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& (57) Abstract: The invention provides methods, uses, kits and compositions comprising a therapeutically effective amount of the
N microRNA miR-223 for treating myelogenous leukemia in a subject in need of such treatment. The invention further comprises

O
=

methods encompassing the use of miR-223 for promoting the differentiation of a leukemia stem cell that is resistant to a differen-
tiating agent, and a method of screening for candidate compounds capable of treating a myeloid leukemia by comparison of the
therapeutic activity of the candidate compound with the therapeutic activity of miR-233.
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MicroRNA Compositions and Methods for the Treatment of Myelogenous Leukemia

FIELD OF INVENTION

[0001] The present invention provides compositions and methods for the treatment of
myelogenous leukemia. More specifically, the present invention provides mi-R223

compositions and methods for the treatment of myelogenous leukemaia.

BACKGROUND OF THE INVENTION

[0002] Leukemias encompass hematological malignancies, characterized by the clonal expansion
of hematopoietic cells exhibiting abnormal proliferation, blocked differentiation, and reduced
apoptosis. Leukemias are generally categorized into multiples types, such as acute or chronic, or
myeloid or lymphoid, depending on the rate of disease progression and hematopoietic lineage,

with further classification into subtypes based on the stage of differentiation blockage.

[0003] Chronic myelogenous leukemia (CML) is also known as chronic myeloid leukemia,
chronic myelocytic leukemia, or chronic granulocytic leukemia. The majority of patients
diagnosed with CML have a characteristic chromosomal abnormality called the Philadelphia
chromosome which results in the formation of the BCR-ABL fusion protein. CML generally
progresses through three phases characterized by the number of immature leukemic cells in the
blood and bone marrow of the patient. Traditional therapies for CML include chemotherapy,
bone marrow transplantation, and interferon therapy, although targeted therapies are under

development.

[0004] Acute myelogenous leukemia (AML), also known as acute myeloid leukemia, acute
myelocytic leukemia, acute granulocytic leukemia, and acute non-lymphocytic leukemia, is
characterized by abnormal proliferation of myeloid cells. The development of AML is thought
to be mediated by two major mechanisms: increased self-renewal and a block in differentiation of

the leukemia cells (Gilliland et al. 2004), in contrast to differentiation in normal hematopoiesis,
which is mediated by lineage specific transcription factors (e.g. CEBPa, PU-1) directing the
hematopoietic stem cells to differentiate into progenitor cells and finally to mature blood cells

(Koschmieder et al. 2005). AML blasts, reflecting the immature, accumulating leukemia cells,

can display a block in differentiation at any maturation level.
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[0005] Standard treatment of AML to date includes intensive chemotherapy and bone marrow
transplantation (Hiddemann et al. 2005). The overall long-term survival rate for AML patients 1s
between 20-30%, depending on the treatment regime and study (Buechner et al. 2005). As
chemotherapy is not a targeted therapy, AML patients often suffer from side-effects and relapse
of the disease. The current standard chemotherapy for AML is a 30 year old treatment regime
with cytarabine and an anthracycline, which is cytotoxic and has other deleterious side etfects.
Despite emerging novel targeted therapies like FLT3 inhibitors and anti-CD33 antibodies, only
the introduction of all-trans-retinoic-acid (ATRA) for acute promyelocytic leukemia (also known
as APL or AML M3) has provided a differentiating treatment for leukemia cells. The use ot
ATRA combined with chemotherapy has increased long term survival to 80-90% in APL patients
(Kuchenbauer et al. 2005). However, many AML patients are resistant to exogenous

differentiating agents, including ATRA (Hiddemann et al. 2004).

[0006] Micro RNAs (miRNAs) are generally 21-24 nucleotide (nt) long RNA molecules and are
thought to be important posttranscriptional regulators of mRNAs (Bartel 2004). MiRNAs are
initially transcribed as longer RNA molecules called primary-miRNAs (pri-miRNAs), but
undergo a multistep maturation process involving cleavage through Drosha (nuclear) and Dicer
(cytoplasmic) (Kim 2005). The resulting double stranded RNA molecule, consisting of the
mature miRNA strand and its partially complementary strand counterpart miRNA star
(miRNA¥*), enters a protein complex named RNA induced silencing complex (RISC) that uses
the strand with the mature miRNA sequence as template for degradation of the specific,
complementary mRNA (Kim 2005). The mature miRNA 1s characterized by a “‘seed region”,
generally comprising the bases 2-7 of the 5” end (Lewis et al. 2005). The seed region is thought
to primarily define the specificity of a miRNA towards the 3"UTR of its target mRNAs and has
been used for computational target predictions (Lewis et al. 2005). For each miRNA a few
hundred target mRNAs are predicted, whereas relatively tew targets have been experimentally
validated to date. Recent deep sequencing approaches led to changes in the current miRNA
databases and implicate miRNA* as an active miRNA molecule (Ruby et al. 2006).
Furthermore, in some miRNA stemloops, such as mir-302b, both the 5’ and the 3’ stemloop

sequences are annotated as mature miRNAs, suggesting that both miRNA strands can have

functional properties.

[0007] In general, miRNAs are closely related to siRNAs, which are double-stranded RNA

molecules that are also processed by Dicer. In contrast to primitive organisms like C. elegans,
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endogenous siRNAs rarely occur in mammals and consequently do not play a physiological role

(Aravin and Tuschl 2005).

[0008] A connection between miRNAs and hematopoiesis was made when it was demonstrated
that certain miRNAs are expressed within specific hematopoietic lineages and that their
expression levels regulate hematopoietic differentiation (Chen et al. 2004). MicroRNA profiling
in chronic lymphatic leukaemia and other lymphomas suggests that miRNA expression changes
during pathogenesis and implied that miRNAs may play a functional role in hematopoietic
disorders. Overexpression of miR-155 and the miR-17-19b cluster was implicated in promoting

the development of lymphomas, suggesting that miRNAs can act as oncogenes (Costinean et al.

2006; He et al. 2005).

[0009] Relatively little is known about the role of miRNAs in leukemias of myeloid origin. A
study correlating the expression levels of S miRNAs with the genome-wide mRNA expression
profiles of the same leukemias suggested that miR-181a correlates strongly with the AML
morphological sub-type and with the expression of genes previously identified through sequence
analysis as potential interaction targets (Debernadi et al. 2007). Another study suggested that
expression of miR-223 induces granulocytic differentiation in an acute promyelocyte leukemia
(APL) model and is controlled by a regulatory circuitry involving miR-223 and two
transcriptional factors, NFI-A and CEBPalpha (Fazi et al. 2005). It has been also reported that
miR-223 expression underlies a highly conserved transcriptional mechanism involving the

myeloid transcription factors PU-1 and CEBPalpha (Fukao et al. 2007).

SUMMARY OF THE INVENTION

[0010] The invention provides, in part, compositions and methods for treating myeloid
leukemias, including acute myeloid leukemia (AML) and chronic myeloid leukemia (CML), in a

subject in need thereof, by administering an effective amount of a miR-223 molecule.

[0011] In one aspect, the invention provides a method of treating a myeloid leukemia (e.g.,

chronic myeloid leukemia (CML) or acute myeloid leukemia (AML)) by administering an
etfective amount of a mi-R223 molecule to a subject in need thereof. In an alternative aspect, the
invention provides use of a miR-223 molecule for treating a myeloid leukemia. The leukemia
may be resistant to a differentiating agent, such as a retinoic acid (e.g., all-trans-retinoic acid

(ATRA)) or a cytokine (G-CSF or GM-CSF). The AML may be a non-acute promyelocytic
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leukemia (non-APL AML) or may be an ATRA-resistant APL. The mi-R223 molecule may
include a sequence that is substantially identical to a sequence selected from one or more of SEQ

ID NOs: 1-20. The treating may include promoting differentiation in a leukemic cell.

[0012] In alternative embodiments, the treating or the use may further include administering or
providing a chemotherapeutic agent, or may include stem cell transplantation. The
chemotherapeutic agent may be administered or provided or the stem cell transplantation may be
performed prior to or after administration or provision of the miR-223 molecule. The miR-223

molecule may be administered as part of a consolidation (post-remission therapy).

[0013] The subject may have relapsed leukemia or may be at a high risk for relapse. The subject
may be a poor candidate for high dose chemotherapy. The subject may be over 60 years of age.
The subject may be a poor candidate for chemotherapy or for stem cell transplantation. The
subject may be a human. In an alternative aspect, the invention provides a method for promoting
the differentiation of a leukemic stem cell that is resistant to a differentiating agent, the method
comprising administering a mi-R223 molecule to the leukemic stem cell. The leukemic stem cell
may be a CML cell or an AML cell. The differentiating agent may be a retinoic acid (e.g.
ATRA) or a cytokine (e.g., G-CSF or GM-CSF). The AML may be a non-acute promyelocytic
leukemia (non-APL. AML) or may be an ATRA-resistant APL. The mi-R223 molecule may

include a sequence that is substantially identical to a sequence selected from one or more of SEQ

ID NOs: 1-20. The leukemic cell may be a CD34+,CD38-.

[0014] In an alternative aspect, the invention provides a pharmaceutical composition comprising
a miR-223 molecule in combination with a pharmaceutical carrier. The mi-R223 molecule may

include a sequence that is substantially identical to a sequence selected from one or more of SEQ

[D NOs: 1-20. The leukemic cell may be a CD34+,CD38-. The composition 1s provided may be

provided in a liposomal particle, e.g., a nanoparticle.

[0015] In an alternative aspect, the invention provides a kit comprising the pharmaceutical

composition together with instructions for use 1n treating a myeloid leukemaia.

[0016] In an alternative aspect, the invention provides a method for screening for a candidate
compound for treating a myeloid leukemia, the method by: providing a test compound; providing
a miR-223 molecule; ¢) determining the ability of the test compound to promote differentiation

of a leukemic stem cell or treat leukemia in an animal model; d) determining the ability of the
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miR-223 molecule to promote differentiation of a leukemic stem cell or treat leukemia in an
animal model; and comparing the ability of the miR-223 molecule and test compound to promote
differentiation of a leukemic stem cell or treat leukemia in an animal model, where the test
compound is a candidate compound if the test compound is capable of promoting difterentiation
of a leukemic stem cell or treating leukemia in an animal model equivalent to or better than the
miR-223 molecule. In some embodiments, the screening method need not perform the step of
determining the ability of the miR-223 molecule to promote differentiation of a leukemic stem
cell or treat leukemia in an animal model but may rely on prior established reterences or

standards.

[0017] This summary of the invention does not necessarily describe all features of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] These and other features of the invention will become more apparent from the following

description in which reference is made to the appended drawings wherein:

[0019] FIGURE 1A shows the relative expression of mature miR-223 in 5 randomly chosen
AML patient samples sorted into 4 subgroups ranging from primitive CD34+38- to more
differentiated CD34- cell populations. The AML stem cell containing CD34+38- subgroup

showed a significantly lower expression of miR-223.

[0020] FIGURE 1B shows a correlation of mature miR-223 and miR-223* expression in >100

patient samples.

(0021] FIGURES 2A-D show survival curves of MN1+tmiR-223 (A-B) and
ND13+Meisl+miR-223 (C-D). Mice that received the control (ctl) vector died of leukemia,

whereas mice 1in the miR-223 arm survived.

[0022] FIGURES 3A-C show engraftment kinetics of MN1+miR-223 and ND13+Meis1l+miR-
223 mice. A. MN1+miR-223 mice after 4 weeks until death or d90. B. ND13+Meisl+miR-223
as marked in the GFP/YFP double positive compartment after 4, 6, 8 and 10 weeks. C.
MN1+miR-223 and ND13+Meis1+miR-223 mice after 4 weeks until death or d90. Engraftment
is monitored by the level of GFP (MN1) or GFP/YFP positive (ND13+Meisl) cells in the

peripheral blood. The double positive cells diminish over time.
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[0023] FIGURE 4 shows the differentiation-inducing activity of pre-miR-223 in the MN1 and
ND13+Meis1 models of leukemia in vitro. Overexpression of pre-mir-223 in 2 independent

experiments led to an in vitro increase of the myeloid differentiation marker Macl in MN1
leukemia cells. Overexpression of pre-miR-223 in ND13+Meisl cells led to an increase of

Mac1/Gr1 double positive cells, demonstrating the differentiation potential of pre-miR-223.

10024] FIGURES 5A-B show colony forming cell (CFC) and proliferation assays in MN1+
cells. A. Reduced replating capacity of MN1+mir223 cells compared to MNI1ctl cells
demonstrated bya lower number of progenitor cells in MN1 cells over expressing miR-223.
After the 1** round of CFC replating, the replating capacity dramatically decreases in MNI1 cells

expressing miR-223, indicating a lower number of progenitor cells. B. Decreased proliferation in

MN1+ cells expressing miR-223, compared to the control.

(00251 FIGURE 6 shows a sequence alignment of miR-223 precursor sequences from various
species (SEQ ID NOs: 1 and 6-20). The human sequence is depicted by the box. The shaded

sections indicate areas of sequence identity, with the light shaded sections indicating areas of

total identity across the species listed.

DETAILED DESCRIPTION

[0026] The invention provides, in part, compositions and methods for treating myeloid

leukemias, including acute myeloid leukemia (AML) and chronic myeloid leukemia (CML), in a

subject in need thereof, by administering an effective amount of a miR-223 molecule.

Hematopoietic Cells

[0027] By “hemopoietic” or “hematopoietic”’ 1s meant blood or blood cells formed by

hematopoiesis or hemopoiesis in bone marrow and peripheral blood.

[0028] Hematopoietic Stem Cells (HSCs) are the most primitive cells present in the blood
system and are capable of generating all of the cell populations present in the blood. HSCs are
also capable of virtually indefinite self-renewal (i.e., remaining a stem cell after cell division),
and have the ability to choose between self-renewal and differentiation (ultimately, into a mature
hematopoietic cell). HSCs also migrate in a regulated fashion, and are subject to regulation by
apoptosis. HSCs are rare and are thought to account for an estimated 1 1n 10,000 to 15,000

nucleated cells in the bone marrow, and an estimated 1 1in 100,000 1n the peripheral blood.

-6 -
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[0029] Hematopoietic Progenitor Cells (HPCs) are cells that are derived from and further
differentiated from HSCs. When compared to HSCs, HPCs have a relatively reduced capacity to
differentiate (they can generate only a subset of the possible lineages), although they are capable of
extensive and rapid proliferation and can typically generate a large number of mature cells.
Importantly, HPCs have a limited capacity to self-renew and therefore require regeneration from
HSCs. A subset of HPCs can be held in a “pool” i.e., where the cells are not actively cycling.
HPCs are generally present in larger numbers than HSCs and can therefore be more rapidly
mobilized or expanded in the hematopoietic recovery process. HPCs include Common Lymphoid
Progenitors (CLPs), which in adults, have the potential to generate all of the lymphoid but not the
myeloerythroid cells, and Common Myeloid Progenitors (CMPs), which have the potential to
generate all of the mature myeloerythroid cells, but not lymphoid cells.

[0030] HPCs give rise to the different blood cell types of the myeloid and lymphoid lineages. The
myeloerythroid lineage includes granulocytes (neutrophils, eosinophils, basophils), mast cells,
monocytes (histiocytes, macrophages, dendritic cells, Langerhans cells, microglia, Kuptter
cells, osteoclasts), megakaryoblasts, megakaryocytes, erythrocytes, platelets and their various
progenitors,eg.,colony forming units of the granulocytic/monocytic lineage (CFU-GM), burst
forming units of the erythroid lineage (BFU-E), etc. The lymphoid lineage includes T-cells, B-

cells, NK-cells and their progenitors, etc.

[0031] HSCs and/or HPCs may be obtained from bone marrow, or from peripheral blood upon
pre-treatment with cytokines, such as granulocyte colony stimulating factor (G-CSF), which
induces release of HSCs and/or HPCs from the bone marrow. HSCs and/or HPCs may also be
obtained from umbilical cord blood, placenta, fetal liver or spleen, etc. Markers specific for

HSCs and/or HPCs are known in the art, as are assays for detecting and isolating HSCs and/or

HPCs and more differentiated hemopoietic cells.

[0032] Mature hematopoietic cells are terminally difterentiated cells and include neutrophils,
eosinophils, basophils, histiocytes, macrophages, dendritic cells, langerhans cells, microgha,

Kupffer cells, osteoclasts, erythrocytes, platelets, T-cells, B-cells, and NK-cells.

[0033] Myelogenous Leukemias

[0034] Myelogenous or myeloid leukemias are those that result from the aberrant proliferation or

development of myeloid cells.
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[0035] “Chronic myelogenous leukemia” or “CML” is also known as chronic myeloid leukemia,
chronic myelocytic leukemia, or chronic granulocytic leukemia. The majority of patients
diagnosed with CML have a characteristic chromosomal abnormality called the Philadelphia
chromosome which results in the formation of the BCR-ABL fusion protein. CML generally
progresses through three phases characterized by the number of immature leukemic cells (blasts)
in the blood and bone marrow of the patient. In the first phase, termed the chronic phase, the
number of blasts in the blood and bone marrow is generally less than 5%. The second phase,
known as the accelerated phase, is evidenced by an increase in the number of blasts to about 15%
and can last weeks to months. The third phase or the “blast crisis” occurs when more than 30%
of the cells are blasts, which may metastasize and form tumors in the bone or lymph nodes, and
at which point the chronic leukemia is considered to have transformed into an aggressive acute
leukemia. Traditional therapies for CML include chemotherapy, bone marrow transplantation,

and interferon therapy. Emerging therapies for CML include targeted therapies such as peptide
vaccines (e.g., to BCR-ABL).

[0036] “Acute myelogenous leukemia” or AML is also commonly known as acute myeloid
leukemia, acute myelocytic leukemia, acute granulocytic leukemia, and acute non-lymphocytic
leukemia. AML is generally characterized by abnormal proliferation of myeloid cells. AML
may be mediated by two major mechanisms: increased self-renewal and a block in ditferentiation
of the leukemia cells, which results in accumulation of immature cells. AML myeloblasts,
reflecting the relatively immature, accumulating leukemia cells (e.g., compared to mature

hematopoietic cells), may display a block in differentiation at any maturation level.

[0037] AML can be classified into subtypes based on morphology, cytochemaistry,
immunological markers and/or cytogenetics. Common classification systems include the French-
American-British (FAB) classification which divides AML into 8 subtypes, MO through M7,
based on differentiation of the malignant leukemia cells, and the World Health Organization

(WHO) classification which contains additional descriptive information on AML subtypes.

[0038] Existing or proposed treatments for AML include chemotherapy, bone marrow
transplantation, and FLT3 inhibitors and anti-CD33 antibodies. For example, chemotherapy
using cytarabine (ara-C) alone or in combination with an anthracycline (e.g., daunorubicin or
idarubicin) is used. Such chemotherapeutic regimes may however exhibit deleterious side

effects, such as myelosuppression, increased risk of infection and are frequently associated with

-8 -
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relapse. Consolidation (post-remission) therapies for AML may include additional intensive
chemotherapy for patients with a good prognosis, or may include bone marrow transplantation,
such as allogeneic stem cell transplantation, for patients who have a high risk for relapse, are able
to tolerate a transplant, and have a suitable donor. Patients with relapsed AML who are not good
candidates for high-dose chemotherapy and are over 60 years have been approved for treatment
with the monoclonal antibody-linked cytotoxic agent gemtuzymab ozogamicin (Mylotarg™) in

the United States.

[0039] “Acute Promyelocytic Leukemia” (APL) is a subtype of AML characterized by the
expansion of malignant myeloid cells blocked at the promyelocyte stage of difterentiation. APL
is classified as the M3 subtype of AML (AML M3) under the FAB classification system, and 1s
associated with chromosomal translocations affecting the retinoic acid receptor alpha
(RARalpha) gene on chromosome 17q21. Known treatments for APL include all-trans-retinoic-

acid (ATRA). Arsenic trioxide has been approved in the United States for treatment ot patients

with relapsed APL.

[0040] APL is well-characterized at the molecular level, whereas other types of AML (non-APL
AML) are heterogeneous and involve different molecular events leading to blocked, ATRA- or
other differentiating agent insensitive myeloid differentiation. However, APL subforms that are

ATRA insensitive are known.

(0041] A “leukemic stem cell” (LSC), as used herein, refers to a cell that sustains the disease and
promotes the expansion of a leukemic clone, which blocks and outgrows normal hematopoiesis.
An LSC therefore refers to a cell having extensive self-renewal and limited ditferentiation
abilities. In general, an LSC represents only about 0.2-1% of the totality (bulk) of leukemic cells
e.g., AML cells. In human patients, it is suggested that LSCs are the cells responsible for
resistance to chemotherapy and give rise to the relapses in leukema after apparent remission. An
LSC is capable of transferring a myeloid leukemia e.g., AML, from a human patient when
implanted into immunodeficient mice, in contrast to non-LSC leukemic cells which are not
capable of causing a myeloid leukemia when implanted into immunodeficient mice. In
alternative embodiments, an LSC may be committed to the myeloid lineage. In alternative
embodiments, an LSC may be distinguished from a non-LSC leukemic cell e.g., a leukemic

progenitor cell (LPC). In alternative embodiments, an LSC may exhibit limited differentiation
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into an LPC. In alternative embodiments, an LSC may be incapable of giving rise to a daughter

cell that is more differentiated than the parent LSC.

[0042] LSC can be enriched or isolated by using specific antibody combinations. and
functionally determined by using murine xenograft models e.g. NOD/SCID mice. In alternative
embodiments, an LSC includes a CD34+, CD38- cell. In alternative embodiments, an LSC
includes phenotypic markers including one or more of B220 or IL3R. In alternative
embodiments, an LSC does not exhibit phenotypic markers such as one or more of CD90, CD
117, CD123 or c-Kit. In alternative embodiments, an LSC is sensitive to parthenolide or TDZD-
8 (4-Benzyl-2-methyl-1,2,4-thiadiazolidine-3,5-dione) when compared to an HSC. In alternative
embodiments, an LSC exhibits activation of NF-kappaB. In alternative embodiments, an LSC 1s

not a committed leukemic progenitor cell. Additional properties of LSCs are known in the art.

[0043] In alternative embodiments an LSC may be an AML LSC. In alternative embodiments,
an LSC may be a non-APL LSC e.g., of the MO, M1, M2, M4 or M5 AML subtypes (based on
the FAB system) and/or may be one or more of CD34+, CD38-, CD71-, CD90-, HLA-DR-,
CD117-, and/or CD123+, etc. In alternative embodiments, an LSC may be a CML LSC.

[0044] By “promoting differentiation” or “promotion of differentiation” is meant one or more of
overcoming a block in differentiation, or increasing differentiation, or decreasing the self-
renewal of a leukemic cell, e.g., an LSC or LPC. In alternative embodiments, promoting
differentiation may include increasing cell death e.g., apoptosis. It is to be understood that the
promotion of differentiation may be partial, as long as there is a detectable difference when
compared with a control or reference. The promotion of differentiation may be a change
(increase or decrease) of any integer value between 10% and 90%, e.g., 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, 90%, or may be over 100%, such as 200%, 300%, 500% or more, when
compared with a control or reference subject, sample or compound. By “self-renewal” 1s meant
the ability to maintain stem cell-like (e.g. LSC-like) characteristics after cell division or to
maintain the characteristics of the parent cell. By “differentiation” is meant the ability to give

rise to committed progenitors.

[0045] Animal Models of Myeloid [.eukemias

[0046] MN1 and NUP98-HOXD13 (ND13) + Meisl 17 are two clinically relevant AML animal

models.
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[0047] MN1 gene overexpression has been implicated as a predictor for poor clinical outcome in
AML patients with normal c:ytogenetics18 and predicts resistance to the differentiating effect of
ATRA'. The MN1 model disturbs retinoic acid signaling, as do various models of acute
promyelocytic leukemia (Heuser et al. 2007; Heuser et al. 2006). However, MN1 1s sufticient to
induce leukemia in mice by itself in contrast to APL, ATRA resistance is much higher than in
APL (clinically ATRA resistant vs. clinically ATRA sensitive) and, on a molecular level,

RARalpha is not truncated or fused to another protein as seen in APL.

[0048] Another frequently found phenomenon in non-APL AML is aberrant HOX gene
expression' . HOX genes are also frequent partners in NUP98 translocations, which comprise up

to 5% of translocations found in leukemias'’, leading to abberant HOX gene expression.

100491 Both AML models immortalize bone marrow cells in vitro and cause highly lethal
leukemias in mice with a median survival of 30-60 days after intravenous 1nj ection' ™ > 7.
Furthermore, MN1 and ND13Meis|1 cells are characterized by a block on different maturation
levels. ND13+Meis1 cells display an arrest on the myeloid progenitor level, whereas MN1 cells
exhibit a more primitive phenotype. In addition, MN1 and ND13+Meisl1 cells show a
downregulation of the myeloid transcription factor and miR-223 regulator CEPBalpha compared

to normal bone marrow.

[0050] Other animal models of AML include, without limitation, HOXA9, CDX?2, AML-
ETO+FLT3, NUP98-HOXA9 and MLL-AF9.

[0051] Animal models of CML include, without limitation, BCR-ABL.

[0052] MiR-223

[0053] MiR-223 is a myeloid-specific miRNA expressed in differentiating myeloid cells. MiR-
223 is highly expressed in non-leukemic cells (e.g., normal hematopoietic cells) and relatively
poorly expressed in leukemic cells. For example, pre-miR-223 is highly expressed in the
myeloid progenitor ND13 cells, but 1s drastically downregulated in the leukemic ND13+Meisl
cells. In alternative embodiments, miR-223 is highly expressed in differentiated leukemic cells

and relatively poorly expressed in leukemic stem cells.

[0054] A “miR-223 molecule” includes a processed or unprocessed RNA transcript from a
miRNA gene. An unprocessed miRNA transcript may also be called a miR-223 precursor or a

primary miR-223, and may include an RNA molecule from about 60 to about 120 nucleotides, or
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about 70 to about 100 nucleotides, in length. The structure and nucleic acid sequence of a pre-
miR-223, including the embedded sequences of miR-223 (highlighted light -- bottom strand) and
miR-223* (highlighted dark -- top strand) are exemplified below.

R O e o
Tt T
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[0055] The linear sequence of exemplary pre-miR-223 molecules are as follows:
[0056] Sequence (5’ = 3’) of human pre-miR-223:

|0057]
CCUGGCCUCCUGCAGUGCCACGCUCCGUGUAUUUGACAAGCUGAGUUGGACACUC
CAUGUGGUAGAGUGUCAGUUUGUCAAAUACCCCAAGUGCGGCACAUGCUUACCAG
(SEQ ID NO: 1)

[0058] A miR-223 precursor molecule may be processed into smaller fragments by digestion
with an RNAase, for example, Dicer. The products of a processed miR-223 precursor molecule
may include “mature” miR-223 molecules of about 19 to about 25 nucleotides (or any integer
therebetween), or of about 21 to about 24 nucleotides. In alternative embodiments, products of a
processed miR-223 precursor molecule may include fragments that are fully or partially

complementary to the mature miR-223 molecule (known as a miR-223 star (*) molecules).
[0059] The sequences of exemplary miR-223 and miR-223* molecules include the following:

[0060] Sequence (5° =2 3’) of human miR-223: UGUCAGUUUGUCAAAUACCCCA (SEQ ID
NO: 2)

[0061] Sequence (5’ =2 3’°) of human miR-223*: CGUGUAUUUGACAAGCUGAGUU (SEQ
ID NO: 3)

[0062] Exemplary “seed region” sequences (e.g., indicated as positions 2-7 of a mature miRNA

molecule, Lewis et al., 2005) of the of human miR-223 and miR-223* molecules are as follows:
[0063] Seed region sequence (5° =2 3’) of miR-223: GUCAGU (SEQ ID NO: 4)
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[0064] Seed region sequence (5° 2 3”) of miR-223*: GUGUAU (SEQ ID NO: 5)

[0065] Further pre-miR-223 sequences from various species (SEQ ID NOs: 1, and 6-19) together

with a consensus sequence (SEQ ID NO: 20) are provided in Figure 6, which shows a detailed

alignment of the sequences.

[0066] MiR-223 molecules according to the invention include, without limitation, single
stranded molecules (e.g., pre-miR-223 molecules such as those set forth in SEQ ID NOs: 1, and
6-20: mature miR-223 molecules such as those set forth in SEQ ID NO: 2 and SEQ ID NOs: 1,
and 6-19; miR-223* molecules e.g., SEQ ID NO: 3; or seed region sequences (SEQ ID NOs: 4 or
5), double stranded molecules (e.g., double stranded molecules comprising paired miR-223 and

miR-223* sequences; SEQ ID NOs: 2 and 3, respectively), etc.

[0067] In alternative embodiments, miR-223 molecules include “substantially identical”™
sequences, for example, sequences that are substantially identical to the miR-223 molecules
described herein (e.g., SEQ ID NOs: 1-20). A “substantially identical” sequence as used herein
is a nucleotide sequence that differs from a miR-223 sequence or the complement thereof only by
one or more substitutions located at positions of the sequence that do not destroy the biological
function of the nucleic acid molecule. By “biological function” is meant promoting
differentiation, or inhibiting or decreasing self-renewal or engraftment, of a leukemic cell such as
an LSC or LPC, or treating a myeloid leukemia such as AML or CML. A substantially identical
sequence can be any integer from 60% to 99%, or more generally at least 60%, or at least 63%,
75%, 80%, 85%, 90%, or 95%, or as much as 96%, 97%, 98%, or 99% identical when optimally
aligned at the nucleotide level to the sequence used for comparison using, for example, BLASTN
through miRbase (microrna|dot]sanger[dot]ac{dot]uk/sequences/search]dot]shtml). Such
software matches similar sequences by assigning degrees of homology to various substitutions,
deletions, substitutions, and other modifications. The length of comparison sequences may be at
least 5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 or 25 nucleotides, or at
least 30, 35, 40, 45, or 50 nucleotides, or any integer value therebetween. In alternate
embodiments, the length of comparison sequences may be at least 55, 60, 65, 70, 75, 80, 85, 90,
95, 100, 105, 110, 115 or 120 nucleotides, or any integer value therebetween.

[0068] Alternatively, or additionally, two nucleic acid sequences may be “‘substantially identical”
if they hybridize under high stringency conditions that allow hybridization between homologous
sequences, but do not allow substantial hybridization of non-homologous sequences. In some
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embodiments, high stringency conditions are, for example, conditions that allow hybridization at
0.02-0.15M NaCl at temperatures of about 30°C to about 70°C, or about 40°C to about 60°C.
Exemplary stringent hybridization conditions include 50% formamide, 5 X SSC, 1% SDS at
42°C, or 5 X SSC, 1% SDS at 65°C. Hybridizations may be carried out over a period of about 20
to 30 minutes, or about 2 to 6 hours, or about 10 to 15 hours, or over 24 hours or more. A
common technique for hybridization of RNA molecules in Northern hybridization. The high
stringency conditions used in such techniques are well known to those skilled in the art of
molecular biology, and examples of them can be found, for example, in Ausubel et al., Current
Protocols in Molecular Biology, John Wiley & Sons, New York, N.Y., 1998, which is hereby
incorporated by reference. It is to be understood that stringency conditions, including conditions
of high stringency, vary according to the probe/primer and target sequences and that a person of
ordinary skill in the art is readily able to determine such conditions using routine techniques.
Substantially identical sequences include sequences that hybridize under high stringency

conditions to one or more of SEQ ID NOs: 1-20 or to a complement thereof.

[0069] In alternative embodiments, miR-223 molecules include, without limitation, the miR-223
molecules described herein (e.g., SEQ ID NOs: 1-20) and fragments and variants and
modifications thereof, for example, those that have an improved property e.g., biological or
physiochemical or pharmaceutical properties, when compared to the starting species. An
“improved” property includes, without limitation, promotion of differentiation, or inhibition or
decrease of self-renewal or inhibition, or decrease of engraftment, of a leukemic cell, such as a
LSC or LPC, or treatment of a myeloid leukemia, improved stability in a pharmaceutical

formulation and 1n a patient, etc.

[0070] A “fragment” of a miR-223 molecule may be about 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15,
16,17, 18, 19, 20, 21, 22, 23, 24 or 25 nucleotides, or at least 30, 35, 40, 45, or 50 nucleotides, or
at least 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115 or 120 nucleotides 1n length, or any
integer value therebetween. A fragment of a miR-223 precursor molecule may include a
corresponding mature or star sequence. A fragment of a mature or star miR-223 molecule may

include a seed sequence e.g., a sequence including positions 2-7 of a mature or star miR-223

molecule.

[0071] A ““variant” miR-223 molecule includes a molecule that has less than 100% nucleotide

identity to a wild type miR-223 molecule as exemplified herein or known in the art. A “variant”
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miR-223 molecule also includes miR-223 molecules from different species, or miR-223
molecules containing one or more nucleotide substitutions, deletions or insertions. In alternative
embodiments, a miR-223 molecule may be nuclease resistant by for example incorporation of a
ribonucleotide modified into the 2’-position. Exemplary 2’-modified ribonucleotides include

those modified at the 2’ position with fluoro, amino, alkyl, alkoxy, and O-allyl.

[0072] In alternative embodiments, “variant” miR-223 molecule also includes miR-223
molecules having modifications including, but are not limited to, replacement of the phosphate
groups/phosphodiester linkages on the oligonucleotide backbone, replacement of phosphate
and/or hydroxyl groups on the nucleotide at the 5’-terminus of the oligonucleotide or
modifications of the sugar (ribose) moieties with various groups including but not limited to 2 O-

Me substitutions. One example of a variant RNA is phosphorothioate RNA.

[0073] A miR-223 molecule is “substantially pure” or “isolated” when it is separated from the
components that naturally accompany it. Typically, a miR-223 molecule is substantially pure
when it 1s at least 10%, 20%, 30%, 40%, 50%, or 60%, more generally 70%, 75%, 80%, or 85%,
or over 90%, 95%, or 99% by weight, of the total material in a sample. Thus, for example, a
miR-223 molecule that is chemically synthesised, produced by recombinant technology, or
1solated by known purification techniques, will be generally be substantially free from its
naturally associated components. A substantially pure miR-223 molecule therefore can be
obtained, for example, by extraction from a natural source; by expression of a recombinant
nucleic acid molecule encoding the miR-223 molecule; or by chemical synthesis. For example, a
mature miR-223 molecule or a miR-223* molecule may be isolated by processing of a miR-223
precursor molecule or by direct chemical synthesis or recombinant techniques. Purity can be
measured using any appropriate method such as column chromatography, gel electrophoresis,
HPLC, etc. A miR-223 molecule is substantially pure or “isolated”” when it is not immediately
contiguous with (i.e., covalently linked to) the nucleotide sequences with which it is normally
contiguous in the naturally occurring genome of the organism from which it is derived. In vivo
and in vitro processed products of miR-223 precursor molecules are also encompassed by an
“1solated” miR-223 molecule. Preferably, an isolated miR-223 molecule comprises at least about
40%, 50%, 60%, 70%, 80%, 90%, 95%, or 99% (on a molar basis) of all macromolecular species
present. Thus, an isolated gene or nucleic acid molecule can include a gene or nucleic acid
molecule which is synthesized chemically or by recombinant means. A miR-223 molecule

contained in a vector is included in the definition of “isolated” as used herein.
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[0074] MiR-223 molecules, including fragments and variants, may be assayed for efficacy in
promoting differentiation, inhibiting or decreasing self-renewal or of engraftment, of a leukemic
cell such as a leukemic stem cell using methods described herein or known in the art. In
alternative embodiments, miR-223 molecules may be assayed for their effect on apoptosis on
leukemic cells such as leukemic stem cells (e.g., by Annexin V staining, alterations in cell cycle

by e.g., BrdU assay), differentiation assays, FACs analysis, etc.

[0075] MiR-223 molecules may also be used in screening test compounds for treating a myeloid
leukemia, or for promoting differentiation of a leukemic cell e.g., LSC or LPC. Candidate
compounds may be identified using a variety of techniques, including screening of combinatorial
libraries or using predictive software. In general, test compounds are identified from large
libraries of both natural products or synthetic (or semi-synthetic) extracts or chemical libraries
according to methods known in the art. Those skilled in the field of drug discovery and
development will understand that the precise source of test extracts or compounds 1s not critical
to the method(s) of the invention. Accordingly, virtually any number of chemical extracts or
compounds can be screened using the exemplary methods described herein. Examples of such
extracts or compounds include, but are not limited to, plant-, fungal-, prokaryotic- or animal-
based extracts, fermentation broths, and synthetic compounds, as well as modification of existing
compounds. Numerous methods are also available for generating random or directed synthesis
(e.g., semi-synthesis or total synthesis) of any number of chemical compounds, including, but not
limited to, saccharide-, lipid-, peptide-, and nucleic acid-based compounds. Synthetic compound
libraries are commercially available. Alternatively, libraries of natural compounds in the form ot
bacterial, fungal, plant, and animal extracts are commercially available from a number of

sources, including Biotics (Sussex, UK), Xenova (Slough, UK), Harbor Branch Oceanographic

Institute (Ft. Pierce, FL, USA), and PharmaMar, MA, USA. Furthermore, if desired, any library

or compound is readily modified using standard chemical, physical, or biochemical methods.

[0076] Candidate compounds may be identified based upon comparison with MiR-223
molecules with respect to the ability of a test compound in promoting differentiation, inhibiting
or decreasing self-renewal or of engraftment, of a leukemic cell such as a leukemic stem cell
using routine methods available in the art. Identified candidate compounds may be subsequently
evaluated for their ability to treat a myeloid leukemia e.g. AML or CML. In one embodiment,
when a crude extract is found to treat myeloid leukemia or exhibit efficacy in promoting

differentiation, inhibiting or decreasing self-renewal or of engraftment, of a leukemic cell, further

- 16 -



10

15

20

25

30

CA 02733676 2011-02-09
WO 2009/0213235 PCT/CA2008/001451

fractionation of the positive lead extract is necessary to isolate chemical constituents responsible
for the observed effect. Thus, the goal of the extraction, fractionation, and purification process 1s
the careful characterization and identification of a chemical entity within the crude extract having
the desired activities. The same assays described herein for the detection of activities in mixtures
of compounds can be used to purify the active component and to test derivatives thereof.
Methods of fractionation and purification of such heterogeneous extracts are known in the art. If
desired, compounds shown to be useful agents for treatment are chemically modified according
to methods known in the art. Compounds identified as being of therapeutic, prophylactic, or other
value may be subsequently analyzed using a AML or CML animal model, or any other animal

model suitable for myeloid leukemia.

[0077] Therapies, Pharmaceutical Compositions, Dosages, and Administration

[0078] MiR-223 molecules may be administered to a subject to treat a myeloid leukemia, such as
AML or CML. In alternative embodiments, the myeloid leukemia 1s a leukemia that 1s resistant
to treatment with an exogenous differentiating agent i.e., an agent that, when added to a cell in
vitro or in vivo, promotes the differentiation of the cell. For example, the myeloid leukemia may
be an AML that is resistant to treatment with a known differentiating agent, such as a retinoic
acid (e.g., ATRA) or a cytokine (e.g., G-CSF or GM-CSF). By “resistant to a differentiating
agent” is meant that the leukemia does not substantially respond to treatment with the
differentiating agent or that a leukemic cell does not undergo differentiation when contacted with
the differentiating agent. Identification of such resistant leukemias and leukemic cells is known

in the art.

(0079] In alternative embodiments, the AML 1s CD33+ AML, AML with FLT3 mutations, AML
with CKIT mutations, or AML with MLL partial tandem duplications. In some embodiments, a

miR-223 molecule may be used to treat subjects who have failed (relapsed) after standard

chemotherapy or bone marrow transplantation or other emerging or novel targeted therapies. By

2% ¢

“treat,” “treatment’” or *‘treating’’ 1s meant ameliorating symptoms associated with a myeloid
leukemia such as AML or CML, including preventing or delaying the onset of the disease
symptoms and/or lessening the severity or frequency of the disease symptoms and/or prolonging
remission and/or decreasing the frequency or severity of relapse. In alternative embodiments,
treating includes promoting differentiation, or inhibiting or decreasing self-renewal, or inhibiting

or decreasing engrattment, in a leukemic cell, such as an LSC or an LPC.
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[0080] In alternative embodiments, miR-223 molecules may be used ex-vivo to remove or
eliminate leukemic stem cells (e.g., CD34 +, CD38-) from the bone marrow of a subject prior to
re-infusion back into the subject. As used herein, a subject may be a human, non-human primate,
rat, mouse, cow, horse, pig, sheep, goat, dog, cat, etc. The subject may be a clinical patient, a
clinical trial volunteer, a pediatric patient, an adult patient, an experimental animal, etc. The
subject may be suspected of having or at risk for a myeloid leukemia, be diagnosed with a
myeloid leukemia, or be a control subject that is confirmed to not have a myeloid leukemia.
Diagnostic methods for myeloid leukemias and the clinical delineation of myeloid leukemias are

known to those of ordinary skill in the art.

[0081] MiR-223 molecules may be provided alone or in combination with other compounds (for
example, chemotherapeutics), in the presence of a liposome, an adjuvant, or any
pharmaceutically acceptable carrier, in a form suitable for administration to mammals, for
example, humans, cattle, sheep, etc. If desired, treatment with a miR-223 molecule according to
the invention may be combined with traditional and existing, or emerging, therapies for AML,
such as cytarabine in combination with an anthracycline, FLT3 inhibitors or ant1-CD33

antibodies.

[0082] MiR-223 molecules may be provided chronically or intermittently. “Chronic”
administration refers to administration of the agent(s) in a continuous mode as opposed to an
acute mode, so as to maintain the initial therapeutic effect (activity) for an extended period of
time. “Intermittent” administration is treatment that 1s not consecutively done without
interruption, but rather is cyclic in nature. In alternative embodiments, miR-223 molecules are
administered to a subject in need of such inhibitors, e.g., a subject diagnosed with or suspected of
having a myeloid leukemia, such as CML or AML. In alternative embodiments, the AML 1s a
non-APL AML. In alternative embodiments, the AML 1is resistant to a differentiating agent, such

as a retinoic acid (e.g., ATRA) or a cytokine.

[0083] In alternative embodiments, a miR-223 molecule may be effectively delivered to
leukemic cells, e.g., LSC, by a variety of methods known to those skilled 1n the art. Such
methods include but are not limited to liposomal encapsulation/delivery, vector-based gene transter,
fusion to peptide or immunoglobulin sequences for enhanced cell targeting and other techniques.
Suitable viral vectors include retroviral vectors such as lentiviral vectors, adenovirus vectors,

adeno-associated virus vectors, etc.In alternative embodiments, a miR-223 molecule, may also be
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formulated in pharmaceutical compositions well known to those in the field. These include
liposomal formulations and combinations with other agents or vehicles/excipients such as
cyclodextrins which may enhance delivery of the miRNA. In alternative embodiments, suitable
carriers include lipid-based carriers such as a stabilized nucleic acid-lipid particle (e.g., SNALP
or SPLP), cationic lipid or liposome nucleic acid complexes (1.., lipoplexes), a liposome, a
micelle, a virosome, or a mixture thereof. In other embodiments, the carrier system is a polymer-
based carrier system such as a cationic polymer-nucleic acid complex (i.e., polyplex). In
alterative embodiments, the carrier system is a cyclodextrin-based carrier system such as a
cyclodextrin polymer-nucleic acid complex. In further embodiments, the carrier system is a

protein-based carrier system such as a cationic peptide-nucleic acid complex.

[0084] Suitable carriers are known in the art and are described in, without limitation, United
States Patent Application Nos. 20070173476 published July 26, 2007; 20050008617 published
January 13, 2005; 20050014962 published January 20, 2005; 20050064595 published March 24,
2005; 20060008910 published January 12, 2006; 20060051405 published March 9, 2006;
20060083780 published April 20, 2006; 20050008689 published January 13, 2005;
20070172950 published July 26, 2007; United States Patent Nos. 7,101,995 issued September 3,
2006 to Lewis, et al.; 7,220,400 issued May 22, 2007, to Monahan, et al.; 5,705,385 issued
January 6, 1998 to Bally, et al.; 5,965,542 issued October 12, 1999 to Wasan, et al.; 6,287,591

issued September 11, 2001 to Semple, et al., all of which are hereby incorporated by reference.

[0085] In one embodiment, the present invention contemplates a nucleic acid-lipid particle
comprising a miR-223 molecule. In addition to the reterences described above, suitable nucleic

acid-lipid particles and their use are described in U.S. Patent Nos. 6,815,432, 6,586,410, and
6.534,484.

[0086] Conventional pharmaceutical practice may be employed to provide suitable formulations
or compositions to administer the miR-223 molecules to subjects suffering from, at risk of, or
presymptomatic for a myeloid leukemia such as CML or AML. Suitable pharmaceutical

compositions may be formulated by means known in the art and their mode of administration and
dose determined by the skilled practitioner. Any appropriate route of administration may be
employed, for example, parenteral, intravenous, subcutaneous, intramuscular, intracranial,

intraorbital, ophthalmic, intraventricular, intracapsular, intraspinal, intrathecal, intracisternal,

intraperitoneal, intranasal, aerosol, lavage, topical, oral administration, or any mode suitable for
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the selected treatment. Therapeutic formulations may be in the form of liquid solutions or
suspensions. For enteral administration, the compound may be administered in a tablet, capsule
or dissolved in liquid form. The table or capsule may be enteric coated, or in a formulation for
sustained release. For intranasal formulations, in the form of powders, nasal drops, or aerosols.
For parenteral administration, a miR-223 molecule may be dissolved in sterile water or saline or
a pharmaceutically acceptable vehicle used for administration of non-water soluble miR-223
molecules such as those used for vitamin K. Suitable formulations include those that have
desirable pharmaceutical properties, such as targeted delivery to leukemic cells, improved serum
half-life/stability of a miR-223 molecule, improved intracellular penetration and cytoplasmic
delivery, improved persistence of in-vivo activity, reduction in dose required for efficacy,
reduction in required dosing frequency, etc. In alternative embodiments, a liposomal
nanoparticle-based dosing formulation of a miR-223 molecule may be prepared using methods
well known to those skilled in the art and currently practiced for the preparation pharmaceutical
formulations of other oligonucleotide-based reagents/therapeutics including anti-sense
oligonucleotides and/or RNA1 (siRNA)-based agents.10'13 In alternative embodiments, a gene
therapy approach for transduction of miR-223 molecules to target cells (e.g. CD34+ CD38- cells

or leukemic stem cells) using for example lentiviral-based vectors, may be used.

[0087] Methods well known 1n the art for making formulations are found 1n, for example,
Remington: the Science & Practice of Pharmacy by Altonso Gennaro, 20" ed., Williams &
Wilkins, (2000). Formulations for parenteral administration may, for example, contain
excipients, sterile water, or saline, polyalkylene glycols such as polyethylene glycol, oils of
vegetable origin, or hydrogenated napthalenes. Biocompatible, biodegradable lactide polymer,
lactide/glycolide copolymer, or polyoxyethylene-polyoxypropylene copolymers may be used to
control the release of the compounds. Other potentially useful parenteral delivery systems for
include ethylene-vinyl acetate copolymer particles, osmotic pumps, implantable infusion
systems, and liposomes. Formulations for inhalation may contain excipients, for example,
lactose, or may be aqueous solutions containing, for example, polyoxyethylene-9-lauryl ether,
glycocholate and deoxycholate, or may be oily solutions for administration in the form of nasal
drops, or as a gel. For therapeutic or prophylactic compositions, the miR-223 molecules are
administered to an individual in an amount sufficient to stop or slow a myeloid leukemia such as
CML or AML, or to promote ditferentiation, or inhibit or decrease self-renewal, or inhibit or
decrease engraftment of myeloid leukemic cells. Suitable formulations may be provided in a kit

including one or more miR-223 molecule, together with instructions for using the miR-223
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molecule to treat a myeloid leukemia. The kit may contain additional agents such as a
pharmaceutical carrier e.g, a liposomal carrier or additional active ingredients such as a
chemotherapeutic agent. The additional agents may be provided in the same container as that
containing the miR-233 molecule or may be provided in a container separate from that containing

the miR-233 molecule.

[0088] An “effective amount” of a miR-223 molecule according to the invention includes a
therapeutically effective amount or a prophylactically effective amount. A “therapeutically
effective amount” refers to an amount effective, at dosages and for periods of time necessary, to
achieve the desired therapeutic result, such as treatment of a myeloid leukemia or promotion of
differentiation, or inhibition or decrease of self-renewal or inhibition or decrease of engraftment,
of a leukemic cell, such as an LSC. The increase or decrease may be between 10% and 90%,

e.g., 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or may be over 100%, such as 200%,

300%, 500% or more, when compared with a control or reference subject, sample or compound.

[0089] A therapeutically effective amount of a miR-223 molecule may vary according to factors
such as the disease state, age, sex, and weight of the individual subject, and the ability of the
miR-223 molecule to elicit a desired response in the individual. Dosage regimens may be
adjusted to provide the optimum therapeutic response. A therapeutically effective amount is also
one in which any toxic or detrimental effects of the miR-223 molecule are outweighed by the
therapeutically beneficial effects. A “prophylactically effective amount” refers to an amount
effective, at dosages and for periods of time necessary, to achieve the desired prophylactic result,
such as prevention or protection against a myeloid leukemia or promotion of differentiation,
inhibition or decrease of self-renewal or inhibition or decrease of engrattment of leukemic cells,
such as leukemic stem cells. Typically, a prophylactic dose is used in subjects prior to or at an
earlier stage of disease, so that a prophylactically effective amount may be less than a
therapeutically effective amount. In alternative embodiments, dosages may be adjusted
depending on whether the subject 1s 1n remission from a myeloid leukemia or not. A preferred
range for therapeutically or prophylactically effective amounts of a miR-223 molecule may be
any integer from 0.1 nM-0.1M, 0.1 nM-0.05M, 0.05 nM-15uM or 0.01 nM-10uM. In alternative
embodiments, a therapeutically or prophylactically etfective amount that 1s administered to a
subject may range trom about 5 to about 3000 micrograms/kg it body weight of the subject, or

any number therebetween.
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[0090] In alternative embodiments, the miR-223 molecule is provided in an amount that 1s from
10% to 99% greater than the amount present in leukemic cells, or more generally at least 10%,
20%, 30%, 40%, 50, 55% or 60%, or at least 65%, 75%, 80%, 85%, 90%, or 95%, or as much as
96%, 97%, 98%, or 99% greater than the amount present in leukemic cells. In alternative
embodiments, the miR-223 molecule is provided in an amount that is 0.5 to 50 fold greater than
the amount present in leukemic cells, or more generally at least 0.5, 1, 1.5, 2, 5, 10, 20, 25, 30,
35, 40, 45 fold greater than the amount present in leukemic cells. In alternative embodiments,
the miR-223 molecule is provided in an amount that 1s equivalent to the amount present in non-
leukemic stem cells or the amount present in normal myeloid cells. In alternative embodiments,
administration of a miR-223 molecule to a subject, leads to a decrease of leukemic cells 1n the
subject by 10% to 99%, or more generally by at least 10%, 20%, 30%, 40%, 50, 55% or 60%, or
at least 65%, 75%, 80%, 85%, 90%, or 95%, or at least 96%, 97%, 98%, 99%, or 100%:; or by
0.5 to 50 fold, or more generally at least 0.5, 1, 1.5, 2, 5, 10, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80,

90 or 100 fold or more, when compared to a control or reference.

[0091] It 1s to be noted that dosage values may vary with the severity of the condition to be
alleviated. For any particular subject, specific dosage regimens may be adjusted over time
according to the individual need and the professional judgment of the person administering or
supervising the administration of the compositions. Dosage ranges set forth herein are exemplary
only and do not limit the dosage ranges that may be selected by medical practitioners. The
amount of active compound(s) in the composition may vary according to factors such as the
disease state, age, sex, and weight of the individual. Dosage regimens may be adjusted to provide
the optimum therapeutic response. For example, a single bolus may be administered, several
divided doses may be administered over time or the dose may be proportionally reduced or

increased as indicated by the exigencies of the therapeutic situation. It may be advantageous to
formulate parenteral compositions in dosage unit form for ease of administration and uniformity

of dosage.
[0092] The present invention will be further illustrated in the following examples.

[0093] EXAMPLE 1: miR-223 can decrease the leukemic activity of murine leukemia models

[0094] Two independent and clinically relevant acute myeloid leukemia models driven by MN1
and NUP98-HOXD13 (ND13) + Meis1'*" were used to mvestigate the anti-leukemic activity of
miR-223.
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[0095] A retroviral vector system was used to over-express pre-miR-223’, including the
precursor transcript of miR-223 with about 40bp of flanking genomic region (Chen et al., 2004),
in the MN1 and ND13+Meis1 cell lines using the empty vector (MDH-1) as control (ctl).

[0096] For all in vivo studies a murine transplantation model was used'. The in vitro assays
included growth curves, colony forming assays (CFCs), FACS, and ditferentiation assays.
Briefly, we cultured MN1 as well as ND13+Meisl cells on teeder cells producing miR-223
retrovirus. Then, the infected cells were sorted for GFP positive cells, expanded in vitro and
transplanted into mice. Every four weeks tail vein bleeds were performed and the percentage of
GFP+ cells assessed. MN1 cells were plated for CFC assays in methylcellulose and their colony-
forming potential measured by colony counts and serial replating. Growth curves: GFP sorted

cells were seeded with the same amount in well plates and every day the amount of cells counted.

[0097] In the MN1 model, decreased proliferation of MN1+miR-223 cells compared to
MN1+MDHI1 cells, as well as a decreased CFC replating capacity after the 3" replating, was
observed (Figures SA-B). Furthermore, FACS data demonstrated that MN1+miR223 display an
increased number of Macl+ cells (macrophage marker) (Figure 4). By contrast, assays directed
to determining whether MN1+mir-223 cells display an increased sensitivity towards
differentiating cytokines like G-CSF and GM-CSF did not show any difference under the

conditions used 1n these assays.

[0098] Mice injected with 2x10° sorted MN1+miR-223 cells in independent studies showed
decreased and ultimately completely diminished engrattment. With respect to survival, in the
first experiment, all control mice died (3/3 or 7/7), whereas all MN1+mir223 mice were still
alive (0/3 or 0/5) after 90 or 180 days. Considering a mean survival time of 30-50 days for MN1
leukemias, this result is significant. A second independent experiment with newly infected cells
and a cell dose of 5x10°/mouse confirmed the results of the first experiment. After 4 weeks the
MN1+miR223 mice showed an engraftment of <1%, compared to 25% in the MN1+MDH1

control mice.

[0099] In the ND13Meis1 cell model, mice injected with 5x10° sorted ND13Meis1+miR-223
cell line cells showed decreased and ultimately completely diminished engraftment. With respect
to survival, in the first experiment all control mice died (3/3 or 6/6), whereas 2/ or 4/5

ND13Meis1+mir223 mice were still alive (2/3) after 90 or 180 days. Considering a mean

survival time ot 40-60 days for ND13meis]1 leukemias, this result is significant. Regular weekly
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bleeds revealed unique engraftment kinetics in the ND13Meis1+mir-223 mice, with a steadily
decreasing engraftment not only in the ND13Meis1+mir-233 compartment (GFP/YFP double
positive cells), but also in the ND13Meisl (YFP only) compartment, indicating a possible
interaction between the cells. Thus, from an initial engraftment (4 weeks) in ND13Meis1+miR-
223 cells ranging from 1-10% double positive cells (GFP/YFP, ND13Meil+mir-223) and 1-8%
single positive cells (YFP, ND13Meisl only), after 8 weeks the engraftment of both
compartments diminished to <1% GFP/YFP and YFP positive cells, respectively. The
engraftment kinetics showed miR-223 mice: between 1-10% double positive mice =2
engraftment diminishes, after 8 weeks: <1% double-positive cells. In conclusion, by
overexpressing miR-223 we observed a decrease in the leukemic potential of MN1 and
ND13+Meisl leukemia cells. In vitro experiments indicated an increased differentiation ability

of the leukemic expressing miR-223 cells.

[00100] Accordingly, independent in vivo assays demonstrated that over-expression of pre-
miR-223 in MN1 cells as well as in a ND13+Meis1 leukemia cell line led to reduced engraftment
and survival of the test animals by a complete disappearance of the leukemic cells (Figures 3, 4).
In contrast, all the control mice died within 30-50 days of the expected leukemia. This is
remarkable, considering that MN1 and ND13+Meisl are two independent models of a highly

aggressive leukemia.

[00101] In vitro experiments demonstrated increased differentiation of MN1 and
NDI13+Meisl cells with miR-223 overexpression, indicating that pre-miR-223 circumvents the
block in differentiation and thus causes maturation of leukemic cells. In line with this, MN1 cells
expressing pre-miR-223 lose their infinite replating capacity in CFC assays compared to the

control, demonstrating a loss of immortalized long-term replating progenitor cells.

[00102] These results demonstrate that overexpression of pre-miR-223 forces leukemic
cells to difterentiate in vitro and in vivo, and therefore that increased levels of miR-223 can

overcome the differentiation block in leukemic cells.

(00103} EXAMPLE 2: Expression profiling of miR-223 and miR-223star in human AML
patient samplesMiRNA expression profiling of sorted AML patient samples (Figure 1A) revealed

that miR-223 has lower expression levels in undifferentiated leukemia cell populations that
comprise the leukemic stem cells. MiR-223 is relatively poorly expressed within the leukemic

stem cell fraction compared to the bulk leukemic cells as demonstrated in Figure 1A. Further,
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we could show by sequencing that miR-223 star expression levels can not only exceed, but also
be highly differentially expressed in the myeloid progenitor ND13 cells and is drastically
downregulated in the leukemic ND13+Meisl cells. Expression profiling of miR-223 and miR-
223star in human AML patient samples showed high expression of miR-223star and a correlation

of miR-223star and miR-223 expression (Figure 1B).

[00104] More specifically, expression profiling of miR-223 expression in AML patient
samples revealed a significant negative correlation (p<0.05) with FLT3-ITDs, a negative
prognostic marker for AML. Furthermore, expression profiling of sorted, subfractionated AML
patient samples (n=5) revealed that miR-223 is significantly lower expressed (p<0.05) in the
more primitive fraction (CD34+, CD38-) compared to the bulk population of AML cells. This
together with our mouse in vivo data indicates that overexpression of miR-223 leads to loss of

the selt-renewal ability in LSC and to differentiation.
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[00125] All citations are hereby incorporated by reference.
OTHER EMBODIMENTS
[00126] Although various embodiments of the invention are disclosed herein, many

adaptations and modifications may be made within the spirit and scope of the invention in
accordance with the common general knowledge of those skilled in this art. Such modifications
include the substitution of known equivalents for any aspect of the invention in order to achieve
the same result in substantially the same way. Accession numbers, as used herein, refer to

Accession numbers from multiple databases, including GenBank, the European Molecular

Biology Laboratory (EMBL), the DNA Database of Japan (DDBJ), or the Genome Sequence
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Data Base (GSDB), for nucleotide sequences, and including the Protein Information Resource
(PIR), SWISSPROT, Protein Research Foundation (PRF), and Protein Data Bank (PDB)
(sequences from solved structures), as well as from translations from annotated coding regions
from nucleotide sequences in GenBank, EMBL, DDBJ, or RefSeq, for polypeptide sequences.
Numeric ranges are inclusive of the numbers defining the range. In the specification, the word
“comprising” is used as an open-ended term, substantially equivalent to the phrase “including,
but not limited to”, and the word “comprises” has a corresponding meaning. Citation of
references herein shall not be construed as an admission that such references are prior art to the
present invention. All publications are incorporated herein by reference as it each individual
publication were specifically and individually indicated to be incorporated by reference herein
and as though fully set forth herein. The invention includes all embodiments and variations

substantially as hereinbefore described and with reference to the examples and drawings.
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[00127] WHAT IS CLAIMED IS:
1. A method of treating a myeloid leukemia comprising administering an effective amount

of a mi-R223 molecule to a subject in need thereof.

2. The method of claim 1 wherein the leukemia is a chronic myeloid leukemia (CML).
3. The method of claim 1 wherein the leukemia is an acute myeloid leukemia (AML).
4. The method of any one of claims 1 to 3 wherein the leukemia 1s resistant to a

differentiating agent.

5. The method of claim 4 wherein the differentiating agent is a retinoic acid or a cytokine.
6. The method of claim 5 wherein the retinoic acid is all-trans-retinoic acid (ATRA).

7. The method of claim 5 wherein the cytokine 1s G-CSF or GM-CSF.

8. The method of any one of claims 3 to 7 wherein the AML is a non-acute promyelocytic
leukemia (non-APL AML) or is an ATRA-resistant APL.

9. The method of any one of claims 1 to 8 wherein the mi-R223 molecule comprises a
sequence that is substantially identical to a sequence selected from one or more of SEQ ID NOs:
1-20.

10. The method of any one of claims 1 to 9 wherein the treating comprises promoting
differentiation in a leukemic cell.

11.  The method of any one of claims 1 to 10 further comprising administering a
chemotherapeutic agent.

12.  The method of any one of claims 1 to 10 further comprising stem cell transplantation.
13.  The method of claim 11 or 12 wherein the chemotherapeutic agent is administered or the
stem cell transplantation is performed prior to or after administration of the miR-223 molecule.
14.  The method of any one claims 1 to 13 wherein the miR-223 molecule is administered as

part of a consolidation (post-remission therapy).
15.  The method of any one of claims 1 to 13 wherein the subject has relapsed leukemia or 1s

at a high risk for relapse.

16.  The method of any one of claims 1 to 15 wherein the subject 1s a poor candidate for high

dose chemotherapy.
17.  The method of any one of claims 1 to 16 wherein the subject is over 60 years of age.

18.  The method of any one of claims 1 to 10 wherein the subject 1s a poor candidate for

chemotherapy or for stem cell transplantation.
19.  The method of any one of claims 1 to 18 wherein the subject is a human.
20. A method for promoting the differentiation of a leukemic stem cell that is resistant to a
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differentiating agent, the method comprising administering a mi-R223 molecule to the
leukemic stem cell.

21.  The method of claim 20 wherein the leukemic stem cell is a CML cell or an AML
cell.

22.  The method of claim 20 or 21 wherein the differentiating agent is a retinoic acid
or a cytokine

23.  The method of claim 22 wherein the retinoic acid 1s all-frans-retinoic acid.

24.  The method of claim 22 wherein the cytokine is G-CSF or GM-CSF.

25.  The method of any one of claim 21 to 24 wherein the AML is a non-acute

promyelocytic leukemia (APL) AML.
26.  The method of any one of claims 20 to 25 wherein the mi-R223 molecule

comprises a sequence that is substantially identical to a sequence selected from one or

more of SEQ ID NOs: 1-20.

27. The method of any one of claims 20 to 26 wherein the leukemic cell 1s a
CD34+,CD38-.
28. A pharmaceutical composition comprising a miR-223 molecule in combination

with a pharmaceutical carrier.
29. The composition of claim 28 wherein the mi-R223 molecule comprises a
sequence that 1s substantially identical to a sequence selected from one or more of SEQ

ID NOs: 1-20.

30.  The composition of claim 28 or 29 wherein the composition 1s provided in a
liposomal particle.

31.  The composition of claim 30 wherein the liposomal particle is a nanoparticle.

32. A kit comprising the pharmaceutical composition of any one of claims 28 to 31

together with instructions for use in treating a myeloid leukemia.
33.  Use of amiR-223 molecule for treating a myeloid leukemia.
34. A method for screening for a candidate compound for treating a myeloid

‘leukemia, the method comprising:

a) providing a test compound;

b) providing a miR-223 molecule;

C) determining the ability of the test compound to promote differentiation of
30
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a leukemic stem cell or treat leukemia in an animal model;

d) determining the ability of the miR-223 molecule to promote ditferentiation

of a leukemic stem cell or treat leukemia in an animal model; and

€) comparing the ability of the miR-223 molecule and test compound to
promote differentiation of a leukemic stem cell or treat leukemia in an animal model,
wherein the test compound is a candidate compound if the test compound 1s capable of
promoting differentiation of a leukemic stem cell or treating leukemia in an animal model

equivalent to or better than the miR-223 molecule.

31
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