells were incubated for 18 hours with 5μΜ 

econazole and the indicated amounts of ionomycin in the presence of either SLF (circles) or 

IL-3 (squares). The proportion of dead cells was determined by Trypan Blue exclusion.

Figure 7A shows Western blot of cell lysates from 32D-kit (lane 1) or 32D-kit- 

Bcl-2 (lane 2) cells. Cells were lysed as described in Materials and Methods and separated by 

SDS-PAGE, transferred to nitrocellulose and probed with anti-Bcl-2 antibodies.

Figure 7B shows the effect of Bcl-2 overexpression on apoptosis induced by 

SLF plus Ca2+ influx blocker. 32D-kit (solid bars) or 32D-kit-Bcl-2 (striped bars) cells were 

incubated for 18 hours with SLF or IL-3 plus 2.5, 5 or 10μΜ econazole and the proportion of 

dead cells was determined by Trypan Blue exclusion. In additional cultures, IL-3 alone or no 

factor was added and cell viability was similarly tested. The effect on cell viability of adding 

25 or 250 μΜ YVAD-CHO was also evaluated in separate cultures in which no additional 

factors were added.

Figure 8 shows the effect of YVAD-CHO on apoptosis induced by SLF and 

Ca2* influx blocker. 32D-kit cells were incubated with either SLF in the absence of YVAD-CHO 

(circles), or with SLF in the presence of 25 μΜ YVAD-CHO. (triangles), or IL-3 (squares) with 

the indicated amounts of econazole. The proportion of dead cells was evaluated by Trypan 

Blue exclusion after 18 hours in culture.

Figure 9A shows apoptosis induced by a Ca2* influx blocker in cancer cells

having a continuously activated receptor. 2.5 X 104 SK-BR3 cells (ATCC cat. # HTB-30) were

incubated in the wells of a 96-well plate in 0.1ml RPMI plus 0.5% FBS with (circles) or without

(squares) 10ng/ml EGF (epidermal growth factor) and with the indicated concentrations of
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econazole for 18 hours. The proportion of dead cells was evaluated by Trypan Blue exclusion 

after 18 hours in culture.

Figure 9B shows apoptosis induced by Ca2t blocker in autocrine stimulated 

MDA-MB-231 breast cancer cells under various conditions. Bari: control; Bar 2: 20μΜ

5 econazole; Bar 3: 20pM econazole and 10μΜ YVAD-CHO (ICE inhibitor); Bar 4: 20μΜ 

econazole and 100 μΜ YVAD-CHO; Bar 5: 20μΜ econazole and 0.1 nM ionomycin (calcium 

ionophore); Bar 6: 20μΜ econazole and 10 nM ionomycin; Bar 7: 20μΜ econazole and 1 μΜ 

ionomycin; Bar 8: 20μΜ econazole and 10 μΜ oleic acid (PLC activation inhibitor); and Bar 9: 

20μΜ econazole and 100 μΜ oleic acid.

10 Figure 10 shows apoptosis induced by EGF and Ca2+ influx blocker in cells

derived from human breast carcinoma. 2.5 X 104 MCF-7 cells were incubated in the wells of a 

96-well plate in 0.1ml DMEM plus 0.5% FBS with (circles) or without (squares) 10ng/ml EGF 

and with the concentrations of econazole indicated for 18 hours. The proportion of dead cells 

was evaluated by Trypan Blue exclusion after 18 hours in culture.

15 Figure 11A shows the effect of Ca2+ influx blocker and activating factor on

leukemia cells in mice in which SLF was administered intravenously. Mice were inoculated 

intravenously with 1 X 107 G418-resistant 32D-kit cells. Between 3 and 5 weeks following the 

inoculation (Experiments 1 & 3; 5 weeks, experiment 2; 3 weeks), mice were given 100mg/kg 

ketotifen by oral gavage. Four hours following the ketotifen treatment, mice were injected with

20 15pg SLF intravenously. Two hours later the mice were given a further 100mg/kg ketotifen 

p.o. The following day, spleens were removed and assayed for the presence of leukemic cells 

by plating cells in 0.3% agar in growth medium containing 20% WEHI-3 conditioned medium 

and 1mg/ml G418 to limit detection to the G418-resistant leukemic cells. Seven days later, 

colonies were enumerated.

25 Figure 11B is similar to Figure 11 A, but in this case spleen cells were assayed

for the presence of all cells capable of forming colonies in agar in response to IL-3, to include 

leukemic as well as normal cells.

Figure 12 shows the effect of Ca2+ influx blocker and activating factor on 

leukemia cells in mice in which SLF was administered subcutaneously. Mice were inoculated 

30 intravenously with 1 X 107 32D-kit cells. Three weeks following inoculation, the mice were 

given 100mg/kg ketotifen by oral gavage. Four hours following the ketotifen treatment, the 

mice were injected with 15pg SLF subcutaneously. Two hours following the injection, mice 

were given a further 10Omg/kg ketotifen p.o. The following day, spleens were removed and 

assayed for the presence of leukemic cells by plating cells in 0.3% agar in growth medium 

35 containing 20% WEHI-3 conditioned medium and 1mg/ml G418 to limit detection to the G418- 

resistant leukemic cells. Seven days later, colonies were enumerated.
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DESCRIPTION OF PREFERRED EMBODIMENTS

Materials and Methods
Cells. Bone marrow derived mast cells (BMMC) were generated as described previously 

(Berger et al., 1994). They were cultured in OPTI-MEM (Gibco, Burlington, ON) supplemented

5 with 10% heat-inactivated FBS and 2% WEHI-3 supernatant as a source of IL-3. 32D-kit cells 

(gift from Dr. Mark Minden, Ontario Cancer Institute) are an IL-3-dependent myelomonocytic 

cell line expressing c-kit (Hu etal., 1995). 32D-kit cells were grown in RPMI (Gibco) 

supplemented with 10% heat-inactivated FBS, 2% WEHI-3 supernatant, and 1 mg/ml G418 

(Gibco). The p815 cell line is a murine mastocytoma cell line. P815 cells were grown in RPMI 

10 supplemented with 10% heat-inactivated FBS. Bcl-2 gp+e NIH 3T3 packaging cells were

grown in Dulbecco's modified Eagle's medium (DMEM - Gibco) and supplemented with 10% 

FBS and 2 pg/ml puromycin (Sigma, St. Louis, Mo). All cell cultures also contained 55μΜ B- 

mercaptoethanol and antibiotics (both Sigma). SK-BR3, MDA-MB231 and MCF-7 cells were 

obtained from ATCC. SK-BR3 and MDA-MB231 cells were cultured in RPMI medium

15 supplemented with 10% heat inactivated fetal bovine serum. MCF-7 cells were cultured in 

DMEM medium supplemented with 10% heat inactivated fetal bovine serum and 10 pg/ml 

human insulin (Sigma).

Generation of Bcl-2 over-expressing 32D-kit cells, gp+e bcl-2 retroviral producer cells 

were a gift from Dr. Y. Ben-David (Toronto) and contain an LXSN-based retroviral vector 

20 expressing genes for both puromycin resistance and murine bcl-2. For infection, a confluent 

layer of gp + e packaging cells were co-cultured with 32D-kit cells for 24 hours. Non-adherent 

32D-kit cells were then removed, cultured for 48 hours and then selected for bcl-2 over­

expressing cells in the presence of 2pg/ml puromycin.

Production of recombinant SLF. Recombinant murine Steel Factor (SLF) was produced in 

25 soluble form in E. coli using the pFLAG.ATS, IPTG-inducible secretion expression vector

(InterScience, Markham, ON). This vector includes an eight amino acid N-terminal FLAG 

epitope (InterScience). E. coli containing the pFLAG.ATS.SLF plasmid were incubated 

overnight at 37°C in Luria Broth (Gibco) with 100 pg/ml ampicillin (Sigma). This culture was 

then diluted 20-fold and grown to an ODeoo of 0.4-0.5 before being induced with 33mg/L IPTG 

30 (Gibco). The cultures were then incubated overnight at 37°C, and the cells were pelleted at

10,000 rpm for 20 minutes. The bacterial supernatant was passed through a 0.22 micron filter 

and stored at -80°C with 1mM CaCI2 and 100pM PMSF. FLAG-SLF was affinity-purified on a 

column of Anti-FLAG M1 mouse monoclonal antibodies covalently attached to agarose gel 

(InterScience). This monoclonal binds the FLAG epitope in a Ca2+-dependent manner enabling 

35 elution by chelating excess Ca2+ with EDTA. The column was first equilibrated with 30 ml PBS

+ 1mM CaCI2 and bacterial supernatants were passed over the column 3 times. The column 

was washed extensively with PBS + 1mM CaCI2 and the FLAG-SLF fusion protein was eluted
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with 6 aliquots of 1 ml of PBS + 2mM EDTA. These were collected, concentrated, dialysed 

against PBS and checked for purity by silver stain.

Other reagents. Monoclonal murine dinitrophenyl (DNP) - specific IgE, clone SPE-7 as well 

as albumin - human DNP-HSA antigen were obtained from SIGMA. Substance P, all Ca2*

5 channel blockers, ionomycin, oleic and elaidic acids EGF, and bFGF were also obtained from 

Sigma. Ionomycin was stored as a 1mM solution in DMSO at -20°C. Oleic and elaidic acids 

were stored in de-gassed ethanolic solutions at concentrations of 1M and 100mM respectively, 

sealed under a source of nitrogen gas and stored at -20°C. YVAD-CHO ICE protease inhibitor 

peptide was obtained from Amersham (Arlington Heights, IL) and stored as a 1 mM solution in 

10 DMSOat-20°C.

Cell death assays. 2.5 X 104 BMMCs, 32D-kit or P815 cells were placed in 96-well flat bottom 

plates in a volume of 0.1 ml RPMI containing 0.5% FBS. Cells were supplemented with either 

SLF, Substance P or IL3 plus Ca2+ channel blocker. In the case of adding IgE, cells were 

incubated with 10 pg/ml SPE-7 for 45 minutes at 4°C followed by 3 washes with RPMI, 0.5% 

15 FBS before plating in 96 well plates and adding 100 ng/ml DNP-HSA. The proportion of dead 

cells was determined after 18 or 24 hours in culture by counting cells that could or could not 

exclude Trypan blue.

Analysis of DNA content. 1.25 X 10® cells were incubated for 18 or 24 hours as described 

above. Cells were spun down and resuspended in Vindelov's reagent: 3.4mM Tris - pH 8, 75 

20 μΜ Propidium Iodide (from Sigma), 0.1% NP-40, 700 u/l RNAse (Sigma) and 10 mM NaCI.

Cells were then analysed by flow cytometry.

Western Blotting. 1X10® 32D-kit and 32D-kit-bcl2 cells were washed in PBS and 

resuspended in lysis buffer containing 1% NP-40, 10% glycerol in TBS with inhibitors: 500 μΜ 

sodium-orthovanadate, 10 pg/ml aprotinin, 10 pg/ml leupeptin and 1 mM PMSF (all Sigma) 

25 and incubated at 4°C for 20 minutes. Lysates were centrifuged at 12,000 rpm for 10 minutes, 

and the supernatant was added to an equal volume of sample buffer with B2-mercaptoethanol. 

Samples were separated by 12% SDS-PAGE and transferred to nitrocellulose. The blot was 

blocked with 5% skim milk powder, 0.1% TWEEN-20 (ICN, Aurora OH) in PBS and probed 

with anti-bcl-2 antibodies (U.B.I., Lake Placid, NY). The Western blot was developed with 

30 chemiluminescence reagents (Amersham).

Mice. For the in vivo 32D-kit experiments, mice were male C3H/ he mice 6 to 8 weeks old and 

obtained from Charles River Laboratories, Boston, Massachusetts. Mice were inoculated 

intravenously with 1 x 107 leukemic cells. Between 3 and 5 weeks following the inoculation, 

mice were given 100 mg/kg ketotifen (Sigma) in a volume of 0.4 ml water by oral gavage.

35 Following the first ketotifen treatment, mice were injected intravenously or subcutaneously with 

15 pg SLF in PBS. A second ketotifen treatment followed administration of SLF.
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Experiment 1: Ca2* channel blockers convert activation signals to death signals.
Mast cells are normally stimulated to proliferate by SLF, the ligand for the c-kit 

receptor tyrosine kinase. However, as shown in Figures 1A-C, this proliferative signal is 

converted to a death signal if the cells are co-incubated with a Ca2* influx blocker such as 

5 ketotifen, econazole or Ni2*. In contrast, death is not observed when mast cells are incubated 

with a Ca2* influx blocker and IL-3. Simultaneous incubation of mast cells with SLF, Ca2* 

influx blocker, and IL-3 still results in cell death (Figure 1D), indicating that IL-3 is not 

protective for this particular death signal. Ca2* influx blockers on their own do not accelerate 

mast cell death due to withdrawal of growth or survival factors (not shown). Induction of cell 

10 death by SLF plus Ca2* influx blocker increases with increasing concentrations of SLF. This 

indicates that there is a signaling property associated with SLF, but not IL-3, that is required to 

induce this form of cell death in conjunction with a blocker. The effect of the Ca2* influx 

blocker is not simply to counteract or neutralize the stimulatory properties of SLF. Rather, a 

blocker combines with a critical signal generated by SLF to convert an activation pathway to a 

15 cell death pathway.

Although both SLF and IL-3 are mitogenic for mast cells, only SLF induces 

Ca2* influx (Columbo et al., 1994 Rao et al., 1994). The effects on cell viability of two other 

signals known to mobilize Ca2* in mast cells were thus investigated. Cross-linking of the high 

affinity receptor for IgE with antigen initiates a series of signaling events including PLC-γ 

20 activation and Ca2* mobilization, which result in mast cell degranulation (Jouvin et al., 1995).

The effect on cell viability of stimulating mast cells with Ag plus IgE in the presence of a Ca2* 

influx blocker is shown in Figure 1E. As shown, cell death is induced when mast cells are 

stimulated with IgE plus antigen in the presence of econazole, whereas antigenic stimulation 

alone or econazole alone have no effect on cell viability. Ni2* and ketotifen also combine with 

25 IgE receptor cross-linking to induce cell death (not shown).

Mast cells also respond to amphiphilic cationic peptides such as Substance P 

(Bueb et al., 1990 Mousli et al., 1990). These molecules directly stimulate heterotrimeric G- 

proteins resulting in PLC-β activation, Ca2* mobilization and, in the presence of suboptimal 

levels of antigen plus IgE, mast cell degranulation. As shown in Figure 1F, cell death is also 

30 induced when mast cells are stimulated with Substance P in the presence of econazole. As 

with SLF, the degree of cell death in the presence of Ca2* influx blocker increases with 

increasing concentrations of Ag or Substance P. Since these three signals (but not IL-3) all 

mobilize Ca2* leading to Ca2* influx, it is likely that Ca2* mobilization is the required signal for 

the induction of cell death in combination with Ca2* influx blockers.

35 Induction of cell death through the combination of an activating signal and a

Ca2* influx blocker in cells other than mast cells was also examined. 32D cells are c-kit 

negative, IL-3-dependent myelomonocytic cells that die apoptotically upon removal of factor 

(Baffy et al., 1993). Transfer and expression of c-kit in these cells makes them responsive to 

SLF in vitro and renders them tumorigenic in-vivo (Hu et al., 1995). As shown in Figure 2A,
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expression of c-kit makes these cells sensitive to induction of cell death by SLF and Ca2+ influx 

blocker.

Numerous factor independent tumors have been described that are 

transformed due to the constitutive activation or autocrine stimulation of growth factor

5 receptors. An example of a factor independent tumor is the mastocytoma p815, which grows 

in the absence of added factor due to the presence of a mutated, constitutively activated c-kit 

receptor (Tsujimura et al., 1994). As shown in Figure 2B, Ca2+ influx blockers alone are 

sufficient to induce cell death in p815 cells in the absence of added SLF stimulus. This likely 

reflects the ligand-independent nature of signaling through the p815 c-kit receptor and

10 therefore its ability to combine with a Ca2+ influx blocker to induce cell death. These results 

show that the induction of cell death by SLF plus Ca2+ influx blocker is not limited to mast cells, 

but can be observed in other cell types as well, particularly those with highly activated 

receptors.

Experiment 2: BMMC and 32D-kit induced death is apoptotic.
15 Visual inspection of both mast cells and 32D-kit cells following treatment with

SLF and a Ca2+ influx blocker revealed characteristics of apoptosis including nuclear 

condensation and membrane blebbing (Figure 3C). DNA content, which characteristically 

fragments and decreases during apoptosis, was also measured. As shown in Figures 4A and 

4B and summarized in Table 1, treatment of 32D-kit cells with SLF or IL-3 alone for 18 hours

20 did not generate a population of cells with subdiploid DNA content, whereas econazole plus 

SLF, but not IL-3, generated a large population of cells with subdiploid DNA (Figures 4C and 

4D). 32D-kit cells are known to undergo apoptosis when they are deprived of growth factor. 

After 18 hours of growth factor withdrawal, 32D-kit cells showed a modest proportion of cells 

with sub-diploid DNA content. This population is substantially increased after 24 hours of

25 factor withdrawal (data not shown). Thus the apoptotic process induced by Ca2+ influx blocker 

plus SLF is more rapid than the apoptosis observed from factor withdrawal. Mast cells also 

exhibit sub-diploid DNA content following treatment with SLF plus Ca2* influx blocker (Table 1), 

consistent with the induction of cell death by an apoptotic mechanism.
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Table 1. Sub G1 DNA Content of BMMCs or 32D-kit cells treated with econazole 
plus factor.

Sub G1 Content (%)

no econazole 8pM econazole

BMMC

IL-3 25.4 20.4

SLF 6.8 66.8

Factor withdrawal 6.18 n.d.

32D-kit

IL-3 1.6 4.8

SLF 2.3 35

Factor withdrawal 9.2 n.d.
(1) BMMCs were incubated with 8μΜ econazole plus IL-3 (25% WEHI conditioned media), 

SLF (500ng/m.), or no factor for 24 hours, stained with propidium iodide, and analyzed 
for DNA content.

(2) 32D-kit cells were similarly incubated for 18 hours before analysis, n.d.: not determined.

Experiment 3: Protection of cells from SLF-Ca2* influx blocker induced apoptosis by 
oleic acid.
The observation that Ca2+ mobilizing signals can combine with Ca2* influx 

blockers to induce apoptosis suggests that this effect is mediated by activation of 

phospholipase C. In order to determine if PLC activation is important for cell death, the effect 

of oleic acid, which has been shown to inhibit PLC activation in response to epidermal growth 

factor (EGF) stimulation (Casabiell etal., 1993), on apoptosis induction was examined. This 

inhibitory effect, which does not alter EGF binding or EGF receptor tyrosine kinase activation, 

is only observed with c/s-9-octadecenoic acid (oleic acid) but not with frans-9-octadecenoic 

acid (elaidic acid) (Casabiell et al., 1991). 32D-kit cells were incubated with econazole and 

SLF or IL-3 in the presence of either oleic or elaidic acid. As shown in Figure 5, 32D-kit cells 

treated with SLF and a Ca2+ channel blocker were rescued from cell death by oleic but not 

elaidic acid. The range of effectiveness of oleic acid is between 1-100μΜ which corresponds 

to concentrations required for PLC inhibition (Casabiell, Zugaza, 1993). This observation is 

consistent with a requirement for activation of phospholipase C in the induction of apoptosis in 

combination with Ca2+ influx blockers.

Experiment 4: Protection of cells from SLF-Ca2* influx blocker induced apoptosis
by ionomycin.

Ca2+ influx following receptor activation is mediated by the opening of store- 

operated Ca2+ channels (also called Icrac) (Penner et al., 1993). It is likely that the Icrac 

channel is the target for inhibition since the efficacy with which the three compounds, ketotifen,
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econazole and Ni2*, induce cell death in combination with SLF correlates with their ability to 

inhibit Icrac (Franzius et al., 1994). It has also been observed that the voltage gated Ca2* 

channel blockers verapamil and nifedipine are ineffective in inducing cell death when 

combined with SLF (not shown). This result suggests that the induction of cell death in

5 combination with SLF is specific for non-voltage gated Ca2* influx blockers.

Other non-specific effects have been reported for both econazole and 

ketotifen (Franzius, Hoth, 1994). In order to determine if blockade of Ca2* influx is critical for 

induction of cell death, the effect of the calcium ionophore ionomycin on induction of apoptosis 

was examined. As shown in Figure 6A, ionomycin protects 32D-kit cells from SLF plus Ca2*

10 influx blocker-induced death in a concentration-dependent manner, with maximal protection at 

10nM. Given the specificity of ionomycin for Ca2* (Liu et al., 1978), these results indicate that 

it is the specific blockade of Ca2* influx which is required for induction of apoptosis in 

combination with activation signals. Higher concentrations of ionomycin, which generate 

excessive levels of intracellular Ca2*, resulted in the restoration of cell death. This

15 demonstrates that in the context of cell activation, both extremes of Ca2* influx can induce cell 

death.

Experiment 5: Effect of Bcl-2 on apoptosis induced in 32D-kit cells by SLF and
plus Ca2* influx blocker.

The Bcl-2 family of proteins have been strongly linked to protection of cells

20 from apoptosis induced by a wide variety of agents. Expression of Bcl-2 is correlated with 

proliferating cells (Hockenbery et al., 1991; Veis et al., 1993), is negatively regulated by the 

tumor suppressor p53 (Miyashita et al., 1994), and overexpression of Bcl-2 protects 32D cells 

from apoptotic death following factor withdrawal (Nunez et al., 1990; Baffy, Miyashita etal., 

1993). The effect of overexpression of Bcl-2 protein on the induction of apoptosis by SLF and

25 Ca2* influx blocker was thus examined. 32D-kit cells were infected with a retrovirus vector 

(Schwarze et al., 1995) containing the Bcl-2 gene, to generate a Bcl-2 overexpressing cell line 

(Figure 7A). The cells were tested for susceptibility to apoptosis and it was found that Bcl-2 

overexpression protects 32D-kit cells from apoptosis induced by factor withdrawal (Figure 7B). 

However, as also shown in Figure 7B, overexpression of Bcl-2 in 32D-kit cells fails to protect

30 these cells from induction of apoptosis by SLF and econazole. These observations led to the 

conclusion that induction of cell death by SLF plus blocker occurs in a Bcl-2 independent 

manner.

32Dkit-Bcl-2 cells were similarly protected from apoptosis by SLF plus blocker 

with low levels of ionomycin (Figure 6B), however, unlike the 32Dkit cells, they did not

35 demonstrate significant cell death at higher levels of ionomycin. These results therefore show 

that for activated cells, death induced by Ca2* blockade versus death induced by excessive 

levels of Ca2* influx are divergent, at least at the level of Bcl-2 sensitivity.
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Experiment 6: Effect of an ICE protease inhibitor on Ca2* influx blocker and SLF-
induced cell death and cell death induced by factor withdrawal.

TNF-α and Fas ligand are two examples of apoptosis-inducing signals for 

which Bcl-2 overexpression fails to provide protection (Memon etal., 1995; Strasser eta/., 

1995). In these cases, apoptosis has been shown to be mediated by members of the 

interleukin-1B converting enzyme family of proteases. In order to determine if ICE-family 

proteases were involved in the induction of apoptosis by SLF and Ca2* influx blocker, cells 

were co-incubated with the tetrapeptide-aldehyde ICE inhibitor YVAD-CHO (Mashima et al., 

1995; Vasilakos et al., 1995). We found that YVAD-CHO protects 32D-kit cells from apoptosis 

induced by the topoisomerase inhibitor etoposide (not shown). It was also found that YVAD- 

CHO provides resistance to apoptosis induced by SLF plus econazole (Figure 8) but fails to 

protect 32D-kit cells from apoptosis induced by factor withdrawal (Figure 7B). It is therefore 

likely that apoptosis induced by the combination of a growth or activation signal with a Ca2* 

influx blocker is mediated by an ICE-like protease.

Experiment 7: Effect of Ca2* blocker and EGF on human carcinoma cells.
Studies have demonstrated the involvement of growth factor receptors in 

breast cancer. For example, it has been found that over 45% of breast cancers were positive 

for the EGFR (Fox etal., 1994; Franzius eta/., 1994). erbB2, a growth factor receptor closely 

related to the EGFR is overexpressed in 30-40% of all breast cancers (Slamon, et al., 1989). 

In order to determine if cell death can be induced in these cells with Ca2* influx blockers plus 

activation signals, SK-BR3 cells were incubated with or without EGF and in presence of 

econazole. SK-BR3 cells (ATCC cat. # HTB-30) are derived from a human adenocarcinoma 

of the breast. They are tumorigenic in nude mice. These cells contain a mutated p53 gene 

(Elstner, etal., 1995), are estrogen-receptor negative, and express high levels of the erbB2 

molecule (Li, et al., 1993) resulting in continuous activation of this receptor. As shown in 

Figure 9A, econazole induces equivalent levels of death in SK-BR3 cells in the presence or 

absence of EGF.

The MDA-MB-231 cell line is a highly anaplastic carcinoma of the breast. It 

too is tumorigenic in nude mice but expresses only low levels of erbB2. However it is FGFR 

positive and is stimulated in an autocrine fashion by bFGF (el Yazidi et al., 1995). 

Experiments were earned out to determine the susceptibility of MDA-MB-231 cells to a Ca2* 

influx blocker and the influence of oleic acid, ionomycin, and YVAD-CHO on induction of cell 

death by the blocker. The results are summarized together in Figure 9B. As indicated, MDA- 

MB-231 cells undergo apoptosis in response to exposure to the Ca2* influx blocker econazole. 

Furthermore, the Ca2* influx blocker-induced apoptotic mechanism of MDA-MB-231 appears to 

have the same characteristics as that of 32D-kit cells. Ionomycin, oleic acid and YVAD-CHO 

can protect MDA-MB-231 cells from death induced by the Ca2* influx blocker.
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MCF-7 cells (ATCC cat. # HTB-22) are derived from a human breast 

carcinoma. They are tumorigenic in nude mice, particularly when the mice are treated with 

estrogen (Benz, et al., 1993) or when the cells are encapsulated in matrigel (Noel, et al., 1995). 

These cells have been reported to be stimulated by EGF (Godden et al., 1992). In order to

5 determine the susceptibility of these cells to cell death by Ca2+ influx blocker and activating 

signal, MCF-7 cells were incubated with and without 10ng/ml EGF, with various concentrations 

of econazole for 18 hours. As shown in Figure 10, MCF-7 cells are more sensitive to cell 

death from econazole in the presence of 10ng/ml EGF than in its absence. Taken together the 

experiments shown in Figures 9A, 9B and 10 indicate that some breast cancer cells will display

10 increased sensitivity to blockers in the presence of an activating factor such as EGF.

Experiment 8: Effect of Ca2+ influx blocker and SLF on 32D-kit leukemia cells in
vivo

In order to determine the efficacy of the combination of a Ca2+ influx blocker 

with an activating signal in vivo, mice inoculated with factor-dependent and G418-resistant 

15 32D-kit leukemia cells were treated with a combination of ketotifen and SLF. In one set of 

experiments, spleen cells were removed and assayed for the presence of leukemic cells by 

plating cells in agar in growth medium containing 20% WEHI-3 conditioned medium and 

1mg/ml G418 to limit detection to the G418-resistant leukemic cells. In another set of 

experiments, spleens were assayed for the presence of all cells capable of forming colonies in 

20 agar in response to IL-3, to include leukemic as well as normal cells. As shown in Figure 11 A, 

in each experiment, G418-resistant colony-forming cells can be detected in the inoculated 

animals. The levels found in the spleens of the inoculated animals varies from animal to 

animal, however the majority of the animals contain between 30 and 1,000 G418-resistant 

colonies. The arithmetic average colony count from the inoculated but untreated animals is 

25 69,938, however one animal contained very high levels of leukemic cells. If this animal is not 

included, the arithmetic average colony count is 391. The geometric mean from this group is 

813 colonies/spleen. The number of G418-resistant colonies detected in animals that were 

injected with SLF only tended to be higher than those not receiving the factor, varying between 

65 and 31,000 with an arithmetic average of 7,399, and a geometric mean of 1,545

30 colonies/spleen. This increase in detectable colony number might be attributable to 

stimulation of leukemic cells by SLF. In mice receiving ketotifen alone, the number of 

detectable colonies varies between 114 and 27,645 with an arithmetic average of 5,502 and a 

geometric mean of 849. In animals treated with ketotifen and SLF, the number of detectable 

colonies varies from 8 to 537, with an arithmetic average of 131 and a geometric mean of 61

35 G418-resistant colonies/spleen. Analysis of this data using the one-tailed paired student's t- 

test (after log transformation) indicates that there is only a 6.2% probability that the untreated 

and treated groups are not different from each other. If the one animal in the untreated group
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that contained very high levels of leukemic cells is not included in this analysis, then the 

probability that the untreated and treated groups are not different from each other is 8.9%.

A similar comparison between the group of animals that received ketotifen 

alone versus those that received ketotifen plus SLF indicates that the probability that these 

groups are not different is 0.8% and is thus highly significant. This result indicates that while 

ketotifen alone has little activity on the leukemic cells in vivo, the combination of ketotifen and 

SLF does result in a significant decrease in leukemic cell number.

(1) The logarithms of the data from Figure 11A were compared with each other using the 
one-tailed student's t-test. The % probability that the two compared groups are not 
different from each other is indicated. The numbers in brackets are the same 
probabilities determined if the one animal with very high numbers of leukemic cells in the 
untreated group is not included in the analysis.

Table 2. Probability (%) that Group A and B are not different-G418-resistant 
colonies (1)

'^"■'^Group A 

Group

32D-kit only 32D-kit + SLF 32D-kit + ketotifen 32D-kit + SLF +

ketotifen
32D-kit only 33.7 (2.4) 49.1 (16.6) 6.2 (8.9)
32D-kit + SLF 35.2 1.9
32D-kit + 
ketotifen

0.8

32D-kit + SLF 
+ ketotifen

A similar analysis was performed for the total number of colony-forming cells 

in the spleens of these mice and the data are presented in Figure 11B. The arithmetic 

average colony number from mice not inoculated with leukemic cells is 857, with a geometric 

mean of 669. The arithmetic average colony count from the inoculated but untreated animals 

is 84,073, however one animal contained very high levels of leukemic cells. If this animal is 

not included, the arithmetic average colony count is 3,448. The geometric mean from this 

group is 4,573 colonies/spleen. The number of IL-3-dependent colonies detected in animals 

that were injected with SLF only tended to be higher than those not receiving the factor, with 

an arithmetic average of 18,212, and a geometric mean of 5,171 colonies/spleen. This 

increase in detectable colony number might be attributable to stimulation of leukemic cells by 

SLF. In mice receiving ketotifen alone, the arithmetic average is 7,715 with a geometric mean 

of 2,320. In animals treated with ketotifen and SLF, the arithmetic average was 793 with a 

geometric mean of 66 IL-3-dependent colonies/spleen. Analysis of these data using the one- 

tailed paired student's t-test (after log transformation) indicates that there is a 2% probability 

that the untreated and treated groups are not different from each other. If the one animal in 

the untreated group that contained very high levels of leukemic cells is not included in this 

analysis, then the probability that the untreated and treated groups are not different from each 

other is 5.1%. Similarly, a comparison of the groups treated with SLF only or ketotifen only
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versus those treated with ketotifen plus SLF together also indicates that there is a 2% or 1.6% 

probability that these groups are not different.

(1) The logarithms of the data from Figure 11B were compared with each other using the 
one-tailed student's t-test. The % probability that the two compared groups are not

Table 3. Probability
colonies (1

(%) that Group A and B are not different - IL-3-dependent
'^^Group A

Group

no cells 32D-kit only 32D-kit + SLF 32D-kit + ketotifen 32D-kit + SLF 

+ ketotifen
no cells 8 2.4 23.4 10.2
32D-kit only 46.3 (1.8) 30.9 (34.8) 2 (5.1)
32D-kit +

SLF

22.8 2

32D-kit + 

ketotifen

1.6

15 different from each other is reported. The numbers in brackets are the same
probabilities determined if the one animal with very high numbers of leukemic cells in the 
untreated group is not included in the analysis.

Another experiment was performed in which mice inoculated with 32D-kit cells 

were treated with ketotifen p.o. and SLF delivered subcutaneously. As shown in Figure 12, in 

20 this circumstance, the combination of SLF with ketotifen did not appear to have a significant 

effect on the number of leukemic cells in the spleens of the treated mice. This experiment 

indicates that the route of delivery of the activating factor and likely the relative timing of the 

two substances may affect the effectiveness of a particular therapeutic regimen.

The results of the above experiments describe a novel method for inducing

25 apoptosis. This method involves the combination of blockade of Ca2* influx into a cell, a 

receptor of which when activated under normal circumstances leads to Ca2+ influx, with a 

factor which activates the receptor. In particular embodiment, activation of phospholipase C is 

associated with the Ca2* influx.

It has been shown, for example, that SLF, substance P, and IgE and antigen, 

30 but not lL-3, can combine with (non-voltage-gated) Ca2* influx blockers to induce apoptosis in 

mast cells. This form of apoptosis does not necessarily require proliferative signals since both 

SLF and IL-3 are proliferative, whereas substance P and antigen-lgE are only weakly 

proliferative. Since increasing signal leads to increased apoptosis, this form of cell death will 

be most effective when Ca2* influx blockers are combined with highly activated receptors. In 

35 support of this observation, the p815 mastocytoma, which has a constitutively activated c-kit 

receptor, is sensitive to Ca2* influx blockers alone (Figure 2B). SK-BR3 and MDA-MB-231 

cella are also susceptible to Ca2* influx blockers alone. This also suggests that cells with 

similar mutations (or undergoing autocrine stimulation) may be susceptible to apoptosis by this 

class of drug.

40 The observation that oleic acid can reverse apoptosis induction by SLF plus

blocker indicates a need for an activation signal that results in activation of phospholipase C in
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at least in some embodiments, lonomycin can also protect cells from SLF plus blocker 

induced cell death, indicating that specific blockade of Ca2+ influx is required for apoptosis 

induction. Apoptosis induced by SLF plus blocker is insensitive to overexpression of Bcl-2, but 

can be reversed by an inhibitor of ICE proteases, suggesting a role in this apoptotic 

mechanism for ICE, or a member of the ICE family of proteases in at least some 

embodiments.

In that certain proliferating cells have highly activated receptors (Figure 9A) 

resulting in activation of PLC, this invention includes a method for diagnosing susceptibility of 

such cells to treatment with a Ca2+ influx blocker, or a blocker and factor which further 

activates receptors of the cells. Such a method includes:

obtaining a sample of diseased tissue; 

determining whether the tissue contains a level of PLC elevated in comparison to 

normal tissue;

if the tissue contains an elevated level of PLC, then determining whether the PLC is 

activated.

If such an elevated level of activated PLC is found in the tissue, then the cells are likely to be 

treatable, i.e., their death induced, proliferation diminished, etc., by exposure of the cells to a 

Ca2+ influx blocker or a Ca2+ influx blocker and a factor which further activates the receptors 

which produce the signal that leads to elevated levels of activated PLC.

Anti-PLC-specific anti-sera has been used to show that breast carcinomas 

have elevated levels of the enzyme compared to normal controls. Immunoprecipitation with 

anti-phosphotyrosine antibodies, followed by Western blotting with anti-PLC antibodies can be 

used to determine levels of activated PLC because PLC that is tyrosine-phosphorylated is 

likely to be activated (Arteaga et al. 1991).

PLC enzymatic activity can be assayed directly (Huang et al., 1995). Briefly, 

cells to be assayed are lysed, PLC immunoprecipitated using PLC-specific antisera (available, 

for example, from Upstate Biotechnology Inc, Lake Placid, New York) and the enzyme 

assayed using [3H]-PIP2 (from New England Nuclear, Boston, Massachusetts) as a substrate in 

liposomes (90% DMPM, 10% PIP^ in a buffer containing 0.3mM total lipid in 50 mM tris (pH 

8), 0.1 mM CaCI2. Reactions are terminated by the addition of 0.2M CaCI2 in 1M HCI. 

Precipitated vesicles are collected on filter plates (such as Millipore 96-well hydrophobic 

MultiScreen DP plates) and the inositol phosphate product of the reaction, which is present in 

the flowthrough, is quantitated by scintillation counting.

The observation that ionomycin can both protect against or induce cell death 

indicates that both extremes of Ca2+ influx can lead to apoptosis. In both cases however, cell 

activation appears to be required since only minimal cell death was observed in the absence of 

SLF. Bcl-2 overexpression protected cells only from death induced by high concentrations of 

ionomycin, suggesting that mechanisms underlying cell death at the two extremes of Ca2’ 

influx are not identical, at least at the level of sensitivity to Bcl-2. Thus, at high concentrations
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of ionomycin, the cells may be subjected to a form of “Ca2+ overload” and certain cells 

exposed to this form of toxicity are known to be protected by Bcl-2 (Strasser et al., 1991; 

Reed, 1994). It has been postulated that a possible mediator of high Ca2+ death may be the 

Ca2+-dependent phosphatase calcineurin, which has been shown to potentiate apoptosis in T 

cells (Shibasaki et al., 1995) and B cells (Bonnefoy etal., 1994).

Results described herein (Figures 7B and 8) indicate that Bcl-2 and ICE are 

involved in regulation of different apoptosis mechanisms. While cells are protected by Bcl-2 

(but not the ICE inhibitor) from apoptosis resulting from factor withdrawal, ICE inhibitor (but not 

Bcl-2) protects against the combination of Ca2+ influx blocker and SLF. Experiments with other 

apoptosis-inducing signals are also consistent with these observations. (Cuende, et al., 1993; 

Memon et al., 1995; Strasser et al., 1995; Vasilakos et al., 1995; Parijs et al., 1996). It has 

also recently been demonstrated that Fas activation inhibits anti-CD3-mediated Ca2+ influx in T 

cells without affecting Ca2+ release from internal stores (Kovacs etal., 1995).

Ketotifen is a well known anti-allergy and anti-asthmatic drug that exhibits both 

histamine H1 receptor antagonism and inhibition of Ca2+ influx (Martinet al., 1978; Grant et al., 

1990). Given the involvement of Ca2+ influx in mast cell degranulation, inhibition of this 

process is one accepted mechanism for its anti-inflammatory effects. The results described 

herein thus suggest that a Ca2+ influx blocker, particularly ketotifen, can be co-administered 

with an appropriate activation signal for treatment of allergy symptoms. Ca2+ influx blockers 

have been proposed as anti-proliferative agents (Riccardi, 1987; Felder et al., 1991; Kohn et 

al., 1992; Estacion etal., 1993; Petrasch et al., 1993; Kondo etal., 1994; Buckley etal., 1995; 

De Vries et al., 1995). The results described herein suggest that these compounds would be 

more effective when coupled with a strong proliferative or activating signal. Therefore the 

combination of Ca2+ influx blockers with proliferative or activating signals may have potent, but 

specific, anti-proliferative or anti-inflammatory properties.

The inventors do not wish to be bound by any theory explaining the precise 

mechanism by which Ca2+ influx into cells is caused. The results presented herein do, 

however, establish a connection between the induction of cell death upon administration to the 

cell of a combination of a Ca2+ influx blocker and a factor which binds to a receptor of such a 

cell to cause under normal conditions activation of the receptor so as to cause Ca2+ influx.

Such factor can be a natural ligand of the receptor, i.e., a ligand that acts upon 

the receptor in nature, an agonistic antibody etc. At least in some cases, the influx involves 

activation of PLC. In may cases, activation involves stimulation of the cell wherein 

“stimulation” includes proliferation, activation, and/or survival of the cell.

The results shown in Figure 9A indicate, that in the case of constitutively 

activated cells, in which the receptor is normally activated by a ligand followed by Ca2+ influx, 

administration of a Ca2‘ influx blocker alone can induce cell death. The invention disclosed 

herein thus also includes administration of a Ca2+ influx blocker to induce death in cells having
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a constitutively activated receptor, in which activation of the receptor promotes influx of Ca2+ 

into the cell.

It is also possible for cells having receptors which are activated in response to 

a factor produced by the cell itself, to be treated with a Ca2+ blocker to induce cell death.

With respect to particular known factors, SLF for example, variants of SLF, 

the c-kit receptor ligand, can also be effective in inducing cell death. For example, agonistic 

antibodies to the c-kit receptor could be developed according to procedures known to those 

skilled in the art. Other small molecules capable of cross-linking receptors and inducing the 

Ca2+ influx might also be effective. SLF itself might be modified by mutations to stabilize the 

molecule and thereby extend its half-life in a mammlian body. Alternatively, or additionally, 

SLF could be modified by conjugation with polyethylene glycol (PEG) in order to extend its 

longevity in use.

In place of IgE and antigen thereto in the case of mast cells, for example, an 

antibody to the cellular IgE receptor itself could be used. It is likely that an antibody capable of 

crosslinking IgE receptors would be most likely to cause Ca2+ influx to occur.

In the case of those suffering from allergies, immunoglobulins specific to the 

allergen of the class IgE are produced by B cells that have been stimulated by allergen­

specific T cells to produce this particular isotype. IgE antibodies are secreted by B cells into 

the extracellular space where they can bind to specific receptors called FceRI found on the 

surface of mast cells or basophils. Should these mast cells or basophils encounter a 

polyvalent allergen that is recognized by their surface bound IgE, the IgE/receptors can be 

cross-linked and activated, causing the release of one or more pre-formed mediators such as 

histamine, and the eventual synthesis and release of other inflammatory molecules such as 

leukotrienes, prostaglandins and cytokines. This complex response therefore involves a 

number of different cell types and molecules, all of which are possible targets in modulating 

the allergic response. This includes B cells producing allergen-specific IgE, T cells expressing 

T cell receptors specific for the allergen, and mast cells and basophils, with allergen-specific 

IgE on their surface. Since the signals transmitted through these receptors all mobilize Ca2*, 

they will be able to combine with Ca2+ influx blockers to induce cell death, as has been shown 

for IgE plus antigen on mast cells. For B cells expressing membrane IgE, specific anti-lgE 

compounds will cross-link these molecules, resulting in the transmission of a signal. Such 

compounds may be antibodies, such as described by Chang in United States Patent Nos. and 

5,422,258 and 5,428,133 or Rupp et al. in United States Patent No. 4,940,782, for example.

In addition, fragments of these antibodies such as (Fab)2 reagents or other 

compounds that recognize and cross-link surface IgE on B cells may be employed. When B 

cells are being targeted specifically, it would be desirable to use reagents that preferentially 

recognize IgE on the surface of B cells, but not IgE as it is bound on mast cells or basophils.

In situations where it is desirable to specifically eliminate B cells producing 

antibodies that recognize a particular antigen, the antigen itself, if polyvalent and given in
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sufficient quantity, may provide a sufficient signal in combination with a Ca2* influx blocker 

such that the B cells producing the antibody will be killed. Alternatively, anti-idiotypic 

antibodies, that recognize the variable regions of the antibody being produced by the B cell 

may also be used. Potential targets for such a treatment would include B cells producing

5 antibodies to an autoantigen, resulting in an autoimmune disease.

There are, of course, other cellular receptors ligand-binding of which results in 

Ca2* influx into the cell bearing the receptor. Growth factor receptor agonists within the scope 

of this invention include TGF-α (transforming growth factor), EGF, heregulin, and other 

agonists of erbB1, 2, 3, & 4, PDGF A and B (platelet-derived growth factor), SLF, FLT-3 (fms- 

10 like tyrosin kinase-3) ligand, basic and acidic FGFs (fibroblast growth factors) (a family of 

related growth factors), enothelin, NGF (nerve growth factor), VEGF (vascular endothelial 

growth factor), HGF (SF) (hepatic growth factor; scatter factor). Agonists to multi-chain 

immune recognition receptors include agonists to the antigen receptor on B cells (i.e., specific 

antigens recognized by B cells) including antibodies that cross-link surface immunoglobulin, T 

15 cell receptor agonists such as antibodies recognizing particular TCRs, anti-CD3 antibodies or 

other agonistic aggregated antibodies and other reagents that activate FcyRII and FcyRIII, and 

agonists to the FceRI receptor on mast cells and basophils. Agonists of G-protein-linked 

receptors are also within the scope of the teachings of this invention: bombesin, gastrin, 

gastrin releasing peptide, bradykinin, carbachol and other muscarinic receptor agonists, CCK- 

20 8, vasopressin, neurokinins such as substance P, purinergic receptor agonists including ATP 

and adenosine, 1,25-dihydroxyvitamin D3 There are also many neurotransmitters that 

stimulate Ca2+ influx. Cell death can be shown to occur as the result of administration to such 

cells of a Ca2* influx blocker and ligand using experiments similar to those disclosed herein. 

Variants of such ligands and agonistic receptor antibodies can also be developed for use and 

25 tested using experiments similar to those described above in which cell death is measured in 

response to administration of such a variant in combination with a Ca2* influx blocker.

Calcium influx blockers in addition to those described in connection with the 

preferred embodiments include tenidap, CAI, Cd2*, Co2*, La3*, Mn2*, SKF-96365 and cromolyn, 

although there are many more than these known to those skilled in the art (Lewis, et al., 1995). 

30 In any particular case, it may be found that a combination of receptor-binding

agents administered in combination with one or more Ca2* influx blockers turns out to be most 

effective in eliciting the desired cellular response.

As indicated by the experiments disclosed herein, it is the receptor and the 

normal response of the cell to signals generated on appropriate receptor binding which is 

35 important in determining whether cell death can be induced by administration of a receptor 

ligand (or other agonistic agent) and a Ca2* influx blocker. Nonetheless, it is known that cell 

types beyond those used in the experiments disclosed herein have such receptors expressed, 

at least during some point of their life cycle, which will produce the normal cellular response 

required for application of the invention disclosed herein. Examples of other cell types known
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to express the c-kit receptor and be responsive to SLF are haematopoietic progenitor cells, 

melanocytes and germ cells. Examples of cell types which can express receptors which bind 

other ligands, which binding normally results in the requisite response include breast cancer 

cells expressing EGF and FGF receptors and colon carcinoma cells expressing PDGF 

receptors.

Such cells displaying tumorigenic, hyperplastic or highly active states may be 

treated by administration of an appropriate binding factor and Ca2+ influx blocker according to 

the present invention. It will thus be possible to administer treatments according to the present 

invention to treat a person suffering from cancer, mastocytosis, autoimmune inflammatory 

diseases or an allergy, for instance.

A c-kit receptor has been found to be overexpressed on leukemia cells (Muroi 

et al., 1995) and to be found in high proportion of small cell lung cancers (Hida et al., 1994), 

tumors of the female genital tract (Inoue et al., 1994), and may be involved in mast cell 

infiltration of neurofibromas (Hirota et al., 1993). Such sites are thus prime candidates for 

treatment according to the present invention.

In instances in which cells to be targeted according to the present invention 

are constitutively activated, (Figure 9A) it might not be necessary to include an agent to 

stimulate the signal generated by receptor binding, as signal is already being generated. In 

such an instance, administration of a Ca2+ influx blocker can be administered without the 

accompanying receptor-stimulating agent. Certain tumor cells are known to possess such 

activity and hence could be treated by this method. A c-kit activating mutation has been found 

in mastocytomas of human and rodent origin (Kanakura et al., 1994; Kitayama etal., 1995). 

This is not to say that it would not be preferred in some circumstances to potentiate the signal 

by administration of a suitable factor along with a Ca2+ blocker.

A starting step in determining whether a particular cell type would be 

susceptible to treatment according to the present invention would be to determine whether 

ligand binding of a receptor expressed on the cell membrane causes an increase in the 

concentration of intracellular Ca2+. Administration of various concentrations of the ligand and a 

Ca2+ influx blocker cell cultures, in analogy to experiments described for the cells of the 

embodiments disclosed herein, could then be carried out to determine levels at which cell 

death is induced.

For particular indications, the appropriate dosage will vary depending upon, for 

example, the host, mode of administration and the nature and severity of the condition to be 

treated, etc. Satisfactory results are indicated for a receptor-binding agent to be obtained at 

daily dosages of, say, from about 0.1 mg per kg of animal body weight to about 1 mg per kg of 

body weight although this may vary depending upon the particular agent or the subject or the 

condition being treated. Further, it may be advantageous for the daily dosage to be divided 

into 2, 3, 4 or more doses.
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If the agent is a polypeptide such as a growth factor, administration could be 

by intradermal, intramuscular or intravenous injection, for example.

Pharmaceutical compositions containing a receptor binding compound of the 

present invention would include at least one pharmaceutically acceptable carrier, diluent,

5 excipient, lubricant, buffer, antibacterial, bulking agent, anti-oxidants or the like, the 

composition being manufactured in a conventional manner by mixing with the 

pharmaceutically acceptable carrier or diluent, etc. Unit dosage forms contain, for example, 

from about 0.025 mg to about 50 mg of the compound.

Known Ca2+ influx blockers could be prepared and administered according to 

10 known procedures, provided the agent reached the target cells as desired.

In order to target a specific cell, say for example, a B cell which produces a 

particular IgE, an agonistic antibody to the surface portion of the IgE could be generated. A 

suitable Ca2+ influx blocker (or blockers) could be suitably linked (for example, covalently 

linked) to the antibody such that binding of the antibody to the surface IgE would bring the 

15 blocker into contact with the particular cell on which it is desired to act.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. A method for inducing death of cells in a mammal in need thereof, wherein the cells are 

capable of being stimulated by a factor with accompanying Ca2‘ influx, comprising 

administering to the mammal an effective amount of a Ca2‘ influx blocker and an effective 

5 amount of a said factor.

2. In a mammal having cells that are subject to stimulation by a ligand of a receptor of a said 

cell by an agent, with accompanying Ca2’ influx, a method of inducing death of the cells 

comprising administering to the mammal an effective amount of a Ca2* influx blocker and an 

effective amount of a said ligand.

10 3. A method for inducing death of cells of a mammal in need thereof, wherein a said cell has a 

receptor which, upon binding by an agent results in calcium influx into the cell and activation of 

phospholipase C, comprising administering to the mammal an effective amount of a Ca2* 

influx blocker and an effective amount of a said agent.

♦ ··
« ·
* · ·

« ·> ·

4. A method for inducing death of cells of a mammal in need thereof, wherein the cells are

15 capable of being stimulated by a factor with accompanying Ca2* influx, comprising

administering to the mammal an effective amount of a non-voltage gated Ca2* influx blocker 

and an effective amount of a said factor.

5. The method of claim 1 or 4 wherein the factor is an agonistic antibody to a receptor of said

cells.

20 6. The method of claim 1 or 4 wherein the factor is a natural ligand of a receptor of said cells.

7. The method of claim 2 wherein the ligand is a natural ligand of the receptor.,

8. The method of claim 3 wherein the agent is an agonistic antibody to the receptor.

9. The method of claim 3 wherein the agent is a ligand of the receptor.

• · · · 
■» * · 
v· ·

• · · ·
• · ·
»· ·
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10. The method of claim 9 wherein the ligand is a natural ligand of the receptor.

25 11. The method of claim 1,2,3,4,5,6,7,8,9 or 10 wherein the cells are mast cells, monocytes, 

macrophages, fibroblasts, T cells, B cells, basophils or cancer cells.

12. The method of claim 1,2,3,4,5,6,7,8,9 or 10 wherein the mammal is suffering from a 

proliferative disease.

13. The method of claim 1,2,3,4,5,6,7,8,9 or 10 wherein the mammal is suffering from cancer.

30 14. The method of claim 13 wherein the mammal is suffering from breast cancer.

15. The method of claim 1,2,3,4,5,6,7,8,9 or 10 wherein the mammal is suffering from an 

allergy.

16. The method of claim 1.2,3,4,5,6,7,8,9 or 10 wherein the mammal is suffering from an

autoimmune disorder.

35 17. The method of claim 1,4,5, or 6 wherein a said cell has a surface receptor selected from

the group c-kit receptor or a mutant c-kit receptor, a T cell receptor, CD3, FcyRII, FcyRIII, 

FceRI, a G-protein-linked receptor, a receptor for bombesin, a receptor for a gastrin releasing 

peptide, a receptor for bradykinin, a receptor for carbachol. a receptor for muscarinic molecule,
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a receptor for CCK-8, a receptor for vasopressin, a receptor for neurokinin, a receptor for 

substance P, a receptor for a purinergic molecule, a receptor for TGF-α, a receptor for EGF, a 

receptor for heregulin, a receptor for erbB1, a receptor for erbB2, a receptor for erbB3, a 

receptor for erbB4, a receptor for PDGF, a receptor for SLF, a receptor for FLT-3 ligand, a 

receptor for a basic FGF, a receptor for an acidic FGF, a receptor for enothelin, a receptor for 

NGF, a receptor for VEGF, and a receptor for HGF.

18. The method of claim 2, 3,7,8, or 9 wherein said receptor is selected from the group c-kit 

receptor or a mutant c-kit receptor, a T cell receptor, CD3, FcyRII, FcyRIII, FceRI, a G-protein- 

linked receptor, a receptor for bombesin, a receptor for a gastrin releasing peptide, a receptor 

for bradykinin, a receptor for carbachol, a receptor for muscarinic molecule, a receptor for 

CCK-8, a receptor for vasopressin, a receptor for neurokinin, a receptor for substance P, a 

receptor for a purinergic molecule, a receptor for TGF-α, a receptor for EGF, a receptor for 

heregulin, a receptor for erbB1, a receptor for erbB2, a receptor for erbB3, a receptor for 

erbB4, a receptor for PDGF, a receptor for SLF, a receptor for FLT-3 ligand, a receptor for a 

basic FGF, a receptor for an acidic FGF, a receptor for enothelin, a receptor for NGF, a 

receptor for VEGF, and a receptor for HGF.

19. The method of claim 1 or 4 wherein said factor is selected from the group SLF, TGF-a, 

EGF, heregulin, agonists to erbB1, agonists to erbB2, agonists to erbB3, agonists to erbB4, 

PDGF A, PDGF B, FLT-3 ligand, basic FGF, acidic FGF, enothelin, NGF, VEGF, HGF, 

agonists to a TOR, agonists to CD3 receptor, agonists to FcyRII receptor, agonists to FcyRIII 

receptor, agonists to FceRI receptor, agonists of G-protein-linked receptors, bombesin, gastrin, 

gastrin releasing peptide, bradykinin, carbachol, muscarinic receptor agonists, CCK-8, 

vasopressin, neurokinins, substance P, purinergic receptor agonists, ATP, adenosine, and

1,25-dihydroxyvitamin D3, and combinations thereof.

20. The method of claim 2 wherein said factor is selected from the group SLF, TGF-α, EGF, 

heregulin, agonists to erbB1, agonists to erbB2, agonists to erbB3, agonists to erbB4, PDGF A, 

PDGF B, FLT-3 ligand, basic FGF, acidic FGF, enothelin, NGF, VEGF, HGF, agonists to a 

TCR, agonists to CD3 receptor, agonists to FcyRII receptor, agonists to FcyRIII receptor, 

agonists to FceRI receptor, agonists of G-protein-linked receptors, bombesin, gastrin, gastrin 

releasing peptide, bradykinin, carbachol, muscarinic receptor agonists, CCK-8, vasopressin, 

neurokinins, substance P, purinergic receptor agonists, ATP, adenosine, and 1,25- 

dihydroxyvitamin D3, and combinations thereof.

21. The method of claim 2 wherein said ligand is selected from the group SLF, TGF-α, EGF, 

heregulin, agonists to erbB1, agonists to erbB2, agonists to erbB3, agonists to erbB4, PDGF A, 

PDGF B, FLT-3 ligand, basic FGF, acidic FGF, enothelin, NGF, VEGF, HGF, agonists to a 

TCR, agonists to CD3 receptor, agonists to FcyRII receptor, agonists to FcyRIII receptor, 

agonists to FceRI receptor, agonists of G-protein-linked receptors, bombesin, gastrin, gastrin 

releasing peptide, bradykinin, carbachol, muscarinic receptor agonists, CCK-8, vasopressin,
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neurokinins, substance P, purinergic receptor agonists, ATP, adenosine, and 1,25- 

dihydroxyvitamin D3, or a combination thereof.

22. The method of claim 3 wherein said agent is selected from the group SLF, TGF-α, EGF, 

heregulin, agonists to erbB1, agonists to erbB2, agonists to erbB3, agonists to erbB4, PDGF A,

5 PDGF B, FLT-3 ligand, basic FGF, acidic FGF, enothelin, NGF, VEGF, HGF, agonists to a

TCR, agonists to CD3 receptor, agonists to FcyRII receptor, agonists to FcyRIII receptor, 

agonists to FceRI receptor, agonists of G-protein-linked receptors, bombesin, gastrin, gastrin 

releasing peptide, bradykinin, carbachol, muscarinic receptor agonists, CCK-8, vasopressin, 

neurokinins, substance P, purinergic receptor agonists, ATP, adenosine, and 1,25-

10 dihydroxyvitamin D3, or a combination thereof.

23. The method of claim 1 or claim 4 wherein a said cell is a hyperactive immune cell and 

includes an antibody and the factor is an antigen to the antibody.

24. The method of claim 1 or claim 4 wherein a said cell is a hyperactive immune cell and an 

IgE is bound to said immune cell and said factor is an agonist to the IgE.

15 25. The method of claim 24 wherein a said cell includes an IgE receptor and the factor is an 

antibody to the receptor.

26. The method of claim 2 wherein a said cell is a hyperactive immune cell and includes an 

antibody and the ligand is an antigen to the antibody.

27. The method of claim 2 wherein a said cell is a hyperactive immune cell and an IgE is

20 bound to said immune cell and said ligand is an agonist to the IgE.

28. The method of claim 27 wherein a said cell includes an IgE receptor and the ligand is an 

antibody to the receptor.

29. The method of claim 3 wherein a said cell is a hyperactive immune cell and includes an 

antibody and the agent is an antigen to the antibody.

25 30. The method of claim 3 wherein a said cell is a hyperactive immune cell and an IgE is 

bound to said immune cell and said agent is an agonist to the IgE.

31. The method of claim 30 wherein a said cell includes an IgE receptor and the agent is an 

antibody to the receptor.

32. The method of claim 24, 27 or 30 wherein said cells are basophils.

30 33. The method of claim 24, 27 or 30 where said cells are mast cells.

34. The method of claim 1,4,5,6,17,23,24 or 25 wherein the Ca2+ influx blocker and the factor 

are administered separately.

35. The method of claim 2,7,18,20,21,26 or 27 wherein the Ca2* influx blocker and the ligand 

are administered separately.

35 36. The method of claim 3,8,9,22,29 or 30 wherein the Ca2* influx blocker and the ligand are 

administered separately.

37. The method of claim 1,4,5,6,17,23,24 or 25 wherein the Ca2* influx blocker is 

administered prior to the factor.
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38. The method of claim 2, 7, 18, 20, 21,26 or 27 wherein the Ca2+ influx blocker is 

administered prior to the ligand.

39. The method of claim 3, 8, 9,22, 29 or 30 wherein the Ca2+ influx blocker is 

administered prior to the agent.

5 40. The method of claim 1, 4, 5, 6, 17, 23, 24 or 25 wherein the Ca2+ influx blocker

and the factor are administered in a single step.

41. The method of claim 2, 7, 18, 20, 21,26 or 27 wherein the Ca2+ influx blocker and

the ligand are administered in a single step.

42. The method of claim 3, 8, 9, 22, 29 or 30 wherein the Ca2+ influx blocker and the 

10 agent are administered in a single step.

43. The method of claim 1 to 4 wherein stimulation of the cells by the factor in the

2+absence of a said Ca influx blocker normally promotes growth, survival and/or 

activation of a said cell.

44. The method of claim 2 wherein binding of the ligand to the receptor in the absence

2+
15 of a Ca influx blocker normally promotes growth, survival and/or activation of a said 

cell.

2+45. The method of claim 3 wherein binding of said agent in the absence of a Ca

influx blocker normally promotes growth, survival and/or activation of a said cell.

46. The method of claim 1,2, 3 or 4 in which the cells express a c-kit receptor,

20 wherein the method includes administering an effective amount of a c-kit ligand to the

mammal.

47. The method of claim 1, 2, 3, 4 or 46 wherein the mammal is a human suffering

from leukemia, tumor growth or lung cancer.

2I158-OO.DOC



-41 -

48. The method of claim 3 wherein said factor is a growth factor which binds to a 

receptor of a said cell, which binding normally causes proliferation of the cell.

49. The method of claim 48 wherein the mammal is suffering from cancer or 

hyperplasia.

5 50. The method of claim 3 wherein said factor is a protein.

51. The method of claim 3 wherein said factor is a survival factor which binds a 

receptor of a said cell, which binding, in the absence of a said Ca influx blocker 

normally enhances the longevity of the cell.

52. The method of claim 51 wherein said cells are haematopoietic progenitor cells.

10 53. The method of claim 3 where said factor is an activation factor which binds to a

receptor of a said cell, which binding, in the absence of a said Ca2+ influx blocker 

normally causes activation of the cell.

54. The method of any preceding claim wherein said mammal is human.

55. The method of any preceding claim wherein said Ca influx blocker is selected

15 from the group Ni2+, ketotifen, econazole, tenidap, CAI, Cd2+, Co2+, La3+, Mn2+, SKF- 

96365 and cromolyn, or a combination thereof.

56. A method for inducing death of constitutively activated cells in a mammal in need 

thereof, comprising administering an effective amount of a Ca influx blocker to the 

mammal wherein the Ca2+ influx blocker is Ni2+.

20 57. A pharmaceutical composition for administration to a mammal as an anti-

proliferative agent to inhibit cell growth, comprising a Ca influx blocker and a factor

2+which normally binds to a receptor of said cell so as to cause Ca influx into the cell.
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58. The composition of claim 57 wherein binding of a said factor to the receptor 

normally results in activation of phospholipase C.

59. The composition of claim 57 or 58 wherein said Ca2+ influx blocker is a non- 

voltage-gated Ca2+ influx blocker.

5 60. The composition of claim 57, 58 or 59 wherein said factor is an agonistic antibody

to the receptor.

61. The composition of claim 57, 58 or 59 wherein said factor is a natural ligand of the 

receptor.

62. The composition of claim 57, 58 or 59 wherein said factor is selected from the

10 group SLF, TGF-α, EGF, heregulin, agonists to erbBl, agonists to erbB2, agonists to 

erbB3, agonists to erbB4, PDGF A, PDGF B, FLT-3 ligand, basic FGF, acidic FGF,' 

enothelin, NGF, VEGF, HGF, agonists to a TCR, agonists to CD3 receptor, agonists to 

FcyRll receptor, agonists to FcyRlll receptor, agonists to FcsRl receptor, agonists of G- 

protein-linked receptors, bombesin, gastrin, gastrin releasing peptide, bradykinin,

15 carbachol, muscarinic receptor agonists, CCK-8, vasopressin, neurokinins, substance P, 

purinergic receptor agonists, ATP, adenosine, and 1,25-dihydroxyvitamin D3, and 

combinations thereof.

63. The composition of claim 62 wherein said factor is SLF.

64. The composition of claim 57 wherein said factor is an antigen of a surface

20 antibody of an immune cell.

65. The composition of claim 57 wherein said factor is an agonist to an IgE.
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66. The composition of claim 57 wherein binding of a said factor to the receptor 

normally, in the absence of a said Ca" influx blocker, promotes growth, survival and/or 

activation of a said cell.

67. A kit of pharmaceutical compositions for use in inhibiting cell growth in a

5 mammal, the kit comprising a Ca influx blocker and a factor which normally binds to a 

receptor of said cell so as to cause Ca influx into the cell.

68. The composition of claim 67 wherein binding of a said factor to the receptor

normally results in activation of phospholipase C.

69. The composition of claim 67 or 68 wherein said Ca2+ influx blocker is a non-

10

15

2+voltage-gated Ca influx blocker.

70. The composition of claim 67, 68 or 69 wherein said factor is an agonistic antibody

to the receptor.

71. The composition of claim 67,68 or 69 wherein said factor is a natural ligand of the

receptor.

72. The composition of claim 67, 68 or 69 wherein said factor is selected from the

group SLF, TGF-α, EGF, heregulin, agonists to erbBl, agonists to erbB2, agonists to

erbB3, agonists to erbB4, PDGF A, PDGF B, FLT-3 ligand, basic FGF, acidic FGF,

enothelin, NGF, VEGF, HGF, agonists to a TCR, agonists to CD3 receptor, agonists to

FcyRll receptor, agonists to FcyRlll receptor, agonists to FceRl receptor, agonists of G-

20 protein-linked receptors, bombesin, gastrin, gastrin releasing peptide, bradykinin,

carbachol, muscarinic receptor agonists, CCK-8, vasopressin, neurokinins, substance P, 

purinergic receptor agonists, ATP, adenosine, and 1,25-dihydroxyvitamin D3, and 

combinations thereof.
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73. The composition of claim 72 wherein said factor is SLF.

74. The composition of claim 67 wherein said factor is an antigen of surface antibody 

of an immune cell.

75. The composition of claim 67 wherein said factor is an agonist to an IgE.

5 76. The composition of claim 67 wherein binding of a said factor to the receptor

normally, in the absence of a said Ca influx blocker, promotes growth, survival and/or 

activation of a said cell.

77. The use of a pharmaceutical composition of claim 57, 58, 59, 60, 61, 62, 63 or 66 

for the preparation of a medicament for treatment of a proliferative disease.

10 78. The use of a pharmaceutical composition of claim 57, 58, 59, 60, 61, 62, 63, 64, 65

or 66 for the preparation of a medicament for the treatment of an inflammatory disease.

■
79. The use of the components of the kit of claim 67, 68, 69, 70, 71, 72, 73 or 76 for 

the preparation of a medicament for the treatment of a proliferative disease.

80. The use of the components of the kit of claim 67, 68,69, 70, 71, 72, 73, 74, 75 or

15 76 for the preparation of a medicament for the treatment of an inflammatory disease.

81. The use of a Ca influx blocker and a factor which normally binds to a receptor of 

a cell so as to cause Ca influx into the cell in the preparation of a medicament for use 

as an agent to inhibit growth of said cells.

82. The use of a Ca influx blocker and a factor of claim 81 in the preparation of a

20 medicament for use as an agent to inhibit growth of said cells wherein binding of a said 

factor to the receptor normally results in activation of phospholipase C.
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2+
83. The use of a Ca influx blocker and a factor of claim 81 or 82 in the preparation of 

a medicament for use as an agent to inhibit growth of said cells wherein said Ca2+ influx 

blocker is a non-voltage-gated Ca influx blocker.

84. The use of a Ca2+ influx blocker and a factor of claim 81, 82, or 83 in the

5 preparation of a medicament for use as an agent to inhibit growth of said cells wherein

said factor is an agonist antibody to the receptor.

85. The use of a Ca influx blocker and a factor of claims 81, 82, or 83 in the 

preparation of a medicament for use as an agent to inhibit growth of said cells wherein 

said factor is a natural ligand of the receptor.

10 86. The use of a Ca influx blocker and a factor of claims 81, 82, or 83 in the

preparation of a medicament for use as an agent to inhibit growth of said cells wherein 

said factor is selected from the group SLF, TGF-α, EGF, heregulin, agonists to erbBl, 

agonists to erbB2, agonists to erbB3, agonists to erbB4, PDGF A, PDGF B, FLT-3 

ligand, basic FGF, acidic FGF, enothelin, NGF, VEGF, HGF, agonists to a TCR,

15 agonists to CD3 receptor, agonists to FcyRll receptor, agonists to FcyRlll receptor, 

agonists to FceRl receptor, agonists of G-protein-linked receptors, bombesin, gastrin, 

gastrin releasing peptide, bradykinin, carbachol, muscarinic receptor agonists, CCK-8, 

vasopressin, neurokinins, substance P, purinergic receptor agonists, ATP, adenosine, and 

1,25-dihydroxyvitamin D3, and combinations thereof.

20 87. The use of a Ca influx blocker and a factor of claim 86 in the preparation of a

medicament for use as an agent to inhibit growth of said cells wherein said factor is SLF.
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2+88. The use of a Ca influx blocker and a factor of claim 81 in the preparation of a 

medicament for use as an agent to inhibit growth of said cells wherein said factor is an

antigen of surface antibody of an immune cell.

2_|_
89. The use of a Ca influx blocker and a factor of claim 81 in the preparation of a

5 medicament for use as an agent to inhibit growth of said cells wherein said factor is an 

agonist to an IgE.

90. The use of a Ca2+ influx blocker and a factor of claim 81 in the preparation of a 

medicament for use as an anti-proliferative agent wherein binding of a said factor to the 

receptor normally, in the absence of a said Ca influx blocker, promotes growth,

10 survival and/or activation of a said cell.

91. A method for diagnosing susceptibility of diseased mammalian cells to treatment 

with a Ca influx blocker, or a blocker and a factor which further activates receptors of 

the cells, comprising:

assaying whether a sample of tissue contains a level of PLC activity which is

15 elevated in comparison to normal tissue; wherein,

an elevated level of activated PLC indicates the cells are likely to be susceptible to 

said treatment.

92. The method of claim 91, further comprising obtaining a sample of diseased tissue.

93. The method of claim 91 or 92, wherein the step of assaying the sample includes

20 monitoring the amount of a PLC substrate which reacts in the presence of PLC obtained 

from a predetermined amount of said tissue.

94. The method of claim 9.3, further comprising isolating the PLC from the 

predetermined amount of said tissue by an enzyme-lined immunosorbent assay.
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95. The method of claim 93 or 94, wherein said PLC substrate is [3H]-PIP2.

96. A method for screening an agent as a Ca2+ influx blocker, the method comprising

the steps of:

culturing a first group of cells in the presence of the agent, wherein the cells have

• 2+5 an activated receptor which promotes influx of Ca into the cells;

culturing a second group of cells in the presence of the agent, wherein the cells of 

the second group lack an activated receptor which promotes influx of Ca2+ into cells of 

the second group;

ascertaining whether growth of the first group of cells is less than a first

10 predetermined level corresponding to growth of cells of the first group in the absence of 

the agent;

and 

ascertaining whether growth of the second group of cells is substantially the same

as a second predetermined level corresponding to growth of cells of the second group in

15 the absence of the agent; wherein,

growth of the first group of cells less than the first predetermined level and growth 

of the second group of cells substantially the same as the second predetermined level 

indicates that said agent is a Ca2+ blocker.

97. The method of claim 96 wherein the receptor of the first group of cells is

20 constitutively activated.

98. The method of claim 96 wherein the receptor of the first group of cells is subject to 

autocrine stimulation.
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99. The method of claim 96 wherein the receptor of the first group of cells is activated 

by an exogenous agent.

100. The method of claim 99 wherein the agent is a natural ligand of the receptor of the 

first group of cells.

5 101. The method of claim 96, 99 or 100 wherein the receptor of the first group of cells 

and the receptor of the second group of cells is the same receptor.

102. The method of claim 96, 99,100 or 101 wherein the receptor is selected from the

group of c-kit receptor, a receptor for EGF and a receptor for FGF.

103. The method of claim 96, 97,98, 99,100,101 or 102 wherein the cells of the first

10 group and the cells of the second group are human cells.

104. The method of claim 96, 97, 98, 99,100,101 or 103 wherein the cells of the first 

group are mast cells, the cells of the second group are mast cells, the receptor is the c-kit 

receptor and the first group of cells is cultured in the presence of SLF.

105. The method of claim 96 wherein the first group of cells is transfected with said

15 receptor of the first group of cells.

106. A kit of pharmaceutical compositions when used to inhibit cell growth, comprising 

a Ca influx blocker and a factor which normally binds to a receptor of a mammalian 

cell so as to cause Ca2+ influx into the cell.

107. A method for inducing death of cells in a mammal in need thereof comprising

24*

20 administering to the mammal an effective amount of a Ca influx blocker together with 

a substance for stimulating the cells with accompanying Ca influx, substantially as 

herein described with reference to any one of the examples and/or any one of the

accompanying drawings, but excluding comparative examples therein.
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108. A pharmaceutical composition comprising a Ca2+ influx blocker and a factor which

2+normally binds to a receptor of cells to cause Ca influx, substantially as herein

described with reference to any one of the examples and/or any one of the accompanying

drawings, but excluding comparative examples therein.

ry I
5 109. A kit of pharmaceutical compositions comprising a Ca influx blocker and a

factor which normally binds to a receptor of cells to cause Ca2+ influx, substantially as 

herein described with reference to any one of the examples and/or any one of the

accompanying drawings, but excluding comparative examples therein.

2+110. The use of a pharmaceutical composition comprising a Ca influx blocker and a

10 factor which normally binds to a receptor of cells to cause Ca influx, substantially as 

herein described with reference to any one of the examples and/or any one of the 

accompanying drawings, but excluding comparative examples therein.

111. The use of the components of a kit of pharmaceutical compositions in inhibiting 

cell growth in a mammal wherein the components comprise a Ca influx blocker and a

15 substance for causing Ca influx, substantially as herein described with reference to any 

one of the examples and/or any one of the accompanying drawings, but excluding 

comparative examples therein.

112. The use of a Ca2+ influx blocker and a substance for causing Ca2+ influx into a cell

in the manufacture of a medicament for treating a proliferative or inflammatory disease,

20 substantially as herein described with reference to any one of the examples and/or any 

one of the accompanying drawings, but excluding comparative examples therein.

113. A method for diagnosing susceptibility of diseased mammalian cells to treatment

A i
with a Ca influx blocker, or a blocker and factor which further activates receptors of

T

.Ό Uj.
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the cells, substantially as herein described with reference to any one of the examples

and/or any one of the accompanying drawings, but excluding comparative examples

therein.

2+
114. A method for screening an agent as a Ca influx blocker, substantially as herein

5 described with reference to any one of the examples and/or any one of the accompanying

drawings, but excluding comparative examples therein.

DATED this 17th Day of January 2001

THE WELLESLEY HOSPITAL FOUNDATION

10
Attorney: DAVID A. ADAMTHWAITE

Fellow Institute of Patent and Trade Mark Attorneys of Australia 
of Baldwin Shelston Waters

<·

>· «
• · · ·

• · · ·

♦ · « ♦• · ·· • · ·

21158-OO.DOC



WO 97/25063 PCT/CA97/00019

1/14
i D

ea
th

 
%

 D
ea

th
 

%
 D

ea
th

FIG. 1



WO 97/25063 PCT/CA97/00019

FIG. 2

2/14

Ketotifen Np+ Econazoie
(80μΜ) (0.4 mM) (4 μΜ )

Ketotifen Ni2+ Econazole
(80μΜ) (0.4 mM) (4 μΜ )



WO 97/25063 PCT/CA97/00019

3/14

FIG. 3

SUBSTITUTE SHEET (RULE 26)



WO 97/25063 PCT/CA97/00019

4/14

FIG. 4

A

re
la

tiv
e 

ce
ll n

um
be

r

400 800

<G1 G1 G2/M

E

V» 1 1 < ......................

0

DNA Content



WO 97/25063 PCT/CA97/00019

FIG. 5

5/14

40

1 10 
[acid] μΜ

1000



WO 97/25063 PCT/CA97/00019

FIG. 6

6/14



WO 97/25063 PCT/CA97/00019

7/14

FIG. 7

bcl-2

B

plus IL-3 

no IL-3

IL-3 2.5μΜ
+ 5 μΜEconazole 10μΜ

SLF 2.5 μ Μ
+ 5μΜEconazole 10μΜ

25 μΜ YVAD
250 μ M YVAD

p I I I | I I I"| I I I | I I I | I I I |

0 20 40 60 80 100
% Death

SUBSTITUTE SHEET (RULE 26)



WO 97/25063 PCT/CA97/00019

FIG. 8

8/14
°A
> D

ea
th

[Econazole] μΜ



WO 97/25063 PCT/CA97/00019

9/14

FIG. 9(A)



WO 97/25063 PCT/CA97/00019

10/14

FIG. 9(B)



WO 97/25063 PCT/CA97/00019

11/14

FIG. 10



WO 97/25063 PCT/CA97/00019

12/14

c 
ω 
φ

Q.
Jg
W
O
O 

cc 
co
T“ 
M- 
σ

• Exp't 1

32D-kit only + SLF + ketotifen +SLF 
+ketotifen

FIG. 11(A)



WO 97/25063 PCT/CA97/00019

13/14

c 
ω 
0) 
ο.
22
22
o 
o

• 
Q.
Φ 
Q
COI

• Exp't!

10θΊ
■ Exp't 2

▲ Exp't 3 ▲

105-J Geom.
mean

104-j •
-«--------

1θ3Ί •
■ ■■I....

102-j ■a

101 -j

100-

◄
 ◄

◄

no 32D-kit 32D-kit 32D-kit 32D-kit 
32D-kit only + SLF + ketotifen +SLF 

+ketotifen

FIG. 11(B)



WO 97/25063 PCT/CA97/00019

14/14

• exp
.............Geom.

mean

"·

T

101 -*--------------------------------------------------—
32D-kit 32D-kit 32D-kit

only + SLF + ketotifen

FIG. 12

32D-kit
+SLF

+ketotifen


