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THERAPEUTIC AGENTS FOR THE TREATMENT OF
LYMPHOID MALIGNANCIES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application This application claims priority to, and any other benefit of, US
Provisional Patent Application No. 60/803,845 filed June 2, 2006, the entirety of which is

incorporated herein, by reference.
BACKGROUND

[0002] Despite the progress that has been made in the treatment of lymphoid malignancies,
such as acute lymphoblastic leukemia (ALL) and chronic lymphocytic leukemia (CLL), the
majority of patients with each of these diseases eventually develop resistance and ultimately die
from their leukemia. In ALL and CLL, mechanisms of resistance have been shown to involve
alternation in Bcl-2 family member expression that prevents apoptosis and aberrant signaling
through the PKC, PI3 kinase/AKT, and ERK pathways in part mediated through stromal cell
interactions. New therapies that act through novel mechanisms of action that either act
independent of Bcl-2 family member expression and/or antagonize aberrant signal transduction
pathways are therefore needed for both CLL and ALL. Normal lymphocytes utilize
serine/threonine phosphatases such as PP1, PP2A, and PP2B to both inactivate signal
transduction pathways and antagonize the action of Bcl-2 family members including Bel-2 and
Bad. In B-cell lymphoproliferative disorders, these same phosphatases are often silenced, a
process that may contribute further to the drug resistance observed in these diseases.
Therapeutic agents that activate serinine/threonine phosphatases such as PP2A have not been
tested in the clinic for CLL and ALL.

[0003] FTY720 (2-Amino-2-[2-(4-octylphenyl) ethyl] propane 1, 3-diol hydrochloride) is a
synthetic compound produced by modification of a natural immunosuppressant, ISP-1. FTY720
was noted to interfere in T-cell trafficking and in pre-clinical studies was demonstrated to
prolong survival of transplanted allograft organs without noticeable toxicity to the host. Early
phase I/II clinical studies of FTY720 to treat and prevent organ rejection demonstrated promise.
As a consequence, FTY720 is currently in Phase III clinical trials as immunosuppressant for

renal transplant rejection. FTY720 elicits a lymphopenia resulting from a reversible
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redistribution of lymphocytes from circulation to secondary lymphoid tissues. FTY720 is
phosphorylated by sphingosine kinase and the phosphorylated compound is a potent agonist at
four sphingosine 1-phosphate receptors which modulate chemotactic responses and lymphocyte
trafficking. FTY720 has been shown to bind to the sphingosine-1-phosphate (S1P) receptor,
resulting in decreased number of circulating mature lymphocytes by acceleration of lymphocyte
homing. Previous studies have also suggested that FTY720 might also promote activation of the

serine/threonine phosphatase PP2A.
BRIEF DESCRIPTION OF FIGURES
[0004] Fig 1: Schematic diagram of the FTY720.

[0005] Fig 2: FTY720 mediated cytotoxicity in MEC, Ramos, Raji and 697 B cell lines
- Dose and time kinetic analysis. MEC (panel a), Ramos (panel b), Raji (Panel c) or 697
(Panel d) cells (1 x 105cells/ml) were incubated in the presence of indicated concentrations of
FTY720 or DMSO vehicle for 24 hours (filled bar) or 48 hours (Hatched bar). The cells were
stained with Annexin-V-FITC and propidium iodide as described in the section on “Materials
and methods”. The cells were analyzed by flow cytometry and data collected under list mode.
The data shown represent % Annexin-V/PI” viable cells + SD that are normalized to media

control. (n=3; *p<0.001) when compared to media control).

[0006] Fig 3: FTY720 mediated cytotoxicity in CD19+ B cells from CLL patients -
Dose and time kinetic analysis. Purified CD19"B-lymphocytes from CLL patients (1x10° /ml
media) were incubated with indicated concentrations of FTY720 or DMSO vehicle for 24 hours
(left panel) or 48 hours (right panel). The cells were stained with Annexin-V-FITC and
propidium iodide as described in the section on “Materials and methods”. The cells were
analyzed by flow cytometry and data collected under list mode. The data shown represent %
Annexin-V7/PT" viable cells + SD that are normalized to media control (n=15) *p<0.001 when

compared to untreated vehicle control)

[0007] Fig 4. FTY720 induced cytotoxicity in CLL cells is independent of caspase
activation. Panel 4a: Purified B-lymphocytes from CLL patients (1x10° /ml media) were
incubated with 10uM FTY720 in the presence or absence of z-VAD-fink (150uM) for 24 hours.
The cells were stained with Annexin-V-FITC and propidium iodide as described in the section
on “Materials and methods”. The cells were analyzed by flow cytometry and data collected
under list mode. The data shown represent % Amnexin-V/PI™ viable cells + SD that are

normalized to media control. (n=3;*p=0.001 when compared to FARA treated group; **p=0,998
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when compared to FTY720 treated group). Panel 4b: Purified B-lymphocytes from CLL
patients (1x10° /ml media) were incubated with DMSO (None) or 10uM FTY720 for 24 and 48
hrs. Western blot analysis of the lysates from each of the conditions were assessed for cleaved
and uncleaved PARP, Caspase 3, caspase 8 and caspase 9 as described in the section on
“Materials and methods”. The bold arrow indicates the uncleaved form of each of the proteins
and the broken arrows indicate cleaved products. Untreated and UV treated J urkat cell lysates

were used as positive controls.

[0008] Fig 5. FTY720 induced cytotoxicity in B cells is Bel-2 independent. 697-neo
empty vector (hatched bar) or 697-bcl-2 (Filled bar) transfected 697 cells (1 x 10°cells/ml) were
incubated in the presence of indicated concentrations of FT'Y720 or DMSO vehicle for 24 hours.
The cells were stained with Annexin-V-FITC and propidium iodide as described in the section
on “Materials and methods”. The cells were analyzed by flow cytometry and data collected
under list mode. The data shown represent % Annexin-V/PI" viable cells + SD that are

normalized to media control.

[0009] Fig 6. FTY720 induced cytotoxicity in CLL cells is dependent on activation of
PP2A. Panel a: FTY720 induced PP2A activity in CD19+ B cells from CLL patients: Purified
B-lymphocytes from CLL patients (1x10° /ml media) were incubated with DMSO or 10uM
FTY720 for 0, 1, 2, 3, or 15 hours. The PP2A activity in the cell lysates were measured as
described in the section on “Materials and methods”. The left panel shows the time kinetics of a
representative experiment. The right panel shows summary of PP2A activity at 4 hours in §
independent samples in response to DMSO, 10uM FTY720 or 1,9, dideoxy forskolin. Panel b:
FTY720 induced PP24 activity in CD.19+ B cells is inhibited by Okadaic acid. Purified B-
lymphocytes from CLL patients (1x10® /ml media) were pretreated with media or okadaic acid
(5 nM) for 2 hours followed by incubation with DMSO or 10 pM FTY72 for indicated time
periods. The PP2A activity in the cell lysates were measured as described in the section on
“Materials and methods™. (n=4. *p<0.001 when compared to FTY720 treated group). Panel c:
FTY720 induced cellular cytotoxicity is partially rescued by okadaic acid. Purified B-
lymphocytes from CLL patients (1x10° /ml media) were pretreated with media or okadaic acid
(5 nM) for 2 hours followed by incubation with DMSO or 10uM FTY720. The cells were
stained with Annexin-V-FITC and propidium iodide as described in the section on “Materials
and methods”. The cells were analyzed by flow cytometry and data collected under list mode.
The data shown represent % Annexin-V7/PI viable cells + SD that are normalized to media
control. (n=4; *p=0.06 when compared to FTY720 treated group).
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[0010] Fig 7. FTY720 induced cytotoxicity in Ramos B cell line is dependent on
activation of PP2A. Panel a: FTY720 induced PP2A activity in Ramos B cell line. Ramos B
cells (1x10° /ml media) were incubated with DMSO, 10 uM FTY720 or 10 uM 1,9 dideoxy
forskolin for 4 hours. The PP2A activity in the cell lysates were measured as described in the
section on “Materials and methods™. The result shown is a representative of 2 independent
experiments. Panel b: FIY720 induced PP2A activity in Ramos B cell line is inhibited by
Okadaic acid. Ramos B cells (1x10° /ml media) were pretreated with media or indicated
concentrations of okadaic acid for 2 hours followed by incubation with DMSO or 10 uM FTY72
for 4 hours. The PP2A activity in the cell lysates were measured as described in the section on
“Materials and methods™. The results shown is a representative of 2-3 independent experiments.
Panel c: FTY720 induced cellular cytotoxicity is partially rescued by okadaic acid in Ramos B
cells. Ramos B cells (1x10° /ml media) were pretreated with media or indicated concentrations
of okadaic acid (5 nM) for 2 hours followed by incubation with DMSO or 10 uM FTY720. The
cells were stained with Annexin-V-FITC and propidium iodide as described in the section on
“Materials and methods”. The cells were analyzed by flow cytometry and data collected under
list mode. The data shown represent % Annexin-V/PI viable cells + SD that are normalized to

media control. The results shown is the mean + SD of 5 independent experiments.

[0011] Fig 8. In-vivo therapeutic evaluation of FTY720 in a SCIﬁ xenograft mouse
model of disseminated lymphoma/leukemia. Twenty six female 6-8 week-old C.B.-17 SCID
were injected with 2x10° Raji cells intravenously (i.v) by tail vein in 200ul sterile PBS. Seventy
four hours post inoculation, the animals were divided into 4 equal treatment groups. The first 3
groups served as control and received vehicle, trastuzumab or rituximab injection and the 4th
group consisted of animals treated with FTY720 (Smg/kg) every day for 2 weeks i1.p. All the
animals were monitored daily for signs of illness and sacrificed immediately if hind limb
"paralysis, respiratory distress or 30% body weight loss was noted. The end-point of the study
was survival defined as the time for the development of hind limb paralysis. The median
survival time for FTY720 treated mice was 47 days (95 %CI 39-53). This is significantly
prolonged compared with placebo controls (18 days, 95% CI 17-19; FTY720 v.s. placebo
P<0.0001).

[0012] Fig. 9: FTY720 inhibits proliferation of several acute myeloid leukemia (AML)
cell lines. Cell cultures were exposed for 48 hours to vehicle control and increasing
concentrations of FTY720, and subsequently subjected to MTS assay per manufacturer's
instructions. Mean concentrations (Fig 9A) at which proliferation was inhibited by 50% (IC50)

and representative dose curves (Fig 9B) are shown.
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[0013] Figure 10: FTY720 induces apoptosis in AML cell lines. Cell cultures were
exposed to vehicle control and increasing doses of FTY720 for 48 hours. Cells were then
stained with Annexin V (AnnV) and propidium iodide (PI), and analyzed using routine flow
cytometry. Percentage of viable cells (AnnV- PI-), cells undergoing apoptosis (AnnV+ PI-), and
necrotic cells (AnnV+ PI+) are represented for each cell line studied in Fig 10A. Representative
plots for the MV411 cell line are shown in Fig 10B.

[0014] Figure 11: FTIY720 does not cause cell cycle arrest in AML cell lines. Cell
suspensions were treated with vehicle cbntrol, 1uM, and 10uM FTY720 for 48 hours. After
fixation in ethanol, samples were stained with propidium iodide, and assessed for DNA content.
Percentage of cells in subG1, Gl1, S, and G2-M for each cell line are depicted (Figl1A) with
representative plots below for MV411 (Figl1B). Although cell cycle arrest is not seen,

induction of apoptosis is noted by the increased fraction of sub G1 with FTY720 treatment.

[0015] Figure 12: FTY720 D2 derivative shows similar cytotoxicity to parent
compound. Using MTS assay, inhibition of cell proliferation for various derivatives was
examined. While D1 appears to be slightly less effective, AML cell lines show similar

sensitivity to D2, a less immunosuppressive derivative.

{0016] Figure 13: FI'Y720 induced apoptosis in Mantle cell lymphoma cells through
caspase activation dependent mechanism. Panel a: FTY 720 induced apoptosis in MCL cells:
Primary MCL cells (2 x 106/ml), Jeko and Mino cells (5 x 105) were treated with 0,
1.25,5,7.5,10 and 15pM FTY720 for 24hrs. Cells were collected and stained with Annexin-V-
FITC and Propidium Iodide. The cells were analyzed by flow cytometry. The live cells were
identified by excluding FITC and PI staining. The Annexin V-/PI- cells normalized to vehicle
controls are represented as % live cells. Panel b: FTY720 induced apoptosis is dependent on
caspase activation. Mino cells (5 x 105/ml) were treated with 15 pM FTY720 in the presence or
absence of 150uM z-Vad-fink for 24hrs. Left panel represents percentage of Annexin-V-/PI-
viable cells + SD normalized to media control. Right panel shows western blot analysis of
lysates at 4hrs and 24hrs post treatment with anti-PARP antibody. Lysates from UV treated

cells were used as positive control for processed PARP.

[0017] Figure 14: Mechanisms of FTY720 induced cell death in Primary MCL cells
and MCL cell lines. 14a: FTY720 induced down modulation of Cyclin D1 in primary MCL
cells. Primary MCL cells (2 x 106/ml) were treated with 15 uM FTY720. Cell lysates were
collected at 8 and 24 hrs post treatment and subjected to Western blotting using indicated
antibodies. 14b: FTY720 induced down-modulation of phospho Akt and Akt prtotein levels in

5
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MCL cells. Mino cells (5 x 105/ml) were treated with 15uM FTY720. Cell lysates were
collected at 8 and 24hrs post treatment and subjected to Western blotting using indicated
antibodies. 14c: FTY720 induced decrease in cyclin D1 in Mino cell line. Mino cells (2 x
106/ml) were treated with 15uM FTY720. Cell lysates were collected at 12, 24 and 48hrs post
treatment and subjected to Western Blotting using anti-Cyclin D1 antibody. The actin control
shows comparable loading in each of the lanes. 14d: FT'Y720 induced cell cycle arrest in MCL
cells. Mino cells (5§ x 105/ml) were treated with vehicle DMSO, 7.5uM or 10pM FTY720 for
12, 24hrs. Cells were collected and fixed with ethanol and subsequently stained with propidium
iodide. Cell cycle was analysed by flow cytometry. Results shown are representative of 3
independent experiments. 14e: FTY720 induced ERK1/2 phosphorylation in Mino cell line.
Mino cells (5 x 105/ml) were treated with 12pM FTY720 for indicated time periods and cell
lysates were collected at 8 and 24hrs post treatment and subjected to Western Blotting using

indicated antibodies.
DESCRIPTION

[0018] The present invention provides a novel method and composition for treating
lymphoid malignancies, including, but not limited to, acute lymphoblastic leukemia (ALL),
chronic lymphocytic leukemia (CLL), B-cell lymphoma, acute myeloid leukemia (AML), and
mantle cell lymphoma (MCL). In some embodiments the patients are refractory to other
treatments.

[0019] All publications, patent applications, patents, internet web pages and other
references mentioned herein are expressly incorporated by reference in their entirety. When the
definitions of terms in incorporated references appear to differ from the definitions provided in

the present teachings, the definitions provided in the present teachings shall control.

[0020] Unless otherwise indicated, all numbers expressing quantities of ingredients,
reaction conditions, and so forth used in the specification and claims are to be understood as
being modified in all instances by the term “about.” Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the following specification and attached claims
are approximations that may vary depending upon the desired properties sought to be obtained
by the present invention. At the very least, and not as an attempt to limit the application of the
doctrine of €quivalents to the scope of the claims, each numerical parameter should be construed

in light of the number of significant digits and ordinary rounding approaches.
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[0021] Notwithstanding that the numerical ranges and parameters setting forth the broad
scope of the invention are approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. Any numerical value, however, inherently
contains certain errors necessarily resulting from the standard deviation found in their respective
teéting measurements. Every numerical range given throughout this specification will include
every narrower numerical range that falls within such broader numerical range, as if such

narrower numerical ranges were all expressly written herein.

[0022] The term “refractory” represents previously treated patients which were either non

responsive to treatment with the agent or had a response to treatment and then relapsed.

[0023] The term “treatment” as used herein includes partial or total destruction of the

lymphoid malignancies with minimal destructive effects on normal cells.

[0024] The term “prevention™ includes either preventing the onset of a clinically evident
lymphoid 'malignancy altogether or preventing the onset of a preclinically evident stage of
lymphoid malignancy in individuals at risk. Also intended to be encompassed by this definition
is the prevention of metastasis of malignant cells or to arrest or reverse the progression of
malignant cells. This includes prophylactic treatment of those at risk of developing precancers

and cancers.

[0025] The terms “therapeutically effective” and “pharmacologically effective” are
intended to qualify the amount of each agent which will achieve the goal of improvement in
disease severity and the frequency of incidence, while avoiding adverse side effects typically

associated with alternative therapies.

[0026] The term *subject” for purposes of treatment includes any human or animal subject
who has a disorder characterized by lymphoid malignancies or is at risk of developing such a
disorder. Such disorders include, but are not limited to acute lymphoblastic leukemia (ALL),
chronic lymphocytic leukemia (CLL), B-cell lymphoma, Acute Myeloid leukemia (AML), and
mantle cell lymphoma (LCM). For methods described herein, the subject is any human or
animal subject, and in some embodiments, the subject is a human subject who has developed or
is at risk of developing a lymphoid malignancy. The subject may be at risk due to exposure to
carcinogenic agents, being genetically predisposed lymphoid malignancies, and so on. Besides
being useful for human treatment, the compounds of the present invention are also useful for
veterinary treatment of mammals, including companion animals and farm animals, such as, but

not limited to dogs, cats, horses, cows, sheep, and pigs.
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[0027] The methods described herein may trigger cell death by a number of different
mechanisms, however, an aspect of these methods is that they are able to induce apoptosis in
lymphoid malignancies. The term “apoptosis™ refers to the process of programmed cell death.
In every person hundreds of thousands of old or damaged cells die each day by the process of
apoptosis and are replaced in the ebb and flow of maintaining a constant number of living cells
in the body. Old and damaged cells die in response to a signal triggered on the cell surface for
the targeted cell to self destruct. Apoptosis is distinguished from other mechanisms of cell
death, such as necrosis, which results in inflammation including swelling, redness, pain and
tenderness. Apoptosis does not stimulate such reactions. In apoptosis, the cells shrivel up,
break into pieces and the contents are quietly removed by methods that do not induce
inflammation. For these reasons, it is highly desirable to induce apoptosis, rather than necrosis,
in rapidly proliferating cells, such as cancer cells. However, mutations in some cancer cells
confer resistance of these cells to apoptosis. The methods described herein have been found to
induce apoptosis even in lymphoid malignancies which, because of mutations, are otherwise
resistant to apoptosis. Apoptosis can be distinguished from other tréatrnent mechanisms by

methods such as microscopy, which are known in the art.

[0028] The terms “proliferative cells,” “proliferating cells,” “rapidly proliferating cells,”
“undesirable proliferating cells,” “undesirable rapidly proliferating cells,” “unwanted rapidly
proliferating cells,” and the like, refer to cancer cells, precancer cells, and other abnormal,

rapidly dividing cells in a subject.

[0029] Derivatives are intended to encompass any compounds which are structt.lrally related
to the compounds of formula I which possess the substantially equivalent activity, as measured
by the derivative’s ability to induce apoptosis in lymphoid malignancies without substantial
COX-2 inhibition. By way of exampfe, such compounds may include, but are not limited to,

prodrugs thereof. Such compounds can be formed in vivo, such as by metabolic mechanisms.

[0030] Also described herein are therapeutic methods of inducing apoptosis in lymphoid
malignancies. The methods comprise administering a therapeutically effective amount of a
compound of formula I to a subject having a disorder or being predisposed to a disorder

involving lymphoid malignancies.

[0031] Also included in the family of compounds of formula I are the pharmaceutically
acceptable salts thereof. The phrase “pharmaceutically acceptable salts” connotes salts
commonly used to form alkali metal salts and to form addition salts of free acids or free bases.

The nature of the salt is not critical, provided that it is pharmaceutically acceptable. Suitable

8



WO 2007/143081 PCT/US2007/012921

pharmaceutically acceptable acid addition salts of compounds of formula I may be prepared
from an inorganic acid or from an organic acid. Examples of such inorganic acids are
hydrochloric, hydrobromic, hydroiodic, nitric, carbonic, sulfuric, and phosphoric acid.
Appropriate organic acids may be selected from aliphatic, cycloaliphatic, aromatic, araliphatic,
heterocyclic, carboxylic, and sulfonic classes of organic acids, examples of which include
formic, acetic, propionic, succinic, glycolic, gluconic, lactic, malic, tartaric, citric, ascorbic,
glucoronic, maleic, fumaric, pyruvic, aspartic, glutamic, benzoic, anthranilic, mesylic, salicylic,
p-hydroxybenzoic, phenylacetic, mandelic, ambonic, pamoic, methanesulfonic, ethanesulfonic,
benzenesulfonic, pantothenic, 2-hydroxyethanesulfonic, toluenesulfonic, sulfanilic,
cyclohexylaminosulfonic, stearic, algenic, hydroxybutyric, galactaric, and galacturonic acids.
Suitable pharmaceutically acceptable base addition salts of compounds of formula I include
metallic salts made from aluminum, calcium, lithium, magnesium, potassium, sodium, and zinc.
Alternatively, organic salts made from N,N"-dibenzylethylenediamine, chloroprocaine, choline,
diethanolamine, ethylenediamine, meglumine (N-methylglucamine) and procaine may be used
form base addition salts of the compounds of formula I. All of these salts may be prepared by
conventional means from the corresponding compounds of formula I by reacting, for example,

the appropriate acid or base with the compound of formula I.

[0032] The present invention further embodies a pharmaceutical composition for inducing
apoptosis in lymphoid malignancies, such as for treating, preventing, or delaying the onset of a
lymphoid malignancy in a subject in need of such treatment. The pharmaceutical composition
comprises a therapeutically effective amount of a compound of formula I or a derivative or
pharmaceutically acceptable salt thereof, in association with at least one pharmaceutically
acceptable carrier, adjuvant, or diluent (collectively referred to herein as “carrier materials™)
and, if desired, other active ingredients. The active compounds of the present invention may be
administered By any suitable route known to those skilled in the art, in the form of a
pharmaceutical composition adapted to such a route, and in a dose effective for the treatment
intended. The active compounds and composition may, for example, be administered orally,
intra-vascularly, intraperitoneally, intranasally, intrabronchially, subcutaneously,
intramuscularly or topically (including aerosol). With some subjects local administration, rather
than system administration, may be more appropriate. Formulation in a lipid vehicle may be

used to enhance bioavailability.

[0033] The methods described herein may be for either prevention or treatment purposes.
The methods and compositions used herein may be used alone or in conjunction with additional

therapies known to those skilled in the art in the prevention or treatment of disorders

9
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characterized by lymphoid malignancies. Alternatively, the methods and compositions
described herein may be used as adjunct therapy. By way of example, the methods described
herein may be used alone or in conjunction with other antineoplastic agents or other growth

inhibiting agents or other drugs or nutrients.

[0034] There are large numbers of antineoplastic agents available in commercial use, in
clinical evaluation and in pre-clinical development, which could be selected for treatment of
cancers or other disorders characterized by rapid proliferation of cells by combination drug
chemotherapy. Such antineoplastic agents fall into several major categories, namely, antibiotic-
type agents, alkylating agents, antimetabolite agents, hormonal agents, immunological agents,
interferon-type agents and a category of miscellaneous agents. Alternatively, other anti-
neoplastic agents, such as metallomatrix proteases inhibitors (MMP), such as MMP-13
inhibitors including batiastat, marimastat, Agouron Pharmaceuticals AG-3340, and Roche RO-
32-3555, or OrB3 inhibitors may be used. Suitable agents which may be used in combination
therapy will be recognized by those of skill in the art. Similarly, when combination therapy is

desired, radioprotective agents known to those of skill in the art may also be used.

[0035] The phrase "adjunct therapy” (or "combination therapy"), in defining use of a
compound of the present invention and one or more other pharmaceutical agent, is intended to
embrace administration of each agent in a sequential manner in a regimen that will provide
beneficial effects of the drug combination, and is intended as well to embrace co-administration
of these agents in a substantially simultaneous manner, such as in a single formulation having a

fixed ratio of these active agents, or in multiple, separate formulations for each agent.

[0036] For oral administration, the pharmaceutical composition may be in the form of, for
example, a tablet, capsule, suspension or liquid. In some embodiments, the pharmaceutical
composition is made in the form of a dosage unit containing a particular amount of the active
ingredient. Examples of such dosage units are capsules, tablets, powders, granules or a
suspension, with conventional additives such as lactose, mannitol, corn starch or potato starch;
with binders such as crystalline cellulose, cellulose derivatives, acacia, corn starch or gelatins;
with disintegrators such as corn starch, potato starch or sodium carboxymethyl-cellulose; and
with lubricants such as talc or magnesium stearate. The active ingredient may also be
administered by injection as a composition wherein, for example, saline, dextrose or water may

be used as a suitable carrier.

[0037] For intravenous, intramuscular, subcutaneous, or intraperitoneal administration, the

compound may be combined with a sterile aqueous solution which is, in some embodiments,

10
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isotonic with the blood of the recipient. Such formulations may be prepared by dissolving solid
active ingredient in water containing physiologically compatible substances such as sodium
chloride, glycine, and the like, and having a buffered pH compatible with physiological
conditions to produce an aqueous solution, and rendering said solution sterile. The formulations

may be present in unit or multi-dose containers such as sealed ampoules or vials.

[0038] Formulations suitable for parenteral administration conveniently comprise a sterile
aqueous preparation of the active compound which, in some embodiments, is isotonic.
Preparations for injections may also be formulated by suspending or emulsifying the compounds
in non-aqueous solvent, such as vegetable oil, synthetic aliphatic acid glycerides, esters of

higher aliphatic acids or propylene glycol.

[0039] The dosage form and amount can be readily established by reference to known
treatment or prophylactic regiments. The amount of therapeutically active compound that is
administered and the dosage regimen for treating a disease condition with the compounds and/or
compositions of this invention depends on a variety of factors, including the age, weight, sex,
and medical condition of the subject, the severity of the disease, the route and frequency of
administration, and the particular compound employed, as well as the pharmacokinetic
properties of the individual treated, and thus may vary widely. The dosage will generally be
lower if the compounds are administered locally rather than systemically, and for prevention
rather than for treatment. Such treatments may be administered as often as necessary and for the
period of time judged necessary by the treating physician. One of skill in the art will appreciate
that the dosage regime or therapeutically effective amount of the inhibitor to be administrated
may need to be optimized for each individual. The pharmaceutical compositions may contain
active ingredient in the range of about 0.1 to 2000 mg in some embodiments, in the range of
about 0.5 to 500 mg in other embodiments, and between about 1 and 200 mg in still other
embodiments. In some embodiments, a daily dose of about 0.01 to 100 mg/kg body weight is
appropriate. In other embodiments, a daily dost of between about 0.1 and about 50 mg/kg body
weight, may be appropriate. The daily dose can be administered in single or multiple doses per

day.

[0040] The following Examples are provided to illustrate various embodiments of the

present invention and shall not be considered as limiting in scope.
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[0041] EXAMPLE 1

[0042] FTY720 is an immunosuppressive agent that is being developed for preventing
organ transplant rejection. Here we demonstrate here a novel mechanism by which FTY720
mediates cytotoxic effects in cell lines representing different B cell malignancies and in primary
chronic lymphocytic leukemia (CLL) cells. FTY720 induced cellular apoptosis as detected by
annexin V/ propidium iodide staining in B cell lines representing acute lymphoblastic leukemia
(ALL) and CLL patient derived primary CD19" B cells in a time and dose dependent manner.
In-contrast to previous reports in T cell lines, FTY720 induced cytotoxicity in primary CLL cells
and Raji cell line is independent of activation of caspase 3, 8 and 9 or poly-ADP ribose
polymerase cleavage. Further, pan-caspase inhibitor Z-VAD-fimk rescued the cells from
fludarabine but not FTY720 induced apoptosis. Over-expression of Bcl-2 failed to protect
transformed B-cells from FTY720 induced apoptosis suggesting Bcl-2 independent cytotoxic
effect. Interestingly, FTY720 induced consistent increase in protein phosphatase 2A (PP2A)
activity énd concentrations of okadaic acid that inhibited the FTY720 induced PP2A activity
also resulted in inhibition of FTY720 mediated cytotoxicity in primary CLL cells and B cell
lines, indicating a role for PP2A activation in FTY720 mediated cytotoxicity. Further, FTY720
treatment resulted in prolonged survival associated with significant in-vivo therapeutic efficacy
in a xenograft SCID mouse model of dissemeninated B cell lymphoma/leukemia. These results
provide the first evidence for a PP2A-dependent and caspase-independent cytotoxicity of
FTY720 in B cells and the effectiveness of FTY 720 as a therapeutic agent in a variety of B-cell

malignancies including CLL.
[0043] Materials and Methods

[0044] Cells: Blood was obtained from patients with B-cell CLL with informed consent
under a protocol approved by the hospital internal review board. All patients examined in this
series had immunophenotypically defined CLL as outlined by the modified 96 National Cancer
Institute criteria. B-CLL cells were isolated from freshly donated blood using ficoll density
gradient centrifugation (Ficoll-Paque Plus, Amershan Biosciences, Piscataway, NJ). Isolated
mononuclear cells were incubated in RPMI 1640 media (Gibco/Invitrogen, Carlsbad, CA)
supplemented with 10% heat-inactivated fetal bovine serum (FBS, Hyclone Laboratories,
Logan, UT), 2 mM L-glutamine (Invitrogen, Carlsbad, CA), and penicillin (100
U/mL)/streptomycin (100 pg/ml) [Sigma-Aldrich, St. Louis] at 37°C in an atmosphere of 5%
COa,. Freshly isolated B-CLL cells were used in all experiments described herein. Enriched B-

'lymphocyte fractions were prepared by using MACS negative selection kit by Miltenyi Biotech
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(Auburn, CA) or by “Rosette-Sep” kit from Stem Cell Technologies (Vancouver, British
Columbia, Canada) according to the manufacturer’s instructions. Human B-lymphocyte cell
lines Raji and Ramos were obtained from ATCC (Manassas, VA) and the MEC cells were
obtained from German cell line bank (Braunschweig, Germany). The 697-neo and .697-Bcl-2
cell lines were kind gift from Dr. John Reed (Burnham Institute, La Jolla, CA). Cells were
cultured at 37°C in an atmosphere of 5% CO; in RPMI 1640 media (Gibco/Invitrogen, Carlsbad,
CA) supplemented with 10% fetal bovine serum (Gibco/Invitrogen).

[0045] Chemical Reagents: FTY720 was synthesized according to a reported procedure
(32), and its identity and purity were confirmed by nuclear magnetic resonance and mass
spectrometry. Z-VAD-fmk (Sigma-Aldrich, St. Louis) and Okadaic acid (Upstate

Biotechnology, Inc., Lake Pacid, NY) were used at indicated concentrations.

[0046] Analysis of cell viability and apoptosis: The cell viability was carried out by dual
staining with Annexin V conjugated to flourescein-isothyocyanate (FITC) and Propidium iodide
(PI) as described previously. Briefly, 1x 10° cells were stained with Annexin V-FITC (BD
Pharmingen) and Propidium iodide (BD Pharmingen) for 15 minutes in dark and analyzed by
flow cytometry using a Beckman-Coulter EPICS XL cytometer (Beckman-Coulter, Miami, FL).
Apoptotic cells were identified as Annexin V and/or PI positive cells. Cells excluding both
FITC and PI were considered to be viable. The Annexin V/PI cells are represented as % live

cells normalized to untreated controls.

[0047] MTT assay: Cell growth was assessed using the MTT assay. The cells (1x10°) were
placed in 200p] of media + indicated concentrations of FTY720 in each well of a 96 well flat
bottomed microtitre plates in triplicate cultures and incubated overnight at 37°C in an incubator
at 5% CO, atmosphere. MTT was prepared at Smg/ml in PBS and added to each well at 12 or
36 hours. The cell cultures were continued for another 12 hrs at 37°C. The color development
solution was added to each well and the absorbance was measured using a micro culture plate
reader with a wave length of 570nm. The cell viability was expressed as percentage of

absorbance in cells with indicated treatments to that in cells with vehicle control treatment.

[0048] Western blotting. Immunoblot assays were performed as described previously.(34)
Cell lysates were prepared and quantified by the bicin choninic acid (BCA) method (Pierce,
Rockford, IL). Lysates with 50 pg of total protein were separated using 10% sodium dodecyl
sulfate-polyacrylamide-gel electrophoresis, and transferred to 0.2 um nitrocellulose membranes

(Schleicher & Schuell, Keene, NH). The blots were probed with indicated primary antibodies
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followed by Horseradish peroxidase (HRP)-conjugated goat anti-rabbit IgG or goat anti-mouse
IgG (Bio-Rad Laboratories, Richmond, CA). Detection was made with chemiluminescent
substrate (SuperSignal, Pierce Inc. Rockford, IL). The PARP (Ab-2) and Caspase 9 antibodies
were purchased from Oncogene/Calbiochem/EMD Biosciences (San Diego, CA). The Caspase 3
(AR-14 caspaée 3/cpp32 and caspase 8 (AR-18) antibodies were kind gift from Dr. John Reed
(Burnham Institute, La Jolla, CA).

[0049] PP24 Activity: The protein phosphatase activity of total cellular lysate was
determined by measuring the generation of free PO, from the threonine phosphopeptide using
the malachite green-phosphate comi)lex assay as described by the manufacturer (Upstate,
Charlottesville, CA). Cell lysates were prepared in a low detergent lysis buffer (1% Nonidet P-
40, 10mM HEPES, 0.5M NaCl, 10% Glycerol, 1mM PMSF, 5mM Benzamidine, 10 pg/ml
leupeptin). The phosphatase assay was performed in a PP2A-specific reaction buffer (Upstate)
using 750puM phosphopeptide substrate. After 30-min incubation at 30°C malachite dye was
added, and free phosphate was measured by optical density at 650 nM. To avoid variability
among different immunoprecipitated samples, the phosphatase activities were normalized with
the amount of PP2A immunoprecipitated, as detected and quantified by western blot analysis of

each treatment group.

[0050] In vivo therapeutic efficacy evaluation in a xenograft model: The in-vivo
evaluation of FT'Y720 was carried out using the disseminated lymphoma Bearing SCID mouse
xenograft model. This model was generated using human Raji B cell line injected into SCID
.mice as previously described. Raji cells were cultured in RPMI1 640 + 10% FBS. Confluent
cultures with >95% viability were confirmed to express human CD19 by flow cytometry.
Twenty six female 6-8 week-old C.B.-17 SCID mice (Taconic Farm, Germantown, NY) were
injected with 2x 10° cells intravenously (i.v) in 200ul sterile PBS via the tail vein. Seventy two
hours post inoculation, the animals were divided into 4 equal treatment groups. The first 3
groups served as control and received vehicle, trastuzumab or rituximab injection; and the 4th
group consisted of animals treated with FTY720 (Smg/kg) every day for 2 weeks i.p. The
FTY720 untreated SCID mice inoculated with Raji cells developed symptomatic central
nervous system involvement resulting in progressive hind limb paralysis associated with
decreased mobility, loss of body weight and death 17-21 days post-inoculation. All the animals
were monitored daily for signs of illness and sacrificed immediately if hind limb paralysis,
respiratory distress or 30% body weight loss was noted. Body wei ght was measured once every
week. The end-point of the study was survival defined as the time for the development of hind

limb paralysis. Animals that reached the end-point or survived after 6 months of observation
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were sacrificed by cervical dislocation. Histopathological examination of liver, lung and brain
was performed to detect any residual disease. The presences of the CD19" cells were evaluated

in the bone marrow of these mice by flow cytometry.

[0051] Statistical analysis of data. All the analysis was performed by statisticians in the
Center for Biostatistics, the Ohio State University. SPSS software (version 9.0, SPSS, Chicago,
IL) was used for all the statistical analysis. Significance was tested based on 2-sided P values.
Comparison was made between different groups using Wilcoxon signed rank test and paired t-

test for in vitro studies. Log-rank test was applied for analysis of animal survival study.

[0052] FTY720 mediated cytotoxicity in B cell lines and purified B cells from CLL
Ppatients. Several studies have demonstrated a role for FTY720 in regulation of T cell homing
in-vivo and cytotoxicity in vitro in T cell lines. (25,v 27, 36) However systematic analysis of the -
effect of FTY720 in acute and chronic B-cell lymphoid leukemia has not been performed. We
first synthesized FTY720 as outlined in the methods section. Incubation of MEC, a B cell line
established from a CLL patient, Ramos and Raji cell lines representing Burkitt’s
leukemia/lymphoma or acute lymphoblastic leukemia cell lines 697 and RS4-11 with 0.6uM,
1.25uM, 2.5uM, 5uM or10uM of FTY720 resulted in dose dependent inhibition of viable cells
with concomitant increase in Annexin V' and/or PI" cells as measured by flow cytometry (Fig
2). The FTY720 mediated cytotoxicity in each of these cell lines was time dependent with
maximal effect seen as late as 48 hours post treatment. The dose and time dependent effect of
FTY720 induced decrease in viable cells was further reflected in parallel MTT assay (data not

shown). Similar results were also obtained in RS11,4 cell line (data not shown).

[0053] B-CLL cells are reported to be resistant to apoptosis in-vive. To systematically
analyze the effects of FT'Y720 on B-CLL cells, purified CD19" cells from B-CLL patients were
incubated with increasing concentrations of FTY729 ranging from 0, 0.5, 1, 1.5, 2.5, 5 or 10 uM.
The cytotoxic effects were independently determined by flow cytometry using propidium iodide
(PI) and Annexin V conjugated FITC reagents. Populations excluding both PI and Annexin V-
FITC staining were considered viable. Cells that were Annexin V*/PI,, Annexin V*/PI" or V/PT*
were considered to be apoptotic. Incubation of CLL B cells with FTY720 resulted in dose and
time dependent decrease in viability of CD19" B cells from 15 CLL patients. (p<0.0001 when
compared to untreated and 10uM-treated groups). The effect of FTY720 was time dependent as
a consistent significant reduction in viability was observed as early as 24 hrs in dose dependent

manner indicating potential early cytotoxic mechanisms (Fig 3). Consistent with increased cell
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death the FTY720 treated cells also exhibited decreased viability as evidenced by MTT assays

(data not shown).

[0054] FTY720 induced apoptosis in CLL cells is not dependent on activation of
caspases, the cysteine proteases of CED3/ICE family Several therapeutic agents such as
glucocorticoids and chemotherapeutic agents such as fludarabine, chlbrambucil and 2-chloro-2-
deoxyadenosine induce cellular cytotoxicity in CLL cells through activation of caspases, the
cysteine proteases of CED3/ICE family. Inhibition of these caspases results in abrogation of
apoptosis mediated by the cytotoxic stimuli. To determine if caspase activation is involved in
FTY720 induced cell death in primary CLL cells, we pretreated CD19" CLL cells prior to
treatment with FTY720 with a broad spectrum caspase inhibitor z-VAD-fmk. As shown in
Figure 4a, concentrations of z-VAD-fmk (150uM) that effectively rescued fludarabine induced
apoptosis, failed to prevent FTY720 induced apoptosis [n=5; p=0.001-fludarabine versus
fludarabine plus Z-VAD-fik; p=0.99- FTY720 vs FTY720+Z-VAD-fmk). Activation of
caspases results in cleavage of key cellular proteins including poly-ADP-ribose polymerase
(PARP) and Caspase 3, 8 and 9. Consistent with the inability of z-VAD-fnk to rescue FTY720
induced apoptosis, Western blot analysis of lysates prepared from CD19" B cells from CLL
patients at 24 and 48 hours post treatment with FTY720 failed to reveal PARP cleavage (Fig.
4b). In addition caspases 3, 8 and 9 also remained in precursor forms demonstrating absence of
caspases activation in FTY720 treated cells. Similar to the CLL cells, FTY720 induced
cytotoxicity in Raji B cell line was not accompanied by activation of caspase 3, 8 or 9 or rescued

by z-VAD-fimk (data not shown). L

[0055] FTY720 induced apoptosis is Bcl-2 independent The proto-oncogene Bcl-2 is over
expressed in CLL B cells. The resistance to apoptosis has been implicated to the high levels of
Bcl-2 expression in these cells. Decreased cell viability during in-vitro culture conditions or in
response to treatment with cytotoxic agents correlates with down regulation of bel-2 expression.
Further, constitutive over expression of Bcl-2 in cell lines results in resistance to apoptosis. In
order to determine if sustained expression of Bel-2 will result in protection from FTY720
induced apoptosis, 697 cells stably transfected with neomycin carrying vector or Bcl-2
expression vector were tested with increasing concentrations of FTY720 at 24, 48 and 72 hours.
As shown in figure 5, FTY720 induced comparable levels of cellular cytotoxicity in both the
control 697-neo cell line and the 697-Bcl-2 over expressing cell line at 24 hours (Fig 5). Similar
effects of FT720 was also observed in extended cultures at 48 and 72 hrs tested (data not shown)

Further, Western blot analysis of protein extract in the Bc]-2 high expressing cells were not
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altered in response to FTY720 treatment indicating the FTY720 mediated cellular cytotoxicity is

independent of the levels of Bcl-2 expression (data not shown).

[0056] FTY720 mediated apoptosis is dependent on PP2A activation in CLL cells
FTY720 has been shown to induce activation of PP2A in several cell lines including Jurkat T
cells. In order to determine if FTY720 induced activation of PP2A enzyme in CD19* B cells
from CLL patients were treated with 10uM FTY720 for 0,1,2,3, 4 and 15 hrs and the PP2A
activity in the lysates were quantified using a functional assay following immunoprecipitation of
PP2A enzyme. As reported previously in other systems, FTY720 induced a consistent 2-3 fold
increase in PP2A activation with the peak response observed at 4 hour post treatment (Fig. 6a).
The FTY720 induced PP2A activity is associated with activation of PP2A enzyme as
pretreatment of CLL cells with 5SnM okadaic acid, a concentration that has been shown to inhibit
protein phosphatase activity in cells, resulted in inhibition of the FTY720 induced PP2A
activation as much as 3 fold (Fig. 6b). Further, the FTY720-induced apoptosis is dependent on
the PP2A activation as concentrations of okadaic acid that resulted in inhibition of FTY720-
induced PP2A activation, also resulted in inhibition of FTY720 induced cellular cytotoxicity
(Fig. 6¢). Similar phenomenon was also observed in Ramos B cell line. FTY720 induced
activation of PP2A in Ramos cell line as early as 3hours and this induced PP2A activity was
inhibited by okadaic acid (Fig 7a-b). Pretreatment of Ramos cells with okadaic acid resulted in
inhibition of FTY720 induced apoptosis indicating a role for FTY720 inauced PP2A activation
in cellular cytotoxicity (Fig. 7c)

[0057] In-vivo evaluation of FTY720 in a SCID xenograft mouse model of B cell
malignancy In order to determine the in-vivo effect of FTY720 in preventing B cell tumor
growth, we used the Raji cell-inoculated disseminated leukemia/lymphoma xenograft SCID
mouse model. Intravenous injection of Raji cells in SCID mice resulted in infiltration of
neoplastic cells in various organ systems including bone marrow, spleen, lymph nodes and
central nervous system (CNS) as revealed by histological analysis of tissue sections. Flow
cytometric analysis of bone marrow cells from these mice exhibited presence of human CD19"
and human CD20" cells. Multifocal neoplastic cell infiltration in the meninges associated with
hind leg paralysis between 17-21 days was noticed in all the control Raji cell injected mice
analyzed. Reproducible and reliable engraftment of Raji cells, favored this model for
investigating the in vivo therapeutic efficacy of FTY 720, using hind limb paralysis time/survival
time as primary endpoint for evaluation. The median survival time for FTY720 treated mice
was 47 days (95 %CI 39-53). This is significantly prolonged compared with placebo controls
(18 days, 95% CI 17-19; FTY720 vs placebo P<0.0001). After a follow-up period of 200 days,
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4 of the 12 mice treated with FTY720 were able to survive without signs of disease including

loss of body weight, lethargy, ruffed coat or hind limb paralysis (Fig. 8).

[0058] The studies described in Example 1 demonstrate that FTY720 is a potent cytotoxic
agent for lymphoid malignancies, including acute lymphoblastic leukemia, chronic lymphocytic
leukemia and B-cell lymphoma. These studies are derived from a wide range of cell lines and
primary tumor cells from patients with CLL. Importantly, our data demonstrate that FTY 720 is
different from many therapeutic agents currently under study in lymphoid malignancies. First,
FTY720 mediates cellular cytotoxicity that is not dependent on activation of caspases cascade as
demonstrated in both primary CLL cells and lymphoblastic cell lines. Second, FTY720
mediates its cytotoxic effect independent of Bcl-2 expression, a finding that is relatively
uncommon among most therapeutics used to treat lymphoid malignancy. Finally, the biologic
effect of FTY720 on ALL and CLL cells seems to be in part explained by activation of PP2A
and potentially other phosphatases distinguishing it from other therapeutics currently used in
these diseases. These in vitro data demonstrating a novel mechanism of action and potential
promising therapeutic efficacy are further supported by in vive data in a xenograft disseminated
leukemia cell model where FTY720 significantly prolongs survival and cures a subset of mice.
Considered together, our data provide strong support for the use of FT'Y720 for the treatment of
B-cell ALL and CLL.

[0059] The ability of FTY 720 to mediate caspase independent death in ALL and CLL cells
is different than previously reported. Two separate studies examining both the Jurkat T
lymphoblast cell line and multiple myeloma cell lines suggested caspase activation was
important. While we found Raji and 697 lymphoblastic cell lines and primary CLL patient
samples to be caspase independent as described herein, subsequent investigation of the Ramos
cell line demonstrates caspase activation to be important to FTY720 mediated death. Overall,
these data suggest that FTY720 treatment can mediatg cellular apoptosis in caspase dependent
and independent mechanisms depending on the cell type. The caspase independent cytotoxicity

in these cells indicates alternate mechanisms of cytotoxicity by FTY720 in CLL cells.

[0060] FTY720 has been shown to mediate activation of PP2A enzyme in Jurkat T cells.
Consistent with the previous reports, FTY720 induced time dependent activation of PP2A
enzymatic activity in CLL and B cell lines. In addition, the FTY720 induced PP2A activity can
be blocked by okadaic acid, an inhibitor of PP2A. Consistent with a role for FTY720 induced
PP2A activation in induction of apoptosis, concentrations of okadaic acid that inhibited FTY720
induced PP2A activation also resulted in partial inhibition of FTY720 induced apoptosis. This
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suggests a role for activated PP2A or other phosphatases activated by this agent in FT'Y720
induced apoptosis of CLL and lymphoblast cells.

[0061] To this point, FTY720 has been solely developed as an immunosuppressive agent
for the prevention of organ transplant rejection. Toxicity in the phase I, II, and III studies of
FTY720 have been relatively unremarkable relative to dose limiting toxicities observed with
many anti-cancer therapies. Our in vitro and in-vivo evaluation of FTY720 in acute and chronic
lymphoid leukemia suggests that this agent may have potential therapeutic benefit in these
diseases. It is quite possible that the therapeutic 'dose to activate PP2A and promote apoptosis
will be different than the immunosuppressive dose used in the organ transplant studies
performed to date. Our PP2A activity induction data occurring soon after treatment with
FTY720 in primary CLL cells corresponding to the concentrations that apoptosis occurs

provides a biomarker to accompany phase I dose escalation in this disease.

[0062] In conclusion, our in vitro and in vivo data demonstrate that FTY720 exhibits potent
anti-growth and pro-apoptotic properties in lymphoid malagnancies, and good results have been
observed in ALL and CLL cells.

[0063] EXAMPLE 2

[0064] FTY720 inhibits proliferation of several acute myeloid leukemia (AML) cell
lines. Cell cultures were exposed for 48 hours to vehicle control and increasing concentrations
of FTY720, and subsequently subjected to MTS assay per manufacturer’s instructions. Mean
concentrations (Fig 9A) at which proliferation was inhibited by 50% (IC50) and representative

dose curves (Fig 9B) are shown.

[0065] FTY720 induces apoptosis in AML cell lines. Cell cultures were exposed to
vehicle control and increasing doses of FTY720 for 48 hours. Cells were then stained with
Annexin V (AnnV) and propidium iodide (PI), and analyzed using routine flow cytometry.
Percentage of viable cells (AnnV- PI-), cells undergoing apoptosis (AnnV+ PI-), and necrotic
cells (AnnV+ PI+) are represented for each cell line studied in Fig 10A. Representative plots for
the MV411 cell line are shown in Fig 10B.

[0066] FTY720 does not cause cell cycle arrest.in AML cell lines. Cell suspensions were
treated with vehicle control, 1uM, and 10uM FTY720 for 48 hours. After fixation in ethanol,
samples were stained with propidium iodide, and assessed for DNA content. Percentage of cells

in subGl, Gl1, S, and G2-M for each cell line are depicted (Fig 11A) with representative plots
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below for MV411 (Fig 11B). Although cell cycle arrest is not seen, induction of apoptosis is
noted by the increased fraction of sub G1 with FTY720 treatment.

[0067] . FTYY720 D2 derivative shows similar cytotoxicity to parent compound. Using
MTS assay, inhibition of cell proliferation for various derivatives was examined. While D1
appears to be slightly less effective, AML cell lines show similar sensitivity to D2, a less

immunosuppressive derivative (Fig. 12).
[0068] EXAMPLE 3

[0069] Over-expressed Cyclin D1 and constitutively phosphorylated Akt have been
implicated in mantle cell lymphoma (MCL) pathogenesis. We describe here FTY720, an
immunosuppressive agent currently in phase III studies, to mediate time- and dose-dependent
apoptosis in primary MCL cells and cell lines. FTY720 treatment résulted in time dependent
down modulation of Cyclin D1 and Akt protein levels, thus targeting two critical disease
relevant molecules in mantle cell lymphoma. FTY720 induced apoptosis resulted in PARP
processing and Mcl-1 down-modulation and was inhibited by pan caspase inhibitor, z-VAD-
fmk. Consistent with the modulation of cyclin D1, FTY720 induced cell cycle deregulation
associated with accumulation of cells in GO/G1 and G2/M phase of the cell cycle with
concomitant decrease in S phase entry. These results provide the first evidence for a potential
use for FTY720 in targeting Cyclin D1 and Akt molecules implicated in pathogenesis of mantel
cell lymphoma.

{0070] Mantle cell lymphoma is an aggressive form of B cell malignancy characterized by
abnormal accumulation of CD20+CD22+IgM-+IgD+CD5+ B cells in lymph nodes, spleen, bone
marrow and/or blood. Mantle cell lymphoma represents 6% of all non-Hodgkin's lymphomas
and although reatment with chemotherapeutic agents is initially effective, virtually all patients
relapse with median survival of 3 years. A variety of combination based therapies, including
autologous stem cell transplant or targeted therapies such as rituximab, bortezomib, CCI779 and
other therapies have been previously reviewed. The pathogenesis of the disease is attributed to
constitutively active Ser/Thr kinase, Akt4, a survival pathway associated with defective
phosphatase activity and up-regulation of Cyclin D1 associated with chromosomal translocation
%(11;14)(q13;q32) between the IgH and Bcl-1 geness. Deregulation of anti and pro-apoptotic
proteins also have been implicated in this disease. Agents that target all of these pathways have

potential use as immediate therapeutic medicine to MCL.,
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[0071] FTY720, [(2-Amino-2-3 propane 1, 3-diol hydrochloride)], is a synthetic compound
produced by modification of a natural immunosuppressant, ISP-1 that recently was
demonstrated to exhibit in-vitro activity against multiple myeloma. FTY720 is currently in
Phase III clinical trials as immunosuppressant for renal transplant rejection. We report here
evidence for toxic effects of FTY720 targeting at down-modulation of Cyclin D1 and Akt, two
critical targets implicated in pathogenesis of MCL. These data overall suggest that FTY720

might have promise as a therapeutic for the treatment of mantle cell lymphoma.
[0072] Materials and Methods

[0073] Primary MCL cells were isolated from PBMC (with informed patient consent under
a protocol approved by IRB) as described before. All the MCL patients were identified as
outlined by the World Health Organization (WHO) classification. Human mantle cell
lymphoma patient cell lines (Mino and Jeko) were obtained from Dr. Raymond Lai. Primary
cells or MCL cell lines were incubated in RPMI 1640 media, supplemented with 10%-20% heat-
inactivated fetal bovine serum, 2 mM L-glutamine and penicillin (100 U/mL)/streptomycin (100
g/ml) at 37°C in an atmosphere of 5% CO,. FTY720 was synthesized as previously described.
Toxicity was determined by flow cytometry using Annexin-V-FITC and Propidium Iodide (PI)
staining. Apoptotic cells were identified as Annexin-V+ and/or PI+ cells. Cells excluding both
FITC and PI were considered viable. Western Blotting was performed as described previously
using indicated antibodies. The PARP (Ab-2) and Caspase 9 antibodies were purchased from
Oncogene/Calbiochem/EMD Biosciences (San Diego, CA). Cyclin D1, Akt, Actin, Mcl-1, p-
ERK, ERK and Bcl-2 were obtained from Santa Cruz biotech (Santa Cruz, CA).

[0074] FTY720 induces apoptosis in MCL Cell Lines and Primary .Patient Samples:
Incubation of primary MCL cells, Mino or Jeko MCL cell lines with Increasing concentrations
of FIY720 resulted in dose dependent decrease of viable cells (Anmnexin-V-/PI-) with
concomitant increase in apoptotic (Annexin V+ and Annexin V+PI+) or dead cells (PI+ cells)
(Fig. 13a and data not shown). IC50 values of FTY720 calculated using WinNolin sigmoid
inhibitory model showed 10.67uM, 4.46yM and 11.864M in primary MCL, Jeko and Mino cells
respectively. S everal therapeutic agents, including fludarabine, chlorambucil, 2-chloro-2-
deoxyadenosine and glucocorticoids, induce toxicity in B cell malignancies through activating
caspases, the cysteine proteases of CED3/ICE family. Inhibition of these caspases results in
abrogation of apoptosis mediated by the toxic stimuli. To determine if caspase activation is
involved in FTY720-induced cytotoxicity in MCL, we pretreated Mino cells with 150uM broad
spectrum caspase inhibitor z-VAD-fmk. As shown in Fig.13b, concentrations of 2z-VAD-fimk
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that resulted in ~50% reduction in fludarabine induced apoptosis also exhibited ~50% reduction
in FTY 720 induced apoptosis in Mino cells [fludarabine vs. fludarabine+z-VAD-fmk; p<0.0001,
n=3; FTY720 vs. FTY720+z-VAD-fink; p<0.0001, n=3]. Activation of caspases results in
cleavage of key cellular proteins including poly-ADP-ribose polymerase (PARP). Consistent
with the ability of z-VAD-fink to rescue FTY720-induced apoptosis, Western Blotting analysis
of lysates prepared from Mino cells 24hrs post treatment with FTY720 showed PARP
processing comparable to the levels seen with Fludarabine that has been shown to activate

caspase cascade (Fig.13b right panel).

[0075] FTY720 induced apoptosis is associated with down-modulation of Cyclin D1 and
Akt. The pathogenesis of MCL is attributed to over-expression of Cyclin D1 protein. To
determine if the FTY720 induced apoptosis is mediated through modulation of these targets
relevant to the pathogenesis of the disease, we evaluated the effect of FTY720 on levels of
Cyclin D1, p-Akt and Akt proteins by Wester Blotting analysis using specific antibodies in
primary MCL cells and cell lines. Treatment of primary MCL cells with FTY720 resulted in
time dependent down-regulation of Cyclin D1 protein, observed as early as 8hrs post treatment
(35%) that progressively increased to 70% by 24 hrs (2a-Left panel). Similar reduction in
Cyclin D1 was also observed in Mino cell line, although with delayed kinetics with pronounced
inhibition seen as early as 24hrs with maximal inhibition bt 48 hrs post treatment (Fig. 14c).
Phosphorylated Akt (p-Akt) has been implicated in MCL pathogenesis in primary cells from
MCL patients4. Consistent with the modulation of Akt pathway in primary MCL, FTY720 also
induced decrease in p-Akt. The decreased p-Akt is attributed to selective decrease in Akt
protein levels observed by 24 hours (Fig.14a right panel). Interestingly, FTY720 induced down
regulation is selective to cyclin D1 and Akt and to a lesser extent Mcl-1 but not Bcl-2 or actin
(Fig. 14b). The FTY720 induced down-regulation of Cyclin D1 and Akt indicated that FTY720

targets two of the most critical molecules associated with pathogenesis of MCL.

[0076] Deregulated cyclin D1 expression contributes to cell cycle defects in MCL cells. To

determine if the FTY720 induced Cyclin D1 down modulation resulted in defects in cell cycle
progression. Mino cells were treated with FTY720 for 12, 24 and 48hrs and subjected to cell
cycle analysis by flow cytometry. As shown in Fig.14d, FTY720 treatment resulted in dose and
time dependent decreased entry into S phase of the cell cycle Thus compared to vehicle control
FTY720 treatment resulted in ~48% reduction in cells in S-phase. This decrease in S phase is
entry is further reflected by accumulation of cells in G1 phase of the cell cycle.
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[0077] Phosphorylated FTY720 has been shown to serve as a ligand for four of the five
sphingosine-1-phosphate receptors (SIPRs). Binding of FTY720 accelerates homing of
peripheral lymphocytes to lymph node and activation of S1PRs leads to extracellular signal-
related kinase 1/2 (ERK1/2) phosphorylation. . To determine if FTY720 influenced
phosphorylation 'status of ERK-1, Mino cells were treated with FTY720 and the ERK1/2
phosphorylation status was analyzed by westernblot analysis using phospho ERK-1/2 and
ERK1/2 antibodies. As shown in Fig. 14e, FTY720 induced ERK1/2 phosphorylation as early
as 2hrs post treatment that increased in time dependent manner with maximal phosphorylation
seen as early as 4 hrs that was maintained as late as 10 hrs tested. The data suggests that
FTY720 might activate S1P receptors and subsequently activating ERK. Similar FTY720
induced time dependent phosphorylation of ERK1/2 was also observed in Jeko cell line (Data
not shown). FTY720 induced activation Ras-Raf-MAP kinase signaling pathway resulting in
activation of serine/threonine kinase may contribute to ERK1/2 phosphorylation. Consistent
with hypothesis ERK1/2 phosphorylation has been reported to occur in cells treated with
Sphingosie 1-phosphate, that shares structural similarity to FTY72014. The role of FTY720
induced Erk1/2 phosphorylation in either toxicity, deregulation of the proteins such as Cyclin
D1 or Akt and/or accumulation cells in G1 with concomitant decrease in S phase remains to be
tested. Nevertheless these studies have identified Cyclin D1 and Akt proteins as two potential
biomarkers for FTY720 responsiveness in MCL patient cells. In conclusion, these studies
provide evidence for potential use of FTY720, as a potent agent targeted against deregulated
Cyclin D1 and Akt in MCL.
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The invention claimed is:

1. A method of treating a lymphoid malignancy in a subject, the method comprising the
step of

administering a therapeutically effective amount of 2-Amino-2-[2-(4-octylphenyl) ethyl]
propane 1, 3-diol hydrochloride or a derivative, pharmaceutically acceptable salt thereof, or

prodrug thereof
to a subject in need of such treatment.

2. The method of claim 1 wherein the subject has been diagnosed with a lymphoid
malignancy selected from the group consisting of acute lymphoblastic leukemia (ALL), chronic
lymphocytic leukemia (CLL), B-cell lymphoma, acute myeloid leukemia (AML), and mantle
cell lymphoma (MCL).

3. The method of either of claims 1 or 2 wherein the subject is refractory to other
treatments.

4. The method of any one of claims 1-3 wherein the subject is a human subject.

5. A method of preventing a lymphoid malignancy in a subject, the method comprising the

step of administering a therapeutically effective amount of 2-Amino-2-[2~(4-octylphenyl) ethyl]
propane 1, 3-diol hydrochloride or a derivative, pharmaceutically acceptable salt thereof, or

prodrug thereof
to a subject at risk of developing a lymphoid malignancy.

6. The method of claim 5 wherein the subject is at risk of developing a lymphoid
malignancy selected from the group consisting of acute lymphoblastic leukemia (ALL), chronic
lymphocytic leukemia (CLL), B-cell lymphoma, acute myeloid leukemia (AML), and mantle
cell lymphoma (MCL).

7. The method of either one of claims 4 or 5 wherein the subject is a human subject.

8. A method of inducing apoptosis in lymphoid malignancies in a subject, the method

comprising the step
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administering a therapeutically effective amount of 2-Amino-2-[2-(4-octylphenyl) ethyl]
propane 1, 3-diol hydrochloride or a derivative, pharmaceutically acceptable salt thereof, or

prodrug thereof
to a subject in need of such treatment.

9. The method of claim 8 wherein the lymphoid malignancy is selected from the group
consisting of acute lymphoblastic leukemia (ALL), chronic lymphocytic leukemia (CLL), B-cell
lymphoma, acute myeloid leukemia (AML), and mantle cell lymphoma (MCL).

10. The method of either of claims 8 or 9 wherein the subject is a human subject.
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