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METHOD FOR TREATING BONE MARROW DISORDERS

RELATED APPLICATION

This application claims priority of U.S. Provisional Patent Application No.
60/923,074, filed April 12, 2007, which is hereby incorporated by reference in its

entirety.

FIELD OF THE INVENTION

The present invention relates to a method for the treatment of bone marrow
disorders, including myelodysplastic syndromes and adult and pediatric leukemias. The
method comprises systemically administering an oligonucleotide, which reduces or
inhibits expression of a gene associated with the bone marrow disorder to a subject in

need thereof.

‘BACKGROUND OF THE INVENTION

Bone marrow and bone marrow disease

Bone marrow is a specialized tissue that produces a plurality of different cell types,
including stromal cells, hematopoietic lineage cells and cells involved in bone
remodeling. Bone marrow is the primary source of red blood cells (erythrocytes) and

white blood cells in the body.

Hematopoiesis is an ongoing process whereby highly specialized blood cells are
generated from hematopoietic stem cells (HSC). The specialized cells fall within two
functionally distinct groups termed myeloid and lymphoid cells. During normal human
adult life, myeloid cells are produced exclusively within the bone marrow. Myeloid stem
cells produce the progenitor cells for the neutrophil, monocyte, macrophage, eosinophil,

erythrocyte, megakaryocyte, mast cell, platelet and basophil cell types.

Cells of the lymphoid lineage, which develop into B-cells (lymphocytes) or T-cells
(Th or CTL), are produced to varying degrees in the bone marrow, spleen, thymus and
lymph nodes. The principle function of B-cells lies in the production of antibodies.

Many human malignancies are myeloid or lymphoid in origin and arise from
transforming events that occur in hematopoietic progenitors situated in the bone marrow.

Understanding normal B cell development affords the opportunity to learn how the
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transformation process interferes with normal B cell signaling mechanisms. In normal B
cell development, rearrangement of the immunoglobulin heavy chain gene occurs during
pro-B cell stages (reviewed in LeBien, 2000 1: Blood. 96(1):9-23). The late pro-B cell
normally completes the rearrangement of heavy chain (V to D-J) joining. The cell then
progresses through the pre-B cell stage, producing IgM heavy chain (¢) protein and
undergoing proliferation. If the B cell precursor fails to produce a productive VDJ
arrangement at both alleles, the cell undergoes apoptosis, which is the fate of the vast

majority of (>90%) early pre-B cells.

Chromosomal translocations leading to the expression of chimeric proteins are
often involved in malignant transformation of hematopoietic cells. Various leukemias
including Acute Lymphocytic Leukemia (ALL), Acute Myelocytic Leukemia (AML),
Chronic Lymphocytic Leukemia (CLL) and Chronic Myelocytic Leukemia (CML) result
from oncogenic transformation of fusion proteins. Several of those fusion genes and their
resulting proteins have been identified as valid targets in therapeutic strategies. The
Philadelphia translocation, characteristic for CML and ALL, generates the bcr/abl fusion
gene, which encodes a BCR/ABL constitutive active kinase, which is able to induce and

maintain leukemic transformation.

Chromosomal translocations involving the mixed lineage leukemia (MLL) gene
are frequently observed in AML and ALL patients. The N-terminus of MLL can fuse in-
frame to a number of partner proteins including inter alia AF4, AF9, AF10, EEN, ENL,
and ELL. Recent studies suggest that the MLL fusion protein is able to inhibit p53, a
tumor suppressor involved in the cell cycle and apoptotic pathways (Wiederschain, et al,

J. Biol. Chem. 280(26):24315-24321).

RNA interference

" RNA interference (RNAi) is a phenomenon involving double-stranded RNA
(dsRNA) dependent, gene-specific posttranscriptional silencing. Originally, attempts to
study this phenomenon in vivo were thwarted by an active, non-specific antiviral defense
mechanism (Gil et al. 2000, Apoptosis, 5:107-114). Later it was discovered that synthetic
RNA duplexes of 21 nucleotides in length could mediate gene specific RNAi in
mammalian cells, while obviating the generic antiviral defense mechanisms (Elbashir et
al. 2001 Nature, 411:494-498; Caplen et al. 2001, PNAS 98:9742-9747). As a result,
small interfering RNAs (siRNAs), which are short double-stranded RNAs, have become

powerful tools in attempting to understand gene function and to treat disease.



WO 2008/126085 PCT/IL2008/000503

10

15

20

25

30

Thus, RNA interference (RNAi) refers to the process of sequence-specific post-
transcriptional gene silencing in mammals mediated by small interfering RNAs (siRNAs)
(Fire, et al,, 1998, Nature 391, 806) or microRNAs (miRNAs) (Ambros, 2004, Nature
431:350-355; Bartel, 2004, Cell 116(2): 281-97). |

The selection and synthesis of siRNA corresponding to known genes has been
widely reported. Examples of targets for successful silencing of cancer associated genes
has been summarized by Gage (2005, Future Oncol. 1(1):101-111) and RNAI in
hematopoietic cells has been reviewed by Venturini, et al., (2006, J. Biomed. Biotech.,
2006:87340). Venturini, et al., (2006, ibid) assert that although targeting the fusion
products of translocations by RNAI is feasible, the use of RNAI in primary hematopoietic
cells is limited by the delivery of the molecules to the cells. The implementation of
various techniques, infer alia, lentiviral transduction, retroviral delivery and

electroporation, was disclosed.

For effective therapeutic application of siRNA, three requirements must be met:
delivery of the molecule to the target tissue responsible for the pathology; delivery of the
molecule to the correct intracellular location and interaction of the molecule with the
RNAi machinery within the target cell. Each of these levels of targeting poses a

significant barrier.

Various methods for targeted delivery of siRNAs have been proposed (Oliveira, et
al.,, J. Biomed. Biotech, 2006:1-9; Aigner, J. Biomed. Biotech., 2006, 71659:1-15).
Oliveira et al., (2006, ibid;) report that naked siRNA fails to produce gene silencing
effects in vivo, even after prolonged incubation of cells with high siRNA concentrations
in vitro. That disclosure further notes that rapid femoval of naked siRNA from the
circulation after intravenous administration, with more than 99% of the injected dose
renally excreted and taken up by the liver Kuppfer cells within minutes, makes a very

small percentage of the administered dose available to the target tissue.

One promising direction includes local injection to the site of pathology and the
complexation of siRNAs with the polyethylenimine (PEI), which efficiently stabilizes
siRNAs and, upon systemic administration, leads to the delivery of the intact siRNAs
into different organs. Other delivery methods for siRNAs include coupling to a
cholesterol moiety for targeting a siRNA molecule to the liver and jejunum (Soutschek et
al., 2004, Nature, 432(7014):173-178); liposome delivery (Morrissey, et al., 2005,
Nature Biotech., 23(8):1002-1007) and antibody mediated delivery (Song et al., 2005,
Nature Biotech. 23(6):709-717).
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Wilda, et al., (2002, Oncogene 21(37):5716) disclose 21 base pair double stranded
siRNA molecules that target the M-bcr/abl fusion gene in leukemic cells.

International Patent Application Publication No.. WO 2006/073602 teaches RNAi
inhibition of two specific bcr/abl transcript variants associated with CML and AML and
provides siRNA molecules which target the ber/abl fusion site.

US Patent Application Publication No. US 2005/0245475 teaches siRNA

- molecules effective at inhibiting Bcl-2 expression.

None of the above references teaches a method for the targeted delivery of naked

- siIRNA to the bone marrow.

SUMMARY OF THE INVENTION

The present invention provides novel methods for treating disorders of the bone
marrow. The present invention overcomes certain of the limitations of the prior art by
providing an in vivo method of treating bone marrow disorders by directly targeting

hematopoietic cells expressing genes associated with bone marrow disorders.

According to one aspect, the present invention provides a method of treating a
subject afflicted with a bone marrow disorder in a subject in need thereof, which
comprises systemically administering to the subject an oligonucleotide which reduces or
inhibits expression of a gene associated with the disorder in the bone marrow of the
subject in an amount effective to treat the disorder. In preferred embodiments the method
comprises contacting a bone marrow cell of the subject with an oligonucleotide which

reduces or inhibits expression of a gene associated with the disorder.

In another embodiment the oligonucleotide comprises a sufficient number of
consecutive nucleotides having a sequence of sufficient homology to a nucleic acid
sequence present within the gene to hybridize to the gene and reduce or inhibit

expression of the gene in the subject.

The method of the present invention has utility in treating a bone marrow disorder
wherein the bone marrow cell is selected from a stromal cell or a hemétopoietic lineage
cell. In some embodiments the bone marrow disorder is associated with a cell type
selected from the group consisting of neutrophil, monocyte, macrophage, eosinophil,

erythrocyte, megakaryocyte, mast cell, platelet and basophil cell types.
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In some embodiments, a disorder is selected from the group consisting of a
leukemia, a lymphoma, a myeloproliferative disease, a myelodysplastic syndrome and a

plasma cell disorder.

In some embodiments the leukemia is selected from the group consisting of Acute
Lymphocytic Leukemia (ALL), Acute Myelocytic Leukemia (AML),. Chronic
Lymphocytic Leukemia (CLL), Chronic Myelocytic Leukemia (CML), Chronic
Myelomonocytic Leukemia (CMML) and stem cell leukemia.

In some embodiments the lymphoma is selected from the group consisting of
Anaplastic Large-Cell Lymphoma (ALCL), Hodgkin’s lymphoma and non-Hodgkin’s
lymphoma.

In various embodiments the myelodysplastic syndrome is selected from the group
consisting of Refractory anemia (RA), Refractory anemia with ringed sideroblasts
(RARS, Refractory cytopenia with multilineage dysplasia (RCMD), Refractory cytopenia
with multilineage dysplasia and ringed sideroblasts (RCMD-RS), Refractory anemia with

excess blasts I and II; 5q- syndrome and myelodysplasia unclassifiable.

In other embodirﬁents the myeloproliferative disorder is selected from
Polycythemia Vera (PV), Essential Thrombocythemia (ET) and Chronic Idiopathic
Myelofibrosis (MF).

In yet other embodiments the plasma cell disease is a plasma cell neoplasm
selected from the group consisting of multiple myeloma, plasmacytoma,

macroglobulinemia, monoclonal gammopathy of undetermined significance (MGUS).

According to certain embodiments the bone marrow disorder is a
hemoglobinopathy selected from the group consisting of sickle-cell disease and a

thalassemia.

In some embodiments the gene associated with the bone marrow disorder is an
aberrantly expressed gene. In various embodiments the aberrantly expressed gene
comprises a dominant mutant oncogene, a chromosomal translocation or an amplified

gene. In some embodiments the disorder is associated with a viral oncogene.

In some embodiments the oligonucleotide reduces or inhibits expression of a gene
associated with a late stage bone marrow disorder. In other embodiments the
oligonucleotide reduces or inhibits expression of a gene associated with an early stage

bone marrow disorder.
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In some embodiments the oligonucleotide reduces or inhibits expression of the
gene by inhibiting transcription of an mRNA which encodes a polypeptide associated
with progression of the bone marrow disorder. In other embodiments the oligonucleotide
reduces or inhibits expression of the gene by inhibiting transcription of an mRNA which

encodes a polypeptide associated with etiology of the bone marrow disease.

The method of the present invention is suitable for the treatment of non cancerous
indications related to stem cells, for example, targeting genes which inhibit mobilization
of stem cells into the blood stream and targeting genes which inhibit non-proliferating

stem cells from proliferating.

The present application further provides a method for the delivery of siRNA to a
bone marrow cell in a subject suffering from a bone marrow disorder, comprising
systemically administering to the subject a naked siRNA which reduces or inhibits

expression of a gene associated with the bone marrow disorder in an amount effective to

treat the disorder.

In various embodiments the oligonucleotide is selected from the group consisting
of a siRNA, an antisense oligonucleotide, an aptamer, and a ribozyme. In preferred
embodiments the oligonucleotide molecule is an siRNA. In some embodiments the
siRNA is selected from the group consisting of a naked siRNA, a vector comprising an
siRNA, a vector which expresses an siRNA and an RNA which is endogenously

processed into an siRNA. In preferred embodiments the siRNA is naked siRNA.

The siRNA according to the present invention comprises a sense strand and an
antisense strand which form an RNA duplex, and wherein the sense strand comprises
ribonucleotides having a nucleotide sequence complementary to target sequence of about
18 to about 40 consecutive nucleotides in the mRNA transcribed from the gene
associated with a bone marrow disorder. In some embodiments the siRNA comprises at

least one modified ribonucleotide so as to stabilize it against nuclease degradation.

According to some embodiments the present invention provides an siRNA

molecule having the structure
5 Nx-Z 3 (antisense strand)
3Z2-N)y % (sense strand)

wherein each N and N’ is a ribonucleotide which may be modified or

unmodified in its sugar residue and (N)x and (N”)y is an oligomer in
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which each consecutive N or N’ is joined to the next N or N’ by a

covalent bond;
wherein each of x and y is an integer between 18 and 40;

wherein each of Z and Z’ may be present or absent, but if present is

dTdT and is covalently attached at the 3’ terminus of the strand in

which it is present;

and wherein the sequence of (N)x comprises an antisense sequence

relative to the mRNA transcribed from the gene associated with the bone

marrow disorder.

In some embodiments x = y. In preferred embodiments x = y = 19. In some
embodiments the siRNA consists of ribonucleotides unmodified in their sugar residues.
In various other embodiments the siRNA comprises at least one modified
ribonucleotide. According to some embodiments the modified nucleotide comprises a
modified sugar residue. In some embodiments the modified nucleotide comprises a 2’-
O-methyl modification. In various embodiments the modified nucleotide is a spieglemer.

In various embodiments one strand is modified. In some embodiments both strands are

modified.

In various embodiments one or more of the covalent bond joining the
ribonucleotides in the oligonucleotide is modified. In one embodiment the
oligonucleotide comprises at least one phosphodiester bond. In some embodiments all the

covalent bonds joining the ribonucleotides are modified.

While it may be possible for the oligonucleotide compounds to be administered per
se, it is preferable to present them as a pharmaceutical composition. According to a
further aspect, the present invention provides a pharmaceutical composition comprising
an oligonucleotide accbrding to the present invention, together with one or more
pharmaceutically acceptable carriers. The carrier(s) must be "acceptable” in the sense of
being compatible with the other ingredients of the formulation and not deleterious to the
recipient thereof.

The formulations include those suitable for oral, parenteral (including
subcutaneous, intradermal, intramuscular, intravenous and intraarticular), rectal and

topical (including dermal, buccal, sublingual and intraocular) administration. The most

suitable route may depend upon the condition and disorder of the recipient. The

7



WO 2008/126085 PCT/IL2008/000503

10

15

20

25

30

formulations may conveniently be presented in unit dosage form and may be prepared by
any of the methods well known in the pharmaceutical arts. In general, the formulations
are prepared by uniformly and intimately bringing into association the active ingredient
with liquid carriers or finely divided solid carriers or both and then, if necessary, shaping
the product into the desired formulation. In certain preferred embodiments the
oligonucleotide is administered parenterally. Parenteral administration comprises
intravenous, intraarterial, intramuscular, intraperitoneal, or intranasal administration. A

preferred method of administration comprises intravenous administration.

BRIEF DESCRIPTION OF THE FIGURES

Figs. 1A-1B: Fig. 1A-graphic representation of the normalized log ratio of p53
levels. Fig. 1B-normalized ratio of p53 levels. Fig. 1C-siRNA tissue distribution.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a method for the treatment of bone marrow diseases
and disorders, and in particular for the treatment of leukemias. The present invention is
based in part on the unexpected discovery that naked siRNA molecules target the bone
marrow when administered systemically. The discovery is surprising in view of the

known obstacles to siRNA delivery.

For siRNA molecules to be effective in silencing mRNA of a target gene, the
siRNA requires three levels of targeting: to the target tissue, to the target cell type and to
the target subcellular compartment. The present invention now discloses systemic

treatment of bone marrow diseases and disorders.

Definitions

For convenience and clarity certain terms employed in the specification, examples

and claims are described herein.

By “small interfering RNA” (siRNA) is meant an RNA molecule which decreases
or silences (prevents) the expression of a gene/mRNA of its endogenous cellular
counterpart. Without wishing to be bound to theory, siRNA acts via a mechanism known
as “RNA interference” (RNAi). RNA interference (RNAi) refers to the process of
sequence-specific post-transcriptional gene silencing in mammals mediated by small
interfering RNAs (siRNAs) (Fire et al, 1998, Nature 391, 806). The ﬁorresponding
process in plants is commonly referred to as specific post transcriptional gene silencing

or RNA silencing and is also referred to as quelling in fungi. The RNA interference
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response may feature an endonuclease complex containing an siRNA, commonly referred
to as an RNA-induced silencing complex (RISC), which mediates cleavage of single-
stranded RNA having sequence complementary to the antisense strand of the siRNA
duplex. Cleavage of the target RNA may take place in the middle of the region
complementary to the antisense strand of the siRNA duplex (Elbashir et al 2001, Genes
Dev., 15, 188). For recent information on these terms and proposed mechanisms, see

Bernstein et al. 2001. Nature 409, 363-6).

The term “naked siRNA™ refers to an siRNA molecule that is free from any
delivery vehicle that acts to assist, promote or facilitate entry into a target cell, including
transfection agents, viral sequences, viral particles, liposome formulations and the
like. For example, siRNA in PBS is "naked siRNA". A transfection agent is a compound

used in the prior art that mediates entry of nucleic acids into cells.

The term “polynucleotide” refers to any molecule composed of deoxynucleotides,
ribonucleotides or a combination of both types, i.e. that comprises two or more of the
nucleotide bases, also known as nucleotides, guanine, cytosine, thymine, adenine, uracil
or inosine, inter alia. A .polynucleotide may include natural nucleotides, chemically
modified nucleotides and synthetic nucleotides, or chemical analogs thereof. The term

includes "oligonucleotides" and encompasses “nucleic acids”.

The term “amino acid” refers to a molecule which consists of any one of the 20
naturally occurring amino acids, amino acids which have been chemically modified (see
below), or synthetic amino acids. The term “polypeptide” refers to a molecule composed
of two or more amino acid residues. The term includes peptides, polypeptides, proteins

and peptidomimetics.

An “inhibitor” is a compound which is capable of inhibiting or reducing the
activity of a gene or the product of such gene to an extent sufficient to achieve a desired

biological or physiological effect.

"Expression vector" refers to a vector that has the ability to incorporate and express
heterologous DNA fragments in a foreign cell. Many prokaryotic and eukaryotic
expression vectors are known and/or commercially available. Selection of appropriate

expression vectors is within the knowledge of those having skill in the art.

The pharmaceutical composition of the present invention includes those suitable for
oral, parenteral (including subcutaneous, intradermal, intramuscular, intravenous and

intraarticular), rectal and topical (including dermal, buccal, sublingual and intraocular)
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administration. Parenteral administration is the currently preferred method of

administration of the oligonucleotide.

Bone marrow

Bone marrow is the blood-forming tissue that fills the cavities of bones and
contains inter alia hematopoietic cells, stromal cells and bone remodeling cells. Diseases

or disorders that affect the bone marrow can affect the total counts of these cells.

Bone marrow stromal cells, are also known as mesenchymal stem cells, are a
mixed population of cells derived from the non-blood forming fraction of bone marrow.
Bone marrow stromal cells are capable of growth and differentiation into a number of

different cell types including bone, cartilage, fat and fibrous connective tissue.

Hematopoietic stem cells (HSC) are the precursors of mature blood cells that are
defined by their ability to replace the bone marrow system following its obliteration (for

example, by irradiation) and can continue to produce mature blood cells.

The present invention also relates to functional nucleic acids comprising a double-
stranded structure, their use for the manufacture of a medicament, a pharmaceutical
composition comprising such functional nucleic acids and a method for the treatment of a
subject. ;'Treating a disease" refers to administering a therapeutic substance effective to
ameliorate symptoms associated with a disease, to lessen the severity or cure the disease,
result in relief of symptoms or to prevent the disease from occurring. "Treatment" refers
to both therapeutic treatment and prophylactic or preventative measures, wherein the

object is to prevent or slow down (retard) a disease or disorder.

A “therapeutically effective dose” refers to an amount of a pharmaceutical
compound or composition which is effective to achieve an improvement in a subject or
his physiological systems including, but not limited to, improved survival réte, more
rapid recovery, or improvement or elimination of symptoms, and other indicators as are

selected as appropriate determining measures by those skilled in the art.

The methods of treating the diseases disclosed herein and included in the present
invention may include administering an oligonucleotide inhibitor in conjunction with or
in combination with an additional therapeutic agent, a substance which improves the
pharmacological properties of the active ingredient as detailed below, or an additional
compound known to be effective in the treatment of the bone marrow disease to be

treated, such as inter alia AML, ALL, CML and CLL. By “in conjunction with” or “in

10
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combination with” is meant “prior to”, “simultaneously” or “subsequent to”. Further

detail on exemplary conjoined therapies is given below.

In another embodiment, the present invention provides for the use of a
therapeutically effective dose of an oligonucleotide inhibitor for the preparation of a
medicament for promoting recovery in a subject suffering from a bone marrow disease as
detailed above, and the use of a therapeutically effective dose of an oligonucleotide
inhibitor for the preparation of a medicament for treating said diseases and conditions. In

certain preferred embodiments the oligonucleotide inhibitor is an siRNA compound.

In this embodiment, the nucleic acid inhibitor may target a gene (including a
chromosomal translocation) disclosed in Table 1, and therefore, comprises an
oligonucleotide which comprises consecutive nucleotides having a sequence which
comprises an antisense sequence to the sequence of the mRNA of a gene/translocation set
forth in Table 1. Additionally, the nucleic acid inhibitor may be an expression vector
comprising. a polynucleotide having a sequence which comprises an antisense sequence
to the sequence of the mRNA of any of the genes/translocations set forth in Table 1.
Table 1 provides a partial list of genes implicated in the pathogenesis or progression of

bone marrow diseases.

Table 1: Partial list of target genes

Indication Target gene

BCR/ABL (DIFFERENT FORMS)

ALL/AF4
t(1;19) E2A/PBX1; wntl6
ALL TEL/AMLI

«11;) MLL-ENL, MLL-AF4, MLL-AF9, MLL-AFI10,

MLL MLL-ELL, MLL-EEN, MLL-MEN
translocations

Src; Lyn

t(8;21) AML1-ETO
AML1-MTGS8

FLT3-ITD
AML . CBFb/MYHI11
MLL-CALM
CALM-AF10
MLL-AF4

1(9;22)(q34;q11) | BCR-ABL
CML t(11;?) MLL-ENL,AF4, AF9, AF10 , ELL
Src; Lyn; Jak2

11
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CMML TEL/PDGFbR
CLL Bcl-2 translocation; TCL1; Wnt16
ALCL NPM1-ALK

t(15;17)(q21;q11) | PML/RARa
t(11;17)(q23;q11) | PLZF/RARa

APL t(11;17)(q13;q11) | NuMA/RARa
t(5;17)(q31;q11) | NPM/RARa
t(17;17) stat5b/RARa

Burkitt )

Lymphoma t(8;14) Ig/c-myc

DLBCL c-rel; NF-KB, I-kB kinase, Bcl-10

MM c-maf, FGFR3

Polycythemia Jak2 V617F variant

vera

(3 thalassemia globin mutations

Sickle cell .

anemia B-s-globin

Fanconi

Anemia FANCD2

c-myb, c-raf, v-raf, bcl-2, c-myc, N-myc, Nrf2, c-
kit, src, c-abl, cathepsin C and W; calpain small

Additional subunit; caspase-8; perforins; A 20; PAC-1; NGK2

target genes receptors; RANTES; MIP-1¢; MIP-18; IL-18; IL-8;
IL-IRa; IFN-v; IL-18; IL-10; IL-12 p35; c-mer; ras,
HMG-1

In some hematopoietic neoplasias, a chromosomal translocation is associated with
the etiology of the disease. Late stage disease may or may not be associated with the

primary translocation.

In one embodiment the present invention provides a method of treating a subject
afflicted with a bone marrow disorder comprising administering to the subject a
compound according to the present invention in an amount sufficient to ameliorate or
alleviate the symptoms of the disorder, thereby treating the subject. A more detailed

description of bone marrow disorders is provided infra.

B-cell Associated Malignancies

B cell neoplasms include precursor B-lymphoblastic leukemia/lymphoma
(precursor B- cell acute lymphoblastic leukemia), B-cell chronic lymphocytic
leukemia/small ~ lymphocytic  lymphoma, B-cell prolymphocytic  leukemia,
Lymphoplasmacytic lymphoma, Splenic marginal zone B-cell lymphoma, Hairy cell

leukemia, Plasma cell myeloma/plasmacytoma, Extranodal marginal zone B-cell

12
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lymphoma of MALT type, Nodal marginal zone B-cell lymphoma, Follicular lymphoma,
Mantle-cell lymphoma Diffuse large B-cell lymphoma, Monocytoid B-cell lymphoma

and Multiple myeloma.

Multiple Myeloma

Multiple myeloma (MM) is a fatal hematopoietic malignancy of plasma cells,
typically affecting people over 60 years old. Multiple myeloma is the second most
prevalent blood cancer after non-Hodgkin's lymphoma, representing approximately 10%
of all hematopoietic cancers. The etiology of multiple myeloma is unknown, yet current
theories involve chronic antigenic stimulation of a plasma cell, which results in
transformation and the development of myeloma. Once a plasma cell is transformed, it
produces clones, which spread hematogenously to other myelogenous areas. Once there,
these neoplastic cells replace the normal bone marrow. The osteoblastic response in
myeloma tends to be suppressed and the myeloma cells produce osteoclast-stimulating
factor, a cytokine that results in bone destruction. The plasma cell activating factor

interleukin 6 is found within bone marrow, resulting in plasma cell proliferation.

Several genetic determinants have been shown to be responsible for the onset and
progression of MM. Approximately 15%-20% of the MM cases are associated with a
chromosomal translocation, t(4;14)(pl6.3;q32), that deregulates the expression of
MMSET from der(4) and FGFR3 from der(14). FGFR3 expresses at very high levels and
induces proliferative signals in myeloma cells. This translocation has been shown to be a
primary event in MM and in some cases activating mutations of FGFR3 are acquired as

the disease progresses. Recent studies demonstrate that patients with t(4;14) have a

particularly poor prognosis

Leukemias

Leukemias are grouped into four main types: acute lymphocytic leukemia (ALL),
acute myelocytic leukemia (AML), chronic lymphocytic leukemia (CLL), and chronic
myelocytic leukemia (CML) according to how quickly they progress and the type of cell
that becomes cancerous. Acute leukemias progress rapidly; chronic leukemias progress
slowly. Lymphocytic leukemias develop from cancerous changes in lymphocytes or in
cells that normally produce lymphocytes; myelocytic (myeloid) leukemias develop from

cancerous changes in cells that normally produce neutrophils, basophils, eosinophils, and

monocytes.
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Acute Lymphoblastic Leukemia
Acute lymphoblastic leukemia (ALL) is a malignant (clonal) disease of the bone

marrow in which early lymphoid precursors proliferate and replace the normal

hematopoietic cells of the marrow. ALL may be distinguished from other malignant
lymphoid disorders by the immunophenotype of the cells, which is similar to B- or T-
precursor cells. Immunochemistry, cytochemistry, and cytogenetic markers also may aid
in categorizing the malignant lymphoid clone. Acute lymphocytic leukemia (ALL)
occurs in people of all ages but is the most common cancer in children, accounting for
25% of all cancers in children younger than 15 years. ALL most often affects young

children and adults older than 65.

Chromosomal rearrangements are associated with about 50% of adult ALL.
Genomic signatures have been identified for the remaining cases yet the molecular
mechanism of transformation is unknown (Chiaretti et al., 2005, Clin Cancer Res

11(20):7209-7218).

Acute Myelocytic Leukemia

Also known as acute myeloid, myeloblastic or myelogenous leukemia.
Immunophenotyping can be used to help distinguish AML from ALL and further classify

the subtype of AML and in some cases may even correlate with prognosis. Recently,

- several molecular abnormalities that are not detected with routine cytogenetics have been

shown to have prognostic importance in patients with AML, including:

Fms-like tyrosine kinase 3 (FLT3) is the most commonly mutated gene in persons
with AML and is constitutively activated in one third of AML cases. Internal tandem
duplications (ITDs) in the juxtamembrane domain of FLT3 exist in 25% of AML cases.
In other cases, mutations exist in the activation loop of FLT3. Most studies demonstrate

that patients with AML and FL T3 mutations have a poor prognosis.

Mutations in CEBPA are detected in 15% of patients with normal cytogenetics
findings and are associated with a longer remission duration and longer overall survival.
Mutations in nucleophosmin (NPM) are associated with increased response to

chemotherapy in patients with a normal karyotype.

Acute Promyelocytic Leukemia

Acute promyelocytic leukemia (APL), also known as M3, is the most common

subtype of AML associated with DIC. Acute promyelocytic leukemia (APL) is a

malignancy of the bone marrow in which there is a deficiency of mature blood cells in

14



WO 2008/126085 PCT/IL2008/000503

10

15

20

25

30

the myeloid line of cells and an excess of immature cells called promyelocytes. APL is

associated with the t(15;17) translocation.

Chronic Lymphocytic Leukemia
Chronic lymphocytic leukemia (CLL), the most common form of adult leukemia in

Western countries, is a monoclonal disorder characterized by a progressive accumulation
of functionally incompetent lymphocytes. The cells of origin in the majority of patients
with CLL are clonal B cells arrested in the B-cell differentiation pathway, between pre-B
cells and mature B cells. Morphologically these cells resemble mature lymphocytes. B-
CLL lymphocytes typically show B-cell surface antigens, as demonstrated by CD19,
CD20, CD21, and CD24 monoclonal antibodies. In addition, they express CDS5, which is
more typically found on T cells. Because normal CD5+ B cells are present in the mantle
zone (MZ) of lymphoid follicles, B-cell CLL is most likely a malignancy of an MZ-based
subpopulation of anergic self-reactive cells devoted to the production of polyreactive

natural autoantibodies.

B-CLL cells express rextremely low levels of surface membrane immunoglobulin,
most often immunoglobulin M (IgM) or IgM and immunoglobulin D (IgD). Additionally,
they also express extremely low levels of a single immunoglobulin light chain (kappa or
lambda). Recent studies have demonstrated that the proto-oncogene, bcl-2, is over-
expressed in B-CLL, yet genetic translocations that are known to result in the over-

expression of bcl-2, such as t(14;18), are not found in patients with CLL.

An abnormal karyotype is observed in the majority of patients with CLL. The most
common abnormality is deletion of 13q, which occurs in more than 50% of patients.
Patients showing 13ql4 abnormalities have a relatively benign disease that usually
manifests as stable or slowly progressive isolated lymphocytosis. The presence of
trisomy 12, which is observed in 15% of patients, is associated with atypical morphology
and progressive disease. Deletions of bands 11q22-q23, observed in 19% of patients, are
associated with extensive lymph node involvement and aggressive disease. More
sensitive techniques have demonstrated abnormalities of chromosome 12. Approximately

2-5% of patients with CLL exhibit a T-cell phenotype.

Chronic Myelocytic Leukemia

Also known as chronic myeloid or myelogenous leukemia. Chronic myelogenous
leukemia (CML) is a myeloproliferative disorder characterized by increased proliferation

of the granulocytic cell line without the loss of their capacity to differentiate.
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Consequently, the peripheral blood cell profile shows an increased number of

granulocytes and their immature precursors, including occasional blast cells.

CML is an acquired abnormality that involves the hematopoietic stem cell. It is
characterized by a cytogenetic aberration consisting of a reciprocal translocation between
the long arms of chromosomes 22 and 9; t(9;22). The translocation results in a shortened
chromosome 22, an observation first described by Nowell and Hungerford and
subsequently termed the Philadelphia (Ph) chromosome after the city of discovery. This
translocation relocates an oncogene called abl from the long arm of chromosome 9 to the
long arm of chromosome 22 in the BCR region. The resulting bcr/abl fusion gene
encodes at least three different chimeric proteins, depending on exon usage of bcr. The
expression of the BCR/ABL protein leads to the development of the CML phenotype
through processes that are not yet fully understood. The presence of bcr/abl translocation

1s the hallmark of CML, and has been identified associated with other leukemias.

Myelodysplastic Syndrome (MDS)

Myelodysplastic Syndrome (MDS) is a clonal disorder of hematopoietic stem cells
that results in excessive apoptosis. This leads to symptoms of anemia, infection, and
excessive bleeding and bruising. Over time MDS tends to progress to acute myeloid
leukemia. Several target genes have been identified as targets in the treatment of MDS
including inter alia VEGF (vascular endothelial growth factor), VEGF receptor, TNFx
(tumor necrosis factor), and famesyl-transferase inhibitors yet no one therapy has been
found to be effective in treating MDS (reviewed in Meletis et al., 2006. Med Sci Monit.
12(9):RA194-206).

The World Health Organization has classified the dysplastic syndromes under the a
new WHO system as follows:

Refractory anemia (RA)

Refractory anemia with ringed sideroblasts (RARS)

Refractory cytopenia with multilineage dysplasia (RCMD)

Refractory cytopenia with multilineage dysplasia and ringed sideroblasts (RCMD-
RS)

Refractory anemia with excess blasts I and II

5@- syndrome
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Myelodysplasia unclassifiable (seen in those cases of megakaryocyte dysplasia

with fibrosis and others)

Aplastic anemia

Aplastic anemia is associated with a loss of cell precursors (usually RBC), due to a
defect in the stem cell producing them, or due to an injury to the bone marrow
environment. Some aplastic anemias are caused by exposure to chemicals such as
benzene, radiation, or certain drugs. A few are due to rare genetic abnormalities (such as
Fanconi's anemia), or associated with an acute viral illness (such as human parvovirus),

but for about half the cases the cause is unknown.

Myeloproliferative Disorders (MPD)

Myeloproliferative disorders (MPD) are a subset of bone marrow disorders

characterized by the overproduction of a precursor of a marrow cell.

White blood cells (WBCs) help the body to fight infection, red blood cells (RBCs)
carry oxygen, and platelets help the blood to clot. In MPD conditions, excessive
production of a cell's precursor leads to an increased number of that type of mature cell,
and a corresponding increase or decrease in the number of other blood cells (which may
be inhibited and crowded out). This results in symptoms related to blood cell
overproduction, shortages, and dysfunction throughout the body.

The three main myeloproliferative disorders are Polycythemia Vera (PV), Essential

Thrombocythemia (ET) and Chronic Idiopathic Myelofibrosis (MF).

Polycythemia Vera is a disease in which an excess of red blood cell precursors and
erythrocytes_are produced in the bone marrow. Symptoms include a swollen spleen and
itching.

Agnogenic myeloid metaplasia (also know as Myeloid metaplasia with fibrosis, or
myelofibrosis (MF)), is a disease characterized by overproduction of fiber creating cells,
leading to excess fibrous tissue in the marrow. The dense network of fiber inhibits the
normal formation and maturation of RBCs and myelocytes. The red blood cells that do
enter the bloodstream look like teardrops. There may be too few normal mature red
blood cells to carry oxygen, causing anemia. Fiber cells may also spread to the spleen,

causing it to swell.

Essential Thrombocythemia (ET) is characterized by an increased number of

megakaryocytes, precursor to platelets. Essential thrombocythemia must be distinguished
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from secondary thrombocytosis, increased numbers of platelets caused by non-marrow

disorders (such as iron deficiency, rheumatoid arthritis, bleeding, or removal of the

spleen).

Plasma Cell Disorders

Plasma cell disorders (plasma cell dyscrasias) are rare in children and young adults.
They begin when a single group (clone) of plasma cells multiplies excessively and
produces a large quantity of abnormal antibodies. Plasma cell disorders include
monoclonal gammopathies of undetermined significance, multiple myeloma,

macroglobulinemia, and heavy chain diseases.

Hematopoietic Stem Cell (HSC) associated malignancy

Hematopoietic stem cells (HSC) are a rare population of multipotent cells
responsible for life-long regeneration of blood cells. All HSC have the dual properties of
self-renewal and differentiation. Defects in either of these properties result in a lack of
mature blood cell production. Little is known of the molecular mechanisms that
determine whether a HSC self-renews or commits to differentiation. Many infant

leukemias are associated with a MLL translocation in HSC.

Osteoclast associated diseases

Bone is dynamic tissue that is remodeled constantly throughout life. Living bone
tissue is replenished by the processes of resorption and deposition of bone matrix and
minerals, in a process termed bone remodeling. The remodeling process is initiated when
osteoclasts are recruited from the bone marrow or the circulation to the bone surface. The
matrix and minerals of the bone are subsequently replaced by osteoblasts recruited to the
resorbed bone surface from the bone marrow. Resorption of bone is carried out mainly by
osteoclasts, which are multinucleated cells that are formed by fusion of hematopoietic
stem cells related to the mononuclear phagocyte series. Osteoclasts have been linked to
many diseases, including: marble disease, osteoporosis, fracture or trauma, bone
metastasis, cancer, osteosarcoma, hypercalcemia and rheumatoid arthritis. Therefore, it is
desirable to inhibit osteoclasts in various pathologies. In addition to TRAP (tartrate |
resistant acid phosphatase), osteoclasts have been shown to specifically express several

other genes, including those disclosed in US Patent 7,160,994.
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Silencing RNA (siRNA)

An siRNA is a double-stranded RNA molecule which down-regulates or silences
(prevents or inhibits) the expression of a gene/ mRNA of its endogenous (cellular)
counterpart. RNA interference is based on the ability of dsRNA species to enter a
specific protein complex, where it is then targeted to the complementary cellular mRNA
and specifically degrades it. Thus, the RNA interference response features an
endonuclease complex containing a siRNA, commonly referred to as an RNA-induced
silencing complex (RISC), which mediates cleavage of single-stranded RNA having a
sequence complementary to the antisense strand of the siRNA duplex. Cleavage of the
target RNA may take place in the middle of the region complementary to the antisense
strand of the siRNA duplex (Elbashir et al 2001, Genes Dev., 15:188). In more detail,
longer dsRNAs are digested into short (17-29 bp) dsRNA fragments (also referred to as
short " inhibitory RNAs, “siRNAs”) by type III RNAses (DICER, DROSHA, etc.,
Bernstein et al., 2001, Nature 409, 363-6; Lee et al., 2003, Nature 425, 415-9). The RISC
protein complex recognizes these fragments and complementary mRNA. The whole
process culminates in endonuclease cleavage of target mRNA (McManus & Sharp,
2002, Nature Rev Genet 3, 737-47; Paddison & Hannon, 2003, Curr Opin Mol Ther.
5(3):217-24). For additional information on these terms and proposed mechanisms, see

Bemnstein et al., (2001. RNA 7(11): 1509-1521).

Several groups have described the development of DNA-based vectors capable of
generating siRNA within cells. The method generally involves transcription of short
hairpin RNAs that are efficiently processed to form siRNAs within cells. (Paddison et al.
2002, PNAS, 99:1443-1448; Paddison et al. 2002, Genes & Dev, 16:948-958; Sui et al.
2002 PNAS, 8:5515-5520; and Brummelkamp et al. 2002 Science, 296:550-553.) Those
reports describe methods to generate siRNAs capable of specifically targeting numerous
endogenously and exogenously expressed genes. siRNA has recently been successfully

used for inhibition in primates (Tolentino et al., 2004 Retina 24(1) I 132-138).

The present invention provides double-stranded oligoribonucleotides (siRNAs,
aptamers, ribozymes), which down-regulate the expression of genes associated with bone
marrow disease. An siRNA of the invention is a duplex oligoribonucleotide in which the
sense strand is derived from the mRNA sequence of the gene associated with bone
marrow disease, and the antisense strand is complementary to the sense strand. In
general, some deviation from the target mRNA sequence is tolerated without

compromising the siRNA activity (see e.g. Czauderna et al 2003 NAR 31(11), 2705-
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2716). An siRNA of the invention inhibits gene expression on a post-transcriptional level
with or without destroying the mRNA. Without being bound by theory, siRNA may
target the mRNA for specific cleavage and degradation and/ or may inhibit translation

from the targeted message.

Modified Qligonucleotides

Generally, the siRNAs used in the present invention comprise a ribonucleic acid
comprising a double stranded structure, whereby the double-stranded structure comprises
a first strand and a second strand, whereby the first strand comprises a first stretch of
contiguous nucleotides and whereby said first stretch is at least partially complementary
to a target nucleic acid, and the second strand comprises a second stretch of contiguous
nucleotides and whereby said second stretch is at least partially identical to a target
nucleic acid, whereby said first strand and/or said second strand comprises a plurality of
groups of modified nucleotides having a modification at the 2'-position whereby within
the strand each group of modified nucleotides is flanked on one or both sides by a
flanking group of nucleotides whereby the flanking nucleotides forming the flanking
group of nucleotides is either an unmodified nucleotide or a nucleotide having a
modification different from the modification of the modified nucleotides. Further, said
first strand and/or said second strand may comprise said plurality of modified nucleotides

and may comprises said plurality of groups of modified nucleotides.

The group of modified nucleotides and/or the group of flanking nucleotides may
comprise a number of nucleotides whereby the number is selected from the group
comprising one nucleotide to 10 nucleotides. In connection with any ranges specified
herein it is to be understood that eéch range discloses any individual integer between the
respective figures used to define the range including said two figures defining said range.
In the present case the group thus comprises one nucleotide, two nucleotides, three
nucleotides, four nucleotides, five nucleotides, six nucleotides, seven nucleotides, eight

nucleotides, nine nucleotides and ten nucleotides.

The pattern of modified nucleotides of said first strand may be shifted by one or

‘more nucleotides relative to the pattern of modified nucleotides of the second strand.

The modifications discussed above may be selected from the group consisting of
amino, fluoro, methoxy alkoxy, alkyl, amino, fluoro, chloro, bromo, CN, CF, imidazole,
caboxylate, thioate, C; to Cjo lower alkyl, substituted lower alkyl, alkaryl or aralkyl,
OCF3;, OCN, O-, S-, or N- alkyl; O-, S-, or N-alkenyl; SOCH3; SO,CH3; ONO;; NO,, Nj;
heterozycloalkyl; heterozycloalkaryl; aminoalkylamino; polyalkylamino or substituted
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silyl, as, among others, described in European patents EP 0586520 B1 or EP 0618925
BI.

The oligonucleotide of the present invention may contain modified nucleosides
such as DNA, LNA, PNA, arabinoside or one or more mirror nucleosides (spieglemers).
The oligonucleotide may further comprise 2’0O-methyl or 2’fluoro or 2°0O-allyl or any
other 2’ modification, optionally on alternate positions. Other stabilizing patterns which
do not significantly reduce the enzymatic activity are also possible (i.e. terminal

modifications). The backbone of the active part of tandem oligonucleotides may

“comprise phosphate-D-ribose entities but may also contain thiophosphate-D-ribose

entities, triester, thioate, 5°-2° bridged backbone or any other type of modification.
Terminal modifications on the 5’ and/or 3’ part of the tandem oligonucleotides are also

possible. Such terminal modifications may be lipids, peptides, sugars or other molecules.

In an additional embodiment, the oligonucleotide is an oligoribonulecotide,
comprising one or more backbone modifications selected from the group consisting of

thiophosphorate, trimester or 5°-2” bridge.

Furthermore, the double stranded structure of the siRNA may be blunt ended, on
one or both of its ends. More specifically, the double stranded structure may be blunt
ended on the double stranded structure's side which is defined by the 5'- end of the first
strand and the 3'-end of the second strand, or the double stranded structure may be blunt
ended on the double stranded structure's side which is defined by at the 3'-end of the first
strand and the 5'-end of the second strand.

Additionally, at least one of the two strands may have an overhang of at least one
nucleotide at the 5'-end; the overhang may consist of at least one deoxyribonucleotide. At
least one of the strands may also optionally have an overhang of at least one nucleotide at

the 3'-end.

The length of each of the strands in the double-stranded structure of the siRNA is
typically from about 17 to about 21 and preferably 18 or 19 bases. Furthermore, the
length of said first strand and/or the length of said second strand may independently from
each other be selected from the group comprising the ranges of from about 15 to aboﬁt 23

bases, 17 to 21 bases and 18 or 19 bases.

Additionally, the complementarily between said first strand and the target nucleic
acid may be perfect, or the duplex formed between the first strand and the target nucleic

acid may comprise at least 15 nucleotides wherein there is one mismatch or two
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mismatches between said first strand and the target nucleic acid forming said double-

stranded structure.

In some cases both the first strand and the second strand each comprise at least one
group of modified nucleotides and af least one flanking group of nucleotides, whereby
each group of modified nucleotides comprises at least one nucleotide and whereby each
flanking group of nucleotides comprising at least one nucleotide with each group of
modified nucleotides of the first strand being aligned with a flanking group of
nucleotides on the second strand, whereby the most terminal 5' nucleotide of the first
strand is a nucleotide of the group of modified nucleotides, and the most terminal 3'
nucleotide of the second strand is a nucleotide of the flanking group of nucleotides. Each
group of modified nucleotides may consist of a single nucleotide and/or each flanking

group of nucleotides may consist of a single nucleotide.

Additionally, it is possible that on the first strand the nucleotide forming the
flanking group of nucleotides is an unmodified nucleotide which is arranged in a 3'
direction relative to the nucleotide forming the group of modified nucleotides, and on the
second strand the nucleotide forming the group of modified nucleotides is a modified
nucleotide which is arranged in 5' direction relative to the nucleotide forming the

flanking group of nucleotides.

Further, the first strand of the siRNA may comprise eight to twelve, preferably nine
to eleven, groups of modified nucleotides, and the second strand may comprise seven to

eleven, preferably eight to ten, groups of modified nucleotides.

The first strand and the second strand may be linked by a loop structure, which may
be comprised of a non-nucleic acid polymer such as, inter alia, polyethylene glycol.

Alternatively, the loop structure may be comprised of a nucleic acid.

Further, the 5'-terminus of the first strand of the siRNA may be linked to the 3'-
terminus of the second strand, or the 3'-end of the first strand may be linked to the 5'-
terminus of the second strand, said linkage being v