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[0001] MICRORNAS AS FUNCTIONAL MEDIATORS AND
BIOMARKERS OF BONE METASTASIS

[0002] CROSS REFERENCE TO RELATED APPLICATIONS

[0003] This application claims the benefit of U.S. Provisional
Application No. 61/784,724, filed March 14, 2013, which 1s incorporated by
reference as if fully set forth.

[0004] The sequence listing electronically filed with this application
titled “Sequence Listing,” which was created on March 14, 2014, had a file size
of 21,023 bytes, and 1s incorporated by reference herein as if fully set forth.

[0005] GOVERNMENT RIGHTS

[0006] This invention was made with government support under Grants
No. CA141062 and No. CA134519 awarded by the National Institutes of
Health and Grant No. W81XWH-13-1-0425 awarded by the Department of
Defense, Army Medical Research & Material Command. The government has

certain rights in the invention

[0007] FIELD

[0008] The disclosure herein relates to pharmaceutical compositions and
methods for the diagnosis, prognosis and treatment of a bone degeneration
disease including bone metastasis. Specifically, the disclsoure relates to
microRNAs associated with osteoclastogenesis and osteolyic bone metastasis,

and related nucleic acids.

[0009] BACKGROUND

[0010] Osteolytic bone metastasis 1s a frequent occurrence in late stage
breast, lung, thyroid, bladder, and many other types of cancer, leading to
pathological fractures, pain, and hypercalcemia (Weilbaecher et al., 2011).

The development of bone lesions depends upon the orchestrated interactions
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between tumor cells and functional cells within the bone, namely osteoblasts
and osteoclasts (Ell and Kang, 2012; Weilbaecher et al., 2011).

[0011] The bone resorbing osteoclasts play an important role in
physiological bone remodeling, while aberrant osteoclast activity can lead to
pathological conditions including Paget’s disease and lytic bone metastasis
(Boyle et al., 2003; Teitelbaum and Ross, 2003; Weilbaecher et al., 2011).
Osteoclast differentiation is canonically dependent on two essential molecules,
macrophage colony-stimulating factor (M-CSF) and receptor activator of NF-
kB ligand (RANKL), although a number of RANKL independent pathways
have been described ((Boyle et al.,, 2003; Teitelbaum and Ross, 20083;
Hemingway et al., 2011). Aberrant expression of these signaling molecules by
bone-metastatic cancer cells has been shown to recruit pre-osteoclasts to the
site of osteolytic metastasis and induce their differentiation, leading to
degradation of the bone and the subsequent release of bone matrix-embedded
tumor-promoting growth factors such as TGFp (Ell and Kang, 2012; Korpal et
al., 2009; Weilbaecher et al., 2011). The role of osteoclasts in bone metastasis
1s further underscored by the efficacy of treatments targeting osteoclast
differentiation and activity (Clezardin, 2011). MicroRNAs have been
recognized as players during osteoclast differentiation, as genetic or siRNA-
mediated ablation of factors important for biogenesis of miRNAs, including
Dicerl, Dgcr8 and Ago2, blocked osteoclast differentiation (Mizoguchi et al.,
2010; Sugatanmi and Hruska, 2009). Consistent up- and down-regulated
miRNAs were observed during osteoclast differentiation in bth pathological
and physiological conditions. Additionally, ectopic expression of miR-155 or
repression of miR-21 inhibit osteoclast differentiation, while conflicting
functions of miR-223 1n osteoclastogenesis have also been reported (Mann et
al., 2010; Mizoguchi et al., 2010; Zhang et al., 2012; Sugatam et al., 2011;
Sugatani and Hruska, 2007; Sugatani and Hruska, 2009).

[0012] Current  treatments  targeting  osteoclasts, such as

bisphosphonoates and denosumabs are able to limit the pathology associated
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with bone metastasis, although without significant improvement to the

survival of patients.

[0013] SUMMARY

[0014] In an aspect, the invention relates to a pharmaceutical
composition that inludes a therapeutic agent. The therapeutic agent includes
a first nucleic acid with at least 90% identity to a sequence selected from the
group consisting of: miR-33a (SEQ ID NO: 74), miR-133a (SEQ ID NO: 61),
miR-190 (SEQ ID NO: 64), miR-219 (SEQ ID NO: 66), miR-141 (SEQ ID NO:
69), precursor miR-33a (SEQ ID NO: 77), precursor miR-133a (SEQ ID NO:
78), precursor miR-141 (SEQ ID NO: 79), precursor miR-190 (SEQ ID NO: 80),
precursor miR-219 (SEQ ID NO: 81), precursor miR-33a(2) (SEQ ID NO: 82),
precursor miR-133a(2) (SEQ ID NO: 83), precursor miR-141(2) (SEQ ID NO:
84), precursor miR-190(2) (SEQ ID NO: 85), and precursor miR-219(2) (SEQ
ID NO: 86). The pharmaceutical composition also includes at least one
additional therapeutic agent.

[0015] In an aspect, the invention relates to a method of treating a
subject suffering from a bone degeneration disease. The method includes
administering any one of the pharmaceutical compositions described herein to
the subject.

[0016] In an aspect, the invention relates to a method of treating a
subject suffering from a bone degenerative disease. The method includes
obtaining a test sample from the subject. The method also includes
determining an expression level of at least one osteoclast differentiation
marker in the test sample. The at least one osteoclast differentiation marker
1s one or more of miRNAs or sSICAM1. The method includes comparing the
expression level of the at least one osteoclast differentiation marker in the test
sample to the expression level of the at least one osteoclast differentiation
marker in a reference sample. An increase in the expression level of the at
least one osteoclast differentiation marker in the test sample compared to the

reference sample indicates the subject will be a positive responder. A finding
3
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of a decrease 1n the expression level of the at least one osteoclast
differentiation marker in the test sample compared to the reference sample
indicates the subject will be a negative responder. The method further
includes one or more of recommending or conducting at least one of: treating
the subject with any one of the pharmaceutical compositions herein if the
subject 1s determined to be a positive responder, and treating the subject with
one or more of radiation therapy or immunotherapy if the subject 1is
determined to be a negative responder.

[0017] In an aspect, the invention relates to a method for diagnosing
whether a subject has bone metastasis. The method includes obtaining a test
sample from a subject afflicted with cancer. The method includes determining
an expression level of at least one osteoclast differentiation marker in the test
sample. The method includes comparing the expression level of the at least
one osteoclast differentiation marker in the test sample to the expression level
of the corresponding osteoclast differentiation marker in a reference sample.
The method also includes diagnosing the subject as having bone metastasis if
the expression level of the at least one osteoclast differentiation marker in the
test sample 1s elevated compared to the corresponding osteoclast

differentiation marker in the reference sample.

[0018] BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The following detailed description of embodiments of the present
invention will be better understood when read in conjunction with the
appended drawings. For the purpose of illustration, there are shown in the
drawings embodiments which are presently preferred. It is understood,
however, that the invention is not limited to the precise arrangements and
instrumentalities shown. In the drawings:

[0020] FIGS. 1A — 1F illustrate RANKL and conditioned media of highly
bone metastatic cancer cell lines induce similar changes in miRNA expression
1n osteoclasts.

[0021] FIG.1A 1illustrates representative images of RAW264.7 cells
4



WO 2014/152646 PCT/US2014/027573

stained for TRAP after treatment for 6 days with conditioned media from
indicated cell lines, or conditioned media with 20 ng/ml RANKL (RANKLLow),
or 50 ng/ml RANKL (RANKI High),

[0022] FIG. 1B illustrates quantification of TRAP+ osteoclasts from
experiments 1n FIG.1A.

[0023] FIG. 1C 1llustrates quantification of nuclel in TRAP* osteoclasts
from experiments in FIG.1A.

[0024] FIG. 1D 1illustrates a heat map depicting miRNA microarray
expression profiling in RAW264.7 cells treated with conditioned media from
4T1.2 or TSU-Pr1-B2 cells as compared to corresponding weakly metastatic
cells (4T1 and TSU-Prl), or 50 ng/ml RANKL as compared to non-treatment
control.

[0025] FIG. 1E illustrates a correlation of miRNA expression changes in
the indicated treatment pairs as in FIG.1D.

[0026] FIG. 1F illustrates qRT-PCR analysis of selected miRNAs in
RAW264.7 or primary bone marrow derived osteoclasts after the indicated
length of treatment with 50ng/ml RANKL.

[0027] FIGS. 2A —2K illustrate osteoclast differentiation induced by
RANKL and tumor conditioned media.

[0028] FIG. 2A illustrates representative images of TRAP stained
RAW264.7 cells treated with the indicated concentration of RANKL for 6 days.
[0029] FIG. 2B 1illustrates quantification of TRAP+* osteoclasts and
nuclel per osteoclast from experiments in FIG.2A.

[0030] FIG. 2C illustrates representative images of TRAP stained

culture of primary bone marrow cells.

[0031] FIG. 2D 1illustrates representative images of TRAP stained
MOCP-5 cells.
[0032] FIG. 2E illustrates quantification of TRAP+ osteoclasts treated

with indicated conditions from experiment in FIG. 2D.
[0033] FIG. 2F illustrates quantification of nuclei in TRAP* osteoclasts
as in FIG. 2E.
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[0034] FIGS. 2G and 2H illustrate qRT-PCR mRNA expression levels of
osteoclast genes in RAW264.7 cells under indicated treatments.

[0035] FIG. 21 illustrates representative images of TRAP stained human
osteoclasts.

[0036] FIGS. 2J and 2K illustrate qRT-PCR miRNA (FIG. 2J) and
mRNA expression levels (FIG.2K) in osteoclasts from FIG. 21

[0037] FIG. 3A — 3D 1illustrate ectopic expression of miRNAs

downregulated during osteoclastogenesis inhibits osteoclast differentiation.
[0038] FIG. 3A illustrates quantification and representative images of
TRAP+ osteoclasts in RAW264.7 cells transfected with indicated miRNAs.
[0039] FIG. 3B illustrates quantification and representative images of
bone resorption by RAW264.7 cells after treatment in conditions as in FIG.
3A.

[0040] FIG. 3C 1illustrates quantification of TRAP* osteoclasts from
RAW264.7 treated cells transfected with 1 pM indicated miRNAs.

[0041] FIG. 3D illustrates quantification of relative bone resorption in
RAW264.7 cells transfected withl pM indicated miRNA or 20 nM ZOMETA™,
[0042] FIGS. 4A — 4H 1illustrate inhibition of osteoclast differentiation

by ectopic expression of miRNAs downregulated during osteoclastogenesis.
[0043] FIG. 4A illustrates quantification of TRAP* osteoclasts 1n
primary bone marrow derived osteoclasts transfected with 1 pM of indicated
miRNA oligonucleotide.

[0044] FIG. 4B illustrates RT-PCR mRNA expression levels of indicated
genes iIn RAW264.7 cells transfected with miRNAs, followed by treatment
with 50 ng/ml RANKL.

[0045] FIG. 4C illustrates representative images of bone resorption in
RAW264.7 cells transfected with indicated miRNAs or treated with 20nM
ZOMETA™,

[0046] FIG. 4D illustrates representative images of TRAP+ osteoclasts
from MOCP-5 cells transfected with indicated miRNAs, followed by treatment
with 50 ng/mL RANKL.
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[0047] FIG. 4E illustrates quantification of TRAP* osteoclasts from
experiment in FIG. 4D.

[0048] FIG. 4F illustrates representative images of RAW264.7 cells
treated with indicated miRNAs and grown on Jaggedl coated plates, followed
by treatment with 50ng/mL RANKL.

[0049] FIG. 4G 1illustrates quantification of TRAP* osteoclasts from
experiment in FIG. 4F.

[0050] FIG. 4H illustrates quantification of nuclei per osteoclast from
experiment in FIG. 4F.

[0051] FIGS. 5A — 5E illustrate validation of candidate miRNA genes.
[0052] FIGS. 5A — 5D illustrate normalized activity of luciferase
reporter containing the 3' UTR of candidate genes upon co-transfection with
indicated miRNAs, relative to transfection with negative control miRNA. *p <
0.05.

[0053] FIG. 5E schematically illustrates miRNA targets that are
involved in osteoclast differentiation or function.

[0054] FIG. 5F illustrates Western blot analysis for Pu.l, Nfatcl, or
Ctsk in RAW264.7 cells after transient transfection with indicated miRNA
and treatment with 50 ng/ml RANKL.

[0055] FIG. 6A — 6F illustrate micro-computed tomography and
histological analysis showing alterations in bone homeostasis after treatment
with miRNAs downregulated in osteoclastogenesis.

[0056] FIG. 6A illustrates representative X-ray, uCT and histological
1images for TRAP, H&E, Von Kossa, or osteocalcin staining of bones from mice
treated with indicated miRNAs.

[0057] FIG. 6B illustrates quantification of bone volume relative to total
volume from representative uCT scans in FIG. 6A.

[0058] FIG. 6C 1illustrates quantification of trabecular thickness from
representative uCT scans of mice treated with miRNAs as in FIG. 6B.

[0059] FIG. 6D 1illustrates quantification of cortical bone thickness from

representative uCT scans as in FIG. 6B.
7
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[0060] FIG. 6E illustrates quantification of TRAP* osteoclasts from
decalcificed histological sections of hindlinbs from mice in FIG. 6A.
[0061] FIG. 6F illustrates quantification of osteocalsin-positive

osteoblasts from bone sections from mice in FIG. 6A.

[0062] FIGS. 7A — 71 1llustrate conditioned media of bone-tropic sublines
of MDA-MD-231 induces osteoclast differentiation.

[0063] FIG. 7A illustrates representative images of RAW264.7 cells
treated with 50 ng/ml RANKL or indicated CM.

[0064] FIG. 7B illustrates quantification of osteoclast differentiation
from RAW264.7 cells in experiment in FIG. 7A.

[0065] FIG. 7C illustrates qRT-PCR mRNA expression levels of
indicated genes in RAW264.7 cells treated with CM from indicated cell lines.
[0066] FIG. 7D illustrates heat map depicting qRT-PCR miRNA

expression profiling in RAW264.7 cells after treatment with CM from the
indicated cell lines relative to the treatment with CM from the MDA-MB-231
parental cell line.

[0067] FIG. 7E 1illustrates representative images of MOCP-5 cells
treated with indicated CM.

[0068] FIGS. 7F and 7G 1illustrate quantification of osteoclast number
and nucle1 per osteoclast after MOCP-5 cells were treated with indicated CM
as in FIG. 7C.

[0069] FIG. 7H 1illustrates representative BLI images of mice after

inoculation with SCP28 cells and treatment with indicated miRNAs or

100ug/kg Zometa.

[0070] FIG.71I illustrates normalized bone metastasis BLI signals from
mice in FIG. 6H.

[0071] FIGS. 8A — 8F illustrate systemic treatment with miRNAs

downregulated in osteoclastogenesis inhibits bone metastasis.
[0072] FIG. 8A illustrates BLI, X-ray, Osteocalcin, H&E, and TRAP
1images from mice inoculated with SCP28 breast cancer cells and treated with

indicated miRNAs. BLI images show three representative mice from each
8
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experimental group.

[0073] FIG. 8B illustrates normalized bone metastasis BLI signals from
mice 1in FIG. 8A. n = 10.
[0074] FIG. 8C 1illustrates qRT-PCR miRNA expression levels from

serum samples of mice taken at indicated times after injection with miRNAs.
[0075] FIG. 8D 1illustrates quantification of osteolytic lesion area in
hindlimbs from indicated experimental group.

[0076] FIG. 8E illustrates quantification of TRAP+ osteoclasts from
histology in experiment from FIG. 8A.

[0077] FIG. 8F illustrates quantification of osteocalcin* osteoblasts from
histology in experiment from FIG. 8A.

[0078] FIGS. 9A — 9D illustrate serum levels of miRNAs upregulated
during osteoclastogenesis correlate with bone metastasis.

[0079] FIG. 9 A illustrates BLI and qRT-PCR expression analysis of
miRNAs in mice after intravenous inoculation with SCP2 breast cancer cells.
[0080] FIG. 9B illustrates BLI and qRT-PCR expression analysis of
miRNAs in mice 28 days after intravenous inoculation with TSU-Pr1 or TSU-
Pr1-B2 bladder cancer cells.

[0081] FIG. 9C illustrates qRT-PCR miRNA expression analysis of
matched micro-dissected primary breast tumor (Primary) or bone metastasis
(BM) samples. n = 12. p values based on Mann-Whitney test.

[0082] FIG. 9D illustrates qRT-PCR miRNA expression analysis of
serum samples from healthy donors (HD) or breast cancer patients with bone

metastasis (BM).

[0083] FIGS. 10A - 10I 1illustrate sICAM1 mediated osteoclast
differentiation 1s B2 integrin dependent.

[0084] FIG. 10A illustrates RANKL protein level in indicated CM
samples as determined by ELISA.

[0085] FIG. 10B illustrates representative images of RAW264.7 cells
treated with RANKL or the indicated CM + 200 ng/mL OPG as in FIG.10A.
[0086] FIG. 10C illustrates qRT-PCR mRNA expression levels of

9
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indicated genes in RAW264.7 cells treated with 30 ng/mLL RANKL + sICAM1
for indicated length of time.

[0087] FIG. 10D 1illustrates representative images of RAW264.7 cells
treated with 4ng/ml RANKL plus indicated concentration of sICAM1 for 6
days as in FIG. 10F.

[0088] FIG. 10E 1illustrates representative images of RAW264.6 cells
treated with 30 ng/ml RANKL or SCP28 CM + 50 pg/ml ICAM1 antibody.
[0089] FIG. 10F illustrates representative images and quantification of
RAW264.7 cells treated with SCP28 CM + 50 ng sICAM1 antibody + 200
ng/mL OPG.

[0090] FIG. 10G 1illustrates quantification and representative images of
bone resorption in RAW264.7 cells treated with SCP28 CM + 50 ng/ml
sICAM1 antibody.

[0091] FIG.10H 1illustrates RAW264.7 cell chemotaxis to indicated
treatment of sSICAM1 or SCP28 CM, with or without treatment of 50 ng/ml
sICAM1 antibody.

[0092] FIG. 10I illustrates representative images of RAW264.7 cells
treated with RANKL or SCP28 CM + 20 ng ICAM1 antibody or 20ng B2
integrin antibody. Scale bar, 200 um.

[0093] FIGS. 11A — 11G 1illustrate soluble ICAM1 in tumor conditioned
media synergizes with RANKL to promote osteoclast differentiation.

[0094] FIG. 11A 1illustrates quantification of RAW264.7 cells treated
with 30 ng/ml RANKL or conditioned media + 200 ng/ml OPG.

[0095] FIG. 11B illustrates heat map from cytokine array depicting
relative protein expression in conditioned media from indicated cell lines as
compared to their weakly metastatic counterparts (4T1 vs 4T1.2, TSU-Pr1 vs
TSU-PR1-B2, and MDA-231 vs SCP28, respectively).

[0096] FIG. 11C 1illustrates quantification of TRAP* osteoclasts from
RAW264.7 cells treated with 50 ng/ml RANKL + 50 ng/ml sICAM1 for
indicated length of time.

[0097] FIG. 11D 1illustrates quantification of TRAP+ osteoclasts from
10
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RAW264.7 cells treated with 10 ng/ml RANKL, 50 ng/ml sICAM]1, or both for
6 days.

[0098] FIG. 11E 1illustrates qRT-PCR analysis of selected miRNAs in
RAW264.7 cells after indicated length of treatment with 10 ng/ml RANKL
or/and 50 ng/ml sICAM1.

[0099] FIG. 11F illustrates quantification of osteoclasts/field and
nuclei/osteoclast in RAW264.7 cells treated with 4 ng/ml RANKL plus
indicated concentration of SICAM1 for 6 days.

[0100] FIG. 11G 1illustrates quantification of TRAP* osteoclasts from
RAW264.7 cells treated with 30ng/ml RANKL or SCP28 conditioned media
followed by treatment with indicated concentration of ICAM1 antibody (in
pg/mkL).

[0101] FIGS. 12A to 12H 1illustrate that sICAM1 promotes
osteoclastogenesis by activating NFxB signaling, and sICAM1 levels 1in patient
serum samples are correlated with miR-16 and miR-378 levels, and associated
with bone metastasis.

[0102] FIG. 12 A illustrates quantification of TRAP+ osteoclasts from
RAW264.7 cells treated with RANKL or SCP28 conditioned media £ 20ug
ICAM1 antibody or 20ug B2 integrin antibody.

[0103] FIG. 12B illustrates expression of al,, aM, and B2 integrin
subunits on RAW264.7 by IF (left) and flow cytometry (right).
[0104] FIG. 12C 1illustrates normalized activity of NFkB luciferase

reporter in RAW264.7 cells after indicated treatment with TNFa, RANKL, or
sICAM1 for indicated length of time.

[0105] FIG. 12D illustrates Western blot analysis of IxB in RAW264.7
cells after treatment with TNFa, RANKL, or sICAM1 for indicated length of
time.

[0106] FIG. 12E illustrates Western blot analysis of IxkB in RAW264.7
cells after treatment with indicated concentration of RANKL or SCP28 CM +
20 ng B2 antibody or 200 ng/ml OPG for 2 hours.

11
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[0107] FIG. 12F illustrates relative qRT-PCR miRNA expression level in
RAW264.7 cells treated with 50ng/ml sICAM1, with or without 20uM IKK
inhibitor PS1145 for 6 days, after normalization to the expression level
without sSICAM1 treatment.

[0108] FIG. 12G 1illustrates ELISA quantification of SICAM1 expression
levels in serum samples collected from healthy female donors (HD, n = 41),
disease-free breast cancer patients (DFP, n = 16), or breast cancer patients
with bone metastasis (BM, n = 38).

[0109] FIG. 12H illustrates correlation of qRT-PCR miR-16 or miR-378
expression levels with ELISA sICAMI1 protein expression levels in serum
samples from healthy donors or bone metastasis patients from FIG. 12G.
[0110] FIGS. 13A — 13G 1llustrate functional and clinical significance of
sICAM1 and osteoclast miRNAs in bone metastasis.

[0111] FIG. 13A illustrates Western blot analysis of phosphorylated-p65
in RAW264.7 cells after the indicated treatment.

[0112] FIG. 13B 1illustrates Western blot analysis of IxB or p-p65 in
RAW264.7 cells after the indicated treatment.

[0113] FIG. 13C 1illustrates Western blot analysis of IxB in HeLa cells
after transient transfection with indicated miRNA, followed by 30 minute
treatment with TNFa, RANKL, or sICAM-1.

[0114] FIG. 13D 1illustrates normalized activity of NFxB luciferase

reporter in HeLa cells after treatments as in FIG. 13C.

[0115] FIG. 13E 1illustrates ROC curves for the diagnosis of breast
cancer bone metastasis using miR-16, sICAM1, NTX, or combinations of
markers.

[0116] FIG. 13F 1illustrates sensitivity and specificity values for

diagnosis of bone metastasis relative to patients with no evidence of disease

(NED) or healthy donors (HD) for indicated markers.

12
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[0117] DETAILED DESCRIPTION OF EMBODIMENTS
[0118] Certain terminology is used in the following description for

&«

convenience only and i1s not limiting. The words “right,” “left,” “top,” and
“bottom” designate directions in the drawings to which reference is made. The
words “a” and “one,” as used in the claims and in the corresponding portions of
the specification, are defined as including one or more of the referenced item
unless specifically stated otherwise. This terminology includes the words
above specifically mentioned, derivatives thereof, and words of similar import.
The phrase "at least one" followed by a list of two or more items, such as “A, B,
or C,” means any individual one of A, B or C as well as any combination
thereof.

[0119] In an embodiment, a pharmaceutical composition is provided.
The pharmaceutical composition may include 1) a therapeutic agent and 2) at
least one additional therapeutic agent. The therapeutic agent may comprise,
consist essentially of, or consist of include a first nucleic acid with at least 70,
72, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% 1identity to a
sequence selected from the group consisting of: miR-33a (SEQ ID NO: 74),
miR-133a (SEQ ID NO: 61), miR-190 (SEQ ID NO: 64), miR-219 (SEQ ID NO:
66), and miR-141 (SEQ ID NO: 69).

[0120] As used herein, the term “micro RNA” or “miRNA” refers to a
non-coding RNA that i1s capable of repressing gene expression through
complementary binding of the sequence of target mRNAs. The miRNA may be
a mature miRNA of 19 to 24 nucleotides in length. The miRNA may be a
precursor miRNA of 70 to 200 nucleotides in length. The first nucleic acid
may include a sequence with at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95,
96, 97, 98, 99, or 100% 1dentity to a sequence selected from the group
consisting of: precursor miR-33a (SEQ ID NO: 77), precursor miR-133a (SEQ
ID NO: 78), precursor miR-141 (SEQ ID NO: 79), precursor miR-190 (SEQ ID
NO: 80), precursor miR-219 (SEQ ID NO: 81), precursor miR-33a(2) (SEQ ID
NO: 82), precursor miR-133a(2) (SEQ ID NO: 83), precursor miR-141(2) (SEQ

ID NO: 84), precursor miR-190(2) (SEQ ID NO: 85), and precursor miR-219(2)
13
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(SEQ ID NO: 86). The mature miRNA may be processed from the precursor
miRNA by a processing enzyme. The processing enzyme may but is not limited
to be RNAse III, Dicer, or Argonaut. The mature miRNA may be processed by
processing enzymes that occurr naturally in cells or cell lysates. The mature
miRNA may be processed using isolated processing enzymes. The miRNA
may be synthesized chemically. The miRNAs may be regulators of cancer
metastasis. The miRNAs may be stromal miRNAs. The stromal miRNAs may
be mediators and biomarkers of cancer metastasis. The stromal miRNAs may
be regulators of osteoclastogenesis. The miRNA that regulate
osteoclastogenesis may be regulators of osteolytic bone metastasis.

[0121] The miRNAs may activate osteoclasts during breast cancer bone
metastasis. The miRNA that activate osteoclasts may be but is not limited to
miR-141, miR-219, miR-190, miR-33a, or miR-133a. Ectopic expression of
these miRNAs may inhibit osteoclast maturation in multiple models of
differentiation, including canonical differentiation using RANKL or
conditioned media from human and murine bone-metastatic cancer cell lines.
In particular, miR-133a and miR-144 a directly target the osteaoclast
transcription factor MITF, while miR-141 and miR-190 may target CALCR.
[0122] As used herein, the term “bone metastasis” refers to metastastic
bone disease, or cancer metastases that results from primary tumor invasion
to bone. Invasion of the bone compartment by cancer cells causes 1imbalance
between osteoclasts and osteoblasts, and leads to osteolytic bone metastasis.
Bone metastasis may be present in multiple cancers including the vast
majority of late-stage breast cancer patients. Bone metastasis may result in
severe bone loss, debilitating fractures, and other life-threatening
complications.

[0123] In an embodiment, the at least one additional therapeutic agent
may comprise, consist essentially of, or consist of a second nucleic acid with
least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% 1identity
to a sequence 1s selected from the group consisting of: miR-33a (SEQ ID NO:

74), miR-133a (SEQ ID NO: 61), miR-190 (SEQ ID NO: 64), miR-219 (SEQ ID
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NO: 66), miR-141 (SEQ ID NO: 69), precursor miR-33a (SEQ ID NO: 77),
precursor miR-133a (SEQ ID NO: 78), precursor miR-141 (SEQ ID NO: 79),
precursor miR-190 (SEQ ID NO: 80), precursor miR-219 (SEQ ID NO: 81),
precursor miR-33a(2) (SEQ ID NO: 82), precursor miR-133a(2) (SEQ ID NO:
83), precursor miR-141(2) (SEQ ID NO: 84), precursor miR-190(2) (SEQ ID
NO: 85), and precursor miR-219(2) (SEQ ID NO: 86).

[0124] Determining percent identity of two nucleic acid sequences or two
amino acid sequences may include aligning and comparing the nucleotides or
amino acid residues at corresponding positions in the two sequences. If all
positions in two sequences are occupiled by identical amino acid residues or
nucleotides then the sequences are said to be 100% i1dentical. Percent identity
may be measured by the Smith Waterman algorithm (Smith TF, Waterman
MS 1981 “Identification of Common Molecular Subsequences,” J Mol Biol 147:
195 -197, which 1s incorporated herein by reference as if fully set forth).
Percent 1dentity refers to the percent measured along the length of a reference
sequence.

[0125] In an embodiment, the at least one additional therapeutic agent
may be but 1s not limited to a bone metastasis therapeutic agent, a breast
cancer therapeutic agent, or an anti-estrogen therapeutic agent.

[0126] The bone metastasis therapeutic agent may be but is not limited
to bisphosphonates, zoledronic acid (ZOMETA™), alendronate (FSAMAX™),
1ibandronate (BONIVA™), risedronate (ATELVIA™), pamidronate
(AREDIA™), RANKL antibody (denosumab; XGEVA™), or sclerostin antibody
(romosozumab).

[0127] The breast cancer therapeutic agent may be a drug used as a
chemotherapy for breast cancer. The breast cancer therapeutic agent may be
but 1s not limited to methotrexate (ABITREXATE™, FOLEX™), paclitaxel, or
paclitaxel albumin-stabilized nanoparticle formulation (ABRAXANE™),
doxorubicin  or doxorubicin  hydrochloride @ (ADRIAMYCIN PFS™,
ADRIAMYCIN RDF™), fluorouracil or 5-fluorouracil (ADRUCIL™,

EFUDEX™, FLUOROPLEX™), everolimus (AFINITOR™), anastrozole
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(ARIMIDEX™), capecitabine (XELODA™), cyclophosphamide (NEOSAR™),
docetaxel (TAXOTERE™), epirubicin  hydrochloride  (ELLENCE™)
exemestane (AROMASIN™), toremifene (FARESTON™), fulvestrant
(FASLODEX™),  letrozole (FEMARA™), gemcitabine hydrochloride
(GEMZAR™), goserelin acetate (ZOLADEX™), ixabepilone (IXEMPRA™),
megestrol acetate MEGACE™), and lapatinib ditosylate (TYKERB™),

[0128] The breast cancer therapeutic agent may be a targeted
therapeutic agent for breast cancer. The targeted therapeutic agent for breast
cancer may be but 1is not limited to ado-trastuzumab emtansine
(KADCYLA™),  trastuzumab (HERCEPTIN™), lapatinib ditosylate
(TYKERB™), or pertuzumab (PERJETA™),

[0129] The anti-estrogen therapeutic agent may be but is not limited to
exemestane (AROMASIN™), or tamoxifen citrate (NOVALDEX™),
[0130] The at least one additional therapeutic agent may be selected

from the group consisting of: bisphosphonates, alendronate, ibandronate,
risedronate, pamidronate, a RANKL antibody, a sclerostin antibody,
methotrexate (ABITREXATE™, FOLEX™), paclitaxel, or paclitaxel albumin-
stabilized nanoparticle formulation (ABRAXANE™), doxorubicin or
doxorubicin hydrochloride (ADRIAMYCIN PFS™, ADRIAMYCIN RDF™),
fluorouracil or 5-fluorouracil (ANDRUCIL™, FLUOROPLEX™, EFUDEX™),

AFINITOR™ (everolimus), anastrozole (ARIMIDEX™), docetaxel
(TAXOTERE™), epirubicin hydrochloride (ELLENCE™), toremifene

(FARESTON™), fulvestrant (FASLODEX™), letrozole (FEMARA™),
gemcitabine hydrochloride (GEMZAR™), ixabepilone (IXEMPRA™),
megestrol acetate MEGACE™), cyclophosphamide (NEOSAR™), docetaxel
(TAXOTERE™), toremifene (FARESTON™), lapatinib or lapatinib ditosylate
(TYKERB™), capecitabine (XELODA™), goserelin acetate (ZOLADEX™),
exemestane (AROMASIN™),  tamoxifen (NOLVADEX™), zoledronic acid
(ZOMETA™), trastuzumab (HERCEPTINE™), ado-trastuzumab emtansine
(KADCYLA™), and pertuzumab (PERJETA™),
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[0131] In an embodiment, the at least one additional therapeutic agent
may include an antibody. The antibody may be a polyclonal antibody, an
intact monoclonal antibody, an antibody fragment, which may be but is not
limited to Fab, Fab', F(ab")2, an Fv fragment, a single chain Fv (scFv) mutant,
a chimeric antibody or a multispecific antibody. A multispecific antibody may
be a bispecific antibody generated from at least two intact antibodies. The
antibody may be a humanized antibody or a human antibody. The antibody
may be a fusion protein comprising an antigen determination portion of an
antibody. The antibody may be a fragment of an antibody comprising an
antigen recognition site. The antibody may be selected from any of the five
major classes of immunoglobulins: IgA, IgD, IgE, IgG, and IgM. The
antibodies may be selected from subclasses or 1sotypes thereof. The antibodies
may be selected from the subclass of IgG1, IgG2, 1gG3, IgG4, IgAl or IgA2.
The antibody may be an antibody that is based on the identity of its heavy-
chain constant domain referred to as alpha, delta, epsilon, gamma, and mu.
The antibody may be a naked antibody or an antibody conjugated to other
molecules. The antibody may be an antibody conjugated to, for example, toxins
or radioisotopes.The antibody may be a humanized or a chimeric antibody. To
study in vivo bone metastases in mouse and rat models the humanized
antibody may be replaced by mouse- or rat-monoclonal antibodies.

[0132] The antibody may have an ability to recognize and specifically
bind to a target. The target may be but is not limited to a protein, a
polypeptide, a peptide, a carbohydrate, a polynucleotide, a lipid, or
combinations of at least two of the foregoing through at least one antigen
recognition site within the variable region of the antibody. The antibody may
be specific to the Intercellular Adhesion Molecule -1 (ICAM-1). The antibody
may be specific to a soluble Intercellular Adhesion Molecule -1 (sICAM1). The
antibody may bind sICAM1. The antibody may specifically bind an sICAM1
receptor. The sICAM1 receptor may be a B2 integrin. The B2 integrin may be
one of alLf2 integrin and oMp2 integrin. The antibody may be a monoclonal

antibody.
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[0133] In an embodiment, the pharmaceutical composition herein may
include a pharmaceutically acceptable carrier. The pharmaceutically
acceptable carrier may be at least one substance selected from the group
consisting of ion exchangers, alumina, aluminum stearate, lecithin, serum
proteins, human serum albumin, buffer substances, phosphates, glycine,
sorbic acid, potassium sorbate, partial glyceride mixtures of saturated
vegetable fatty acids, water, salts, electrolytes, protamine sulfate, disodium
hydrogen phosphate, potassium hydrogen phosphate, sodium chloride, zinc
salts, colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone, cellulose-
based substances, polyethylene glycol, sodium carboxymethylcellulose, waxes,
polyethylene glycol, starch, lactose, dicalcium phosphate, microcrystalline
cellulose, sucrose, talc, magnesium carbonate, kaolin, non-ionic surfactants,
edible oils, physiological saline, bacteriostatic water, Cremophor EL™ (BASF,
Parsippany, N.J.) and phosphate buffered saline (PBS).

[0134] In an embodiment, the pharmaceutical composition may be
associated with a nanocarrier. The nanocarrier may be but is not limited to
lipid nanoparticles, liposomes, polymer particles, ligands, or polydexstrins.
The nanocarrier may be lipid nanoparticles. The pharmaceutical composition
may be encapsulated within lipid nanoparticles.

[0135] An embodiment provides a method of treating a subject suffering
from a bone degeneration disease. The method may include administering any
pharmaceutical composition herein to the subject. The bone degeneration
disease may be but i1s not limited to bone metastasis, osteoporosis, or Paget
disease. The bone degeneration disease may be bone metastasis.

[0136] The subject may be a patient. As used herein, the term “patient”
refers to a human. The patient may be a human with a symptom or symptoms
of the osteolytic bone disease. The patient may need treatment for the
osteolytic bone disease in a clinical setting. The symptoms of the disease or
condition may change as a result of a treatment, or spontaneous remission, or
development of further symptoms with the progression of the disease. The

term “patient” may also refer to non-human organism. The patient may be a
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mammal, a laboratory animal, a farm animal, or a zoo animal. The patient
may be a rodent, a mouse, a rat, a guinea pig, a hamster, a horse, a rabbit, a
goat, or a cow.

[0137] The pharmaceutical composition administered to the subject
may be any one of the pharmaceutical composition described herein. The
pharmaceutical composition may include a therapeutic agent that includes a
first nucleic acid with at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, or 100% 1dentity to a sequence selected from the group consisting of:
miR-33a (SEQ ID NO; 74), miR-133a (SEQ ID NO: 61), miR-190 (SEQ ID NO:
64), miR-219 (SEQ ID NO: 66), miR-141 (SEQ ID NO: 69), precursor miR-33a
(SEQ ID NO: 77), precursor miR-133a (SEQ ID NO: 78), precursor miR-141
(SEQ ID NO: 79), precursor miR-190 (SEQ ID NO: 80), precursor miR-219
(SEQ ID NO: 81), precursor miR-33a(2) (SEQ ID NO: 82), precursor miR-
133a(2) (SEQ ID NO: 83), precursor miR-141(2) (SEQ ID NO: 84), precursor
miR-190(2) (SEQ ID NO: 85), and precursor miR-219(2) (SEQ ID NO: 86). The
subject may be subsequently treated with the pharmaceutical composition
that includes at least one additional therapeutic agent as described herein.
[0138] In an embodiment, the method provides the pharmaceutical
composition in association with a nanocarrier. The nanocarrier may be but is
not limited to lipid nanoparticles, liposomes, polymer particles, ligands or
polydexstrins. The pharmaceutical composition described herein may be
encapsulated inside lipid nanoparticles. The method of preparing lLipid
nanoparticles 1s decribed in U.S. patent application 13/639,628 filed April 7,
2011 as PCT patent application PCT/US11/31540, both of which are
incorporated herein by reference as if fully set forth. A method herein may
include producing lipid nanoparticles that encapsule the therapeutic agents
herein by the following steps: providing one or more aqueous solutions in one
or more reservoirs; providing one or more organic solutions in one or more
reservoirs, wherein one or more of the organic solutions contains a lipid and
wherein one or more of the aqueous solutions and/or one or more of the

organic solutions includes therapeutic products; mixing the one or more
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aqueous solutions with the one or more organic solutions in a first mixing
region, wherein the first mixing region 1s a Multi-Inlet Vortex Mixer (MIVM),
wherein the one or more aqueous solutions and the one or more organic
solutions are introduced tangentially into a mixing chamber within the MIVM
so as to substantially instantaneously produce a lipid nanoparticle solution
containing lipid nanoparticles encapsulating therapeutic agents.

[0139] The method may include administering the pharmaceutical
composition to a subject by any suitable route. The route of administration
may be any one or more route including but not limited to: intramuscular
injection, subcutaneous injection, intravenous injection, intradermal injection,
intranasal  injection, 1nhalation, oral administration, sublingual
administration, buccal administration, or topical administration.

[0140] The subject may be treated with the pharmaceutical composition
until the bone metastasis growth i1s inhibited. The subject may be treated
until bone metastasis is cured.

[0141] The responsiveness of the subject to the treatment may be
assessed by any suitable method. The responsiveness of the subject to the
treatment may be determined by detection of the osteoclast differentiation
marker genes in the test sample collected from the subject having a bone
degenerative disease and by comparing results to the control samples. The
control samples may be collected from a subject before treatment. The control
sample may be collected from a healthy individual.

[0142] The method may include assessing inhibition of bone metastasis
growth in the subject before and after treatment. The assessing may be
performed by any known method. The method may include collecting samples
from a subject diagnosed with a cancer. Samples may include blood samples,
serum or cells. The method may include Bone Resorption Assay,
Histomorphometric Analysis and Immunohistochemical Staining, X-ray
Analysis and Quantification described in Example 1 herein. The method may
include measuring a rate of bone metastasis. The measuring of rate of bone

metastasis may include whole-body bone scans of a patient. The whole-body
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scan may be performed before and after treatment of the patient with a
pharmaceutical composition described herein. Bone lesions may be quantified
and the regional distribution of metastases may be assessed using statistical
methods. Systemic treatment with the pharmaceutical composition that
includes one or more miRNAs may result in a decrease in osteoclast number
and a subsequent increase in bone density and trabecular area as measured
by microCT scans. The subject having breast cancer followed by systemic
treatment with the pharmaceutical compositions described herein may
demonstrate a decrease in tumor burden and bone lesion. The pharmaceutical
composition may include a therapeutic agent that includes at least one of the
first nucleic acid or the second nucleic acid, each of which has a sequence
selected from the group consisting of miR-33a, miR-133a, miR-190, miR-141,
and miR-219. The first nucleic acid or the second nucleic acid each of which
has a sequence selected from the group consisting of miR-141, miR-219, miR-
190, miR-33a, and miR-133a may inhibit osteoclast differentiation and reduce
growth of bone metastasis

[0143] A separate subset of miRNAs, including miR-16 and miR-378,
may be sensitive and non-invasive biomarkers for early detection of bone
metastasis, as well as for monitoring therapeutic response. Elevated miRNA
levels in the serum may be used to indicate the development or progression of
osteolytic bone metastasis. These miRNAs have may be markers for bone
metastasis onset, progression, and response to treatment. An increase in
concentration of one or both of miR-16 and miR-378 in serum samples taken
from the subject with bone metastasis, relative to healthy controls may
indicate progression of the disease. A healthy control may be serum samples
taken from a healthy individual.

[0144] In an embodiment, the method may include assessing inhibition
of bone metastasis by determining expression of at least one osteoclast
differentiation marker gene in the subject after treatment. The expression
level of the at least one osteoclast differentiation marker may be determined

by any method. The method may be but is not limited to a quantitative reverse
21



WO 2014/152646 PCT/US2014/027573

transcription polymerase chain reaction (RT-PCR), a microarray, Nothern blot
analysis, or mass spectrometry.

[0145] For mRNA analysis, mRNA may be isolated from any sample
described herein using standard methods. The i1solated mRNA may be
transcribed and amplified by RT-PCR, using oligonucleotide primers specific
for a taget gene to create a cDNA from the mRNA. Conditions for primer
annealing may be selected to ensure specific reverse transcription and
amplification of the target gene. The target gene may be one or more
osteoclast differentiation marker genes. The one or more osteoclast
differentiation marker gene may be selected from the group consisting of: Mitf,
Traf6, Mmpl14, Calcr, Cpr, Mmp9, Iigav, Oscar, Nfatcl, Ctsk, Calcr sitel,
Calcr site2, Mitf sitel, and Mitf site 2. As used herein, Mitf refers to the
osteosclast marker gene that encodes MITF a basic-helix-loop-helix-zipper
transcription factor participates in osteoclast development (Hodgkinson et al.,
1993; Hershey and Fisher, 2004; Sharma et al., 2007; Weilbaecher et al.,
2001). Traf6 encodes a member of the tumor necrosis factor receptor (TNFR)-
associated factor family of cytokine receptor adaptor proteins that play a role
in signaling transduction of the RANKL pathway (Lomaga et al., 1999). Calcr
encodes calcitonin receptor (CALCR), a cell-surface receptor capable of
influencing osteoclast-mediated bone resorption in vitro and in vivo (Davey et
al., 2008). MmpI4 knockout mice feature severe skeletal defects, including
osteopenia and skeletal dysplasia (Holmbeck et al., 1999). Mmpl4 was
implicated 1n osteoclast fusion during maturation, and MmpI4-null
osteoclasts had decreased activity in vitro (Gonzalo et al., 2010). Itgav encodes
Integrin, alpha V, a member of the integrin superfamily. Oscar encodes the
osteoclast-associated, i1mmunoglobulin-like receptor, a member of the
leukocyte receptor complex protein family that plays role in the regulation of
mnate and adaptive response. Nfatcl encodes NFATC1, a transcription factor
that regulates T-cell development, osteoclastogenesis, and macrophage
function. Ctsk encodes cathepsin K, a proteinase secreted by osteoclasts that

degrades bone.
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[0146] The presence of the amplification products specific to one or
more osteoclast differentiation marker genes may indicate progression of the
bone metastasis. The lack of the amplification products specific to one or more
osteoclast differentiation marker genes may indicate supression of these genes
in the patient resulted from treatment with a pharmaceutical composition,
and inhibition of the bone metastasis growth. The cDNA of the target genes
may be used in a quantitative PCR assay and may indicate a number of copies
of mRNA specific to a target gene. Quantitative PCR may be used identify
whether treatment resulted in decrease of expression level of one or more
osteoclast differentiation markers. The decrease of one more of the osteoclasts
differentiation marker genes may indicate that the bone metastasisbone
metastasis growth is inhibited. The method may further include terminating
treatment if the bone metastasis growth is inhibited.

[0147] The treatment may be terminated if the bone metastasis growth
1s reduced. The treatment may be terminated if the metastatic lesion growth
1s limited. The subject may be unresponsive to the treatment with the
therapeutic composition and may require additional treatments. In this case,
the method may include one or more additional therapeutic treatments. The
method may include treating the subject with at least one method selected
from the group that consists of: adjuvant therapy, chemotherapy, immune
therapy, radiation therapy, gene therapy, surgery, use of prosthetics,
vaccination, use of hormones, cytokines, vitamins, chemokines, antibiotic
therapy, and transplantation. The method may further include treating the
subject with radiation therapy. The method may further include treating the
subject with immune therapy. The method may include treating the subject
with a combination of radiation therapy and immune therapy. The method
may include treating the subject by a combination of various treatments
described herein.

[0148] Multiple therapeutic strategies against bone metastasis may

include the direct targeting of osteoclasts, which has been shown to be an
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effective method of limiting bone loss. miR-141, miR-219, miR-190, miR-33a,
and miR-133a may serve as therapeutics by limiting osteoclast differentiation.
[0149] In an embodiment, a method of treating a subject suffering from
a bone degenerative disease 1s provided. The method may include obtaining a
test sample from the subject. The method may include determining an
expression level of at least one osteoclast differentiation marker in the test
sample. The at least one osteoclast differentiation marker may be one or more
of miRNAs or sICAM1. The method may include comparing the expression
level of the at least one osteoclast differentiation marker in the test sample to
the expression level of the at least one osteoclast differentiation marker in a
reference sample. An increase i1n the expression level of the at least one
osteoclast differentiation marker in the test sample compared to the reference
sample may indicate the subject will be a positive responder. A positive
responder 1s a subject who positively responds to treatment with any one of
the pharmaceutical composition described herein. The positive responder may
experince amelioration of symptoms of bone metastasis, remission, abatement,
slowing the rate of osteolytic bone degeneration or decline, or making
osteolytic bone degeneration less debilitating. A finding of a decrease in the
expression level of the at least one osteoclast differentiation marker in the test
sample compared to the reference sample may indicate the subject will be a
negative responder. A negative responder 1s a subject who does not respond to
treatment with any one of the pharmaceutical compositions described herein,
or responds to treatment but not at the level of the positive responder. The
method may further include recommending or conducting at least one of:
treating the subject with the any one of pharmaceutical compositions herein if
the subject 1s determined to be a positive responder, or treating the subject
with one or more of adjuvant therapy, chemotherapy, immune therapy,
radiation therapy, gene therapy, surgery, use of prosthetics, vaccination, use
of hormones, cytokines, vitamins, chemokines, antibiotic therapy,
transplantation, radiation therapy or immunotherapy if the subject is

determined to be a negative responder. If the expression level of the one or
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more miRNAs is elevated compared to the reference, the step of treating the
subject with the any of the pharmaceutical compositions herein may include 1s
treating the subject with the pharmaceutical composition including a
therapeutic agent that includes a first nucleic acid with at least 70, 72, 75, 80,
85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% 1dentity to a sequence
selected from the group consisting of: miR-33a (SEQ ID NO: 74), miR-133a
(SEQ ID NO: 61), miR-190 (SEQ ID NO: 64), miR-219 (SEQ ID NO: 66), miR-
141 (SEQ ID NO: 69), precursor miR-33a (SEQ ID NO: 77), precursor miR-
133a (SEQ ID NO: 78), precursor miR-141 (SEQ ID NO: 79), precursor miR-
190 (SEQ ID NO: 80), precursor miR-219 (SEQ ID NO: 81), precursor miR-
33a(2) (SEQ ID NO: 82), precursor miR-133a(2) (SEQ ID NO: 83), precursor
miR-141(2) (SEQ ID NO: 84), precursor miR-190(2) (SEQ ID NO: 85), and
precursor miR-219(2) (SEQ ID NO: 86). The pharmaceutical composition may
include at least one additional therapeutic agent. The the at least one
additional therapeutic agent may include a second nucleic acid with least 70,
72, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% 1identity to a
sequence 1s selected from the group consisting of: miR-33a (SEQ ID NO: 74),
miR-133a (SEQ ID NO: 61), miR-190 (SEQ ID NO: 64), miR-219 (SEQ ID NO:
66), miR-141 (SEQ ID NO: 69), precursor miR-33a (SEQ ID NO: 77), precursor
miR-133a (SEQ ID NO: 78), precursor miR-141 (SEQ ID NO: 79), precursor
miR-190 (SEQ ID NO: 80), precursor miR-219 (SEQ ID NO: 81), precursor
miR-33a(2) (SEQ ID NO: 82), precursor miR-133a(2) (SEQ ID NO: 83),
precursor miR-141(2) (SEQ ID NO: 84), precursor miR-190(2) (SEQ ID NO:
85), and precursor miR-219(2) (SEQ ID NO: 86). The sequence selected for the
second nucleic acid may be different than the sequence selected for the first
nucleic acid. The at least one additional therapeutic agent may include a bone
metastasis therapeutic agent, a breast cancer therapeutic agent, or an anti-
estrogen therapeutic agent.

[0150] If the expression level of sSICAMI1 1s elevated compared to the
reference sample, the step of treating the subject with the any one of the

pharmaceutical compositions described herein may include treating the
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subject with a pharmaceutical composition that includes an antibody. The
antibody may be specific to ICAM-1. The antibody may be specific to SICAM-
1. The antibody may be a monoclonal antibody that binds sICAM-1. The
antibody may be a monoclonal antibody that binds an sICAM1 receptor. The
sICAM1 receptor may be a B2 integrin. The B2 integrin may be one of al.p2
integrin and ocMp2 integrin.

[0151] A correspondent osteoclast differentiation marker may be an
osteoclast differentiation marker of a same identity to one being analyzed in a
test sample. The reference sample may be selected from the group consisting
of: the expression level of the correspondent osteoclast differentiation marker
in a second test sample obtained from a healthy individual, a reference value
obtained 1n prior sets of samples from healthy individuals, and the expression
level of the correspondent osteoclast differentiation marker in a second test
sample that has been exposed to an agent inducing osteoclast differentiation.
The agent may be selected from the group consisting of: a tumor-conditioned
medium, a receptor activator of NF-kB ligand, and sICAM1. The at least one
osteoclast differentiation marker may be miR-33a, miR-133a, miR-190, miR-
219, miR-141, and sICAM1. The at least one osteoclast differentiation marker
may be an miRNA. The miRNA may be miR-33a, miR-133a, miR-190, miR-
219, or miR-141. The miRNA may be a combination of miR-33a, miR-133a,
miR-190, miR-219, or miR-141. The at least one osteoclast differentiation
marker may include a nucleic acid with at least 70, 72, 75, 80, 85, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, or 100% 1dentity to a sequence selected from the
group consisting of: miR-33a (SEQ ID NO; 74), miR-133a (SEQ ID NO: 61),
miR-190 (SEQ ID NO: 64), miR-219 (SEQ ID NO: 66), and miR-141 (SEQ ID
NO: 69). The miRNA may be miR-16 or miR-378. The miRNA may be a
combination of mi-R-16 and miR-378. The one or more miRNA may include a
sequence with at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
or 100% 1dentity to a sequence of SEQ ID NO: 75 or SEQ ID NO: 76.

[0152] The test sample may include but is not limited to cells or serum.
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[0153] In an embodiment, a method for diagnosing whether a subject
has bone metastasis is provided. The method may include obtaining a first test
sample from the subject afflicted with cancer and a second test sample from a
healthy individual. The method may include determining an expression level
of at least one osteoclast differentiation marker in the first test sample and
the second test sample. The method may include comparing the expression
level of the at least one osteoclast differentiation marker in the first test
sample to the expression level of the corresponding osteoclast differentiation
marker in the second test sample. The method may include diagnosing the
subject as having bone metastasis if the expression level of the at least one
osteoclast differentiation marker in the first test sample is elevated compared
to the corresponding osteoclast differentiation marker in the second test
sample. The at least one osteoclast differentiation marker may be selected
from the group consisting of: miR-33a, miR-133a, miR-141, miR-190, mi-R-
219, and sICAM1. The at least one osteoclast differentiation marker may be
one or more of miR-33a, miR-133a, miR-141, miR-190, or mi-R-219. The at
least one osteoclast differentiation marker may be a nucleic acid having at
least 90% 1dentity to a sequence selected from the group consisting of: a
nucleic acid with at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, or 100% 1dentity to a sequence selected from the group consisting of: miR-
33a (SEQ ID NO; 74), miR-133a (SEQ ID NO: 61), miR-190 (SEQ ID NO: 64),
miR-219 (SEQ ID NO: 66), and miR-141 (SEQ ID NO: 69). The at least one
osteoclast differentiation marker may be miR-16 or miR-378. The at least one
osteoclast differentiation marker may be a combination of miR-16 and miR-
378. The at least one osteoclast differentiation marker may include a nucleic
acid with at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or
100% 1dentity to a sequence of SEQ ID NO: 75 or SEQ ID NO: 76. The method
may further include recommending treating the subject having bone

metastasis with any pharmaceutical composition described herein.
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[0154] The following list includes particular embodiments of the present
invention. But the list i1s not limiting and does not exclude alternate
embodiments, as would be appreciated by one of ordinary skill in the art.
[0155] EMBODIMENTS

[0156] 1. A pharmaceutical composition comprising a therapeutic
agent including a first nucleic acid with at least 90% identity to a sequence
selected from the group consisting of: miR-33a (SEQ ID NO: 74), miR-133a
(SEQ ID NO: 61), miR-190 (SEQ ID NO: 64), miR-219 (SEQ ID NO: 66), miR-
141 (SEQ ID NO: 69), precursor miR-33a (SEQ ID NO: 77), precursor miR-
133a (SEQ ID NO: 78), precursor miR-141 (SEQ ID NO: 79), precursor miR-
190 (SEQ ID NO: 80), precursor miR-219 (SEQ ID NO: 81), precursor miR-
33a(2) (SEQ ID NO: 82), precursor miR-133a(2) (SEQ ID NO: 83), precursor
miR-141(2) (SEQ ID NO: 84), precursor miR-190(2) (SEQ ID NO: 85), and
precursor miR-219(2) (SEQ ID NO: 86), and at least one additional
therapeutic agent.

[0157] 2. The pharmaceutical composition of embodiment 1, wherein
the first nucleic acid has a sequence selected from the group consisting of:
miR-33a (SEQ ID NO: 74), miR-133a (SEQ ID NO: 61), miR-190 (SEQ ID NO:
64), miR-219 (SEQ ID NO: 66), miR-141 (SEQ ID NO: 69), precursor miR-33a
(SEQ ID NO: 77), precursor miR-133a (SEQ ID NO: 78), precursor miR-141
(SEQ ID NO: 79), precursor miR-190 (SEQ ID NO: 80), precursor miR-219
(SEQ ID NO: 81), precursor miR-33a(2) (SEQ ID NO: 82), precursor miR-
133a(2) (SEQ ID NO: 83), precursor miR-141(2) (SEQ ID NO: 84), precursor
miR-190(2) (SEQ ID NO: 85), and precursor miR-219(2) (SEQ ID NO: 86).
[0158] 3. The pharmaceutical composition of embodiment 1, wherein
the at least one additional therapeutic agent includes a second nucleic acid
with at least 90% identity to a sequence is selected from the group consisting
of: miR-33a (SEQ ID NO: 74), miR-133a (SEQ ID NO: 61), miR-190 (SEQ ID
NO: 64), miR-219 (SEQ ID NO: 66), miR-141 (SEQ ID NO: 69), precursor miR-
33a(2) (SEQ ID NO: 82), precursor miR-133a(2) (SEQ ID NO: 83), precursor

miR-141(2) (SEQ ID NO: 84), precursor miR-190(2) (SEQ ID NO: 85), and
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precursor miR-219(2) (SEQ ID NO: 86), wherein the sequence selected for the
second nucleic acid 1s different than the sequence selected for the first nucleic
acid.

[0159] 4, The pharmaceutical composition of embodiment 3, wherein
the second nucleic acid has a sequences selected from the group consisting of:
miR-33a (SEQ ID NO: 74), miR-133a (SEQ ID NO: 61), miR-190 (SEQ ID NO:
64), miR-219 (SEQ ID NO: 66), miR-141 (SEQ ID NO: 69), precursor miR-33a
(SEQ ID NO: 77), precursor miR-133a (SEQ ID NO: 78), precursor miR-141
(SEQ ID NO: 79), precursor miR-190 (SEQ ID NO: 80), precursor miR-219
(SEQ ID NO: 81), precursor miR-33a(2) (SEQ ID NO: 82), precursor miR-
133a(2) (SEQ ID NO: 83), precursor miR-141(2) (SEQ ID NO: 84), precursor
miR-190(2) (SEQ ID NO: 85), and precursor miR-219(2) (SEQ ID NO: 86).
[0160] 5. The pharmaceutical composition of any one or more of the
preceding embodiments, wherein the at least one additional therapeutic agent
1s selected from the group consisting of: a bone metastasis therapeutic agent, a
breast cancer therapeutic agent, and an anti-estrogen therapeutic agent.
[0161] 6. The pharmaceutical composition of any one or more of the
preceding embodiments, wherein the at one additional therapeutic agent is
selected from the group consisting of:  bisphosphonates, alendronate,
ibandronate, risedronate, pamidronate, a RANKL antibody, a sclerostin
antibody, methotrexate, paclitaxel, or paclitaxel albumin-stabilized
nanoparticle formulation, doxorubicin or doxorubicin hydrochloride,
fluorouracil or 5-fluorouracil, everolimus, anastrozole, docetaxel, epirubicin
hydrochloride, toremifene, fulvestrant, letrozole, gemcitabine hydrochloride,
ixabepilone, megestrol acetate, cyclophosphamide, toremifene, lapatinib or
lapatinib ditosylate, capecitabine, zoledronic acid, goserelin acetate,
exemestane, tamoxifen, trastuzumab, ado-trastuzumab emtansine, and
pertuzumab.

[0162] 7. The pharmaceutical composition of any one or more of the
preceding embodiments, wherein the at least one additional therapeutic agent

includes an antibody that specifically binds sSICAM1.
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[0163] 8. The pharmaceutical compositionof any one or more of the
preceding embodiments, wherein the at least one additional therapeutic agent
includes an antibody that specifically binds an sICAM1 receptor.

[0164] 9 The pharmaceutical composition of embodiment 8, wherein
the sSICAM1 receptor includes a B2 integrin.

[0165] 10. The pharmaceutical composition of embodiment 9, wherein
the B2 integrin 1s one of alLB2 integrin and aMp2 integrin

[0166] 11. The pharmaceutical composition of any one of
embodiments 7 — 10, wherein the antibody is a monoclonal antibody.

[0167] 12. The pharmaceutical composition of any one or more of the
preceding embodiments further comprising a pharmaceutically acceptable
carrier.

[0168] 13. The pharmaceutical composition of any one or more of the
preceding embodiments further comprising a nanocarrier.

[0169] 14. The pharmaceutical composition of embodiment 13,
wherein the nanocarrier i1s selected from the group consisting of: lipid
nanoparticles, liposomes, polymer particles, ligands and polydexstrins.

[0170] 15. A method of treating a subject suffering from a bone
degeneration disease comprising administering a pharmaceutical composition
of any one of claims 1 — 10 to the subject.

[0171] 16. The method of embodiment 15, wherein the bone
degeneration disease 1s selected from the group consisting of:  bone
metastasis, osteoporosis, and Paget disease.

[0172] 17. The method of embodiment 16, wherein the bone
degeneration disease is bone metastasis.

[0173] 18. The method of any one or more of embodiments 15 — 17
further comprising assessing inhibition of bone metastasis growth in the
subject before and after treatment.

[0174] 19. The method of embodiment 18, wherein the assessing

includes measuring a rate of bone metastasis.
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[0175] 20. The method of embodiment 18, wherein the assessing
includes determining expression of at least one osteoclast differentiation
marker gene in the subject after treatment.

[0176] 21. The method of embodiment 20, wherein the at least one

osteoclast differentiation marker gene 1s selected from the group consisting of:

Mitf, Traf6, Mmp14, Calcr, Cpr, Mmp9, Iigav, Oscar, Nfatcl, Ctsk,
Calcr sitel, Calcr site2, Mitf sitel, and Mitf site 2.
[0177] 22. The method of any one of embodiments 18 — 21 further

comprising terminating treatment if the bone metastasis growth in the subject
1s inhibited.

[0178] 23. The method of any one or more of the embodiments 15 —
22, wherein the pharmaceutical composition is associated with a nanocarrier.
[0179] 24. The method of embodiment 23, wherein the nanocarrier 1s
selected from the group consisting of: lipid nanoparticles, liposomes, polymer
particles, ligands and polydexstrins.

[0180] 25. The method of embodiment 15, wherein the step of
administering includes administering by a route selected from the group
consisting of: intravenous, intraperitoneal, intramuscular, and subcutaneous
injection.

[0181] 26. The method of any one or more of embodiments 15 — 25
further comprising treating the subject with radiation therapy.

[0182] 27. The method of any one or more of embodiments 15 — 26
further comprising treating the subject with immune therapy.

[0183] 28. The method of any one or more of embodiments 15 — 27,

wherein the subject is a mammal.

[0184] 29. The method of embodiment 28, wherein the mammal 1s a
rodent.
[0185] 30. The method of embodiment 28, wherein the subject 1s a
human.
[0186] 31. A method of treating a subject suffering from a bone

degenerative disease comprising:
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[0187] obtaining a test sample from the subject,

[0188] determining an expression level of at least one osteoclast
differentiation marker in the test sample, wherein the at least one osteoclast
differentiation marker 1s one or more of miRNAs or sICAM]1, and

[0189] comparing the expression level of the at least one osteoclast
differentiation marker in the test sample to the expression level of the at least
one osteoclast differentiation marker in a reference sample, wherein an
increase 1n the expression level of the at least one osteoclast differentiation
marker 1n the test sample compared to the reference sample indicates the
subject will be a positive responder , and a finding of a decrease in the
expression level of the at least one osteoclast differentiation marker in the test
sample compared to the reference sample indicates the subject will be a
negative responder;

[0190] the method further comprising one or more of recommending or
conducting at least one of:

[0191] treating the subject with the pharmaceutical composition of any
one of embodiments 1 — 10 if the subject the subject i1s determined to be a
positive responder, and treating the subject with one or more of radiation
therapy or immunotherapy if the subject is determined to be a negative
responder.

[0192] 32. The method of embodiment 31, wherein if the expression
level of the one or more miRNAs 1s elevated compared to the reference, the
step of treating the subject with the pharmaceutical composition of any one of
embodiments 1 — 10 1s treating the subject with the pharmaceutical
composition of any one of embodiments 1 — 6.

[0193] 33. The method of embodiment 31, wherein if the expression
level of SICAM1 1is elevated compared to the reference, the step of treating the
subject with the pharmaceutical composition of any one of embodiments 1 — 10
includes treating the subject with the pharmaceutical composition of any one

of embodiments 7 — 10.
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[0194] 34. The method of embodiment 31, wherein a correspondent
osteoclast differentiation marker is an osteoclast differentiation marker of a
same 1dentity of one being compared in a test sample, and the reference
sample 1s selected from the group consisting of: the expression level of the
correspondent osteoclast differentiation marker in a second test sample
obtained from a healthy individual, a reference value, and the expression level
of the correspondent osteoclast differentiation marker in a second test sample
that has been exposed to an agent inducing osteoclast differentiation.

[0195] 35. The method of embodiment 34, wherein the agent is
selected from the group consisting of: a tumor-conditioned medium, a receptor
activator of NF-«B ligand, and sICAM1.

[0196] 36. The method of embodiment 35, wherein the at least one
osteoclast differentiation marker is selected from the group consisting of: miR-
33a, miR-133a, miR-141, miR-190, mi1-R-219, and sICAM]1.

[0197] 37. The method of embodiment 36, wherein the at least one
osteoclast differentiation marker is selected from the group consisting of: miR-
33a, miR-133a, miR-141, miR-190, and miR-219.

[0198] 38. The method of embodiment 37, wherein the at least one
osteoclast differentiation marker includes a nucleic acid having at least 90%
1dentity to a sequence selected from the group consisting of: miR-33a (SEQ ID
NO: 74), miR-133a (SEQ ID NO: 61), miR-190 (SEQ ID NO: 64), miR-219
(SEQ ID NO: 66), and miR-141 (SEQ ID NO: 69).

[0199] 39. The method of embodiment 31, wherein the correspondent
osteoclast differentiation marker 1s an miRNA, and the miRNA 1s miR-16,
miR-378, or a combination of mi-R-16 and miR-378.

[0200] 40. The method of embodiment 39, wherein the one or more
miRNA includes a nucleic acid having at least 90% identity to a sequence of
SEQ ID NO: 75) or SEQ ID NO: 76.

[0201] 41. The method of any one or more of embodiments 31 — 40,

wherein the subject is a mammal, and the mammal 1s selected from the group
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consisting of a rodent, a human, a primate, and a high value agricultural
animal.
[0202] 42. The method of embodiment 31, wherein the test sample

comprises cells and serum.

[0203] 43. A method for diagnosing whether a subject has bone
metastasis comprising:

[0204] obtaining a test sample from the subject afflicted with cancer;
[0205] determining an expression level of at least one osteoclast

differentiation marker in the test sample;

[0206] comparing the expression level of the at least one osteoclast
differentiation marker in the test sample to the expression level of the
corresponding osteoclast differentiation marker in a reference sample; and
[0207] diagnosing the subject as having bone metastasis if the
expression level of the at least one osteoclast differentiation marker in the test
sample 1s elevated compared to the corresponding osteoclast differentiation
marker 1n a reference sample.

[0208] 44. The method of embodiment 43, wherein the at least one
osteoclast differentiation marker is selected from the group consisting of: miR-
33a, miR-133a, miR-141, miR-190, mi-R-219, and sICAM1.

[0209] 45. The method of embodiment 43 or 45, wherein the at least
one osteoclast differentiation marker is selected from the group consisting of:
miR-33a, miR-133a, miR-141, miR-190, and miR-219.

[0210] 46. The method of embodiment 45, wherein the at least one
osteoclast differentiation marker includes a nucleic acid having at least 90%
1dentity to a sequence selected from the group consisting of: miR-33a (SEQ ID
NO: 74), miR-133a (SEQ ID NO: 61), miR-190 (SEQ ID NO: 64), miR-219
(SEQ ID NO: 66), and miR-141 (SEQ ID NO: 69).

[0211] 47. The method of embodiment 43, wherein the at least one
osteoclast differentiation marker 1s an miRNA, and the miRNA 1s miR-16,

miR-378, or a combination of mi-R-16 and miR-378.
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[0212] 48. The method of embodiment 47, wherein the one or more
miRNA includes a nucleic acid having at least 90% identity to a sequence of
SEQ ID NO: (SEQ ID NO: 75) or SEQ ID NO: (SEQ ID NO: 76).

[0213] 49. The method of embodiment 43, wherein a correspondent
osteoclast differentiation marker is an osteoclast differentiation marker of a
same 1dentity of one being compared in a test sample, and the reference
sample 1s selected from the group consisting of: the expression level of the
correspondent osteoclast differentiation marker in a second test sample
obtained from a healthy individual, a reference value, and the expression level
of the correspondent osteoclast differentiation marker in a second test sample
that has been exposed to an agent inducing osteoclast differentiation.

[0214] 50. The method of any one or more of embodiments 43 — 49
further comprising recommending treating the subject having bone metastasis
with a pharmaceutical composition of any one of embodiments 1 — 10.

[0215] Further embodiments herein may be formed by supplementing
an embodiment with one or more element from any one or more other
embodiment herein, and/or substituting one or more element from one

embodiment with one or more element from one or more other embodiment

herein.
[0216] EXAMPLES
[0217] The following non-limiting examples are provided to illustrate

particular embodiments. The embodiments throughout may be supplemented
with one or more detail from one or more example below, and/or one or more
element from an embodiment may be substituted with one or more detail from

one or more example below.

[0218] Example 1. Materials and Methods
[0219] Cell Lines and Cell Culture
[0220] HeLa and RAW264.7 cells (American Type Culture Collection,

ATCC) were maintained in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% fetal bovine serum (FBS), penicillin/streptomycin

(GIBCO), and fungizone. MOCP-5 cells were maintained in aMEM with
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10%FBS and antibiotics. MDA-MB-231 parental cells (ATCC) and all sublines
(SCP2, SCP4, SCP6, SCP28, SCP46) were maintained in DMEM with 10%
FBS and antibiotics. The murine 4T1 and 4T1.2 cells, and human TSU-Prl1,
and TSU-PR1-B2 cells were similarly maintained in DMEM with 10% FBS
and antibiotics. For osteoclast differentiation assays, cells were treated with
indicated concentration of RANKL in DMEM plus 10% FBS, with media
changes performed every 2 days. Primary osteoclasts were 1solated from bone
marrow cells flushed from the tibia of 6-week-old wild type Balb/c mice and
filtered through a 70uM cell-strainer before overnight culture in aMEM with
10%FBS. The following day 1x106 non-adherent cells were plated in 6-well
plates supplemented with 50 ng/mL M-CSF for 2 days, followed by 50 ng/mlL
RANKL for an additional 4-5 days, with media changes every 2 days. Human
osteoclasts were obtained from Lonza (2T-110) and differentiated by treatment
with 33ng/ml M-CSF and 66ng/ml RANKL. CM was collected from the
indicated sub-confluent tumor cells grown in DMEM with 10% DMEM for 24
hours. The CM was passed through a 0.2 um filter before addition to 1x10°
RAW264.7 or MOCP-5 cells in a 6-well plate. The media was replaced with
fresh CM daily. Cells were TRAP stained on day 6 using a leukocyte acid
phosphatase kit (Sigma) and TRAP+-multineucliated cells were quantified as
mature osteoclasts.

[0221] RNA Isolation and miRNA Microarray

[0222] RNA from cell lines was 1solated using a miRVana miRNA
1solation kit (AMBION®). Total RNA from mouse bleeds was isolated using
Trizol LS (Invitrogen) according to manufacturers instructions. For
microarrays, 5 ug total RNA was labeled using the NCode Rapid Labeling
System (Invitrogen) and hybridized to custom arrays. The arrays were
analyzed using the G2565BA scanner (Agilent Technologies), and median
fluorescent intensities were obtained after subtracting background. To identify
differential miRNA expression between samples, the median fluorescent
intensities were normalized using the median expression values within the

array and log2 values analyzed.
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[0223]
[0224]
III First-strand kit (Invitrogen) and qPCR performed using the Power SYBR®

Quantitative Real-Time PCR
mRNA was analyzed by synthesizing cDNA using the Superscript

green PCR master mix (Applied Biosystems). Mature miRNAs were reverse
transcribed using the TagMan Reverse Transcription Kit (Applied Biosystems)
followed by real-time PCR wusing TagqMan miRNA assays (Applied
Biosystems). All analysis was performed using an ABI 7900HT PCR machine
according to the manufacturer’s instructions. A standard curve was created
from serial dilutions from cDNA for each gene of interest. Values were
normalized by the expression of GAPDH or RNU6B in each sample. The

primers used are listed in the table below:

Gene | Species Forward Reverse
Caler Mouse GCAACGCTTTCACTTCTGAGA GTTCCCACTGCATTGTCCACA
(SEQ ID NO:1) (SEQ ID NO:2)
Tnfrsflla Mouse CACTCCCACCCTGAGATTTGT CATCGTCTGCACGGTTCTG (SEQ
(SEQ ID NO: 3) ID NO: 4)
Nfatcl Mouse GACCCGGAGTTCGACTTCG TGACACTAGGGGACACATAACTG
(SEQ ID NO: 5) (SEQ ID NO: 6)
Csfl Mouse TGTCATCGAGCCTAGTGGC CGGGAGATTCAGGGTCCAAG
(SEQ ID NO: 7) (SEQ ID NO: 8)
Ttgay Mouse CCGTGGACTTCTTCGAGCC CTGTTGAATCAAACTCAATGGGC
(SEQ ID NO: 9) (SEQ ID NO: 10)
Fosl2 Mouse CCAGCAGAAGTTCCGGGTAG GTAGGGATGTGAGCGTGGATA
(SEQ ID NO: 11) (SEQ ID NO: 12)
Sfpil Mouse ATGTTACAGGCGTGCAAAATGG TGATCGCTATGGCTTTCTCCA
(SEQ ID NO: 13) SEQ ID NO: 14)
Mitf Mouse ACTTTCCCTTATCCCATCCACC TGAGATCCAGAGTTGTCGTACA
(SEQ ID NO: 15) (SEQ ID NO: 16)
Ctsh Mouse GAAGAAGACTCACCAGAAGCAG TCCAGGTTATGGGCAGAGATT
(SEQ ID NO: 17) (SEQ ID NO: 18)
Gapdh Mouse AGGTCGGTGTGAACGGATTTG TGTAGACCATGTAGTTGAGGTCA
(SEQ ID NO: 19) (SEQ ID NO: 20)
[0225] Luciferase Reporter Assay
[0226] For NF«B reporter assays the pGL4.32 [luc2P/NF-kB-RE/Hygro]

vector (Promega) was co-transfected with a Renilla-luciferase plasmid into
cells. After 24 hours, cells were treated with 50ng/ml RANKL, 50ng/ml
sICAM1, or 10ng/ml TNFa for analysis at indicated timepoints. Wildtype and
mutant 3'UTRs were PCR amplified from mouse genomic DNA. The 3'UTRs
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were cloned into the pMIR-REPORT vector (AMBION®) downstream of firefly
luciferase. Mutations in miRNA target sites were generated using the
QuikChange Multi site-directed mutagenesis kit (Stratagene). 5x10¢ Hela
cells were plated in 24-well plates 24 hours prior to transfection. 200 ng of
reporter plasmid was co-transfected with the renilla-luciferase control plasmid
and 10 pM pre-miRNA precursor or precursor control (AMBION®) using
Lipofectamine 2000 (Invitrogen). Cells were lysed 24 hours after transfection
and assayed for luciferase activity using the Glomax 96 Luminometer

(Promega). Primer sequences for cloning or mutagenesis are listed below:
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SUTR Forward Reverse
reporter
Caler AACACAGCATCGTGATCACTGAG CATAATTTGGGCAGAACTATGTGC (SEQ
(SEQ ID NO: 21) ID NO: 22)
Acp5 ACACCACGAGAGTCCTGCTTGT (SEQ | TTCTGGAGACAAAGCATTGTTTTATTG
ID NO: 23) (SEQ ID NO: 24)
Mmp9 AGGGCTCCTTCTTTGCTTCAAC (SEQ | GACTGCCAGGAAGACACTTGGT (SEQ
ID NO: 25) ID NO: 26)
Mitf CGAGCCTGCCTTGCTCTG (SEQ ID GCATCATGCTCTGGGTATGACC (SEQ
NO:27) ID NO: 28)
Ttgav TTCAACAGTTCCTCAAGGCCT (SEQ CATGTTGTAAATCAAGCAGAACACTG
ID NO: 29) (SEQ ID NO: 30)
Ctsh CAGCCAAATCCATCCTGCTCT (SEQ AAAGTGCAAAGAAGGGAAGACAA (SEQ
ID NO: 31) ID NO: 32)
Mmpi4 TACCACAAGGACTTTGCCTCTG (SEQ | ATCTAGCCGAACTGCCAGCAC (SEQ ID
ID NO: 33) NO: 34)
Nfatel ACATTGGAGCACTCAGTTCAGC (SEQ | CGTTTCCTTTTCAATGACAGTCC (SEQ
ID NO: 35) ID NO: 36)
Cpe GTAGTAAGATGCAATGTGGCTC CTTTATTCATCAGAATGCAATTC (SEQ
p (SEQ ID NO: 37) ID NO: 38)
Fosb CAAACCCGCAAGGAACA AG (SEQ ID | GGCGACAGTGCAGAACCAAG (SEQ ID
NO: 39) NO: 40)
Traf6 TCAGTGAGGTCACGAGCCACTTC AGCTGAGTGTCCACACAACCGT (SEQ
(SEQ ID NO:41) ID NO:42)
Oscar CAACCTGAGTGGCGGAGAA (SEQ ID | GCAGCAGCAAGATTTATTGTGTAGA

Caler-141mut

Mift-141mutl

Mitf-141mut2

Mitf-219mut

Traf6-219mut

Mitf-133amut

Mmpl14-
133amut

Caler-190mut

NO: 43)
AGGTATTTTTCCAATCAgAcTcTaATG
TAGTATTGTTCTATTTTTGTTTAC
(SEQ ID NO: 45)
ATCATCATTTTTTTCtGacTaTGTATT
AATTTGTAAGAATAT (SEQ ID NO:
47)
GGGACTGGTTAAGCCAAGACGCtGac
TaTTTGCTCACTGTTT (SEQ ID NO:
49)
ACCATAGTGTTCACCGATtCtAaCtTA
GCATTGTCTGTTTTTCTCTTC (SEQ
ID NO: 51)
TCTTCTGTTGCTTGCAAACACtAtAaC
ACCAGCCCAAACGAGTGATTTAGCT
C (SEQ ID NO: 53)
CCTCCGTTTAGAGTcCaCtAtATACCA
AAATTATCCACC (SEQ ID NO: 55)
AGGGGGCAGGAGGeGtCgAtAAAGGA
AAATGAGGAC (SEQ ID NO: 57)
CCTCCCAGGAACCGAtCtTtTgATTTG
TGAAGAATTATTCAGTGAA (SEQ ID
NO: 59)

(43SEQ ID NO:44)
GTAAACAAAAATAGAACAATACTACATT
AGAGTCTGATTGCGAAAAATACCT (SEQ
ID NO: 46)

ATATTCTTACAAATTAATACATAGTCAG
AAAAAAATGATGAT (SEQ ID NO: 48)

AAACAGTGAGCAAATAGTCAGCGTCTT
GGCAAGGCTTAACCAGTCCC (SEQID
NO: 50)
GAAGAGAAAAACAGACAATGCTAAGTT
AGAATCGGTGAACACTATGGA (SEQ ID
NO: 52)
GAGCTAAATCACTCGTTTGGGCTGGTG
TTATAGTGTTTGCAAGCAACAGAAGA
(SEQ ID NO: 54)
GGTGGATAATTTGGTATATAGTGGACT
CTAAACGGAGG (SEQ ID NO:56)
GTCCTCATTTTCCTTTATCGACGCCTCC
TGCCCCCT (SEQ ID NO: 58)
TTCACTGAATAATTCTTCACAAATCAAA
AGATCGGTTCCTGGGAGG (SEQ ID NO:
60)

[0227]
[0228]

Bone Resorption Assay

5x104 pre-osteoclast cells were seeded onto 1mm thick slices of

bovine bone cut using a diamond saw and sterilized by immersion in 70%
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ethanol. Cells were cultured for 10 days as indicated in 6-well plates,
transferred to fresh plates and washed to remove osteoclasts. Bone slices were
stained 1n a solution of 1% toludine blue 1n 0.5% sodium tetraborate,
destained in PBS plus 1% Triton X-100, and imaged by light microscopy.

[0229] Histomorphometric Analysis and Immunohistochemical Staining

[0230] Hindlimb bones were excised from mice at the end point of each
experiment, immediately following X-ray and BLI . Hind limb bones were
fixed 1n 10% neutral-buffered formalin, washed and decalcified in a solution of
10% EDTA for 2 weeks. One limb from each mouse was stored in 70% ethanol
for uCT analysis and Von Kossa staining, while the other limb was embedded
in paraffin for hematoxylin and eosin (H&E), tartrate-resistant acid
phosphatase (TRAP), or immunohistochemical staining. Non-decalcified
sections were embedded in resin using the Osteo-bed Bone Embedding Kit
(Sigma Aldrich, EM0200) before sectioning, followed by Von Kossa staining.
Briefly, sections were rehydrated to H20, followed by submersion in 1% silver
nitrate and exposure to UV light for 5 minutes. Sections were then incubated
n 2.5% Sodium Thiosulphate, followed by counterstaining with Nuclear Fast
Red and dehydration through Xylene. Histomorphometric analysis was
performed on H&E stained bone metastasis sections using the Zeiss Axiovert
200 microscope and the AxioVision software version 4.6.3 SP1. For
quantitative analysis of lesion area, a 5x objective was used to focus on the
tumor region of interest and images were acquired using an AxioCamICc3
camera set to an exposure of 50 ms. Lesions that were larger than the field of
view were quantified by acquiring multiple images to encompass the entire
lesion and combined in Adobe Photoshop CS5. Lesion area was quantified by
outlining the region(s) of interest and quantifying lesion area. Osteoclast
number was assessed as multinucleated TRAP* cells along the tumor-bone
interface and reported as number/mm of interface as previously reported
(Sethi et al., 2011). Immunohistochemical analysis was performed with heat-
induced antigen retrieval and an osteocalcin antibody (ABcam, AB93876). A

biotinylated secondary antibody was used with Vectastain ABC Kit (Vector
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Laboratories) and DAB detection kit (Zymed) to reveal the positively stained
cells; nuclei were counterstained with hematoxylin

[0231] X-ray Analysis and Quantification

[0232] Bone remodeling in mice was assessed by X-ray radiography.
Anesthetized mice were placed on singlewrapped films (X-OMAT AR,
Eastman Kodak) and exposed to X-ray radiography at 35 kV for 15 s using a
MX-20 Faxitron instrument. Films were developed using a Konica SRX-101A
processor. Changes in bone remodeling and osteolytic lesions (radiolucent
lesions) in the hindlimbs of mice were identified and quantified using the
Imaged software (National Institutes of Health)

[0233] Western Blot Analyses

[0234] SDS lysis buffer (0.05 mM Tris-HCI, 50 mM BME, 2% SDS, 0.1%
Bromophenol blue, 10% glycerol) was used to collect protein from cells.
Samples were sonicated and heat denatured protein was equally loaded,
separated on a 10% SDS-page gel, transferred onto a pure nitrocellulose
membrane (BioRad), and blocked with 5% milk. Primary antibodies for
immunoblotting included: anti-IxkBa (1:1000 dilution, Cell signaling, 44D4),
anti-p-p65 (1:500 dilution, Santa Cruz Biotechnology), anti-Pu.l (5pg/ml,
Abcam, AB88082), anti-Nfatcl (1ug/ml, Abcam, AB25916), anti-Ctsk (4ug/ml,
Abcam, AB19027), anti-B-actin (1:5000 dilution, ABcam), for loading control.
Membranes were incubated with horseradish peroxidase (HRP)-conjugated
anti-mouse secondary antibody (1:2000 dilution, GE Healthcare) or anti-rabbit
secondary antibody (1:2000 dilution, GE Healthcare) for 1 h and
chemiluminescence signals were detected by ECL substrate (GE Healthcare).
[0235] Antibodies and recombinant proteins

[0236] Recombinant ICAM1 (R&D Systems, 796-1C-050) was dissolved
in PBS. Cells were seeded on a 6-well plate and treated with sSICAM1, CM, or
RANKL. Anti-murine B2 antibody (CD18, BD Biosciences, 555280) or ICAM1
antibody (ABcam, ab25375) was administered at a concentration of 50 ug/mL

as described. Recombinant rat Jaggedl/Fc chimera (R&D systems) was
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dissolved in PBS and plated at a concentration of 0.5 mg/ml in 6-well plates
that had been pre-coated with anti-Fc antibody for 1 hour and blocked with
DMEM containing 10% FBS for 2 hours.

[0237] Flow cytometry

[0238] Cultured cells were resuspended i1n FACS buffer (PBS
supplemented with 5% newborn calf serum) and filtered through 70 mm nylon
cell strainers before flow cytometric analysis on a FACSort instrument (BD
Biosciences). The following antibodies were selected to label cells for 30
minutes on ice: mouse anti-CD1la (BD, 610826), rat anti-CD11b (Abcam,
ab8878), rat anti-CD18 (BD, 555280), donkey anti-rat-alexa594 (Invitrogen,
982443), goat anti-mouse-alexa488 (Invitrogen, A11029).

[0239] Chemotaxis assay of RAW264.7 cells

[0240] Chemotaxis assay was performed as described (Lu et al., 2011)
with the following modifications: 10° RAW264.7 cells in 100 ul of 0.5% BSA in
DMEM were seeded into the upper chamber of 8um pore transwell inserts (BD
Bioscience) in a 24-well plate. 300 ul of 0.5% BSA in DMEM containing a
series of concentrations of recombinant ICAM1 (R&D Systems) was added to
the bottom chamber. After 8h i1n culture, methanol was added to the bottom
chamber to fix migrated cells. Cells in the upper chamber were removed with
a cotton swab and stained for 30 mins in 0.2% crystal violet for quantification
using a microscope.

[0241] SICAM-1/CD54 and NTX determinations from patient serum
[0242] sICAM-1 levels were determined using a quantitative sandwich
enzyme immunoassay technique (Quantikine; R&D System, Minneapolis, MN,
USA) according to the manufacturer’s instructions. All samples were tested in
duplicate. The optical density of serum samples was compared with standard
curve of sICAM-1 concentrations and was quantified. NTX levels were
measured by a competitive-inhibition enzyme-linked immunosorbent assay
(ELISA/EIA) (Osteomark, Princeton, NJ). The assays were performed

following the manufacturers’ instructions. All samples were tested 1in
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duplicate for both markers, with all samples from the same individuals
analyzed on the same experimental plate.

[0243] Murine and Human RANKL ELISA

[0244] Quantitative levels of murine or human RANKL in the
conditioned media of cultured cells were determined in triplicate by ELISA
according to the manufacturer’s protocol (Mouse RANKL Quantikine ELISA
kit and Human RANKL DuoSet, R&D systems).

[0245] MicroCT analysis

[0246] Femurs and tibias were scanned using the INVEON PET/CT
(Siemens Healthcare) at the Preclinical Imaging Shared Resource of Cancer
Institute of New Jersey. The X-Ray tube settings were 80 kV and 500 uA and
images were acquired at the highest resolution without CCD binning,
resulting in a voxel size of 9.44 um. A 0.66° rotation step through a 195°
angular range with 6500 msec exposure was used. The images were
reconstructed with Beam Hardening Correction and Hounsfield calibration
before being analyzed using the INVEON Research Workplace software
(Siemens Healthcare). After processing with a 3D Gaussian filter to reduce
noise ROI’s were manually segmented that corresponded to the cortical and
trabecular bone regions. Cortical regions of interest comprised of 470 um thick
regions (50 slices, 9.4 um thickness for each slice) located 3 mm distal to the
growth plate, while 300 um thick trabecular sections began 0.27 mm distal to
the growth plate.

[0247] Tumor xenografts and bioluminescence analysis

[0248] All procedures involving mice and experimental protocols were
approved by Institutional Animal Care and Use Committee (IACUC) of
Princeton University. For bone metastasis studies, 1x105 tumor cells were
injected into the left cardiac ventricle of anesthetized female athymic Ncr-
nu/nu. MiRNA precursors (10ug/mouse in 100ul PBS, Applied Biosystems) and
Zometa (100 pg/kg) were injected intravenously. Development of metastases

was monitored by measuring photon flux of BLI signals in the hindlimbs of
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mice after retro-orbital injection of 75 mg/kg D-Luciferin and image
acquisition using the Xenogen IVIS 200 Imaging System. Data were
normalized to the signal on day 0. X-ray examination was performed as
previously described (Kang et al., 2003).

[0249] Analysis of primary tumors and bone metastases

[0250] Women with resected breast cancer were selected from patients
followed from 1995 to 2010 in IRCCS IRST, Meldola, Italy. Tumor specimens
were de-1dentified and were considered exempt samples 1n accordance with
the institutional review board of the Local Ethic Committee, Forli, Italy.
Tumor specimens were fixed in formalin and embedded in paraffin. Tissues
collected were 13 matched primary breast tumors and 13 bone metastatic
tissues. Total RNA was collected from 20 um thick sections from formalin-
fixed paraffin embedded (FFPE) tissue blocks using the FFPE RNA/DNA
Purification kit (Norgen) according to the manufacturer’s instructions.

[0251] Serum case series and sample collection

[0252] Breast cancer patients with no evidence of disease for at least 5
years (16 patients) and patients at first diagnosis of bone metastases (38
patients, radiologically confirmed) were recruited by the Osteoncology and
Rare Tumors Center of IRCCS IRST (Meldola, Italy) from January 2007 to
December 2009. A group of 41 healthy donors was also enrolled in the study.
Informed consent was obtained from all subjects in accordance with the
protocol approved by the institutional review board of the Local Ethic
Committee, Forli, Italy. A 5 ml venous blood sample from donors and patients
was collected in tubes without anticoagulant and centrifuged at 2,500 rpm for
15 minutes at room temperature then stored at -80°C until processing. Total
RNA from 400 pl of serum was extracted using the miRVana miRNA isolation
kit (AMBION®) according to the manufacturer’s instructions.

[0253] Statistical Analysis

[0254] Results are presented as average + standard deviation or as
average + standard error of the mean (SEM), as indicated in figure legends.

BLI signals were analyzed by nonparametric Mann-Whitney test. For serum
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markers analysis, in the absence of internationally available cut off values for
markers, the cut off values maximally discriminating between patients with
no evidence of disease and BM patients were identified using receiver
operating characteristic (ROC) curve analysis. Sensitivity and specificity were
calculated and their statistical significance were analyzed by chi-square test
comparing BM patients versus patients with no evidence of disease or versus
healthy donors. The correlation between serum levels of the markers was
assessed with the Spearman rank test. The diagnostic relevance of the
combinations NTX-mirl6 and NTX-sICAM1 considered as continuous
variables (subjected to natural logarithmic transformation) was analyzed by
the logistic regression model. The linear predictor or logit resulting from the
model was used as a new diagnostic test on which the ROC curve was
calculated (Flamini et al., 2006). Statistical analysis was done using SPSS
software. All other comparisons were analyzed by unpaired, two-sided,
independent Student’s t test without equal variance assumption, unless
otherwise described in figure legends.

[0255] Accession number. The raw and normalized microarray data
have been deposited in the Gene Expression Ominbus (GEO) database under
accession number GSE44936.

[0256] Example 2. Conditioned media from bone-metastatic cancer cells
induces osteoclast differentiation

[0257] It was previously previously shown that the murine pre-
osteoclast cell lines RAW264.7 and MOCP-5 can be induced to differentiate
into mature, multi-nucleated osteoclasts through the addition of 20-50 ng/ml
RANKL (Sethi et al., 2011).

FIG. 2A illustrates representative images of TRAP stained RAW264.7 cells
treated with 0 ng/ml, 2 ng/ml, 4 ng/ml, 10 ng/ml, 20 ng/ml and 50 ng/ml
RANKL for 6 days. Scale bar represents 400 um. FIG. 2B illustrates
quantification of TRAP+ osteoclasts and nucler per osteoclast from
experiments shown in FIG.2A. Referring to FIG. 2A, it was observed that

treatmemt with 50 ng/ml RANKL resulted in the highest number of mature
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osteoclasts. Thess results were statistically significant with p < 0.001.

[0258] To examine the potential for tumor conditioned media (CM) to
induce osteoclast differentiation, RAW264.7 or MOCP-5 pre-osteoclast cells
were treated with CM from two pairs of cancer cell lines with differing bone
metastasis capabilities: (1) the highly metastatic 4T1.2 mouse mammary
tumor cell line and weakly metastatic 4T1 parental line (Lelekakis et al.,
1999); and (2) the highly metastatic TSU-Pr1-B2 human bladder cancer cell
line and the weakly metastatic TSU-Pr1l parental line (Chaffer et al., 2005).
FIGS. 1A — 1F illustrate that RANKL and conditioned media of highly bone
metastatic cancer cell lines induce similar changes in miRNA expression in
osteoclasts. FIG.1A illustrates representative images of RAW264.7 cells
stained for TRAP after treatment for 6 days with conditioned media from
indicated cell lines, or conditioned media with 20 ng/ml RANKL (RANKLlow),
or 50 ng/ml RANKL (RANKLHigh), Scale Bar represents 200 um. FIG. 1B
1llustrates quantification of TRAP+ osteoclasts from experiments in FIG.1A.
Results were statistically significant with p < 0.01 (**), and p < 0.001 (**¥).
Referring to these figures, it was observed that after 6 days of treatment with
CM, TRAP staining revealed mature osteoclasts only in cells treated with CM
from the highly bone metastatic 4T1.2 and TSU-Pr1-B2, although at
significantly lower levels than treatment with 50 ng/ml RANKL (RANKILHigh),
FIG. 1C 1illustrates quantification of nucler in TRAP* osteoclasts from
experiments in FIG.1A. Results were statistically significant with p < 0.05 (¥),
p < 0.01 (**). Referring to FIGS 1A to 1C, it was shown that combined
treatment of RAW264.7 cells with CM and a limited level of RANKL (20
ng/ml, RANKLMv) gignificantly increased differentiation, approaching that
seen by treatment with 50 ng/ml of RANKL.

[0259] Treatment with CM induced similar differentiation in mouse
bone marrow-derived primary pre-osteoclasts (FIG. 2C) and MOCP5 cells
(FIGS. 2D to 2F).

FIG. 2C illustrates representative images of TRAP stained culture of primary

bone marrow cells treated with 50 ng/ml M-CSF followed by 20 ng/mLL RANKL
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and indicated CM. Scale bar represents 400 um. FIG. 2D illustrates
representative images of TRAP stained MOCP-5 cells treated with indicated
CM for 6 days. Scale bar represents 400 um. FIG. 2E illustrates
quantification of TRAP+* osteoclasts treated with indicated conditions from
experiment in FIG. 2D and shows that these results were statistically
significant with p < 0.05 (*), p < 0.01 (*%), p < 0.001 (**¥). FIG. 2F 1illustrates
quantification of nuclei in TRAP+ osteoclasts as in FIG. 2E. FIGS. 2G and 2H
1llustrate qRT-PCR mRNA expression levels of osteoclast genes in RAW264.7
cells under indicated treatments. Referring to these figures, the qRT-PCR
results indicated that osteoclast genes were elevated in RAW264.7 cells upon
treatment with RANKL and bone metastatic CM. Taken together, these
results 1ndicate that bone-metastatic breast cancer cells were capable of

secreting factors that induce differentiation and maturation of osteoclasts.

[0260] Example 3. MiRNA microarrays reveal differentially regulated
miRNAs
[0261] MiRNA microarray profiling was performed to compare miRNA

expression changes in RAW264.7 cells treated for seven days with CM from
4T1 versus 4T1.2 cells or CM from TSU-Prl versus TSU-Pr1-B2 cells, and
with or without 50 ng/ml RANKL. FIG. 1D illustrates heat map depicting
miRNA microarray expression profiling in RAW264.7 cells treated with
conditioned media from 4T1.2 or TSU-Pr1-B2 cells as compared to
corresponding weakly metastatic cells 4T1 and TSU-Pr1, or 50 ng/ml RANKL
as compared to non-treatment control. FIG 1D, left panel, shows that among a
total of 334 mouse miRNAs detected, 42 miRNAs were up-regulated and 45
miRNAs were down-regulated with a >2.2 fold change across treatment
groups. FIG. 1D, right panel, shows 22 unique miRNAs consistently down-
regulated across three sets of samples that were examined as an initial step
toward 1dentifying miRNAs that may inhibit osteoclast differentiation.

[0262] FIG. 1E illustrates correlation of miRNA expression changes in
the indicated treatment pairs as in FIG.1D. Referring to FIG. 1E, significant

correlations of miRNA expression changes were observed between the
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treatment groups, indicating conservation in the miRNA regulatory network
during osteoclastogenesis in physiological and pathological conditions. Genes
known to be important for osteoclast differentiation and function were
examined for predicted miRNA binding sites based on TargetScan (Grimson et
al., 2007) and PicTar (Krek et al., 2005) predictions. See Example 5, Table 1.
Five miRNAs, miR-33a-5p, miR-133a, miR-141-3p, miR-190, and miR-219-5p
(hereinafter miR-33a, miR-141, and miR-219) were selected for further
analysis based upon their significant down-regulation, multiple predicted
osteoclast targets, and sequence conservation between human and mouse.

[0263] FIG. 1F 1illustrates qRT-PCR analysis of selected miRNAs in
RAW264.7 or primary bone marrow derived osteoclasts after indicated length
of treatment with 50ng/ml RANKL. Data in the figure represent average =+
SEM; p values were based on Student’s t-test. The results were significant
with p < 0.05 (*), p < 0.001 (***). Referring to FIG. 1F, the results from
quantitative real-time PCR (qPCR) analysis confirmed that all five miRNAs
examined decreased significantly after 6 days of RANKL treatment in
RAW264.7, primary bone marrow-derived precursors and MOCP-5 cells.
FIGS. 2A —2K also show osteoclast differentiation induced by RANKL and
tumor conditioned media. These miRNA changes were also observed during
the differentiation of primary human osteoclasts. FIG. 2I  illustrates
representative images of TRAP stained human osteoclasts treated with or
without 33 ng/ml M-CSF and 66 ng/ml RANKL for 8 days. Scale bar
represents 400um. FIGS. 2J and 2 K illustrate qRT-PCR miRNA (FIG. 2J) and
mRNA expression levels (FIG.2K) in osteoclasts from FIG. 2I. Data represent
average £ SD. Data in the figure represent average + SEM; p values were

based on Student’s t test. Result was statistically significant with p < 0.05 (¥).

[0264] Example 4. Ectopic expression of miRNAs inhibits osteoclast
differentiation
[0265] To examine the functional role of the down-regulated miRNAs in

osteoclastogenesis, the miRNAs 1in pre-osteoclast cells were ectopically

expressed prior to RANKL-induced osteoclast differentiation. FIG. 3A — 3D
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illustrate  ectopic  expression of miRNAs downregulated during
osteoclastogenesis inhibits osteoclast differentiation. FIG. 3A illustrates
quantification and representative images of TRAP+* osteoclasts in RAW264.7
cells transfected with indicated miRNAs followed by treatment with 50 ng/ml
RANKL. Scale bar represents 200 um. Results were statistically significant
with p < 0.01 (*¥). FIG. 4A 1illustrates quantification of TRAP+ osteoclasts in
primary bone marrow derived osteoclasts transfected with 1 pM of indicated
miRNA oligonucleotide, followed by treatment with 50 ng/mLL MCSF and 50
ng/mL. RANKL. Data represent average + SEM. p values were based on
Student’s t-test. Results were statistically significant with p < 0.05 (*) and p <
0.01 (**). Referring to FIG. 3A nd FIG. 4A, it was observed, that
overexpression of all five miRNAs resulted in a significant decrease in
osteoclast differentiation in both RAW264.7 cells and primary pre-osteoclasts.
No change was observed in cell growth or apoptosis after any of the miRNA
treatments. The defect in osteoclastogenesis was confirmed by qRT-PCR
analysis that found repression of multiple osteoclast marker genes after
ectopic miRNA expression. FIG. 4B illustrates RT-PCR mRNA expression
levels of Itgav, Fosl2, Sfpil, Mitf and Nfatcl genes in RAW264.7 cells
transfected with miRNAs, followed by treatment with 50 ng/ml RANKL. The
results were significant with p <0.05 (¥).

[0266] In vitro bone resorption assay was then used to measure the
effect of ectopic miRNA expression on osteoclast activity. FIG. 3B illustrates
quantification and representative images of bone resorption by RAW264.7
cells after treatment in conditions as shown in FIG. 3A, relative to control
cells. Referring to this figures, scale bar represents 200 um. Results were
statistically significant with p < 0.01 (**) and p < 0.001 (***). Referring to
this figure, it was observed that while miR-33a caused only a small decrease
in bone resorption, the remaining four miRNAs, miR-133a, miR-141, miR-190
and miR-219, dramatically limited osteoclast activity. Since these miRNAs
may inhibit osteoclast differentiation or function by targeting different

mRNAs, the repression of osteoclast differentiation was further examined
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using combinations of inhibitory miRNAs. Given that transient transfection
with 10 pM of miRNA precursors was sufficient to inhibit up to approximately
90% of osteoclast differentiation, RAW264.7 cells were treated with a
combination of miRNAs at a reduced concentration of 1 pM total precursors.
[0267] FIG. 3C illustrates quantification of TRAP* osteoclasts from
RAW264.7 treated cells transfected with 1 pM indicated miRNAs, followed by
treatment with 20 ng/ml RANKL. Results were statistically significant with p
<0.05 (*). FIG.3D 1illustrates quantification of relative bone resorption in
RAW264.7 cells transfected withl pM indicated miRNA or 20 nM Zometa.
Data in the figure represent average + SEM. p values were based on Student’s
t-test. Results were significant with p < 0.05 (*). FIGS. 4A — 4H 1illustrate
inhibition of osteoclast differentiation by ectopic expression of miRNAs
downregulated during osteoclastogenesis. FIG. 4C illustrates representative
images of bone resorption in RAW264.7 cells transfected with indicated
miRNAs or treated with 20nM Zometa. Scale bar represents 200 upm.
Referring to FIG. 3C, FIG. 3D and FIG. 4C, it was observed that combined
ectopic expression of miR-141, miR-190, and miR-219 revealed a significant
additive effect on osteoclast maturation (FIG. 3C) and bone resorption (FIG.
3D and FIG. 4C). Referring to FIG 3D and FIG. 4C, it was observed that this
addititive effect was equivalent to the treatment with 20 nM zoledronic acid.
Ectopic expression of the miRNAs combined with zoledronic acid revealed an
additive effect, leading to almost complete ablation of osteoclast activity.
These results show that repression of multiple miRNAs during osteoclast
differentiation, with ectopic expression of miR-133a, miR-141, and miR-219
strongly inhibit osteoclast maturation and activity in all models tested. Partial
inhibition was observed after ectopic expression of miR-33a and miR-190.
[0268] To confirm that miRNA mediated inhibition of osteoclast
differentiation 1s not specific to the RAW264.7 model, the effect of ectopic
miRNA expression was examined in additional models. FIG. 4D illustrates
representative images of TRAP* osteoclasts from MOCP-5 cells transfected

with indicated miRNAs, followed by treatment with 50 ng/mL RANKL. Scale
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bar represents 200 um. FIG. 4E illustrates quantification of TRAP osteoclasts
from experiment shown in FIG. 4D. The results were statistically significant
with p < 0.001 (**). Referring to FIGS. 4D and 4E, it was observed that
MOCP5 cells transfected with pre-miRNAs revealed a similar pattern of
inhibition as was observed for RAW264.7 cells.

[0269] To examine the effect of miRNAs on Jaggedl-enhanced
osteoclast differentiation after activation of the Notch pathway, RAW264.7
cells were plated on Jaggedl coated plates, followed by treatment with 50
ng/ml RANKL. FIG. 4F illustrates representative images of RAW264.7 cells
treated with miR-33a, miR-133a, miR-141, miR-190 and miR-190 and grown
on Jaggedl coated plates, followed by treatment with 50ng/mL RANKL. Scale
bar represents 200 pum. FIG. 4 G 1illustrates quantification of TRAP+
osteoclasts from experiment in FIG. 4F. FIG. 4H illustrates quantification of
nuclel per osteoclast from experiment in FIG. 4F. Data in the figure represent
average =+ SEM; p values were based on Student’s t test. Results were
significant with p < 0.001 (***). Referring to FIGS. 4F to 4H, it was observed
that ectopic miRNA expression significantly inhibited Jaggedl-dependent
enhancement of osteoclast differentiation. Taken together, these results
1llustrate the broad capacity for ectopic expression of these miRNAs to inhibit
osteoclast differentiation.

[0270] Example 5. Identification of miRNA targets involved in osteoclast
differentiation and function

[0271] Direct miRNA targeting of mRNAs related to osteoclastogenesis
was examined using luciferase reporters containing the 3'UTR of prospective
target mRNAs (Table 1). miR-33a, miR-133a, miR-141, miR-190 and miR-219
are indicated by bold characters.

[0272] Table 1. Predicted miRNA target genes and fold change of their
expression as measured by microarray in RAW264.7 cells treated with
RANKL or CM.

51



WO 2014/152646 PCT/US2014/027573
miR-RNA Predicted target genes Microarray fold | Conservation
change (hsa & mmu)
miR-9 Mmpl14 -2.450 +
miR-32 Acpb -3.262 +
miR-33a Calcr, Cpr -2.445 +
miR-133a Mmp9, Mmp14, Itgav, Oscar, +
Mitf -2.885
miR-139 NFATcl -3.321 +
miR-141 Acpb, Caler, Itgav, Mitf, Mmp9 -3.511 +
miR-186 ligav -2.390 +
miR-190 Calcr, Nfatcl -3.655 +
miR-193 Mmpl14 -2.317 +
miR-219 Ctsk, Calcr, Mitf, Traf6 -2.673 +
miR-296 Mmp9 -2.243 +
miR-369-5p | Caler, Cpe -2.334 +
miR-376¢ Ctsk, Calcr, Itgav -2.588 +
miR-520a Rank, Calcr -2.483 -
miR-545 Acpb, Caler, Itgav -2.785 -
miR-586 Itgav, Cpe -2.742 -
miR-611 Nfatcl -2.501 -
miR-624 Mst1r, Itgav -2.230 -
miR-651 Acp5, Rank, Itgav -2.541 -
[0273] Reporter constructs were co-transfected with pre-miRs, as well as

a Renilla luciferase plasmid for normalization.

[0274] FIGS. 5A — 5E 1illustrate validation of candidate miRNA genes.
FIGS. 5A — 5D illustrate normalized activity of luciferase reporter containing
the 3' UTR of candidate genes upon co-transfection with indicated miRNAs,
relative to transfection with negative control miRNA. The results were
statistically significant with p < 0.05 (*). The following target genes were
tested: Mitf, Mmp14, Nfatcl, Itgav, Ctsk, Calcr, Acp5, Mmp9, Traf6, FosB, and
Oscar. In the drawings, light gray bars indicate wildtype constructs, dark gray
bars indicate mutant 1, dotted bars indicate mutant 2 and diagonally stripped
bars indicate double mutant. Reporter assays revealed a number of direct
targets for the candidate miRNAs. Referring to FIGS. 5A - 5C, it was
observed that miR-133a, miR-141, and miR-219 were all found to repress
expression of Mitf. Specific targeting of Mitf by these miRNAs was confirmed
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by site-directed mutagenesis of the predicted miRNA binding sites. Table 2

shows alignment of miRNA sequences with sequences of the target genes.

[0275] Table 2. MiRNA alignment to 3UTR of target genes.
miRNA and S n lienment
target mRNA equence alignme
miR-133a UUpﬁ{lﬂllg%CCCUUCAACCAGCUA (SEQ ID NO: 61)
MMP14 AAACCAGGGGAGGACGGGGGAGA (SEQ ID NO: 62)
MITF AAACCAGUGAGGUAUAUCUCCG (SEQ ID NO: 63)
miR-190 U%MA‘LLQUUUGAUAUAUUAGGU (SEQ ID NO: 64)
CALCR UACUAUACCAGUCGAGGACCCUC (SEQ ID NO: 65)
miR-219 UGAI pi[g{iipCCAAACGCAAUUCU (SEQ ID NO: 66)
MITF UACUAACAUAGCCAGUUGUGAUA (SEQ ID NO: 67)
TRAF6 GACUAACAUACACACGUAGAGGA (SEQ ID NO: 68)
miR-141 UAA$ }ﬁ{;[iJsiUCUGGUAACGAUGU (SEQ ID NO: 69)
CALCR sitel AUUGUGACACUAACUUUUUUGUA (SEQ ID NO: 70)
CALCR site2 AUUGUGAAGAAGUGUUUACUAU (SEQID NO: 71)
MITF sitel UUUGUGACUUUUUUUACUACUAU (SEQ ID NO: 72)
MITF site2 UUUGUGACGCAGAACCGAAUUGG (SEQ ID NO: 73)
[0276] Referring to FIG 5B and FIG. 5C, miR-141 was found to contain

two active binding sites in the Mitf 3UTR, reducing expression by ~50% (FIG.
5B), while a single site in miR-219 was able to repress Mitf expression by
~20% (FIG. 5C). Referring to FIGS. 5A - 5D, additionally it was found that
miR-133a repressed Mmpl4, miR-141 repressed Calcr, miR-219 repressed
Traf6, and miR-190 was able to repress Calcr .

[0277] These miRNA targets represent important factors involved in
osteoclast differentiation and function, with Mitf functioning as an essential
transcription factor, Calcr and Trafé serving as important signal transducers,
and Mmpl4 functioning as a secreted matrix metalloproteinase during
osteoclastogenesis (FIG. 5E). FIG. 5K illustrates schematically miRNA targets
that are involved in osteoclast differentiation or function. Referring to this
figure, 1t was found that miR-133a, miR-219 and miR-141 target Miif. It was
found that miR-219 also targets Traf6, miR-133a also targets Mmp1i4, and
MiR-190 and miR-141 also target Calcr.
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[0278] To better examine the capacity of the miRNAs to inhibit
osteoclast differentiation, osteoclast markers were examined in RAW264.7
cells transfected with the miRNA of interest, followed by RANKL treatment.
FIG. 5F 1illustrates Western blot analysis for Pu.l, Nfatcl, or Ctsk in
RAW264.7 cells after transient transfection with indicated miRNA and
treatment with 50 ng/ml RANKL. Data in the figure represent average =+
SEM; p values were based on Student’s t-test. Referring to FIG. 5F, Western
blot analysis of Pu.1, Nfatcl, and Ctsk revealed that miR-133a, miR-141, and
miR-219 innhibited early osteoclast differentiation, with minimal expression
of Nfatcl, which plays a role in early osteoclast commitment, or the mature
osteoclast marker Ctsk (Teitelbaum and Ross, 2003). These results are in
agreement with data on targeting of Mitf or Trafé, either of which 1s predicted
to inhibit the earliest stages of osteoclast commitment. In comparison, miR-
190 transfected cells expressed Pu.1 and Nfatcl, but not Ctsk, indicating that
miR-190 might be inhibiting osteoclast differentiation after commitment to an
osteoclast fate. It was also observed that miR-33a transfected cells retained
expression of all three osteoclast genes, consistent with its relatively weak
effect on inhibiting osteoclastogenesis. Taken together, these results indicate
that the miRNAs inhibited osteoclast differentiation through the functional
targeting of essential osteoclast genes functioning at different stages of
osteoclast differentiation.

[0279] Example 6. Systemic miRNA treatment inhibits osteoclasts in vivo
[0280] To evaluate the capacity for these miRNAs to inhibit mouse
osteoclast function in vivo, 10 ug of pre-miRNA were injected into the lateral
tail-vein of Balb/c mice weekly for four weeks. Mice were examined weekly by
X-ray radiography, revealing increased bone density in the hind limbs,
particularly in the distal femur and proximal tibia. FIGS. 6A — 6F illustrate
micro-computed tomography and histological analysis, showing alterations in
bone homeostasis after treatment with miRNAs downregulated in
osteoclastogenesis. FIG. 6A illustrates representative X-ray, uCT and

histological images for TRAP, H&E, Von Kossa, or osteocalcin staining of
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bones from mice treated with miR-33a, miR-133a, miR-141, miR-190 and miR-
219 compared to non-treated control. Regions of interest for trabecular and
cortical bone scan and analysis are marked by dashed lines. Scale bar
indicates 200 um, n = 6. Referring to FIG. 6A, examination by microCT
revealed increased trabecular bone in both femur and tibia. FIG. 6B
1llustrates quantification of bone volume relative to total volume from
representative uCT scans in FIG. 6A. n = 3. Results were statistically
significant with p<0.05 (*). FIG. 6C illustrates quantification of trabecular
thickness from representative pCT scans of mice treated with miRNAs as in
FIG. 6B. Results were statistically significant with p<0.05 (*). FIG. 6D
1llustrates quantification of cortical bone thickness from representative uCT
scans as 1n FIG. 6B. FIG. 6E illustrates quantification of TRAP* osteoclasts
from decalcificed histological sections of hindlinbs from mice in FIG. 6A, n = 6.
Results were statistically significant with p<0.05 (*). FIG. 6F illustrates
Quantification of osteocalsin-positive osteoblasts from bone sections from mice
in FIG. 6A. Data in the figure represent average £+ SEM; p values were based
on Student’s t-test. Referring to FIGS. 6B, 6C and 6D, q uantitative analyses
confirmed a significant increase in bone volume (FIG. 6B) and trabecular
thickness (FIG. 6C), while no significant differences in cortical bone thickness
was found (FIGS. 6A and 6D). Referring to FIGS. 6A and 6E, histological
TRAP staining of decalcified bone sections revealed a significant decrease in
the number of osteoclasts relative to bone surface area in mice treated with
miR-141 and miR-219 (FIGS. 6A and 6E) and Von Kossa staining revealed the
increase of calcified tissues (FIG. 6A), confirming the significant expansion in
trabecular bone that was seen in the microCT analysis. Referring to FIGS. 6A
and 6F, osteocalcin immunohistochemical staining revealed no significant
difference 1n osteoblast number, consistent with a previous report that
inhibition of miRNA biogenesis does not affect osteoblast differentiation
(Mizoguchi et al., 2010). While these results indicated osteoclasts as a major

bone cell type affected by systemic delivery of these miRNAs, it 1s important to
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note that the differentiation or activity of additional bone stromal cells might

also be impacted.

[0281] Example 7. MiR-141 and miR-219 inhibit experimental bone
metastasis
[0282] Given the ability of multiple miRNAs to inhibit osteoclast

differentiation in vitro and in vivo, the capacity of these miRNAs to inhibit
breast cancer bone metastasis was next examined in a mouse model. See
Kang et al., 2003 and Blanco et al., 2012. The potential of CM from multiple
SCP cell lines, clonal derivatives of the human MDA-MB-231 breast cancer
line with different bone metastatic capabilities, to regulate osteoclast
differentiation was examined first. FIGS. 7A — 71 illustrate that conditioned
media of bone-tropic sublines of MDA-MD-231 1induces osteoclast
differentiation. FIG. 7A illustrates representative images of RAW264.7 cells
treated with 50 ng/ml RANKL or indicated CM (MDA-MB-231). Scale bar
represents 200 pm. FIG. 7B 1illustrates quantification of osteoclast
differentiation from RAW264.7 cells in experiment in FIG. 7A. The results
were statistically significant with p < 0.001 (***) as assessed by Student’s t
test. FIG. 7C 1illustrates qRT-PCR mRNA expression levels of Calcr, Nfatcl,
cFms, FosL2, Ctsk, Mitf, and PU.I genes in RAW264.7 cells treated with CM
from MDA231. SCP2, SCP28, SCP6, SCP4 cell lines. FIG. 7D illustrates heat
map depicting qRT-PCR miRNA expression profiling in RAW264.7 cells after
treatment with CM from the indicated cell lines relative to the treatment with
CM from the MDA-MB-231 parental cell line.

[0283] Referring to FIGS. 7A — 7D, 1t was observed that CM from highly
bone metastatic SCP cell lines (SCP2, 28 and 46), but not from weakly
metastatic lines (SCP4, SCP6 and parental MDA-MB-231), stimulated
osteoclast differentiation in RAW264.7 cells (FIGS. 7A and 7B), increased the
expression of osteoclast marker genes (FIG. 7C), and induced miRNA
expression changes consistent with our previous findings (FIG. 7D).

[0284] After further validating the ability of highly metastatic SCP28 to

induce osteoclastogenesis in MOCPS5 cells, SCP28 were used for analyzing the
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effect of miRNAs on bone metastasis development in mice. FIG. 7E illustrates
representative 1mages of MOCP-5 cells treated with MDA—MB-231 and
SCP28 CMs. Scale bar represents 200 um. FIGS. 7F and 7G illustrate
quantification of osteoclast number and nuclel per osteoclast after MOCP-5
cells were treated with indicated CM as in FIG. 7C. Results were statistically
significant with p < 0.001 (***) as assessed by Student’s t test. Nude mice
were systemically treated with control or experimental pre-miRNAs
immediately before, and once per week subsequently, after inoculation with
SCP28 cells via intracardiac injection. Metastatic progression was monitored
by weekly bioluminescence imaging (BLI) using a firefly luciferase reporter
stably expressed in the cell line.

[0285] FIGS. 8A - 8F 1illustrate systemic treatment with miRNAs
downregulated in osteoclastogenesis, miR-133a, miR-141, miR-190, and miR-
219, nhibits bone metastasis. FIG. 8A illustrates BLI, X-ray, Osteocalcin,
H&E, and TRAP images from mice inoculated with SCP28 breast cancer cells
and treated with indicated miRNAs. BLI images show three representative
mice from each experimental group. White arrows indicate osteolytic bone
lesions in the X-ray images. Scale bar represents 200 um. n = 10. FIG. 8B
1llustrates normalized bone metastasis BLI signals from mice in FIG. 8A. n =
10. The results were statistically significant with p < 0.01 (**) assessed by
Mann-Whitney test. Referring to FIGS. 8A and 8B, it was observed that
whereas treatment with miR-133a and miR-190 had no effect on metastatic
progression by BLI, there was a significant decrease in hind-limb tumor
burden after treatment with either miR-141 (p = 0.024) or miR-219 (p =
0.015).

[0286] FIG. 8C 1illustrates qRT-PCR miRNA expression levels from
serum samples of mice taken at indicated times after injection with miRNAs.
The results were statistically significant with p < 0.01 (**). Referring to this
figure, qPCR analysis of serum samples from mice inoculated with the pre-
miRNAs revealed a substantial decrease in miR-190 and miR-133a within 6

hours of injection, with nearly full clearance within 24 hours. In contrast,
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miR-141 and miR-219 took substantially longer to clear from the serum,
maintaining ~20% of the normalized expression at 24 hours.

[0287] FIG. 8D 1illustrates quantification of osteolytic lesion area in
hindlimbs from indicated experimental group. The results were statistically
significant with p < 0.01 (**) and n = 6 . Referring to FIGS. 8A and 8D, X-ray
1maging revealed decreased bone lesions in miR-141 and miR-219 treated mice
while miR-190, miR-133a and control pre-miRNA injected mice exhibited
significant bone degradation. Histological analysis revealed a decrease in
osteolysis by hematoxylin and eosin (H&E) staining and a decrease in TRAP~+
osteoclast recruitment at the tumor-bone interface.

[0288] FIG. 8E illustrates quantification of TRAP* osteoclasts from
histology in experiment from FIG. 8A. The results were statistically
significant with p < 0.01 (**). FIG. 8F illustrates quantification of osteocalcin®
osteoblasts from histology in experiment from FIG. 8A. Data in the figure
represent average + SEM; p values were based on Student’s t-test unless
otherwise indicated.

[0289] Referring to FIGS. 8A, 8E, 8F and 6A-6E, it was observed that
consistent with the results in miRNA-treated healthy mice (FIGS. 6A — 6E),
miR-190, miR-141, and miR-219 treated mice showed a significant decrease in
TRAP+ osteoclast number (FIG. 8E), while there was no noticeable change in
osteoblast number from any of the treatments (FIGS. 8A and 8F). To rule out
the potential influence of the miRNAs on the growth or survival of the SCP28
cells, the cells with miRNAs were treated in culture, and no significant
difference 1n proliferation was found. Taken together, these results reveal a
significant decrease in metastatic burden after systemic treatment with miR-
141 or miR-219, likely due to decreased osteoclast activity.

[0290] The therapeutic effect of miRNAs was further compared with
treatment of 100 pg/kg zoledronic acid (ZOMETA™). FIG. 7H illustrates
representative BLI images of mice after inoculation with SCP28 cells and
treatment with miR-133a, miR-141, miR-190, miR-219, or 100 pug/kg

ZOMETA™ compared to no-treatment control, n=10. FIG.71 illustrates
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normalized bone metastasis BLI signals from mice in FIG. 6H. Data in the
figure represent average + SEM. The results were statistically significant
with p < 0.001 (***) as was assessed by Mann-Whitney test when compared
with control treatment group. Referring to FIGS. 7H and 71, mice treated with
ZOMETA™ experienced a significant decrease in tumor burden, with an
overall trend of better response than individual miR-141 or miR-219
treatment, although the difference did not reach statistical significance. These
results indicate that systemic treatment with miR-141 and miR-219 inhibits
bone metastasis burden to a similar extent as current therapeutics.

[0291] Example 7. Serum miRNA levels correlate with bone metastasis
[0292] To further evaluate the function of miRNAs that change during
osteoclast differentiation, a subset of four miRNAs with significant up-
regulation during osteoclastogenesis (miR-16, miR-211, miR-378 and Let-7a,
FIG. 1D) was examined next. No significant differences were observed after
ectopic expression or repression of any of the candidate miRNAs tested.
However, additional candidate miRNAs may be tested. As miRNAs are often
released from cells into circulation, miRNAs with increased expression during
osteoclastogenesis may potentially serve as biomarkers for osteolytic bone
metastasis. To evaluate the possibility of using osteoclast miRNAs as
biomarkers, the expression of miRNAs up-regulated during osteoclastogenesis
(FIG. 1D) was examined in serum samples of mice with different bone
metastasis burdens. Serum samples were collected at 0, 7, and 35 days from
nude mice after intracardiac injection of highly metastatic SCP2 cells and
miRNA expression was analyzed by qRT-PCR. FIGS. 9A — 9D illustrate that
serum levels of miRNAs upregulated during osteoclastogenesis, miR-16 and
miR-378, correlate with bone metastasis.

[0293] FIG. 9 A illustrates BLI and qRT-PCR expression analysis of
miRNAs in mice after intravenous inoculation with SCP2 breast cancer cells.
Left, BLI images of two representative mice at each time point. Right, qRT-
PCR for miRNA expression levels of miRNAs derived from serum samples

taken on indicated day post-injection. Light gray bar indicates control, dark
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gray bar indicate the miRNA level on day 7, diagonally stripped bar indicates
the miRNA level on day 35. Data represent average + SEM. n = 10. The
results were statistically significant with p < 0.05 (*) assessed by Student’s t-
test. Referring to this figure, examination of multiple miRNAs with the most
dramatic increase during differentiation revealed consistently elevated
expression of miR-378 and miR-16 at 35 days post-injection.

[0294] FIG. 9B illustrates BLI and qRT-PCR expression analysis of
miRNAs in mice 28 days after intravenous inoculation with TSU-Pr1 (dark
gray) or TSU-Prl- (diagonally stripped) bladder cancer cells compared to
control (light gray). Data represent average + SEM. The results weres
statistically significant with p < 0.05 (*), n = 10 assessed by Student’s t-test.
Referring to FIG. 9B, it was observed that only miR-378 and miR-16 were
elevated when mice with low of high bone metastatic tumor burden after
moculation with weakly metastatic TSU-Pr1 or highly metastatic TSU-Pr1-B2
cell lines, respectively, were compared. Based on these findings, the
expression of miR-378 and miR-16 was examined in matched primary
(Primary) or bone-metastatic (BM) tumor samples from 12 breast cancer
patients.

[0295] FIG. 9C 1illustrates qRT-PCR miRNA expression analysis of
matched micro-dissected primary breast tumor (Primary) or bone metastasis
(BM) samples. p values based on Mann-Whitney test, n = 12. Referring to
FIG. 9C, it was observed tha both miR-16 and miR-378 have elevated
expression 1in bone metastases, reflecting the presence of osteoclasts. Next,
the expression of these two miRNAs was analyzed in serum samples of
healthy female donors (HD) or breast cancer patients with bone metastasis
(BM). FIG. 9D illustrates qRT-PCR miRNA expression analysis of serum
samples from healthy donors (HD) or breast cancer patients with bone
metastasis (BM). p values based on Mann-Whitney test and HD, n = 21, BM,
n = 38. Referring to FIG. 9D, it was observed significantly increased level of
both miR-16 and miR-378 in patients with bone metastasis. Taken together,

these results indicated the potential for using these miRNAs as biomarkers for
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bone metastasis progression.

[0296] Example 8. Soluble ICAMI1 from metastatic cells enhances
osteoclast differentiation

[0297] Since tumor CM induced osteoclastogenesis produced similar
miRNA changes to RANKL-induced physiological osteoclast differentiation,
soluble factor(s) in CM that promote osteoclast activation were identified.
First, RANKL present in CM was investigated to cause such activities.

[0298] FIGS. 10A — 10I illustrate that sICAM1 mediated osteoclast
differentiation is B2 integrin dependent. FIG. 10A illustrates RANKL protein
level in MDA, SCP2, SCP28, SCP6, TSU-PR1, TSU-B2, 4T1 and 4T1.2 CM
samples as determined by ELISA. The results were statistically significant
with p < 0.05 (*). Referring to this figure, ELISA quantification of RANKL
levels in CM samples revealed very low levels (4-6 ng/ml) of RANKL even in
highly metastatic MDA-MB-231, 4T1 or TSU sublines, although these sublines
produced significantly higher levels of RANKL than their weakly metastatic
1sogenic counterparts. FIG. 10B illustrates representative images of
RAW264.7 cells treated with RANKL or the indicated CM + 200 ng/mL OPG
as in FIG.10A. Scale bar represents 400 um. Referring to FIGS. 10A and 10B,
it was observed the low levels of 4 — 6 ng/ml levels of RANKL were
mnsufficient to induce osteoclast differentiation. Furthermore, osteoclast
differentiation induced by 30 ng/ml RANKL is inhibited by more than 80%
after treatment with 200 ng/ml of OPG, a decoy receptor and inhibitor of
RANKL. FIG. 11A illustrates quantification of RAW264.7 cells treated with
30 ng/ml RANKL or conditioned media + 200 ng/ml OPG with p < 0.01 (*¥).
Referring to FIGS. 10A and FIG. 11A, it was observed that such treatment
resulted 1n only ~50% 1inhibition of CM induced osteoclast differentiation.
These results indicated that additional factor(s), other than RANKL, in the
tumor CM play an important role in enhancing osteoclastogenesis. A number
of RANKL-1ndependent osteoclast differentiation factors have been previously
described, such as IL-6, MIF-la, PTHrP, TNFa, GM-CSF and IGF

(Weilbaecher et al., 2011). To examine whether any of these or other cytokines
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were secreted by the metastatic cells to induce osteoclastogenesis, cytokine
expression was evaluated in CM from the three series of cell lines with
differential bone metastatic abilities. FIGS. 11A — 11G illustrate that soluble
ICAM1 in tumor conditioned media synergizes with RANKL to promote
osteoclast differentiation. FIG. 11B illustrates heat map from cytokine array
depicting relative protein expression in conditioned media from indicated cell
lines as compared to their weakly metastatic counterparts (4T1 vs 4T1.2,
TSU-Pr1 vs TSU-PR1-B2, and MDA-231 vs SCP28, respectively). Referring to
this figure, it was observed that among the cytokines analyzed, only soluble
ICAM1 (sICAM1), the cleaved extracellular domain of ICAMI1, was
consistently overexpressed in the highly metastatic cell lines. Cell surface
ICAM1 has been previously implicated in osteoclast differentiation, and
antibodies against ICAM1 reduce osteoclast maturation (Harada et al., 1998;
Kurachi et al., 1993). However, the functional role and mechanism of tumor-
derived sICAM1 in osteoclastogenesis is unknown. FIG. 11C illustrates
quantification of TRAP+ osteoclasts from RAW264.7 cells treated with 50
ng/ml RANKL + 50 ng/ml sICAM1 (dark gray bars) for 0, 1, 2, 3, 4, or 6 days
compared to non-treated control (ligh gray bars), with p < 0.001 (**¥).
Referring to this figure, it was observed that treatment of RAW264.7 cells
with 50 ng/ml sICAM1 and 50 ng/ml RANKL together prompted osteoclast
differentiation within 2 days, while treatment with RANKL alone required
approximately 4 days for the first mature osteoclasts to differentiate. FIG.
10C 1illustrates qRT-PCR mRNA expression levels of indicated genes in
RAW264.7 cells treated with 30 ng/mL RANKL + sICAM1 for indicated length
of time. Referring to FIG. 10C, analysis of osteoclast marker genes confirmed
that sICAM1 treatment together with 50ng/ml RANKL reduced the time
necessary for osteoclast differentiation compared to RANKL treatment alone,
although there was no difference in endpoint expression levels for any of the
mRNAs. FIG. 11D illustrates quantification of TRAP*+ osteoclasts from
RAW264.7 cells treated with 10 ng/ml RANKL, 50 ng/ml sICAM]1, or both for

6 days with p < 0.05 (¥*). FIG. 11E 1illustrates qRT-PCR analysis of selected
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miRNAs in RAW264.7 cells after indicated length of treatment with 10 ng/ml
RANKL or/and 50 ng/ml sICAM1. The results were statistically significant
with p < 0.05 (*) assessed by analysis of variance (ANOVA) for all miRNAs.
Referring to FIGS. 11D and 11E, it was observed that although sICAM1 alone
was not sufficient to induce differentiation, it exhibited an additive effect on
differentiation when combined with limiting concentrations of RANKL (10
ng/ml RANKL, FIG. 11D), and a significant inhibition in the expression of
miRNAs downregulated during osteoclastogenesis, which was magnified after
co-treatment with RANKL (FIG. 11E). Since the ELISA results from CM
samples revealed very low RANKL concentrations that are insufficient to
support osteoclast maturation, and treatment with sICAM1 and RANKL
revealed an additive effect, that CM-induced differentiation was hypothesized
to be due to the combined effect of both secreted factors.

[0299] To test this, RAW264.7 cells were treated with 4 ng/ml RANKL
(equivalent to the level in tumor CM) and increasing concentrations of
sICAM1. FIG. 10D 1illustrates representative images of RAW264.7 cells
treated with 4ng/ml RANKL plus indicated concentration of sICAM1 for 6
days as in FIG. 11F. Scale bar represents 400 um. FIG. 11F illustrates
quantification of osteoclasts/field and nuclei/osteoclast in RAW264.7 cells
treated with 4 ng/ml RANKL plus indicated concentration of sICAM1 for 6
days. Results were statistically significant with p < 0.01 (**) and p < 0.001
().

[0300] Referring to FIG. 10D and FIG. 11F, it was observed that while
low levels of sSICAM1 had no effect on RAW264.7 cells in the presence of 4
ng/ml RANKIL, high levels of TRAP+ osteoclasts were observed after treatment
with 50 ng/ml sSICAM1, approaching that of CM treatments.

[0301] FIG. 10E 1illustrates representative images of RAW264.6 cells
treated with 30 ng/ml RANKL or SCP28 CM =+ 50 pg/ml ICAM1 antibody. FIG.
11G 1illustrates quantification of TRAP+ osteoclasts from RAW264.7 cells
treated with 30 ng/ml RANKL or SCP28 conditioned media followed by

treatment with indicated concentration of ICAM1 antibody (in pg/mlL). Data
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in the figure represent average = SEM; p values were based on Student’s t-test
unless otherwise indicated. Results were statistically significant with p < 0.05
(*), and p < 0.01 (**) Referring to FIG. 10E and FIG. 11G, it was observed that
when RAW264.7 cells were cultured with a function blocking monoclonal
antibody (mAb) against ICAM1, they exhibited a dose-dependent decrease in
osteoclast differentiation induced by SCP28 CM, while RANKL-induced
osteoclastogenesis was unaffected.

[0302] FIG. 10F illustrates representative images and quantification of
RAW264.7 cells treated with SCP28 CM + 50 ng sICAM1 antibody + 200
ng/mL. OPG and p<0.05 (*). FIG. 10G illustrates quantification and
representative 1mages of bone resorption in RAW264.7 cells treated with
SCP28 CM £ 50 ng/ml sICAM1 antibody. These results were statistically
significant with p<0.05 (¥*). Referring to FIGS. 10F and 10G, it was observed
that treating SCP28 CM with sICAM1 mAb resulted in an additive inhibitory
effect when combined with OPG (FIG. 10F), and ICAM1 mAb was able to
inhibit the bone resorbing activity of CM-treated RAW264.7 cells (FIG. 10G).
[0303] FIG.10H 1illustrates RAW264.7 cell chemotaxis to indicated
treatment of sSICAM1 or SCP28 CM, with or without treatment of 50 ng/ml
sICAM1 antibody. These results were significant with p<0.05 (*). Referring to
this figure, it was observed that RAW264.7 cells treated with sICAM1 showed
increased migration in a dose dependent manner, which was once again
inhibited by the ICAM1 mAb. Taken together, these results support a
functional role for sSICAM1 as a crucial component of tumor CM in stimulating
osteoclastogenesis.

[0304] Previous studies have identified alLB2 and aMP2 integrins as
receptors of sICAM1 (Carlos and Harlan, 1994). FIG. 10I 1illustrates
representative images of RAW264.7 cells treated with RANKL or SCP28 CM =+
20 ng ICAM1 antibody or 20ng B2 integrin antibody. Scale bar represents 200
um. Data in the figure represent average £ SEM; p values were based on
Student’s t test.

[0305] FIGS. 12A to 12H 1illustrate that sICAM1 promotes
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osteoclastogenesis by activating NFxB signaling, and sICAM1 levels 1in patient
serum samples are correlated with miR-16 and miR-378 levels, and associated
with bone metastasis. FIG. 12A illustrates quantification of TRAP* osteoclasts
from RAW264.7 cells treated with RANKL or SCP28 conditioned media + 20ug
ICAM1 antibody or 20ug B2 integrin antibody. Data represent average + SEM.
These results were statistically significant with p<0.01 (**) assessed by
Student’s t-test. Referring to FIG. 12A and FIG. 101, it was observed that a
function blocking antibody against the B2 subunit inhibited SCP28 CM, but
not RANKIL, -induced differentiation.

[0306] FIG. 12B illustrates expression of al, aM, and B2 integrin
subunits on RAW264.7 by IF (left) and flow cytometry (right). Scale bar
represents 25 um. Referring to FIG. 12B, analysis of RAW264.7 cells revealed
strong expression of oM and B2 subunits on the cell surface, and lower
expression of al.. Signaling through B2 integrins has been previously shown to
activate the NFxB pathway in neutrophils under stimulation by GM-CSF or
IL-6 (Kettritz et al., 2004), although it is not known if sSICAM1 can similarly
activate NFxB. FIG. 12C illustrates normalized activity of NFxB luciferase
reporter in RAW264.7 cells after indicated treatment with TNFo (gray bar),
RANKL (black bar), or sSICAM1 (diagonally stripped bar) and control (light
gray bar) for 0, 6, 12, or 24 hours. Data represent average + SEM. The highest
level of luciferase activity was observed 12 hours for all treatments. FIG. 12D
1llustrates Western blot analysis of IkB in RAW264.7 cells after treatment
with TNFa, RANKL, or sICAM1 for 0, 2, 5, 10, 15, 30, 45, 60, 75, or 90
minutes. Referring to this figure, it was observed that degradation of IxB
degraded over time for all treatments. FIG. 12E illustrates Western blot
analysis of IxkB 1n RAW264.7 cells after treatment with 1indicated
concentration of RANKL or SCP28 CM + 20 ng 2 antibody or 200 ng/ml OPG
for 2 hours. FIGS. 13A — 13G 1illustrate functional and clinical significance of
sICAM1 and osteoclast miRNAs in bone metastasis. FIG. 13A illustrates
Western blot analysis of phosphorylated-p65 in RAW264.7 cells after
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treatment with TNFa, RANKL, or sICAM1 for 0, 2, 5, 10, 15, 30, 45, 60 or 90
minutes. Phosphorylated —p65 was observed after 15 minutes of treatment for
all treatments. Referring to FIGS.12C, 12D and 12E, and FIG. 13A, activation
of the pathway was examined by monitoring the activation of an NFxB
luciferase reporter (FIG. 12C), degradation of IkBa (FIG. 12D), or
phosphorylation of p65 (FIG. 13A) in RAW264.7 cells treated with TNFa,
RANKL, or sICAM1 over time and observed similar responses in these three
treatment conditions. Referring to FIG. 12E, it was observed that SCP28 CM
treatment also showed a decrease in IkBa, which was inhibited by the
addition of an antibody against the B2 integrin or OPG.

[0307] FIG. 13B 1illustrates Western blot analysis of IxB or p-p65 in
RAW264.7 cells after treatment wit RANKL, sICAM1 or B2 integrin antibody.
Referring to this figure, it was observed that the B2 integrin antibody
mhibited sICAM1, but not RANKL, induced activation of NF«xB. FIG. 12F
1llustrates relative qRT-PCR miRNA expression level in RAW264.7 cells
treated with 50ng/ml sICAM1 (dark gray bar), with or without 20uM IKK
inhibitor PS1145 (light gray bar) for 6 days, after normalization to the
expression level without sSICAM1 treatment. Data represent average + SEM.
The results were statistically significant with p<0.05 (*). Referring to this
figures, 1t was observed that addition of PS1154 resulted in higher levels of
miRNA expression for all miRNA tested. FIG. 13C illustrates Western blot
analysis of IxB in HeLa cells after transient transfection with miR-33a, miR-
133a, miR-141, miR-190 amd miR-219, followed by 30 minute treatment with
TNFa, RANKL, or sICAM-1. Referring to this figure, degradation of IxB was
observed for all treatments. Referring to FIG. 12F and FIGS. 13C and 13D, it
was observed that while sICAM1-induced miRNA changes were abrogated
after RAW264.7 cells were treated with the IKK inhibitor PS1145 (FIG. 12F),
miRNA transfection did not affect NFxB activation induced by TNFa,
RANKL, or sICAM1 (FIGS. 13C and 13D), showing that these miRNAs act

downstream of NFxB activation to influence osteoclastogenesis. Together,
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these results implicate sSICAM1 as a bone metastatic cell-secreted factor that
functions through B2 integrin and NFkB signaling to enhance osteoclast
differentiation in the presence of low levels of RANKL.

[0308] Example 9. Correlation of serum sICAMI1 and miRNA expression
in patients with bone metastasis

[0309] To further investigate the clinical significance of sICAM1 as a
tumor-derived factor in inducing osteoclastogenesis and associated miRNA
changes during bone metastasis, the expression levels of sICAM1 were
analyzed in serum samples collected from healthy female donors (HD),
disease-free breast cancer patients showing no occurrence of bone metastasis
(DFP, samples taken immediately following resection of the primary tumor),
or breast cancer patients with bone metastasis (BM).

[0310] FIG. 12G illustrates ELISA quantification of SICAM1 expression
levels in serum samples collected from healthy female donors (HD, n = 41),
disease-free breast cancer patients (DFP, n = 16), or breast cancer patients
with bone metastasis (BM, n = 38). p values based on Mann-Whitney test.
Referring to this figure, it was observed that patients with bone metastases
exhibited significantly increased serum sICAM1 level compared to healthy
donors or disease free patients.

[0311] FIG. 12H illustrates correlation of qRT-PCR miR-16 or miR-378
expression levels with ELISA sICAMI1 protein expression levels in serum
samples from healthy donors or bone metastasis patients from FIG. 12G.
Referring to this figure, a strong correlation was seen between serum
expression of sSICAM1 and miR-16 or miR-378 in bone metastasis patients,
while little correlation was seen in samples from healthy donors.

[0312] To further investigate the diagnostic potential of miR-16 and
miR-378 as secreted biomarkers for osteolytic bone metastasis, the serum
expression of the miRNAs was compared against N-terminal telopeptide
(NTX), a standard marker of bone turnover. The sensitivity and specificity of
using serum levels of miR-16, miR-378, sICAM1 and NTX, alone or in

combination, for detecting bone metastasis were determined (FIGS. 13E and
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13F). FIG. 13E illustrates ROC curves for the diagnosis of breast cancer bone
metastasis using miR-16, sICAM1, NTX, or combinations of markers. FIG.
13F 1illustrates sensitivity and specificity values for diagnosis of bone
metastasis relative to patients with no evidence of disease (NED) or healthy
donors (HD) for indicated markers. The results were statistically significant
with p < 0.05(*), p <0.001 (***) assessed by chi-square test. Referring to
FIGS.13E and13F, it was observed that the diagnostic values of miR-378 and
sICAM1 were lower than that of either miR-16 or NTX as individual variables,
and combining sICAM1 with NTX did not significantly increase the value. In
contrast, miR-16 revealed increased specificity over NTX, while maintaining a
similar sensitivity. The combination of miR-16 with NTX produced increased
sensitivity, with only a slight reduction in specificity. These findings
underscored the clinical significance of elevated sICAM1 and miR-16/-378
expression in the serum of bone metastasis, and suggest their potential use as
biomarkers for diagnosis of bone metastasis or predictive marker for anti-
ICAM1 therapeutics.

[0313] Example 10. Clinical Applications

[0314] Inhibition of osteoclast differentiation and osteolytic bone
metastasis was demonstrated after ectopic expression of several miRNAs
down-regulated during osteoclastogenesis. sSICAM1 was 1dentified as a tumor-
secreted factor that enhances osteoclast differentiation and influences
osteoclast miRNA expression via the NFkB pathway. It was observed that
serum levels of both sICAM1 and miRNAs are indicators of bone metastasis
burden in breast cancer patients. These observations suggest multiple
avenues for clinical translation of the findings.

[0315] A microarray-based analysis of miRNA expression changes in
mouse primary osteoclasts was conducted 24h after M-CSF/RANKL treatment
and revealed altered expression of dozens of miRNAs. miRNA changes
induced by both RANKL and tumor conditioned media were examined, and
samples were collected after 7 days of treatment with RANKL or CM, after

full osteoclast differentiation was observed (FIG. 13C). Such analysis may
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show not only miRNAs involved in regulating osteoclast differentiation, but
also those that influence the function of mature osteoclasts. Additionally, a
distinct set of most differentially expressed miRNAs were identified in our
current study. Three different human and mouse cancer cell lines were used
from two different tumor types in the CM treatment experiments. Despite the
fact that these three distinctively different tumor cells all secrete a sub-
minimal amount of RANKL into their CM, miRNA expression changes
stimulated by their CM showed high levels of consistency with RANKL-
induced osteoclastogenesis. Ectopic overexpression of down-regulated miRNAs
inhibited osteoclastogenesis induced by multiple conditions, including
RANKL, tumor CM, and Jaggedl, in multiple osteoclast cell lines or primary
preosteoclasts. These findings support a highly conserved miRNA regulatory
network that controls osteoclast differentiation in both pathological and
physiological conditions.

[0316] Examination of the target genes of osteoclast-inhibiting miRNAs
revealed direct targeting a number of known osteoclast genes, including Mitf,
Calcr, Traf6, and Mmpl4. Decreased expression of Mitf, Traf6, Calcr, or
Mmpi14 1s likely to constitute a miRNA target gene network responsible for
the defect seen 1n osteoclast differentiation after ectopic expression of these
miRNAs. Analysis of stage-specific markers of osteoclast differentiation
revealed that miR-133a, miR-141, and miR-219 may inhibit early
osteoclastogenesis, while miR-190 may inhibit osteoclast differentiation or
function after commitment to an osteoclast fate.

[0317] CM from highly bone metastatic cells was able to induce
osteoclast differentiation and miRNA expression changes despite the presence
of very low levels of RANKL, which is insufficient to induce osteoclastogenesis.
sICAM1 was i1dentified as a tumor-derived factor in the CM that enhances
osteoclast activation at the minimal concentration of RANKL. ICAM1 has
been previously observed to increase in expression level during osteoclast
differentiation, while ablation of ICAM1 inhibited osteoclast differentiation

from peripheral blood mononuclear cells (Nakano et al., 2004). However, 1t
69



WO 2014/152646 PCT/US2014/027573

was previously unknown how tumor-derived sICAM1 influences osteoclast
differentiation. The observation that sSICAM1 is capable of increasing RANKL
induced osteoclast differentiation reveals an additional mechanism for
osteoclast regulation from bone metastatic cells and lead to a potential target
for therapeutic intervention. Examples herein indicate that the tumor
secreted ICAM1 induced osteoclast differentiation, which 1s insufficient for
independently 1inducing osteoclastogenesis but capable of enhancing
differentiation in the presence of low, but physiological, levels of RANKL. It
was observed that sICAM1 binding to its cognate receptor B2 integrins
activates NFxB signaling, which 1s essential for canonical, RANK-mediated
osteoclast differentiation (Boyle et al., 2003; Teitelbaum and Ross, 2003), and
may explain the mechanism by which sICAM1 enhances osteoclast
differentiation. Although it is not known how B2 integrins activate the NFxB
pathway, it has been proposed that they provide a co-stimulatory effect on
NF«xB signaling in neutrophils treated with GM-CSF or IL-8 (Kettritz et al.,
2004). Furthermore, B2 integrin clustering can activate NFxB (Kim et al.,
2004). sICAM1-induced alterations in miRNA expression appear to occur
downstream of NFkB, as inhibiting the pathway prevented miRNA changes,
while none of the miRNAs examined in this study altered NFxB signaling.
Additionally, sSICAM1 increases the migration of pre-osteoclast cells, which
may indicate a role for bone-metastasis derived sICAM1 in the recruitment of
osteoclasts to the developing bone lesion.

[0318] Several avenues for potential translational applications in the
clinical management of bone metastasis were revealed herein. Intravenous
injection of pre-miR-133a, -141, -190, or -219 significantly reduced osteoclast
activity in vivo. These effects were seen most clearly in the trabecular region
of the femur and tibia, while no significant difference was seen in cortical bone
thickness. This finding i1s similar to the observation in animals treated with
bisphosphonates (Quattrocchi et al., 2012), possibly because of the higher

rates of turnover in the trabecular bone. Consistently, treatment of mice with
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the pre-miR-141 and -219 was capable of inhibiting osteolytic bone metastasis.
It is curious that miR-133a and miR-190 had no measurable effect on bone
metastasis, despite a substantial influence on normal bone remodeling. It
seems unlikely that this 1s due to a tumor-intrinsic mechanism, since in vitro
studies showed no effect on SCP28 growth or survival after miRNA treatment.
Instead, i1s possible that this is explained by the measured differences in
stability of the miRNAs in circulation, as inhibition of bone metastasis may
require greater levels of miRNAs to reach the bone than inhibition of normal
bone remodeling.

[0319] It was observed herein that systemic injection of unconjugated
miRNAs was sufficient to induce broad changes in bone remodeling and
appeared to be well tolerated by the mice. While data herein from in vitro and
in vivo experiments 1llustrate miRNA-mediated inhibition of osteoclasts, it 1s
possible that these miRNAs might also target additional cells in wvivo.
Therefore, additional further analyses of other potential cellular and
molecular targets of these miRNAs during long-term treatment in vivo should
be conducted when developing potential miRNA-based therapeutic
applications. It 1s possible that improved delivery methods might enhance the
pharmacokinetics and efficacy of the miRNAs on bone metastasis and
potentially reveal an effect from miR-133a and miR-190. The therapeutic
effects of miR-141 and miR-219 mimic those seen in mice after treatment with
ZOMETA™, In addition, an additive effect from combined treatment with
miR-141/-190/-219 and ZOMETA™ was noted on bone resorption in vitro.
Thus, it 1s possible that combinatorial treatments including miRNAs and
currently approved osteoclast-targeting agents such as biosphosphonates and
denosumab (RANKL antibody) might provide enhanced clinical efficacy.
Furthermore, the functional role of tumor-derived sICAM1 in pathological
osteoclast differentiation suggests the potential for using ICAM1 blocking
antibodies for targeted therapeutics. Therefore, osteoclast miRNAs and
sICAM1 represent potential targets in the treatment of aberrant osteoclast

activity, namely bone degenerative diseases such as osteolytic bone
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metastasis, osteoporosis and Paget’s disease. The finding that miR-16 and
miR-378 levels increase 1n bone lesions and serum samples of bone metastasis
patients presents the potential for their use as metastasis biomarkers. In
particular, combined miR-16 and NTX as biomarkers increased the sensitivity
of bone metastasis diagnosis, although the potential clinical application of this

combination still awaits further large scale prospective analysis.
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[0320] The references cited throughout this application are incorporated
for all purposes apparent herein and in the references themselves as if each
reference was fully set forth. For the sake of presentation, specific ones of
these references are cited at particular locations herein. A citation of a
reference at a particular location indicates a manner(s) in which the teachings
of the reference are incorporated. However, a citation of a reference at a
particular location does not limit the manner in which all of the teachings of
the cited reference are incorporated for all purposes.

[0321] It 1s understood, therefore, that this invention is not limited to
the particular embodiments disclosed, but 1s intended to cover all
modifications which are within the spirit and scope of the invention as defined
by the appended claims; the above description; and/or shown in the attached

drawings.
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CLAIMS

What is claimed 1is:

1. A pharmaceutical composition comprising a therapeutic agent
including a first nucleic acid with at least 90% 1dentity to a sequence selected
from the group consisting of: miR-33a (SEQ ID NO: 74), miR-133a (SEQ ID
NO: 61), miR-190 (SEQ ID NO: 64), miR-219 (SEQ ID NO: 66), miR-141 (SEQ
ID NO: 69), precursor miR-33a (SEQ ID NO: 77), precursor miR-133a (SEQ ID
NO: 78), precursor miR-141 (SEQ ID NO: 79), precursor miR-190 (SEQ ID NO:
80), precursor miR-219 (SEQ ID NO: 81), precursor miR-33a(2) (SEQ ID NO:
82), precursor miR-133a(2) (SEQ ID NO: 83), precursor miR-141(2) (SEQ ID
NO: 84), precursor miR-190(2) (SEQ ID NO: 85), and precursor miR-219(2)
(SEQ ID NO: 86), and at least one additional therapeutic agent.

2. The pharmaceutical composition of claim 1, wherein the first
nucleic acid has a sequence selected from the group consisting of: miR-33a
(SEQ ID NO: 74), miR-133a (SEQ ID NO: 61), miR-190 (SEQ ID NO: 64), miR-
219 (SEQ ID NO: 66), miR-141 (SEQ ID NO: 69), precursor miR-33a (SEQ ID
NO: 77), precursor miR-133a (SEQ ID NO: 78), precursor miR-141 (SEQ ID
NO: 79), precursor miR-190 (SEQ ID NO: 80), precursor miR-219 (SEQ ID NO:
81), precursor miR-33a(2) (SEQ ID NO: 82), precursor miR-133a(2) (SEQ ID
NO: 83), precursor miR-141(2) (SEQ ID NO: 84), precursor miR-190(2) (SEQ
ID NO: 85), and precursor miR-219(2) (SEQ ID NO: 86).

3. The pharmaceutical composition of claim 1, wherein the at least
one additional therapeutic agent includes a second nucleic acid with at least
90% 1dentity to a sequence is selected from the group consisting of: miR-33a
(SEQ ID NO: 74), miR-133a (SEQ ID NO: 61), miR-190 (SEQ ID NO: 64), miR-
219 (SEQ ID NO: 66), miR-141 (SEQ ID NO: 69), precursor miR-33a (SEQ ID
NO: 77), precursor miR-133a (SEQ ID NO: 78), precursor miR-141 (SEQ ID
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NO: 79), precursor miR-190 (SEQ ID NO: 80), precursor miR-219 (SEQ ID
NO: 81), precursor miR-33a(2) (SEQ ID NO: 82), precursor miR-133a(2) (SEQ
ID NO: 83), precursor miR-141(2) (SEQ ID NO: 84), precursor miR-190(2)
(SEQ ID NO: 85), and precursor miR-219(2) (SEQ ID NO: 86), wherein the
sequence selected for the second nucleic acid 1s different than the sequence

selected for the first nucleic acid.

4, The pharmaceutical composition of claim 3, wherein the second
nucleic acid has a sequences selected from the group consisting of: miR-33a
(SEQ ID NO: 74), miR-133a (SEQ ID NO: 61), miR-190 (SEQ ID NO: 64), miR-
219 (SEQ ID NO: 66), miR-141 (SEQ ID NO: 69), precursor miR-33a (SEQ ID
NO: 77), precursor miR-133a (SEQ ID NO: 78), precursor miR-141 (SEQ ID
NO: 79), precursor miR-190 (SEQ ID NO: 80), precursor miR-219 (SEQ ID NO:
81), precursor miR-33a(2) (SEQ ID NO: 82), precursor miR-133a(2) (SEQ ID
NO: 83), precursor miR-141(2) (SEQ ID NO: 84), precursor miR-190(2) (SEQ
ID NO: 85), and precursor miR-219(2) (SEQ ID NO: 86).

5. The pharmaceutical composition of claim 1, wherein the at least
one additional therapeutic agent is selected from the group consisting of: a
bone metastasis therapeutic agent, a breast cancer therapeutic agent, and an

anti-estrogen therapeutic agent.

6. The pharmaceutical composition of claim 5, wherein the at one
additional therapeutic agent 1s selected from the group consisting of:
bisphosphonates, alendronate, 1ibandronate, risedronate, pamidronate, a
RANKL antibody, a sclerostin antibody, methotrexate, paclitaxel, or paclitaxel
albumin-stabilized nanoparticle formulation, doxorubicin or doxorubicin
hydrochloride, fluorouracil or 5-fluorouracil, everolimus, anastrozole,
docetaxel, epirubicin hydrochloride, toremifene, fulvestrant, letrozole,
gemcitabine  hydrochloride, ixabepilone, megestrol  acetate,

cyclophosphamide, toremifene, lapatinib or lapatinib ditosylate, capecitabine,
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zoledronic acid, goserelin acetate, exemestane, tamoxifen, trastuzumab, ado-

trastuzumab emtansine, and pertuzumab.

7. The pharmaceutical composition of claim 1, wherein the at least
one additional therapeutic agent includes an antibody that specifically binds
sICAM1.

8. The pharmaceutical composition of claim 1, wherein the at least
one additional therapeutic agent includes an antibody that specifically binds

an sICAM1 receptor.

9 The pharmaceutical composition of claim 8, wherein the sICAM1

receptor includes a B2 integrin.

10. The pharmaceutical composition of claim 9, wherein the P2

integrin 1s one of aLB2 integrin and «MB2 integrin

11. The pharmaceutical composition of any one of claims 7 — 10,

wherein the antibody 1s a monoclonal antibody.

12. The pharmaceutical composition of any one of claims 1 — 10

further comprising a pharmaceutically acceptable carrier.

13. The pharmaceutical composition of any one of claims 1 — 10

further comprising a nanocarrier.
14. The pharmaceutical composition of claim 13, wherein the

nanocarrier 1s selected from the group consisting of: lipid nanoparticles,

liposomes, polymer particles, ligands and polydexstrins.
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15. A method of treating a subject suffering from a bone
degeneration disease comprising administering a pharmaceutical composition

of any one of claims 1 — 10 to the subject.

16. The method of claim 15, wherein the bone degeneration disease is
selected from the group consisting of: bone metastasis, osteoporosis, and
Paget disease.

17. The method of claim 16, wherein the bone degeneration disease is

bone metastasis.

18.  The method of claim 17 further comprising assessing inhibition of

bone metastasis growth in the subject before and after treatment.

19. The method of claim 18, wherein the assessing includes

measuring a rate of bone metastasis.

20. The method of claim 18, wherein the assessing includes
determining expression of at least one osteoclast differentiation marker gene

in the subject after treatment.

21. The method of claim 20, wherein the at least one osteoclast
differentiation marker gene 1s selected from the group consisting of: Mitf,
Traf6, Mmp14, Calcr, Cpr, Mmp9, Itgav, Oscar, Nfatcl, Cisk, Calcr sitel,
Calcr site2, Mitf sitel, and Mitf site 2.

22. The method of claim 18 further comprising terminating

treatment if the bone metastasis growth in the subject is inhibited.

23. The method of claim 15, wherein the pharmaceutical composition

1s associated with a nanocarrier.
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24. The method of claim 23, wherein the nanocarrier 1s selected from
the group consisting of: lipid nanoparticles, liposomes, polymer particles,

ligands and polydexstrins.

25. The method of claim 15, wherein the step of administering
includes administering by a route selected from the group consisting of:

intravenous, intraperitoneal, intramuscular, and subcutaneous injection.

26. The method of claim 15 further comprising treating the subject

with radiation therapy.

27.  The method of claim 15 further comprising treating the subject

with immune therapy.

28.  The method of claim 15, wherein the subject 1s a mammal.

29. The method of claim 28, wherein the mammal 1s a rodent.

30. The method of claim 28, wherein the subject 1s a human.

31. A method of treating a subject suffering from a bone degenerative
disease comprising:

obtaining a test sample from the subject,

determining an expression level of at least one osteoclast differentiation
marker in the test sample, wherein the at least one osteoclast differentiation
marker 1s one or more of miRNAs or sICAM1, and

comparing the expression level of the at least one osteoclast
differentiation marker in the test sample to the expression level of the at least
one osteoclast differentiation marker in a reference sample, wherein an
increase 1n the expression level of the at least one osteoclast differentiation

marker 1n the test sample compared to the reference sample indicates the
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subject will be a positive responder , and a finding of a decrease in the
expression level of the at least one osteoclast differentiation marker in the test
sample compared to the reference sample indicates the subject will be a
negative responder;

the method further comprising one or more of recommending or
conducting at least one of:

treating the subject with the pharmaceutical composition of any one of
claims 1 — 10 if the subject the subject 1s determined to be a positive
responder, and treating the subject with one or more of radiation therapy or

immunotherapy if the subject is determined to be a negative responder.

32. The method of claim 31, wherein if the expression level of the one
or more miRNAs 1s elevated compared to the reference, the step of treating the
subject with the pharmaceutical composition of any one of claims 1 — 10 1s
treating the subject with the pharmaceutical composition of any one of claims

1-6.

33. The method of claaim 31, wherein if the expression level of
sICAM1 is elevated compared to the reference, the step of treating the subject
with the pharmaceutical composition of any one of claims 1 — 10 includes
treating the subject with the pharmaceutical composition of any one of claims

7 —10.

34. The method of claim 31, wherein a correspondent osteoclast
differentiation marker is an osteoclast differentiation marker of a same
1dentity of one being compared in a test sample, and the reference sample 1s
selected from the group consisting of: the expression level of the correspondent
osteoclast differentiation marker in a second test sample obtained from a
healthy individual, a reference value, and the expression level of the
correspondent osteoclast differentiation marker in a second test sample that

has been exposed to an agent inducing osteoclast differentiation.
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35. The method of claim 34, wherein the agent is selected from the
group consisting of: a tumor-conditioned medium, a receptor activator of NF-

kB ligand, and sICAM]1.

36. The method of claim 35, wherein the at least one osteoclast
differentiation marker is selected from the group consisting of: miR-33a, miR-

133a, miR-141, miR-190, mi-R-219, and sICAM1.

37. The method of claim 36, wherein the at least one osteoclast
differentiation marker is selected from the group consisting of: miR-33a, miR-

133a, miR-141, miR-190, and miR-219.

38. The method of claim 37, wherein the at least one osteoclast
differentiation marker includes a nucleic acid having at least 90% identity to a
sequence selected from the group consisting of: miR-33a (SEQ ID NO: 74),
miR-133a (SEQ ID NO: 61), miR-190 (SEQ ID NO: 64), miR-219 (SEQ ID NO:
66), and miR-141 (SEQ ID NO: 69).

39. The method of claim 31, wherein the correspondent osteoclast
differentiation marker 1s an miRNA, and the miRNA 1s miR-16, miR-378, or a

combination of mi-R-16 and miR-378.

40. The method of claim 39, wherein the one or more miRNA

includes a nucleic acid having at least 90% identity to a sequence of SEQ ID
NO: 75) or SEQ ID NO: 76.

41. The method of claim 31, wherein the subject 1s a mammal, and

the mammal 1s selected from the group consisting of a rodent, a human, a

primate, and a high value agricultural animal.
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42.  The method of claim 31, wherein the test sample comprises cells

and serum.

43. A method for diagnosing whether a subject has bone metastasis
comprising:

obtaining a test sample from the subject afflicted with cancer;

determining an expression level of at least one osteoclast differentiation
marker 1n the test sample;

comparing the expression level of the at least one osteoclast
differentiation marker in the test sample to the expression level of the
corresponding osteoclast differentiation marker in a reference sample; and

diagnosing the subject as having bone metastasis if the expression level
of the at least one osteoclast differentiation marker in the test sample 1s
elevated compared to the corresponding osteoclast differentiation marker in a

reference sample.

44. The method of claim 43, wherein the at least one osteoclast

differentiation marker is selected from the group consisting of: miR-33a, miR-

133a, miR-141, miR-190, mi-R-219, and sICAM1.

45. The method of claim 44, wherein the at least one osteoclast
differentiation marker is selected from the group consisting of: miR-33a, miR-

133a, miR-141, miR-190, and miR-219.

46. The method of claim 45, wherein the at least one osteoclast
differentiation marker includes a nucleic acid having at least 90% identity to a
sequence selected from the group consisting of: miR-33a (SEQ ID NO: 74),
miR-133a (SEQ ID NO: 61), miR-190 (SEQ ID NO: 64), miR-219 (SEQ ID NO:
66), and miR-141 (SEQ ID NO: 69).
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47. The method of claim 43, wherein the at least one osteoclast
differentiation marker 1s an miRNA, and the miRNA 1s miR-16, miR-378, or a

combination of mi-R-16 and miR-378.

48. The method of claim 47, wherein the one or more miRNA
includes a nucleic acid having at least 90% identity to a sequence of SEQ ID

NO: (SEQ ID NO: 75) or SEQ ID NO: (SEQ ID NO: 76).

49. The method of claim 43, wherein a correspondent osteoclast
differentiation marker is an osteoclast differentiation marker of a same
1dentity of one being compared in a test sample, and the reference sample 1s
selected from the group consisting of: the expression level of the correspondent
osteoclast differentiation marker in a second test sample obtained from a
healthy individual, a reference value, and the expression level of the
correspondent osteoclast differentiation marker in a second test sample that

has been exposed to an agent inducing osteoclast differentiation.
50. The method of claim 43 further comprising recommending

treating the subject having bone metastasis with a pharmaceutical

composition of any one claims 1 — 10.
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International application No.
PCT/US 14/27573

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) -
USPC - 514/44R

AB1K 48/00, C12Q 1/68, C12N 5/00, C12N 5/02 (2014.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by c
IPC(8): A61K 48/00, C12Q 1/68, C12N 5/00, C12N 5/02 (2014.01)
USPC: 514/44R

lassification symbols)

USPC: 435/6.14, 435/375 .
CPC: A61K 48/00, C12Q 1/6886, ;\4\61K 38/00 (2014.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of
PatBase, Google Patents, Google Scholar, Google Web, search term
| bisphosphonates, alendronate, sICAMI, beta-2 integrin, nanocarrier,

reference sample responder, non-| responder immunotherapy, nanop

data base and, where practicable, search terms used)

s: terms: miRNA composition, therapeutic agent, anti-estrogen,
metastasis, osteoporosis, osteoclast differentiation marker
articles, miR-33a, miR-133

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2008/0306006 A1 (CROCE et al.) 11 December 2008 (11.12.2008) para {0027], [0052], 1, 2,12/(1,2), 13/(1,2),

- [0135}, [0041], SEQ ID NOs:82, 145, 387 ’ 14/(1,2)

Y : e
3,4, 12/(3,4), 13/(3,4),
14/(3,4)

Y .1US 2012/0172416 A1 (VELIN et al.) 5 July 2012 (05.07.2012) para [0‘064], [0041}, abstract 3,4, 12/(3,4), 13/(3,4),
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D Further documents are listed in the continuation of Box C.

[

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier appllcanon or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the docunient is taken alone

“Y” document of particular relevance: the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

20 August 2014 (20.08.2014)

Date of mailing of the international search report
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Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
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Authorized officer:
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US 14/27573

.

Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the mternauonal search was
carried out on the basis of a sequence listing filed or furnished:

a. (means)

D on baper
in electronic form

b. (time)
’E in the international application as filed
D together with the international application in electronic form
D subsequently to this Authority for the purposes of search
2. I:l In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additional copies is identical to 1hax in the application as filed or does
not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (July 2009)




INTERNATIONAL SEARCH REPORT ‘ International application No.

PCT/US 14/27573

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This intemational search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.: '

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specificaily:

3. D Claims Nos.: :

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)
AY

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I+: claims 1-14, drawn to a pharmaceutical composition comprising a therapeutic agent including miRNA and at least one
additional therapeutic agent. The first invention is restricted to the first miRNA of miR33a (SEQ ID NO: 74) and the first additional
therapeutic agent of miR-133a (SEQ ID NO: 61) (claim 3). Group I+ will be searched to the extent that it reads on above limitation,
without fee. It is believed that claims 1-4 and 12-14 read on this first named invention. Applicants must indicate, if applicable, the
claims which read on the first named invention if different than what was indicated above for this group. Failure to clearly identify how
any paid additional invention fees are to be applied to the "+" group(s) will result in only the first claimed invention to be
searched/examined. An exemplary election would be: miRNA 33a and bisphosphonates (claims 1-2, 5-6 and 12-14).

See'SuppIemenlaI Sheet to continue

1. D As all required additional search 'fees' were timely paid by the applicant, this international search report covers all searchable
claims. '

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees. ’

3. [:I As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees. were paid, specifically claims Nos.:

4. % _No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-4 and 12-14, restricted to miR33a (SEQ ID NO: 74) and miR-133a (SEQ ID NO: 61)

Remark on Protest E] The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
- fee was not paid within the time limit specified in the invitation.

~ D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuaﬁon of first sheet (2)) (July 2009)
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PCT/US 14/27573

Continuation of Box No. IIl, Observations where unity of invention is lacking:
’ Group II: claims 15-42, drawn to a method of treating a subject suffering from a bone degeneration disease.

Group lll: claims 43-50, drawn to a method for diagnosing whether a subject has bone metastasis.

The inventions listed as Groups I+ through 1li do not relate to a single general inventive concept under PCT Rule 13.1 because, under
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Group Il has the special technical feature of a method of treating a subject suffering from a bone degeneration disease, not required by
Groups I+ and Il .

Group Il has the special technical feature of a method for diagnosing whether a subject has bone metastasis, not required by Group 1+
and Il.

Another special technical feature of each invention within Group I+ is the specific miRNA sequences recited therein. The inventions do
not share a special technical feature, because no significant structural similarities can readily be ascertained among precursor and
mature miR-33a, miR190, miR219, and miR-141. In addition, the shared technical feature between miR and it's precursor is known in
the art, for examples, US 2005/0059005 to Tuschl et al. teach miR-33a (SEQ ID NO: 74) (SEQ 1D NO: 270, 100% match) and miR-190
(SEQ ID NO 64) (SEQ ID NO: 195, 100% match); US 2009/0075258 A1 to Latham et al. Teach miR-133a (SEQ ID NO: 61) (SEQ ID
NO: 23, 100% match); US 2005/0261218 A1 to Esau et al. teach miR-219 (SEQ ID NO: 66) (SEQ ID NO: 271, 100% match); and US
2005/0182005 A1 to Tuschl et al. teach miR-141 (SEQ |ID NO: 69) (SEQ ID NO: 39, 100% match).

Common Technical Features

The common technical feature shared by Groups I+ and il is a pharmaceutical composition comprising miRNA nucleic acids and at least
one additional therapeutic agent. However, the common technical feature does not represent a contribution over prior art, as being
anticipated by EP 2,514,433 A2 to Croce et al.(hereinafter 'Croce'). Croce discloses a pharmaceutical composition comprising a
therapeutic agent including a first nucleic acid with at least 90% identity to a miRNA (para [0015] "The invention further provides
pharmaceutical compositions for treating lung cancer. In one embodiment, the pharmaceutical compositions comprise at least one
isolated miR gene product, or an isolated variant or biologically-active fragment thereof, and a pharmaceutically-acceptable carrier. ...In
certain embodiments the isolated miR gene product is ... miR-33"), and at least one additional therapeutic agent (para [0109] "The
present pharmaceutical compositions comprise at least one miR gene product ... In certain embodiments, the pharmaceutical
composition of the invention additionally comprises one or more anti-cancer agents (€.g., chemotherapeutic agents)").

The common technical feature shared by Groups |l and Ili is diagnosing a subject suffering from a bone disease comprising: obtaining a
test sample from the subject, determining an expression level of at least one osteoclast differentiation marker in the test sample,
comparing the expression level of the at least one osteoclast differentiation marker in the test sample to the expression level of the at
least one osteoclast differentiation marker in a reference sample, wherein an increase in the expression level of the at least one
osteoclast differentiation marker in the test sample compared to the reference sample. However, this common technical feature does
not represent a contribution over prior art, as being anticipated by US 2012/0165208 A1 to Apparailly et al. (hereinafter 'Apparailly’).
Apparailly teaches a method of diagnosing a subject suffering from a bone degenerative disease (para [0019] "the method of the
invention is particularly useful to predict the response to a treatment by an anti-CD20 antibody ... in a patient affected with rheumatoid

" arthritis. ", para [0003] "Rheumatoid arthritis (RA) is a systematic inflammatory autoimmune disorder ... {that] leads to cartilage and bone
destruction after several years.."), comprising: obtaining a test sample from the subject, determining an expression level of at least one
marker in the test sample, wherein the at least one marker is one or more of miRNAs (para [0031] "A further object of the invention
relates to a method ... comprising measuring the level of miR-125b expression in a biological sampie obtained from said patient."), and
comparing the expression level of the at least one marker in the test sample to the expression level of the at least one marker in a
reference sample (para [0032] "The method may further comprise a step consisting of comparing the miR-125b expression level in the
biological sample with a reference value"), wherein an increase in the expression level of the at least one marker in the test sample
compared to the reference sample indicates the subject will be a positive responder, and a finding of a decrease in the expression level
of the at least one marker in the test sample compared to the reference sample indicates the subject will be a negative responder (para
[0027] "The method of the invention may further comprise a step of comparing the miR-125b expression leve! with reference values
obtained from responder and non-responder group of patients, wherein detecting differential in the miR-125b expression level between
the biological sample and the reference values is indicative whether the patient will be a responder or not ", para [0034] "According to
the invention the patients who are affected with rheumatoid arthritis are those who have an increased expression of miR-125b compared
to the patients who are not affected, and among the patients who are affected with rheumatoid arthritis, the expression of miR-125b is
higher in responders than in non responders."). ’

As said technical features were known in the art at the time of the invention, these cannot be considered special technical features that
would otherwise unify the groups.

Groups I+, lI-11 therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.

Form PCT/ISA/210 (extra sheet) (July 2009)
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