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Methods for treatment of diseases and disorders related to transducin B-like
protein 1 (TBL1) activity, including myeloproliferative neoplasia and chronic
myeloid leukemia.

FIELD OF THE INVENTION

The present invention relates to the field of therapeutic methods and uses thereof
to modulate diseases and disorders related to fransducin B-like protein 1 (TBL1) activity,
including myeloproliferative neoplasia, chronic myeloid leukemia and acute myeloid

leukemia.

BACKGROUND OF THE INVENTION

Cancer is the second leading cause of death in the United States. It presents
complex challenges for the development of new therapies. Cancer is characterized by
the abnormal growth of malignant cells that have undergone a series of genetic
changes that lead to growth of tumor mass and metastatic properties.

Transducin B-like protein 1 (TBL1) family of proteins has been shown to be
involved in the transcriptional activator by acting as a co-regulator exchange factor. The
TBL1 family is composed of TBL1X, TBL1Y and TBLR1 proteins. These proteins are
components of the SMRT-nuclear receptor/co-repressor (N-CoR) complex where they
act to exchange the co-repressors and co-activators on the complex. SMRT and NCoR
are large co-repressor proteins that are involved in the transcriptional repression by
many different nuclear receptors. TBL1 family of proteins forms a reversible complex
with NCoR/ SMRT to act as a transcriptional activator for nuclear receptors.

Beta-catenin (B-catenin) is part of a complex of proteins that constitute adherens
junctions (AJs). Ads are necessary for the creation and maintenance of epithelial cell
layers by regulating cell growth and adhesion between cells. B-catenin aiso anchors the
actin cytoskeleton and may be responsible for transmitting the contact inhibition signal
that causes cells to stop dividing once the epithelial sheet is complete.

Wnt/B-catenin pathway has been shown to play a role in cancer. Recent studies
have shown that TBL1 is able o bind to B-catenin and recruif the complex fo Wnt

-1-



WO 2013/067547 PCT/US2012/063746

responsive promoters to activate specific transcriptional program. It has also been
shown that TBL1 is required for B-catenin to actively transcribe target genes. Further,
TBL1 appears fo protect B-catenin from ubiquitination (a post-translational modification
by certain enzymes) and degradation. However, the mechanism of the interaction
between TBL1 and B-catenin is unknown.

Aberrant B-catenin signaling plays a important role in tumorigenesis. In
particular, colorectal cancer is estimated to have greater than 80% mutations in the 3~
catenin pathway, leading to unregulated oncogenic signaling. Aberrant B-catenin
signaling has been shown to be involved in various cancer types, including melanoma,
breast, lung, liver, gastric, myeloma, and acute myeloid leukemia (AML). Further,
aberrant Wni/B-catenin signaling has been found in a large number of other disorders,
including osteoporosis, osteoarthritis, polycystic kidney disease, diabetes,
schizophrenia, vascular disease, cardiac disease, hyperproliferative disorders, and
neurodegenerative diseases. Myeloproliferative neoplasms (MPNs) are a closely
related group of hematological malignancies in which the bone marrow cells that
produce the body's blood cells develop and function abnormally. The three main
myeloproliferative neoplasms are Polycythemia Vera (PV), Essential Thrombocythemia
(ET) and Primary Myelofibrosis (PMF). A gene mutation in JAK2 is present in most PV
patients and 50% of ET and PMF patients. The beta catenin pathway is activated in
MPN in many cases and required for survival of these cells.

Chronic Myeloid Leukemia is a form of leukemia characterized by the increased
and unregulated growth of predominantly myeloid cells in the bone marrow and the
accumulation of these cells in the blood that contain the “Philadelphia chromosome”,
where a piece of chromosome 8 and a piece of chromosome 22 break off and frade
places to form the ber-abl fusion gene. CML has activation of several other oncogenic
pathways including the beta catenin pathway which is required for CML cell growth.

Accordingly, there is a need for agents that are able interrupt the Wnt/B-catenin
pathway and inhibit the deregulated activity of this pathway for the treatment, diagnosis
and prevention of B-catenin pathway-related disorders and diseases.
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SUMMARY OF THE INVENTION

Disclosed herein are methods for treating disease or disorders by administering a
therapeutically effective amount of an agent that inhibits fransducin B-like protein 1 (TBL1) from
binding disease-associated molecules. In particular, the provided methods and compositions
relate to the treatment, diagnosis, and/or prevention of B-catenin signaling pathway disorders.

In one aspect, the present invention refers to use of a therapeutically effective amount of
an agent that disrupts TBL1 interaction with a coactivator molecule in the manufacture of a
medicament for treating and/or preventing a disorder selected from the group consisting of a
myeloproliferative neoplasia, chronic myeloid leukemia and acuie myeloid leukemia, wherein

the agent is defined below:
‘

or a pharmaceutically acceptable salt thereof. In another preferred example, the B-catenin
related disorder includes myeloproliferative neoplasia (MPN), chronic myeioid leukemia (CML)
and acute myeloid leukemia (AML).

In the most preferred example, the provided agent has the following structure:
NOH

Y
¢, msn?(

or a pharmaceutically acceptable sait thereof. This agent is referred to as Compound 1
throughout this application.

in a preferred example, TBL1 is selected from the group consisting of transducin (beta)-
like 1X-linked (TBL1X), transducin (beta)-like 1Y-linked (TBL1Y) and fransducin (beta)-like R1-
finked TBLR1 proteins.

in one example, the activator is beta-catenin.
in another example, the activator is a beta-catenin related protein.

In another example, the provided agent can be used in combination with other
therapeutic agents, including but not limited fo tyrosine kinase inhibitor (including but not limited
to nilotinib), histone deacetylase inhibitor (including, but not limited to panobinostat), other anti-
cancer agents and other therapeutic agents.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A-1D are bar charts that depict the activity of Compound 1 by itself and
in combination with TG101209 on MPN cells in inducing apoptosis.

Figure 2 is a bar chart that depicts the activity of Compound 1 by itself and in
combination with TG101209 on primary MPN cells isolated from patients in inducing
apoptosis.

Figures 3A and 3B are tables which demonstrate the activity of Compound 1 on
CML cells in inducing apoptosis.

Figures 4A-4C are bar charts that depict the activity of Compound 1 on CML cells
in inducing apoptosis in combination with other agents.

Figure 5A is a series of photographs of CD34+ Primary AML cells, CD34+
Primary FLT3-1TD AML cells; and CD34+ normal AML cells.

Figure 5B is a series of photographs of CD34+ FLT3-ITD Primary AML cells in
control conditions and 16 hours following the administration of Compound 1.

Figure 5C is a photograph of the Western blot that depicts the effect of
administration of Compound 1 on AML cells.

Figure BA is a photograph of the Western blot that demonstrates the effect of
administration of Compound 1 on binding of B-catenin to TBL1 in primary AML cells.

Figure BB is a series of photographs of stained AML cells with and without prior
administration of Compound 1.

Figure 8C is a is a photograph of the Western blot that demonstrates the effect of
administration of Compound 1 on binding of B-catenin to TBL1 in AML cells.

Figure 7A depicts a bar chart of TOP-FLASH and FOP-FLASH luciferase activity
versus treatment of AML cells with different amounts of Compound 1

Figure 7B contains the bar chart of the results of chiP (Chromatin
immunoprecipitation) analysis of the effect of treating AML cells with Compound 1.
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Figure 7C contains the bar chart of the effect of administering 100 nM of
Compound 1 to AML cells on levels of B-catenin, c-MYC, Cyclin D1 and p21 (control).

Figure BA is a bar chart that shows a % of non-viable cells in CD34+ Primary
FLT3-WT AML cells, CD34+ Primary FLT3-ITD AML cells and CD34+ Normal cells

treated with various amounts of Compound 1.

Figure 8B is a bar chart that shows a % of non-viable cells in CD34+ CD38-Lin-
Primary AML cells treated with various amounts of Compound 1.

Figure 8C is a chart that demonstrates the effect of treatment with Compound 1
on survival of NSG mice engraffed with OCI-AML3.

Figure 8D is a chart that demonstrates the effect of treatment with Compound 1
on survival of NSG mice engraffed with Primary FLT3-ITD AML3.

DETAILED DESCRIPTION OF THE INVENTION

Definitions
The following definitions are used, uniess otherwise described.

The term "prodrugs” refers to compounds, including but not limited to monomers
and dimers of the compounds of the invention, which become under physiclogical
conditions compounds of the invention or the active moieties of the compounds of the

invention.

The term "active moieties” refers to compounds which are pharmaceutically
active in vivo, whether or not such compounds are compounds of the invention.

The term “subject” includes mammals, including humans. The terms "patient”

and "subject" are used interchangeably.

The term "Myeloproliferative Neoplasias” or “MPN” refers to a closely related
group of hematological malignancies in which the bone marrow cells that produce the
body's blood cells develop and function abnormally. The three main myeloproliferative
neoplasms are Polycythemia Vera, Essential Thrombocythemia and Primary
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Myelofibrosis.

The term “Chronic Myeloid Leukemia” or “CML” refers to a cancer of the white
blood cells. It is a form of leukemia characterized by the increased and unregulated
growth of predominantly myeloid cells in the bone marrow and the accumulation of
these cells in the blood that contain the “Philadelphia chromosome”, where a piece of
chromosome 9 and a piece of chromosome 22 break off and trade places to form the

ber-abl fusion gene.

The term "Acute Myeloid Leukemia" or "AML" refers to a cancer of the blood

and bone marrow.

The term "TG101209" refers to a JAK2 inhibitor which is an orally bioavailable,
small molecule, ATP-competitive inhibitor towards several tyrosine kinases. This
compound is also known as N-tert-butyl-3-[[5-methyl-2-[4-(4-methylpiperazin-1-
yhanilino] pyrimidin-4-yljamino}benzenesulfonamide.

The term "therapeutically effective amount" means the amount of a compound
that, when administered to a subject for treating a disease or disorder, is sufficient to
effect such treatment for the disease or disorder. The "therapeutically effective amount”
can vary depending on the variety of factors, including the compound, the disorder
being treated and the severity of the disorder; activity of the specific compound
employed; the specific composition employed; the age, body weight, general health, sex
and diet of the patient; the time of administration, route of administration, and rate of
excretion of the specific compound employed; the duration of the freatment; drugs used
in combination or coincidental with the specific compound employed; and like factors
well known in the medical arts. For example, it is well within the skill of the art to start
doses of the compound at levels lower than required o achieve the desired therapeutic
effect and to gradually increase the dosage until the desired effect is achieved.

In one embodiment, the terms "treating” or "treatment” refer to ameliorating the
disease or disorder (i.e., arresting or reducing the development of the disease or at
least one of the clinical symptoms thereof). In another embodiment, "treating" or
“treatment" refers to ameliorating at least one physical parameter, which may not be
discernible by the subject. In yet another embodiment, "treating" or "treatment” refers
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to modulating the disease or disorder, either physically, (e.g., stabilization of a
discernible symptom), physiologically, (e.g., stabilization of a physical parameter), or
both. In yet another embodiment, "treating” or “treatment” refers to delaying the onset
of the disease or disorder, or even preventing the same.

The phrase "pharmaceutically acceptable salt” means those salts which are,
within the scope of sound medical judgment, suitable for use in contact with the tissues
of humans and lower animals without undue toxicity, irritation, allergic response and the
like and are commensurate with a reasonable benefit/risk ratic. Pharmaceutically
acceptable salts are well-known in the art. For example, S. M. Berge et al. describe
pharmaceutically acceptable salts in detail in J. Pharmaceutical Sciences, 1977, 66: 1 ef

seq.

Pharmaceutically acceptable salts include, but are not limited to, acid addition
salts. For example, the nitrogen atoms may form salts with acids. Representative acid
addition salts include, but are not limited to acetate, adipate, alginate, citrate, aspartate,
benzoate, benzenesulfonate, bisulfate, bulyrate, camphorate, camphorsulfonate,
digluconate, glycerophosphate, hemisulfate, heptanoate, hexanoate, fumarate,
hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethansulfonate (isothionate),
lactate, maleate, methanesulfonate, nicotinate, 2-naphthalenesulfonate, oxalate,
palmitoate, pectinate, persulfate, 3-phenylpropionate, picrate, pivalate, propionate,
succinate, tartrate, thiccyanate, phosphate, glutamate, bicarbonate, p-toluenesulfonate
and undecanoate. Also, the basic nitrogen-containing groups can be quaternized with
such agents as lower alky! halides such as methyl, ethyl, propyl, and butyl chlorides,
bromides and iodides; dialky! sulfates like dimethyl, diethyl, dibutyl and diamy! sulfates;
long chain halides such as decyl, fauryl, myristyt and stearyl chiorides, bromides and
iodides; arylalkyl halides like benzyl and phenethyl bromides and others. Water or oil-
soluble or dispersible products are thereby obtained. Examples of acids which can be
employed to form pharmaceutically acceptable acid addition salts include such
inorganic acids as hydrochloric acid, hydrobromic acid, sulfuric acid and phosphoric
acid and such organic acids as oxalic acid, maleic acid, succinic acid and citric acid.
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Pharmaceutically acceptable salts include, but are not limited to, cations based
on alkali metals or alkaline earth metals such as lithium, sodium, potassium, calcium,
magnesium and aluminum salts and the like and nontoxic quaternary ammonia and
amine cations including ammonium, tetramethylammonium, tetraethylammonium,
methylammonium,  dimethylammonium,  trimethylammonium,  triethylammonium,
diethylammonium, and ethylammonium among others. Other representative organic
amines useful for the formation of base addition salts include ethylenediamine,
ethanolamine, diethanolamine, piperidine, piperazine and the like.

Description of the Invention

The present invention provides methods for treating disease or disorders by
administering a therapeutically effective amount of an agent that inhibits transducin B-
like protein 1 (TBL1) from binding disease-associated molecules. In particular, the
provided methods and compositions relate to the freatment, diagnosis, and/or
prevention of B-catenin signaling pathway disorders in Myeloproliferative Neoplasia
(MPN), Chronic Myeloid Leukemia (CML), and Acute Myeloid Leukemia (AML).

In one aspect, the present invention is directed to a method of treating and/or
preventing a B-catenin related disorder comprising administering to a patient in need
thereof a therapeutically effective amount of an agent that binds to the transducin B-like
protein 1 (TBL1) protein thereby preventing binding of B-catenin.

In the most preferred embodiment, the provided agent has the foliowing
structure:

NOH

oo
?8’0 NOH O'Sv

H

or a pharmaceutically acceptable salt thereof. This compound is referred to as
“Compound 1" throughout the application.
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in another preferred embodiment, the B-catenin related disorder includes cancer,
including but not limited to MPN, CML_, and AML.

In a preferred embodiment, TBL1 is selected from the group consisting of
fransducin (beta)-like 1X-linked (TBL1X), transducin (beta)-like 1Y-linked (TBL1Y) and
transducin (beta)-like R1-linked TBLR1 proteins.

Compound 1 was originally identified in a cell based screen for its ability to inhibit
the transcriptional activation or B-catenin genes. Characterization of this compound led
to the discovery that the compound is able o induce the degradation of B-catenin,
interfere with the franscriptional activation complex, and has characteristics of a nuclear
receptor signaling pathway modulator. Compound 1 interacts with TBL1 and prevents
B-catenin from associating with TBL1 and leads to beta catenin degradation.

This activity of Compound 1 was found to inhibit the beta catenin pathway in
cancer cells and cause those cells to undergo apoptosis. Specifically, cell lines derived
from CML patients and cell lines and primary cells derived from MPN patients undergo
apoptosis and growth inhibition in the presence of Compound 1. In addition, the activity
of Compound 1 is synergistic with compounds that affect therapeutically important
signaling pathways in these diseases (such as JAK2, BCR-ABL, and HDACSs) and can
be used in combination with these agents to ameliorate these diseases in individuals
with the disease.

Thus, in some embodiments, the provided agents can be used in combination
with other therapeutic agents, including but not limited to tyrosine kinase inhibitor
{including but not limited to nilotinib), histone deacetylase inhibitor (including, but not
limited to panobinostat), other anti-cancer agents and other therapeutic agents.

When used in the above or other treatments, a therapeutically effective amount
of one of the compounds of the present invention can be employed in pure form or,
where such forms exist, in pharmaceutically acceptable salt, ester or prodrug form.
Alternatively, the compound can be administered as a pharmaceutical composition
containing the compound of interest in combination with one or more pharmaceutically
acceptable excipients.
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The total daily dose of the compounds of this invention administered to a human
or lower animal may range from about 0.0001 to about 1000 mg/kg/day. If desired, the
effective daily dose can be divided into multiple doses for purposes of administration;
consequently, single dose compositions may contain such amounts or submultiples

thereof to make up the daily dose.

For a clearer understanding of the invention, details are provided below. These
are merely illustrations and are not to be understood as iimiting the scope of the
invention in any way. indeed, various modifications of the invention in addition to those
shown and described herein will become apparent to those skilled in the art from the
following examples and foregoing description. Such modifications are also intended to

fall within the scope of the appended claims.

EXAMPLES
Example 1

Activity of Compound 1 on MPN cells in inducing apoptosis.

Briefly, the cell lines HEL 92.1.7 (Figures 1A and 1C) and UKE1 (Figures 1B and
1D) were seeded in medium containing 10% FBS and penicillin/streptomycin. After 24
hours, the cells were treated with either: 1) Compound 1; or 2) Compound 1 in
combination with TG101209 for 48 hours. At the end of treatment, cells were washed
with 1X PBS and stained with annexin V and TOPROS3 iodide. The percentages of
apoptotic cells were determined by flow cytometry.

As Figures 1A-1D demonstrate, Compound 1 (referred to as BC2059 in Figures'
lagends) was induced apoptosis of both HEL 92.1.7 and UKE1 cells. These apoptosis-
inducement effect was enhanced by TG101209.

Example 2

Activity of Compound 1 on primary MPN cells isolated from patients in inducing
apoptosis and in combination with other agents. '
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Briefly, the CD34+ cells isolated from bone marrow of MPN patients, were
seeded in medium containing 10% FBS and penicillin/streptomycin. After 24 hours, the
cells were treated with Compound 1 for 48 hours or Compound 1 in combination with
TG101209. At the end of treatment, cells were washed with 1X PBS and stained with
annexin V and TOPRO3 iodide. The percentages of apoptotic cells were determined by
flow cytometry. Combination index (Cl) was determined using the method of Chou-
Talalay (Adv. Enzyme Regul. 22, 27-55).

Figure 2 is a bar chart that depicts the results of this experiment. As one can see,
Compound 1 (referred to as BC2059 in the Figure's legend) at 100 nM or above induced
apoptosis of CD34+ MPN cells. The addition of TG101208 enhanced this effect.

Exampile 3
Activity of Compound 1 on CML cells in inducing apoptosis.

Briefly, cell lines K562 (human immortalized myelogenous leukemia line) and
LAMA-84 (a human leucocytic cell line) were seeded in medium containing 10% FBS
and penicillin/streptomycin. After 24 hours, the cells were treated with Compound 1 for
48 hours. At the end of the treatment, the cells were washed with 1X PBS and stained
with annexin V and TOPRQO3 iodide. The percentages of apoptotic cells were
determined by flow cytometry.

Figures 3A and 3B are tables which demonstrate the results of this experiment.
As one can see, treatment with Compound 1 increased the number of apoptotic cells at
GO0/G1phase of the cell cycle but did not have significant effect at S or G2/M phases of
the cell cycle.

Example 4

Activity of Compound 1 on CML cells in inducing apoptosis in combination with other
agents.

w1la
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Briefly, the cell lines K562 and LAMA-84, were seeded in medium containing
10% FBS and penicillin/streptomycin. After 24 hours, the cells were treated with either:
1) Compound 1 alone; or 2) in combination with panobinostat and nilotinib for 48 hours.
At the end of treatment, cells were washed with 1X PBS and stained with annexin V and
TOPROS3 iodide. The percentages of apoptotic cells were determined by flow cytometry.

Figures 4A-4C are bar charts that demonstrate the resulits of this experiment. As
these Figures show, freatment with Compound 1 increased the number of apoptotic
celis in both K862 and LAMA-84 cell lines. Panobinostat and nilotinib enhanced the

effects of Compound 1.

Example §

Activity of Compound 1 in a mouse model of human MPN. We determined the in vivo

anti-MPN activity of Compound 1.

Briefly, NOD-SCID mice were sub-lethally irradiated and HEL 92.1.7 cells were
infused into the tail vein and MPN established. Mice were treated with 15 or 20 mg/Kg
of Compound 1 administered b.iw for three weeks via the tail vein. Animals were
followed for survival after dosing stopped. As compared to the control, Compound 1-

treated mice demonstrated significantly improved survival (p < 001).

Example 6

Effect of Compound 1 on B-catenin expression and nuclear localization in AML cells.

The purpose of this experiment was to analyze the effect of Compound 1 on B-
catenin expression and nuclear localization in AML cells.

Briefly, CD34+ Primary AML cells, CD34+ Primary FLT3-ITD AML cells and
CD34+ Normal cells were stained with anti-B-catenin antibody and DAP! nucleic acid
stain. The photographs of these stains were also merged. The photographs of the
stained cells are contained in Figure 5A. As these photographs show, there is a lot of

B-catenin expressed in both types of AML cells, and B-catenin is concentrated in nuclei
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of these cells.

Figure 5B demonstrates the results of treating CD34+ Primary FLT3-ITD AML
cells with 100 nM of Compound 1 for 16 hours. As one can see, compared to control
cells (i.e., not treated with Compound 1), this freatment leads to depletion of B-catenin
expression and nuclear localization in AML cells.

Figure 5C is a photograph of the Western blot that further demonstrates that the
treatment with Compound 1 leads to depletion of B-catenin expression and nuclear
localization in AML cells. As one can see, the AML cells treated with 100 nM of
Compound 1 expressed less of B-catenin, but about the same levels of TBL1, ¢-MYC,
Survivin and B-actin.

Example 7
Effect of Compound 1 on binding of B-catenin to TBL1 in AML cells.

The purpose of this experiment was to analyze the effect of Compound 1 on
binding of B-catenin to TBL1 in AML cells.

Figure 6A is a photograph of the Wester blot that demonstrates that there is
less of B-catenin in primary AML cells after they were treated with 100 nM of
Compound 1 for 8 hours.

Figure 6B is a series of photographs of stained AML cells with and without prior
administration of Compound 1. The top panel depicts control cells (without prior
administration of Compound 1) and the bottom panel depicts AML cells following
administration of 100 nM of Compound 1 for 16 hours. The cells were stained with the
anti-B-catenin antibody, anti-TBL1 antibody, and DAPIl nucleic acid stain. The
photographs of TBL1 and anti-beta-catenin stains were also merged. As one can see,
administration of Compound 1 depleted the levels of B-catenin and severely disrupted
binding of B-catenin to TBL1. Compare especially the top right photograph and the
bottom right photograph.

Figure 6C is a photograph of the Western blot that demonstrates that
administration of Compound 1 to AML cells leads to proteasomal degradation of 3-
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catenin. As one can see, there is less of B-catenin in the AML cells freated with 100 nM
of Compound 1 for 8 hours as compared to non-treated AML cells. However, when 10
nM of Carfilzomib (CZ) (a proteasome inhibitor) were administered to the same AML
cells, the amount of B-catenin increased.

Example 8

Effect of Compound 1 on B-catenin at target gene promoters and transcription in AML

celis.

The purpose of this experiment was to analyze the effect of Compound 1 on -
catenin at target gene promoters and transcription in AML cells.

Figure 7A depicts a bar chart of TOP-FLASH and FOP-FLASH luciferase activity
versus freatment of AML cells with different amounts of Compound 1.

TOP-FLASH is a Transfection grade T-cell factor (TCF) reporter plasmid
containing two sets (with the second set in the reverse orientation) of three copies of
the TCF bhinding site (wild type) upstream of the Thymidine Kinase (TK) minimal
promoter and Luciferase open reading frame.

FOP-FLASH is a reporter plasmid containing mutated TCF binding sifes is a

negative control.

As Figure 7A demonstrates, the treatment with 20 nM, 50 nM, and 100 nM of
Compound 1 resulted in much lower expression of B-catenin as measured by this
fuciferase assay. There was no reduction in FOP-FLASH (negative control). These
results indicate that treatment of AMC cells with Compound 1 results in reduced

expression of B-catenin

Figure 7B contains the bar chart of the results of chiP (Chromatin
immunoprecipitation) analysis of the effect of treating AML cells with Compound 1. As
Figure 7B shows, treatment of AML cells with 200 nM of Compound 1 for 8 hours
resulted in reduced amount of promoter DNA of survivin, CCND1 and ¢c-MYC.

Figure 7C contains the bar chart of the effect of administering 100 nM of
Compound 1 to AML cells on levels of B-catenin, c-MYC, Cyclin D1 and p21 (control).
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As Figure 7 demonstrates, the treatment with 100 nM of Compound 1 resulted in lower
expression of B-catenin, c-MYC, and Cyclin D1, and much higher expression of p21.

Example 8

Effect of Compound 1 on in vitro apoptosis and survival of NSG mice engrafted with

primary AML cells,

The purpose of this experiment was to analyze the effect of Compound 1 on in
vitro apoptosis and survival of NSG mice engrafted with primary AML cells.

Figure 8A is a bar chart that shows a % of non-viable cells in CD34+ Primary
FLT3-WT AML cells, CD34+ Primary FLT3-ITD AML cells and CD34+ Normal cells
treated with various amounts of Compound 1. As Figure 8A demonstrates, Compound
1 significantly induced in vitro apoptosis in the both types of AML cells.

Figure 8B is a bar chart that shows a % of non-viable cells in CD34+ CD38-Lin-
Primary AML cells treated with various amounts of Compound 1. As Figure 8B
demonstrates, Compound 1 sigﬁificantiy induced in vitro apoptosis in the AML cells.

Treatment with Compound 1 for three weeks, twice per week tfail vein infusion,
in NOD-SCID-IL2Y receptor deficient (NSG) mice with established AML by OCI-AML3
xenograft cells resulted in improved survival as compared to the control mice. Figure
8C contains a chart that demonstrates the results of this experiment. Both 5 mg/kg
Compound 1 and 10 mg/kg Compound 1 treatments resulted in improved survival, with
the 10 mg/kg dose being more effective.

Very similar results were obtained in NSG mice with primary FLT3-ITD AML
xenograft. As shown in Figure 8D, treatment with 10 mg/kg Compound 1 (three weeks,
twice per week intravenous infusion) resulied in a dramatic increase in % survival as
compared to the control mice.

These results strongly suggest that Compound 1 significantly improves survival
of NSG mice engrafted with primary AML celis.
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CLAIMS
WHAT IS CLAIMED IS:

1. Use of a therapeutically effective amount of an agent that disrupts TBL1 interaction
with a coactivator molecule in the manufacture of a medicament for treafing and/or
preventing a disorder selected from the group consisting of a myeloproliferafive neoplasia,

chronic myeiloid leukemia and acute myeloid leukemia, wherein the agent is defined below:

NOH
{/’Q:\%.x’;‘\‘\/\\g
ol N8

S T T S
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or a pharmaceutically acceptable salt thereof.
2. The use of claim 1, wherein said disorder is myeloproliferative neoplasia.
3. The use of claim 1, wherein said disorder is chronic myeloid leukemia.
4. The use of claim 1, wherein said disorder is acute myeloid leukemia.
5. The use of claim 1, wherein said coactlivator molecule is beta-catenin.

6. The use of claim 1, wherein said agent is provided further in combination with an

ageni that inhibits JAK2 kinase, BCR-ABL kinase, or histone deacetylase.

7. The use of claim 1, wherein said TBL1 is selected from the group consisting of
Transducin (betallike 1X-linked (TBL1X), Transducin (beta)like 1Y-linked
(TBL1Y) and Transducin (beta)-like Ri-linked TBLR1 proteins.
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