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LEUKEMIA TREATMENT METHOD AND COMPOSITION

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S. provisional application serial No. 60/481,163 filed
July 31, 2003, entitled, “Leukemia Treatment Method and Composition”.

BACKGROUND OF THE INVENTION

This invention relates to the use of high anti-leukemia activity responsive to the combination
of hydroxamic acid analogue histone deacetylase inhibitors and PKC412 against human
acute leukemia characterized as expressing phosphorylated (p)-FLT3 kinase by a novel flow

cytometry based assay.

The majority of the patients with Acute Myeloid Leukemia (AML) are incurable with
current forms of chemotherapy. In approximately 25% of AML the leukemia cells express a
constitutively active form of auto-phosphorylated (p) FLT3 tyrosine kinase on the cell
surface. The activity of p-FLT3 confers growth and survival advantage on the leukemic
cells. Patients with acute leukemia, whose leukemia cells express p-FLT3 kinase activity,
have a poor overall clinical outcome. PKC412 is a novel staurosporine analogue that inhibits
p-FLT3 kinase activity and induces apoptosis (programmed cell death) of the leukemic cells.
Although treatment with PKC412 results in the inhibition of p-FLT3 kinase activity, it fails
to eradicate the leukemia cells and achieve durable clinical benefit. Therefore, it would be
desirable to potently down-modulate the levels and activity of pFLT3 in leukemia cells to
achieve maximum anti-leukemia effect. This effect would only be observed in those

leukemia patients whose leukemia cells possess p-FLT3 kinase activity.

Therefore, to improve the overall benefit of the treatment strategies based on PKC412, it is
important to identify those patients whose leukemia cells possess p-FLT3 kinase activity. So
far the assays that have been employed to identify these patients have been cumbersome and

slow, and difficult to implement in the clinical setting.

Accordingly, what is needed is a flow cytometry-based assay that would rapidly identify

patients with acute leukemia, whose blasts possess surface expression of active p-FLT3.
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SUMMARY OF INVENTION

One embodiment of the present invention comprises a method of treating cancer comprising
the steps of contacting a target cell with a therapeutically effective amount of a histone
deacetylase inhibitor and concomitantly contacting the target cell with a therapeutically
effective amount of a tyrosine kinase inhibitor. In this embodiment, the type of cancer being
treated is acute myeloid leukemia wherein the target cells express the constitutively active
mutant or wild type autophosphorylate (p) FLT-3 tyrosine kinase. The histone deacetylase
inhibitor is a cinnamyl hydroxamate analogue, such as LAQ824. The tyrosine kinase being
inhibited is FLT-3 tyrosine kinase, and as such the tyrosine kinase inhibitor is a

staurosporine analogue (such as PKC412 (4-benzyl staurosporine)).

Another embodiment of the invention discloses a method for determining the presence of
FLT-3 expression in cells comprising the steps of: (a) incubating the cells for a first time in a
saline solution, such as phosphate buffer saline, containing a blocking buffer (such as about
3% fetal bovine serum); (b) incubating the cells a second time in the presence of a first
antibody (chosen from the group consisting of anti-FLT-3 antibody and concentration-
matched isotype control antibody) diluted in the blocking buffer; (c) incubating the cells a
third time in the presence of a second antibody, such as FITC-conjugated secondary
antibody; (d) resuspending the cells in a saline solution; and (e) measuring the fluorescence

of the cells.

In yet another embodiment, an assay is provided for determining the expression of
autophosphorylated FLT-3 in cells comprising the steps of: (a) fixing the cells in about 1%
formaldehyde solution; (b) incubating the cells a first time; (c) permeabilizing the cells by
suspending the cells in about 90 per cent methanol; (d) washing the cells in a Phosphate
Buffered Saline (PBS (1x)) containing about 0.5% BSA; (e) incubating the cells a second
time in the blocking buffer; (f) adding a first antibody, chosen from the group consisting of
monoclonal antibody to autophosphorylated FLT-3 and isotype control antibody, to cells; (g)
incubating the cells a third time; (h) washing the cells in a blocking buffer; (i) adding a
second antibody, such as the FITC-conjugated secondary antibody, to the cells; and (j)

incubating the cells a fourth time.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the nature and objects of the invention, reference should be
made to the following detailed description, taken in connection with the accompanying

drawings, in which:

Fig. 1 shows a graph (1A), chart 1(B) and immunoblot (1C) demonstrating the effect of
LAQ824 on cell cycle status and apoptosis of MV4-11 cells.

Fig. 2 is a graph (2A) and a chart (2B) indicating LAQ824 induces apoptosis of MV$-11

cells.

Fig. 3 are immunoblots showing treatment with LAQ824 increases p21, attenuates FLT-3, P-
AXT, and P-ERK as well as inducing apoptosis of MV4-11 cells.

Fig. 4 is a series of graphs showing the effect of LAQ824 on the cell surface expression of
FLT-3 kinase in MV4-11 cells.

Fig. 5 is a series of graphs showing that LAQ824 attenuates cell surface p-FLY-3 expression
in MV4-11 cells.

Fig. 6 is a graph (6A) and immunoblot (6B) showing that co-treatment with PKC-412
enhances LAQ824 mediated attenuation of FLT-3 kinase and induction of apoptosis of
MV4-11 cells.

Fig. 7 is a flowchart illustrating the inventive method of treating AML.

Fig. 8 is a flowchart illustrating the inventive assay for detecting the expression of FLT-3 on

the surface of target cells.

Fig. 9 is a flowchart illustrating the inventive assay for detecting the expression of

autophosphorylated (p) FLT-3 on the surface of target cells.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

In the following detailed description of the preferred embodiments, reference is made to the
accompanying drawings, which form a part hereof, and within which are shown by way of

illustration specific embodiments by which the invention may be practiced. It is to be
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understood that other embodiments may be utilized and structural changes may be made

without departing from the scope of the invention.

A combination of histone deacetylase inhibitor LAQ824 and the FLT-3 kinase inhibitor
PKC412 is highly active against human AML cells with constitutively active mutant FLT-3

tyrosine kinase.

Referring now to Figs. 1 through 6, the present invention discloses that cell cycle effects and
apoptosis is induced by the histone deacetylase inhibitor LAQ824 (a cinnamyl hydroxamate)
FLT-3 kinase inhibitor PKC412 (4-benzyl staurosporine) against human AML cells that
either express the constitutively active mutant or wild type FLT-3 tyrosine kinase. A newly
developed flow cytometry (FCM) assay, utilizing anti-FLT-3 or phospho (p)-FLT-3
antibody, was used to demonstrate that while MV4-11 (MV) cells express both FLT-3 and p-
FLT-3, RS4-11 (RS) cells only express FLT-3 on their cell surface. Exposure to 20 to 200
nM PKC412 induced cell cycle G1 phase accumulation and, in a dose-dependent manner,
significantly more apoptosis of MV than RS cells. This was associated with marked
attenuation of p-FLT-3, p-AKT and p-ERK1/2 but not of FLT-3, AKT or ERK1/2 levels, as
determined by Western analyses. PKC412 also inhibited the surface expression of p-FLT-3
but not of FLT-3 (determined by FCM) on MV cells. As with other AML cell types,
treatment with LAQS824 (10 to 100 nM) induced the acetylation of histone H3 and H4, as
well as increased p21 levels. In contrast to PKC412, LAQS824 treatment attenuated both
FLT-3 and p-FLT-3 levels in a dose-dependent manner in MV and RS cells, as determined
both by Western and FCM analyses. Exposure to LAQ824 (20 to 100 nM) also down
regulated the levels of p-FLT-3, p-AKT and p-ERK1/2. Recently, the inventors have
demonstrated that treatment with LAQ824 induces acetylation of Hsp-90 and inhibition of
its ATP binding and chaperone activities. This results in polyubiquitination and proteasomal
degradation of the client proteins of Hsp-90, including FLT-3, BerAbl, AKT and c-Raf.
Significantly, co-treatment with LAQ824 and PKC412 induced more apoptosis of MV and
RS cells, as compared to treatment with either agent alone. This was associated with more
attenuation of p-FLT-3, pAKT and p-ERK1/2 in MV cells. In three samples of primary
leukemia blasts with high p-FLT-3 expression from patients with AML in relapse, the
combined treatment with LAQ824 and PKC412 again induced more apoptosis and
attenuation of p-FLT-3 levels than either agent alone. In conclusion, these studies clearly
demonstrate for the first time that a) the combination of LAQ824 and PKC412 may be
highly effective in attenuating p-FLT-3, p-AKT and pERKI/2 and in inducing apoptosis of
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human AML cells with the constitutively active FLT-3 tyrosine kinase, and b) an FCM-
based assay may be useful in distinguishing AML with constitutively higher cell surface
expression of p-FLT-3 and FLT-3, as well as in assessing the response to inhibitors of p-

FLT-3 kinase in AML cells.

Accordingly, the inventive method is illustrated in Fig. 9. A cell sample 10 is taken and
assayed to determine the presence of FLT-3 on the surface of the cells 20. If the cells do not
express FLT-3 30, then conventional treatment is administered to the patient. If the cell
sample 10 is positive for the expression of FLT-3 40, target cells 15 are concomitantly
treated with a histone deacetylase inhibitor 50 and a tyrosine kinase inhibitor 60 as discussed
supra. After treatment cell samples are taken from the patient to determine the effectiveness

of the treatment.

The pharmaceutical compositions of the subject invention can be formulated according to
known methods for preparing pharmaceutically useful compositions. Furthermore, as used
herein, the phrase “pharmaceutically acceptable carrier” means any of the standard
pharmaceutically acceptable carriers. The pharmaceutically acceptable carrier can include
diluents, adjuvants, and vehicles, as well as implant carriers, and inert, non-toxic solid or
liquid fillers, diluents, or encapsulating material that does not react with the active
ingredients of the invention. Examples include, but are not limited to, phosphate buffered
saline, physiological saline, water, and emulsions, such as oil/water emulsions. The carrier
can be a solvent or dispersing medium containing, for example, ethanol, polyol (for
example, glycerol, propylene glycol, liquid polyethylene glycol, and the like), suitable
mixtures thereof, and vegetable oils. Formulations are described in a number of sources that
are well known and readily available to those skilled in the art. For example, Remington’s
Pharmaceutical Sciences (Martin EW [1995] Easton Penmnsylvania, Mack Publishing
Company, 19™ ed.) describes formulations which can be used in connection with the subject
invention. Formulations suitable for parenteral administration include, for example, aqueous
sterile injection solutions, which may contain antioxidants, buffers, bacteriostats, and solutes
which render the formulation isotonic with the blood of the intended recipient; and aqueous
and nonaqueous sterile suspensions which may include suspending agents and thickening
agents. The formulations may be presented in unit-dose or multi-dose containers, for
example sealed ampoules and vials, and may be stored in a freeze dried (lyophilized)
condition requiring only the condition of the sterile liquid carrier, for example, water for

injections, prior to use. Extemporaneous injection solutions and suspensions may be
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prepared from sterile powder, granules, tablets, efc. It should be understood that in addition
to the ingredients particularly mentioned above, the formulations of the subject invention
can include other agents conventional in the art having regard to the type of formulation in
question. The pharmaceutical composition can be adapted for various forms of
administration. Administration can be continuous or at distinct intervals as can be

determined by a person skilled in the art.

The administration of the histone deacetylase inhibitor, tyrosine kinase inhibitor, or any
combination thereof is administered and dosed in accordance with good medical practice,
taking into account the clinical condition of the individual patient, the site and method of
administration, scheduling of administration, patient age, sex, body weight, and other factors

known to medical practitioners.

The pharmaceutically “effective amount” for purposes herein is thus determined by such

considerations as are known in the art.

A therapeutically effective amount of the histone deacetylase inhibitor, tyrosine kinase
inhibitor, or any combination thereof is that amount necessary to provide a therapeutically
effective amount of the compound in vivo. The amount of the histone deacetylase inhibitor,
tyrosine kinase inhibitor, or any combination thereof must be effective to achieve a response,
including but not limited to total prevention of (e.g., protection against), improved survival
rate or more rapid recovery, or improvement or elimination of symptoms associated
with leukemia or other indicators as are selected as appropriate measures by those skilled in
the art. In accordance with the present invention, a suitable single dose size is a dose that is
capable of preventing or alleviating (reducing or eliminating) a symptom in a patient vhvhen
administered one or more times over a suitable time period. One of skill in the art can
readily determine appropriate single dose sizes for systemic administration based on the size

of a mammal and the route of administration.

Administering or Contacting — as used herein refers to the process of delivering to a cell, ex
vivo, or a host, in vivo, a therapeutic substance, or a combination of several therapeutic
substances. The process can include any method known in the art and is dependent on the
type of substance or substances administered. Possible methods include, but are not limited
to, parenteral (i.e. subcutaneously, intravenously, intramuscularly, intra-arterially, and direct

injection into a tissue or organ), mucosal (i.e. intranasally), pulmonary (i.e. via inhalation),
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topical, via catheter (i.e. iontopheretically) or orally. Administration is usually achieved via

a pharmaceutically acceptable carrier.

Simultaneous measurement of surface FLT-3 kinase and Phospho (P Y591) FLT-3 kinase in

Acute Leukemic cells using a flow cytometric assay.

Leukemic cells are harvested by spinning at 1000 rpm at 4 deg for 5 minutes. The cells are
washed twice with cold PBS (I X). Equal numbers of cells are utilized for FLT-3 and p-FLT-

3 analyses.
Example 1

In the assay to detect surface FLT-3 expression, shown in Fig.2, the cells 10 are incubated
on ice for thirty minutes 20 in PBS (1 X) 30 containing 3% FBS (blocking buffer) 40.
Subsequently, the cells are washed twice with cold PBS (1 X). Cells are then incubated with
either 0.2 Tg of anti-FLT-3 antibody 50 (sc-19635, Santa Cruz Biotechnology, CA) or
concentration-matched isotype, control antibody (IgG1, Caltag, Burlingame, CA) 60 diluted
in the blocking buffer and kept on ice for one hour 70. Cells are then washed twice in PBS
(1 X) and incubated in FITC-conjugated secondary antibody (Molecular Probes, Eugene,
OR) 80 for additional thirty minutes on ice 90. The cells are then rinsed twice with PBS (1
X) and re suspended in 400 TL PBS (1 X) 100. The fluorescence is measured by FACScan
Cytometer (San Jose, CA).

Example 2

To determine the p-FLT-3 expression, leukemia cells are fixed and permeabilized. Referring
now to the flowchart in Fig. 3, cells 10 are fixed in 1% formaldehyde 20 at 37 degrees for
ten minutes 30, followed by incubation on ice for ten minutes. Cells are then spun down and -
permeabilized by resuspending them in ice cold 90% methanol 40 for thirty minutes.
Following this, cells are washed twice in the blocking buffer (PBS (1 X) containing 0.5%
BSA) 50 and then incubated in the blocking buffer for an additional ten minutes at room
temperature (RT) 60. Next, to the cells, either 0.4 Tg of monoclonal antibody to p- FLT-3
(Cell Signaling, Beverley, MA) 70 or isotype control antibody (1gG2b, Caltag, Burlingame,
CA) 80 is added and cells are then incubated at RT for thirty minutes 90. Cells are then
rinsed twice in the blocking buffer, followed by incubation with the FITC-conjugated
secondary antibody (Molecular Probes, Eugene, OR) 100. After thirty minutes of incubation
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110, cells are washed twice with PBS (7 X) and resuspended in 400 TT of PBS (1 X) 120 and
analyzed by FACScan 130.

It will be seen that the objects set forth above, and those made apparent from the foregoing
description, are efficiently attained and since certain changes may be made in the above
construction without departing from the scope of the invention, it is intended that all matters
contained in the foregoing description or shown in the accompanying drawings shall be

interpreted as illustrative and not in a limiting sense.

It is also to be understood that the following claims are intended to cover all of the generic
and specific features of the invention herein described, and all statements of the scope of the
invention which, as a matter of language, might be the to fall therebetween. Now that the

invention has been described,
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What is claimed is

A method of treating cancer comprising the steps of:

contacting a target cell with a therapeutically effective amount of a histone

deacetylase inhibitor; and

concomitantly contacting the target cell with a therapeutically effective

amount of a tyrosine kinase inhibitor.

2.

10.

The method of claim 1 wherein the cancer is acute myeloid leukemia.

The method of claim 1 wherein the target cell expresses the constitutively active
mutant type autophosphorylate (p) FLT-3 tyrosine kinase.

The method of claim 1 wherein the target cell expresses the constitutively active wild
type autophosphorylated (p) FLT-3 tyrosine kinase.

The method of claim 1 wherein the histone deacetylase inhibitor is a cinnamyl
hydroxamate analogue.

The method of claim 5 wherein the cinnamy! hydroxamate analog is LAQ824

The method of claim 1 wherein the tyrosine kinase being inhibited is FLT-3 tyrosine
kinase.

The method of claim1 wherein the tyrosine kinase inhibitor is a staurosporine

analogue

The method of claim 8 wherein the staurosporine analogue is PKC412 (4-benzyl
staurosporine).

A method of treating cancer comprising the steps of:

contacting a target cell with a therapeutically effective amount of a cinnamyl

hydroxamate analogue; and

concomitantly contacting the target cell with a therapeutically effective

amount of a staurosporine analogue

11.

12.

The method of claim 10 wherein the target cell expressing the constitutively active
mutant type autophosphorylate (p) FLT-3 tyrosine kinase.

The method of claim 10 wherein the target cell expresses the constitutively active
wild type autophosphorylated (p) FLT-3 tyrosine kinase.
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13. The method of claim 12 wherein the cinnamyl hydroxamate analog is LAQ824
14. The method of claim 13 wherein the staurosporine analogue is PKC412 (4-benzyl
staurosporine).
15. A method for determining the presence of FLT-3 expression in cells comprising the
steps of:

incubating the cells for a first time in a saline solution containing a blocking buffer;
incubating the cells a second time in the presence of a first antibody;

incubating the cells a third time in the presence of a second antibody;
resuspending the cells in a saline solution; and

measuring the fluorescence of the cells.

16. The method of claim 15 wherein the saline solution is phosphate buffer saline (1 x).

17. The method of claim 15 wherein the blocking buffer is fetal bovine serum.

18. The method of claim 17 wherein the concentration of the blocking buffer is about 3
per cent.

19. The method of claim 15 wherein the first antibody is chosen from the group

consisting of anti-FLT-3 antibody and concentration-matched isotype control
antibody.

20. The method of claim 19 wherein the first antibody is diluted in the blocking buffer.

21. The method of claim 15 wherein the second antibody is FITC-conjugated secondary
antibody.

22. A method for determining the presence of FLT-3 expression in cells comprising the
steps of:

incubating the cells for a first time in phosphate buffer saline (1 x) containing about
3% fetal bovine serum;

incubating the cells a second time in the presence of a first antibody chosen from the
group consisting of anti-FLT-3 antibody and concentration-matched isotype control
antibody;

incubating the cells a third time in the presence of the FITC-conjugated secondary
antibody;
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23.

24.

25.

26.

27.

28.

20.

11

resuspending the cells in a saline solution; and
measuring the fluorescence of the cells.

A method of determining the expression of autophosphorylated FLT-3 in cells

comprising the steps of:

fixing the cells in a formaldehyde solution;
incubating the cells a first time;
permeabilizing the cells;

washing the cells in a blocking buffer;
incubating the cells a second time in the blocking buffer;
adding a first antibody to cells;

incubating the cells a third time;

washing the cells in a blocking buffer;
adding a second antibody to the cells;
incubating the cells a fourth time.

The method of claim 23 wherein the concentration of the formaldehyde solution is 1

per cent.

The method of claim 23 wherein the cells are permeabilized by suspending the cells

in 90 per cent methanol.

The method of claim 23 wherein the blocking buffer is Phosphate Buffered Saline
(PBS (1x)) containing 0.5% BSA.

The method of claim 23 wherein the first antibody is chosen from the group
consisting of monoclonal antibody to autophosphorylated FLT-3 and isotype control
antibody.

The method of claim 23 wherein the second antibody is FITC-conjugated secondary
antibody.

A method of determining the expression of autophosphorylated FLT-3 in cells
comprising the steps of:

fixing the cells in about 1% formaldehyde solution;
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incubating the cells a first time;
permeabilizing the cells by suspending the cells in about 90 per cent methanol;

washing the cells in Phosphate Buffered Saline (PBS (1x)) containing about0.5%
BSA;

incubating the cells a second time in the blocking buffer;

adding a first antibody, chosen from the group consisting of monoclonal antibody to
autophosphorylated FLT-3 and isotype control antibody to cells;

incubating the cells a third time;
washing the cells in a blocking buffer;
adding the FITC-conjugated secondary antibody to the cells;

incubating the cells a fourth time.
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