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Differentiation therapy for sarcomas
kkkk

Field of the invention

This disclosure concerns a new therapeutic approach for the treatment of
sarcomas. This disclosure was devised by paying specific attention to

rhabdomyosarcomas.

Technical background
Rhabdomyosarcomas (RMS), the most common soft tissue sarcomas in

pediatric patients and young adults, co-express markers of proliferation and
myogenic differentiation. Although there is no definitive consensus on the cell of
origin of RMS, it is widely believed that these tumors arise from myoblast
precursors or satellite cells gone awry on their way to differentiation.

The current histological classification of RMS defines two major subtypes
[embryonal (ERMS) and alveolar (ARMS)], differing in body location,
occurrence, mean patient age, and prognosis. The alveolar subtype is less common
but has a worse outcome, being frequently metastatic at diagnosis. While most
ARMS carry the pathogenetic translocation PAX3/7-FKHR, ERMS do not carry a
distinct genetic lesion and generally follow a more favorable course. The most
common approach for the treatment of sarcomas is to remove — if feasible - as
much tumor as possible surgically, and subsequently deliver local radiation to
eradicate microscopic tumor not removed by surgery, and administer systemic
(whole-body) combination chemotherapy to eradicate micrometastases.
Nevertheless, many patients, especially in the case of metastatic tumors, are
resistant to radiotherapy and/or chemotherapy and consequently these tumors are
lethal.

Summary of the invention
The need is therefore felt for improved solutions for the treatment of

sarcomas.
The object of this disclosure is providing such improved solutions.
According to the invention, the above object is achieved thanks to the
subject matter recalled specifically in the ensuing claims, which are understood as
forming an integral part of this disclosure.
An embodiment of the invention provides the use of muscle-
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enriched/specific microRNAs for the differentiation therapy of sarcomas, such as
rhabdomyosarcoma, synovial sarcoma, alveolar soft part sarcoma, liposarcoma,
and osteosarcoma, wherein the microRNAs are able to stop the development of
neoplastic cells by forcing them to implement the myogenic differentiation
program and thus by efficiently converting them into terminally differentiated
muscle tissue. The microRNAs are selected among microRNA-1, microRNA-
206, or other muscle-enriched/specific microRNAs.

The present inventors have shown, as a non limiting example, that
microRNA-1 and microRNA-206 have therapeutical potential in that they are able
to block growth of ERMS and ARMS tumors (either at early or late stages of
development) by changing the phenotype of the tumor cells from neoplastic to
differentiated muscle tissue.

The present inventors have shown that miR-206 (and thus by inference
miR-1 which has the same seed sequence) induces in the tumor cells a major
switch in the gene expression profile toward that of mature muscle. In particular,
miR-206 controls directly and indirectly the expression of close to a thousand
genes, downregulating targets such as Met, which is essential for myoblast
survival and replication, cell cycle genes, DNA metabolism genes and/or DNA
repair genes, and up-regulating myogenic master genes such as Myo D and
Myogenin as well as myofibrillar protein genes.

A further embodiment of the invention concerns the therapeutic
administration of one or more muscle-enriched/specific microRNAs, among
which miR-1 and miR-206 are preferred, for the treatment of a wide spectrum of
tumors of mesenchymal origin, such as rhabdomyosarcomas, synovial sarcomas,
alveolar soft part sarcomas, liposarcomas and osteosarcomas. Said administration
would provide for stopping proliferation of sarcoma cells by down-regulating cell
cycle genes and for inducing myogenic differentiation of sarcoma cells by up-
regulating myogenic genes.

A further embodiment of the invention provides the use of lipid
nanoparticles, liposomes or a viral vector to deliver to the sarcoma cells said
microRNA(s).

Brief description of the drawings
The invention will now be described, by way of example only, with

reference to the enclosed figures of drawing, wherein:
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- Figure 1. MiR-1 is poorly expressed in primary tumors, and RMS cells
switched to differentiating conditions fail to induce miR-1/206. (A) Quantitative
real-time PCR analysis of mature miR-1 and miR-206 in primary human RMS
and control muscles. Mean values (= SD) are from three replicates. (B) Increase of
mature miR-1/206 in RMS cells and control human myoblasts (hMB) in
differentiation medium (D, low serum) relative to proliferation medium (P, high
serum), measured by real-time PCR. Mean values (= SD) are from three
independent experiments. (C) Northern blot with miR-206 and miR-1-specific
probes on total RNA (5 ng/lane) obtained from the indicated RMS cells grown for
3 days in differentiation medium, and from proliferating and differentiating
murine satellite cells. Increasing amounts of synthetic miRNAs were used as
standards for quantification. P = proliferating; D = differentiated.

- Figure 2. Conditional expression of miR-206 in RMS cells causes
reduction of cell proliferation and cell cycle arrest in GO/G1, increases apoptosis,
decreases invasiveness and enhances myogenic differentiation. Cells were
infected with either the control (NpBI-206AS) or the miR-206-expressing (NpBI-
206) vector (Tet-off) and treated (Non-Induced, NI) or not (Induced, IND.) with
doxycycline (Dox). (A) proliferation of RD18 (ERMS) and RH4 (ARMS) cells
was evaluated for a period of five days. The number of cells at day 0 was set at
100%. (B) cell cycle distribution of RD18 and RH4 cells in presence/absence of
Dox was measured by propidium iodide staining and FACS analysis. (C)
apoptosis was measured in RD18 and RH4 cells by Annexin V-APC staining and
FACS analysis. Mean values (= SD) in B and C are from three independent
experiments. (D) representative images of the in vitro invasion assay done on
RDI18 cells. (E) MHC expression in RD18 and RH4 cells upon miR-206 induction
in high serum compared to controls. The level of miR-206 in NpBI-206AS IND
cells was set at 1. Values represent counts of 6 fields for each group normalized
against the number of DAPI-positive cells in the same fields (20x). Mean values
( SD) are from three independent experiments. Bottom: representative
immunofluorescence images of induced (IND) RDI18 cells carrying the NpBI-
206AS and the NpBI-206 vector respectively.; bright cells = MHC. (F) Western
blot of phospho-pRb, cyclin DI, phospho-p38, myogenin, p21, GFP and tubulin
on Non-Induced (NI) and Induced (IND) RDI18 and RH4 cells (30 pg/lane).
Similar results were obtained using the Tet-on inducible system.

- Figure 3. Induction of miR-206 shifts the global gene expression profile
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of RMS cells towards that of muscle. (A) Unsupervised hierarchical clustering of
muscles, NpBI-206 and NpBI-206AS RD18 cells (Tet-on) prior to (miR-206-non-
induced; NI) and after (miR-206-induced; IND) doxycycline administration for
the indicated times. Only genes showing a change > 2 fold and a T-test P value <
0.05 were included in the analysis. Lighter color (red in color version) indicates
increased expression; darker color (blue in color version) indicates reduced
expression. (B) Pearson correlation of miR-206-expressing RDI18 cells (3 and 6
days) compared to normal muscle #1.

- Figure 4. MiR-206 arrests growth of RMS xenografts by promoting
myogenic differentiation. (A and B) Continuous expression of pre-miR-206 (grey)
prevents growth of embryonal (RD18) and alveolar (RH4) rhabdomyosarcoma
xenografts. Tet-off system: half of the mice (»=5) were administered drinking
water containing 1 mg/ml doxycycline starting at the time of injection (Non-
Induced, NI), while the rest received water alone (Induced, IND). (C and E)
Inducible expression of pre-miR-206 (grey) arrests growth of RD18 (C) and RH4
(E) xenografts. Tet-On system: 5 out of 10 mice bearing RMS tumors were given
drinking water containing 1 mg/ml of doxycycline starting on the day indicated by
the arrow (light grey line: pre-miR-206 induced, IND; dark grey line: antisense
pre-miR-206 induced, IND). Black line: untreated controls (#=5), pre-miR-206
non-induced, NI. (D and F) miR-206 induction (Tet-on) in advanced RD18 (n=3)
and RH4 (»=3) tumors is sufficient to block their growth. Tumor growth was
measured every three days starting when the tumors became palpable (day 0).
Bars indicate SE. (G and H) Immunohistochemical analysis of tumors harvested
from doxycycline-treated animals reveals that the induction of miR-206 causes a
drastic reduction of Ki67-positive cells (upper panels) and a concomitant striking
increase in cells expressing the terminal differentiation marker Myosin Heavy
Chain (MHC; lower panels). Pictures were taken at 20X magnification.

- Figure 5. Met is physiologically downregulated by miR-1/206 during
muscle differentiation. (A) Satellite cells grown in proliferation medium (P; upper
left panel) differentiate into myotubes when switched to low serum medium (D;
upper right panel). Representative Northern blot of total RNA (5 ug/lane) from
satellite cells (proliferating and at 3 days of differentiation) and adult murine
muscles (mice # 506, 508, 582), probed for miR-1/206 expression. U6 was used
as loading control. Increasing amounts of synthetic miRNAs were used as
standards for quantification. (B) Western blot of extracts of satellite cells either
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proliferating (P) or at different stages of differentiation (day 1-4) probed for
myogenin, MHC, Met and tubulin as a control. 30 ug were loaded in each lane.
(C) real-time PCR on Met on the same cells. The level of Met transcript in
proliferating cells was set at 100%. Mean values (= SD) are from three
independent experiments.

- Figure 6. Met is directly post-transcriptionally downregulated by miR-206
targeting its 3°’UTR. (A) Western blot of Met, GFP and tubulin on protein extracts
(30 ug/lane) of satellite cells transfected with the Met 3’UTR reporter construct
along with a scrambled or miR-206-directed LNA (400 nM) and then switched to
differentiation medium for 1 to 2 days. P = proliferating; D = differentiating. (B)
Western blot of Met and tubulin on protein extracts of Non-Induced (NI) and
Induced (IND.) RD18 and RH4 cells (30 ug/lane).

- Figure 7. Expression of miR-206 in RMS cells impairs anchorage-
independent growth and promotes terminal differentiation. Cells were infected
with two different lentiviral vectors: NaldimiR-206 and NaldimiR-206 antisense
(AS) as a control. (A) soft agar growth assay. The number of colonies obtained
from cells infected with the control vector NaldimiR-206AS was set at 100%.
Mean values (£ SD) are from three independent experiments performed in
triplicate. Bottom: representative images of soft agar colonies formation in cells
expressing miR-206AS or miR-206. (B) graphical representation of MHC
induction in RMS cells upon infection with NaldimiR-206 or with the control
vector (set at 1). Values represent counts of 6 fields for each sample normalized
against the number of DAPI-positive cells in the same fields (20x). Mean values
(£ SD) are from three independent experiments.

- Figure 8. Real-time PCR for mature miR-206 on RMS cells inducibly
expressing miR-206. Cells infected with either the control (NpBI-206AS) or the
miR-206-expressing (NpBI-206) vector (Tet-Off) were first sorted for high GFP
expression (after a brief induction in absence of doxycycline) and then treated
(Non-Induced, NI) or not (Induced, IND) with doxycycline for 3 days.
Proliferating and differentiated satellite cells were included in the analysis. MiR-
206 level in proliferating satellite cells was set at 1 and was used as a reference to
measure the relative expression in the other samples.

- Figure 9. Tpr-Met expression decreases the ability of miR-206-expressing
RDI18 cells to terminally differentiate. RD18 cells stably transduced with either
the control (NpBI-206AS) or the miR-206-expressing vector (NpBI-206, Tet-On)
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were infected with a Tpr-Met retrovirus and then treated (IND) or not (NI) with
doxycicline (1 pug/ml). Myogenic differentiation was evaluated by counting MHC
positive cells after 6 days of miR-206 expression. Mean values from three
independent experiments (+ SD) are expressed as counts of 4 fields for each group
normalized by the number of DAPI-positive cells in the same fields.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

In the following description, numerous specific details are given to provide
a thorough understanding of embodiments. The embodiments can be practiced
without one or more of the specific details, or with other methods, components,
materials, etc. In other instances, well-known structures, materials, or operations
are not shown or described in detail to avoid obscuring aspects of the
embodiments.

The headings provided herein are for convenience only and do not
interpret the scope or meaning of the embodiments.

MicroRNAs (miRNAs) are a class of highly conserved short noncoding
RNAs involved in regulating cellular and developmental events. MiRNAs are
initially transcribed as longer primary transcripts that undergo sequential
processing by the Rnase IIl-like enzymes Drosha and Dicer. Mature miRNAs (21-
23 nt) bind mRNAs by incomplete base pairing of their ‘seed sequence’ to
complementary sequences in the 3” untranslated region (3’UTR) of the mRNAs.
Although most mRNAs targeted by miRNAs are regulated by translational
repression, many of them also undergo degradation.

Numerous reports have shown that miRNAs are abnormally regulated in
cancer. MiRNA genes are often located in genomic regions gained or lost in
tumor cells. Some miRNAs can be functionally defined as oncogenes. However,
global analysis of miRNA gene expression has revealed that miRNAs are
generally downregulated in tumors compared with normal tissues. Furthermore,
inhibiting miRNA processing enhances tumorigenesis, suggesting that miRNAs
act mainly as oncosuppressors. Many miRNAs are expressed in a tissue-specific
manner, implying important functions in differentiation. Among them, the so
called myomiRs represent a well defined family, consisting of three bicistronic
pairs (miR-1-1/miR-133a-2, miR-1-2/miR-133a-1, miR-206/miR-133b). MiR-1-1
and miR-1-2 are identical and miR-206 differs from them only for three
nucleotides, all outside the seed sequence. MiR-133a-2, miR-133a-1 and miR-
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133b are identical as well, except for one nucleotide at the 3* end of miR-133b.
Thus each of these miRNA trios can target the same mRNAs. The myomiRs are
primarily involved in heart and skeletal muscle development. MiR-206, however,
is the only one specific to skeletal muscle. Its expression is predominant over that
of miR-1 during development and perinatally, but in adult muscle is much lower
than that of miR-1.

While it has been proposed that miR-133 enhances myoblasts
proliferation, there is strong evidence that miR-1 and miR-206 promote muscle
differentiation. Following transfection of physiological levels of either miR-1 or
miR-206, C2C12 myoblasts undergo myogenic differentiation without need for
serum depletion, suggesting that these miRNAs are particularly important for
induction of cell quiescence. Furthermore, forced expression of miR-1 in HeLa
cells causes in the short term downregulation of hundreds of genes, most of which
are expressed at low level in muscle relative to other tissues.

In the present disclosure it is showed that miR-1, which promotes
myoblast differentiation, is significantly and reproducibly under-represented in
primary RMS and in RMS cell lines relative to non-neoplastic muscle tissue. For
its essentially identical paralog, miR-206, the present inventors were unable to
obtain significant data since the variability among control samples was too high.
However, it should be noted that in mature muscle the level of miR-206 is roughly
100 times lower than that of miR-1, and furthermore, that its level of expression
may be affected by the relative abundance of slow versus fast-twitch fibers.

The present inventors also found that both ERMS and ARMS cell lines are
unable to implement induction of these differentiative miRNAs following growth
factor deprivation.

Re-adjusting miR-1/206 expression in RMS cells at a level comparable to
that of differentiating satellite cells suppressed many aspects of the transformed
phenotype. However, the most striking effect was the induction of myogenic
differentiation, which, importantly, occurred even in the presence of growth
factors. Thus, miR1-206 was sufficient to force the neoplastic cells into resuming
and completing the myogenic program. Gene expression analysis via microarray
revealed that miR-206 expression in RMS cells caused a major switch toward a
muscle-like profile, as indicated by the fact that, among the three hundred genes
found to be upregulated, many were muscle-specific, such as Myo D, Myogenin,

titin, muscle creatine kinase, myosin light chain, troponin C, myomesin 1 and
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myosin heavy chain. Of the more than 400 downregulated genes, many were
involved in the cell cycle, and DNA metabolism and repair. The time-dependency
of the switch suggests that most of the observed effects of miR-206 were indirect,
but among the downregulated mRNAs there were also validated [Polal and
PTBP1] and predicted (CDK2 and CDK4) direct targets of miR-206. This finding
is in line with the emerging concept that in some cases a major component of
miRNA-mediated repression is mRNA destabilization.

The present inventors were particularly interested in the role of miR-1/206
on a recently validated target, the Met receptor, which is activated by
overexpression in many cancers, among which RMS. They found that in normal
myogenic cells at the onset of myogenesis Met is rapidly downregulated by miR-
1/206 at the post-transcriptional level. Thus, failure of this molecular mechanism
may underlie Met overexpression in RMS, and possibly in other types of cancer.

The inventors have previously shown that Met silencing via RNA
iterference reduces the oncogenicity of RMS cells in culture and iz vivo, mainly
by increasing apoptosis (Taulli et al, Cancer Res. 66, 4742-9). Recently, it has
been described the suppressive effect of ectopic expression of miR-1 in
Hepatocellular Carcinoma (HCC) and Non-Small Cell Carcinoma of the Lung
(NSCLC) cells, two cancers where Met and miR-1 are also, respectively,
overexpressed and underrepresented relative to the corresponding non-neoplastic
tissues (Nasser et al., JBC283,33394-485; Datta et al., Cancer Res.68:5094-58). In
these cases growth inhibition, apoptosis, and loss of tumorigenic properties were
entirely ascribed to the ability of miR-1 to silence the Met receptor. Met silencing
may play a major role also in the inhibition of the malignant features of RMS by
miR-1/206. However, according to the present inventors, Met silencing via RNAi
was more efficient than miR-1/206 in inducing apoptosis, while the latter was
only mildly apoptotic but promoted myogenic differentiation. Thus, in RMS loss
of the proliferative signal provided by Met leads to massive apoptosis, but when
occurring in the presence of a concomitant differentiative signal it leads to
differentiation.

The fact that rescue of Met signalling via its constitutively active
counterpart interferes with miR-1/206-induced differentiation further confirms
that Met downregulation by miR-1/206 is essential for myogenesis. Thus,
sustained Met expression due to the lack of miR-1/206 contributes to the
pathogenesis of RMS.
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Based on the ability of miR-1/206 to act as a differentiating agent in RMS
cells in culture, the present inventors proceeded to test its therapeutic potential by
genetically inducing its expression in tumors derived from ERMS or ARMS cells
transplanted into nude mice. Although there was no regression, the tumors
stopped growing and the vast majority of their cells exited from the cell cycle and
underwent terminal myogenic differentiation. The results of this experiment
constitute the first in vivo proof that miR-1/206 has therapeutic potential in RMS
as a differentiative agent. It should be noted that this feature overrides the
remarkable genetic differences of the two RMS subtypes. Furthermore, the RMS
cell lines used in the experiments have been in culture for years and carry
numerous genetic lesions, among them non functional mutations of p53. Based on
these results,the present inventors propose that tissue-specific miRNAs may hold
greater therapeutic potential than targeted drugs, since their differentiative power
is based on the ability of influencing expression of thousands of genes, and may
thus not be compromised by a heterogeneous genetic landscape.

Small RNA-based therapy requires chemical modification of siRNAs and/or
miRNAs to be effective in vivo. Unmodified, naked small RNAs are relatively
unstable in blood and serum, as they are rapidly degraded by endo- and
exonucleases, meaning that they have short half-lives in vivo. Typically, chemical
modifications can be introduced into the RNA duplex structure so as to enhance
biological stability without adversely affecting the gene-silencing activity. The
introduction of a phosphorothioate (P=S) backbone linkage at the 3'-end protects
against exonuclease degradation, and a 2'-sugar modification (such as 2'-O-methyl
or 2’-fluoro) provides endonuclease resistance (Layzer et al., RNA 10, 766-71,
2004. Furthermore, siRNA and/or miRNA can be formulated with a delivery
system that not only affords biological stability but also enhances cell uptake. One
effective method of systemic siRNA and/or miRNA delivery involves intravenous
injection of chemically modified siRNAs and/or miRNAs either conjugated to a
cholesterol group or packaged into a protective liposomal particle. Cholesterol
groups chemically linked to the 3’ hydroxyl group of the siRNA passenger strand
facilitates cellular siRNA uptake through receptor-mediated endocytosis.
Alternatively, siRNAs or microRNAs can be delivered to the target cells by means
of a viral vector, which can be administered through intratumoral injection.
Vectors such as Adeno-associated vectors (AAV) that do not become integrated in

the host genome, are preferable compared to retroviral or lentiviral vectors, to
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avoid problems due to insertional mutagenesis. The limits to the use of this
approach for curing cancer is that, to be effective, the anticancer microRNA has to
be delivered to all of the malignant cells. Cells which escape infection will have a
proliferative advantage, so the tumor may relapse, due not to resistance but to
inefficient delivery of the active compound. Repeated intratumoral injections of
the viral vector could be required to target the vast majority of the neoplastic cells.

Recently another group of researchers working in the field of myogenesis
(Wang et al., Cancer Cell 14, 369-381, 2008) have shown that in proliferating
myoblasts inhibition of “late stage myogenesis genes” is implemented, in
response to high NFkB levels, by the transcriptional repressor YingYangl (YY1),
which is a target of the ubiquitously expressed miR-29. In primary RMS miR-29
is low and YY1 is increased. These researchers showed that forced expression of
miR-29 in ARMS xenografts (RH30 cells) in nude mice “reduces” tumor growth
and “increases” differentiation markers. They conclude suggesting that these
results may have implications for the diagnosis and treatment of RMS. However,
in foreseeing a possible therapeutic strategy based on miR-29 it should be kept in
mind that this microRNA releases the inhibition of the expression of “late stage-
myogenesis genes” while there is no evidence that it can fully re-integrate the
myogenic differentiation program. Contrary to miR-29, miR-1 and miR-206 block
tumor growth by acting much more ‘upstream’ in the myogenic gene cascade
effectively reprogramming tumor cells into mature myogenic cells.

The present disclosure was devised by paying specific attention to
rhabdomyosarcomas, but the results obtained support the therapeutic approach
also for other sarcomas of mesenchymal origin, like for example synovial

sarcoma, alveolar soft part sarcoma, liposarcoma and osteosarcoma.

MATERIALS AND METHODS
Reagents

All reagents, unless specified, were from Sigma-Aldrich (St. Louis, MO).
miRNA

The sequences of human microRNA-1 and microRNA-206 are
miR-1:
GGGCTGAATGTTTCACTAACAAATAAGAAAATAAAATATTTCATGTTT
TTACAGCTAACAACTTAGTAATACCTACTCAGAGTACATACTTCTTTAT
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GTACCCATATGAACATACAATGCTATGGAATGTAAAGAAGTATGTATT
TTTGGTAGGCAATAAACCACCAAGGGAGGGTAC (SEQ ID No.:1), and
miR-206:
GGGGCAAGGAGGAAAGATGCTACAAGTGGCCCACTTCTGAGATGCGG
GCTGCTTCTGGATGACACTGCTTCCCGAGGCCACATGCTTCTTTATATC
CCCATATGGATTACTTTGCTATGGAATGTAAGGAAGTGTGTGGTTTCG
GCAAGTGCCTCCTCGCTGGCCCCAGGGTAC (SEQ ID No.:2).

RNA sequences are presented in the form of DNA (i.e. with thymidine
present instead of uracil), it is understood that these sequences are also intended to
correspond to the RNA transcripts of these DNA sequences (i.e. with each T
replaced by a U).

Cell culture, cell sorting and primary samples

RMS cells of embryonal (RD, RD18, HTB82, TE671) and alveolar (RH4,
RH30) histotype, primary human myoblasts (hMB) and HEK293T were grown in
DMEM (Euroclone, Pero, Italy) supplemented with 10% fetal bovine serum (FBS;
Euroclone). All RMS cell lines were differentiated in DMEM with 5% horse
serum (HS). hMB were differentiated in DMEM plus 4.5 mg/ml glucose, 0.5%
BSA, 10 ng/ml EGF, 0.15 mg/ml creatine, 5 ng/ml insulin and 7 mM HEPES, pH
7.4. HTB82 and TE671 cells are publicly available from the Department of
Experimental Medicine and Biochemichal Sciences, University of Perugia, Italy
and hMB are publicly available from the Departments of Anaesthesia and
Research, Basel University Hospital, Switzerland. Satellite cells were isolated
from the hindlimb muscles of a 18-days old INK4a-/- mouse as previously
described in Crepaldi, T., et al. (2007), J. Biol. Chem. 282: 6812-22. Proliferating
cells were kept in complete growth medium [F-10 HAM containing 20% FBS, 3%
chicken embryo extract (CEE) and 2.5 ng/ml basic-FGF (Peprotech, Rocky Hill,
NJ)] on gelatin-coated plates (0.5%). To obtain differentiation into myotubes,
cells were plated at subconfluence on gelatin-coated plates, kept in GM for 24
hours and then switched to differentiation medium (DMEM containing 5% HS).
All cells were incubated at 37°C in a 7% CO,-water-saturated atmosphere and
media were supplemented with 2 mM L-glutamine, 100 U penicillin and 0.1
mg/ml streptomycin.

For cell sorting, cells were suspended at the concentration of 1 x 10”/ml in
basic sorting buffer (5 mM EDTA, 25 mM HEPES pH 7.0, 1% heat-inactivated
FBS) and then sorted for GFP expression on a MoFlo High-Performance cell
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sorter (DAKO Cytomation, Glostrup, Denmark).

Primary human tumors of both embryonal and alveolar histology (or their
RNA) and muscle tissues were from the Memorial Sloan-Kettering Cancer Center,
New York, USA and from the Division of Pediatric Pathology, Ospedale Infantile
Regina Margherita, Torino, Italy following informed consent and with obscured
identity for reasons of privacy. Primary murine muscles were harvested from adult
mice.
Western blot

Cells were washed with ice-cold PBS, lysed and scraped in lysis buffer [20
mM Tris (pH 7.4), 150 mM NaCl, 5 mM EDTA, 1% Triton X-100] with 1 mM
phenylmethylsulfonyl fluoride, 10 mM NaF, 1 mM NasVO4, and Protease
Inhibitor Cocktail. Protein lysates were cleared of cellular debris by centrifugation
at 4°C for 10 minutes at 12000 x g, quantified using Bio-Rad (Hercules, CA)
protein assay, resolved in 10% SDS-PAGE gels, and transferred to Hybond-ECL
nitrocellulose membranes (Amersham Biosciences, Piscataway, NJ). Proteins
were visualized with horseradish peroxidase-conjugated secondary antibodies and
Super Signal West Pico Chemiluminescent Substrate (Pierce, Rockford, IL).
Antibodies

Anti Met was from Zymed (South San Francisco, CA); anti-cyclin D1,
anti-p21 and anti-myogenin were from Santa Cruz Biotechnology (Santa Cruz,
CA); anti-a-tubulin (B-5-1-1) was from Sigma Aldrich; anti-GFP was from
Molecular Probes (Eugene, OR); anti-MHC was from Developmental Studies
Hybridoma Bank (University of Iowa, USA); anti-phospho-pRb and anti-
phospho-p38 were from Cell Signaling Technology (Danvers, MA); anti-Ki67
was from Novocastra (Newcastle, United Kingdom).
Real-time PCR and Northern blot

RNA was extracted using Trizol (Invitrogen) for cells and snap frozen
tissues and MasterPure RNA Purification Kit (Epicentre Biotechnologies) for
formalin-fixed, paraffin-embedded tissues. TagMan miRNA Assays (Applied
Biosystems) were used for absolute and relative quantification of mature miR-1
and -206 expression levels. miR-16 was used to normalize the results. Reverse
transcription and real-time PCR were performed according to the manufacturer’s
instructions. To determine absolute expression of miRNAs, a standard curve was
generated using a purified RNA oligonucleotide corresponding to miR-206
(Sigma-Proligo) at the known concentrations of 107, 107, 107, 10°, 10" and 10°
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femtomoles. 100 nanograms of total RNA were analyzed using the Tagqman
miRNA Assay. Taqman cycle threshold (CT) values for each sample reaction
were then converted into absolute values (femtomoles) based on the standard
curve. For quantitative Northern blot analysis of miRNAs, 5 pg of total RNA were
electrophoresed in a 15% polyacrylamide-urea gel and transferred by
electroblotting onto Hybond-N+ membrane (Amersham). Hybridization was
performed with the following 32P-labeled DNA oligos: anti-miR-1, 5’-
ATACATACTTCTTTACATTCCA-3’; anti-miR-206, 5’-
CCACACACTTCCTTACATTCCA-3’; anti-U6, 5-
TGTGCTGCCGAAGCGAGCAC-3". Synthetic mature miRNAs used as
standards were purcased from Sigma-Proligo.
For Met detection, 1 pg of total RNA was used for reverse transcription with
iScript cDNA Synthesis Kit (Bio-Rad) according to the manufacturer’s protocol.
Real-time PCR was performed with iQ SYBR Green (Bio-Rad) with the
following primers: Met-for 5’-CGCTACGATGCAAGAGTACACA-3’°, Met-rev
5S-TTAGGAAACTGATCTTCTGGA-3’, HPRT-for 5
TGACACTGGCAAAACAATGCA-3' and HPRT-rev 5'-
GGTCCTTTTCACCAGCAAGCT-3' as an internal control. Real-time PCR
parameters were: cycle 1, 95 °C for 3 min; cycle 2, 95 °C 15 sec, 60 °C 30 sec for
40 cycles. The 2-AACT method was used to analyze the data.
Vectors production, viral transduction and LNA transfection

NaldimiR-206 lentiviral vector was generated by PCR amplification of the
pre-miR-206 locus from human genomic DNA (see above) with the following
primers: pre-miR-206 for, 5-GTCCGCGGGGCAAGGAGGAAAGATGCTA-3'
(SEQ 1D No.:10) and pre-miR-206 rev, 5'-
CTGGTACCCTGGGGCCAGCGAGGAGGC-3' (SEQ ID No.:11). The PCR
product was sequenced and then cloned into the Sacll and Kpnl sites of
pCCL.sin.PPT.hPGK.GFPWpre vector (Follenzi, A., Ailles, L.E., Bakovic, S.,
Geuna M., and Naldini, L. (2000) Nat Genet. 25:217-22). An analogous procedure
was used for NaldimiR-206AS preparation (wherein the miR206 sequence was
troduced antisense, thus not functional), but with the following primers: pre-
miR-206AS for 5°- GTCCGCGGCTGGGGCCAGCGAGGAGGC-3’ (SEQ ID
No.:12) and pre-miR-206AS rev 5-
CTGGTACCGGCAAGGAGGAAAGATGCTA-3’ (SEQ ID No.:13). Conditional
NpBI-206 and NpBI-206AS lentiviral vectors were generated by subcloning the
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bidirectional TRE-GFP cassette from pBI vector (Clontech, Mountain View, CA)
into NaldimiR-206 and NaldimiR-206AS respectively between the EcoRV and
Sall sites. Concentrated lentiviral vector stocks were produced as previously
described in Taulli et al., (2006), Cancer Res. 66:4742-9. To obtain regulatable
expression of miR-206, cells were transduced first with a lentiviral vector
expressing the tTA (equivalent to pLVX-Tet-On Advanced Clontech) (for Tet-off
system) or rtTA (Tet-on system) transactivator and subsequently with the
responder vector NpBI-206 or NpBI-206AS. The transactivator binds to the
minimal CMV promoter in absence (Tet-off) or presence (Tet-on) of doxycycline
(Dox). The Tet-off inducible system enabled us to select high miR-206 expressors
by sorting cells grown without Dox based on their green fluorescence. The sorted
cells were then allowed to recover with Dox. Successive Dox withdrawal resulted
in expression of miR-206. The Tpr-Met retrovirus was generated subcloning the
Tpr-Met cDNA (SEQ ID No.:14) into blunted EcoRI and BamHI sites of Pallino
retroviral vector.

Human Met 3'UTR (SEQ ID No.: 15) was PCR amplified from genomic
DNA using the following primers: for 5'-
TGCCGCGGATGATGAGGTGGACACACGA-3’ (SEQ ID No.:16), rev 5'-
CTCCGCGGCGAAGTACCATTCAGTTCAGC-3' (SEQ ID No.:17) and cloned
downstream of GFP in the Sacll restriction site of
pCCL.sin.PPT.hPGK.GFPWpre lentiviral vector, that was then sequenced and
used for cotransfection experiments. Pre-designed miRCURY LNA probes were
purchased from Exiqon (Vedback, Denmark). All transfection were performed
with Lipofectamine 2000 (Invitrogen) according to the manufacturer’s
instructions.
Cell proliferation assay

Cells were seeded in 96-well plates at a density of 2x 10° cells/well.
Proliferation was evaluated by MTT labeling reagent (Roche, Indianapolis, IN).
Anchorage-independent cell-growth assay

Cells were suspended in 0.35% type VII low melting agarose in 10%
DMEM at 2 x 10" per well and plated on a layer of 0.7% agarose in 10% DMEM
in 6-well plates and cultured at 37°C with 7% CO,. After 2 weeks, colonies >100
um in diameter were counted.
Immunofluorescence

For MHC detection, cells seeded on 24-well plates and either treated or not
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with 1 pg /ml doxycycline for 6 days in high serum were fixed for 20 min with
ice-cold methanol/acetone 2:1, washed in PBS and saturated in blocking solution
(3% BSA in PBS) for 1 h. Once permeabilized with 0.3% Triton X-100 for 5 min,
cells were incubated with MHC primary antibody for 1 h and then with Cy3-
conjugated anti-mouse antibody (1:200) for 30 min. Nuclei were then stained with
4',6-diamidino-2-phenylindole (DAPI). MHC and DAPI positive cells were
counted with Image J at 20X magnification (6 fields/well).
Cell cycle analysis

Cells were plated at a density of 1 x 10° in 6-well plates and then treated or
not with doxycycline (1 ug/ml) for 3 days. After being harvested and washed with
PBS, 5 x 10° cells were treated with RNAse (0.25 mg/ml) and stained with
propidium iodide (50 ug/ml). The cell cycle distribution in GO/G1, S and G2/M
phase was calculated using the CellQuest program (BD Biosciences, Franklin
Lakes, NJ).
Assessment of apoptosis

Apoptosis was measured by flow cytometry after staining with Annexin V.
Briefly, after 5 days with or without doxycycline (1 ug /ml), cells (1 x 10°) were
trypsinized, washed in PBS, and incubated for 15 minutes at 37°C in HEPES
buffer solution [10 mM HEPES (pH 7.4), 140 mM NacCl, 2.5 mM CaCI2] with 2.5
ul biotin-conjugated Annexin V (BD Biosciences). Annexin V binding was
revealed by additional incubation with 0.5 pl streptavidin-allophycocyanin (APC;
BD Biosciences). Cells were analyzed by FACScan using CellQuest Software
(BD Biosciences).
In vitro invasion assay

Invasiveness was examined by using the membrane invasion culture
system (Transwell polycarbonate membranes 6.5 mm diameter, 8 um pore size;
Corning Life Sciences, Lowell, MA) according to the standard protocol. Briefly, 2
x 10° cells were seeded, in presence or absence of doxycycline (1 ug/ml), onto the
upper well of transwells previously coated with 50 ul of Matrigel Basement
Membrane Matrix (BD Biosciences). After 72 hrs, the noninvasive cells on the
upper surface of the membrane were removed with a cotton swab. Cells migrated
through the Matrigel matrix and attached to the lower surface of membrane were
fixed with 11% glutaraldeyde and stained with cresyl violet.
Microarrays and data analysis

Affymetrix Human GeneChip Gene ST 1.0 arrays (Affymetrix) were
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hybridized at the Cogentech core facility (IFOM-IEO Campus, Milano, Italy)
according to standard Affymetrix protocols. 1 ug of total RNA was used as
starting material for each sample. The experiment included three independent
skeletal muscles (#=3), and six biological replicates of RD18 cells previously
infected with the inducible NpBI-206 vector and then treated or not with
doxycycline (Tet-on), thus giving rise to both miR-206-induced (»=4) and miR-
206-non-induced (n=2) cells. Moreover, NpBI-206AS infected cells were used as
additional controls in both induced and non-induced conditions. The array data
were analyzed with the Partek Genomics Suite v6.3 software (Partek Inc.). All
734 genes showing differential expression between the two exprimental
conditions in RD18 cells and found to be significant by ANOVA (fold change
compared to the mean across the whole panel > 2 and T-test P value < 0.05) were
then subjected to unsupervised hierarchical clustering. Normal muscle samples
were also included in the clustering. The same set of up- and downregulated genes
was further analyzed to reveal enrichment of functional categories using the
Database for Annotation, Visualization and Integrated Discovery (DAVID) 2008
(http://david.abce.nciferf.gov/). We used the Functional Annotation Tool program
and reported only GOTERM-BP (Biological Process) that had P values < 0.05
after correcting for multiple testing (Benjamini-Hochberg). The EIMMo miRNA
target prediction server (http:/www.mirz.unibas.ch/EIMMo2/) was used to

identify putative miR-206 targets among the downregulated transcripts in miR-
206-induced compared to non-induced RD18 cells.
In vivo tumorigenesis assay

Cells were trypsinized and resuspended at 1 x 107 cells/ml in sterile PBS.
200 ul were injected subcutancously into the flank of female nu/nu mice (Charles
River, Wilmington, MA). Tumor size was measured with Vernier calibers every 3
days, and tumor volumes were calculated as the volume of a sphere. Conditional
miR-206 expression was induced in mice with (Tet-on system) or without (Tet-off
system) 1 mg/ml doxycycline in the drinking water. It has to be noted that with
the Tet-off system it was observed a 2-weeks lag time after induction before GFP
expression. Besides, fluorescence was rather weak and spotty in the tumors. On
the contrary, GFP was detectable after just 48 hours of induction with the Tet-on
system, that was therefore chosen for the experiments where miR-206 was
induced in already palpable tumors.

Immunohistochemistry



WO 2010/136846 PCT/IB2009/052179

10

15

20

25

30

35

17

Tumor samples were collected at the indicated times, fixed for 2 hours in
4% paraformaldehyde and embedded in paraffin. Rehydrated sections were
treated with 3% H>O, and microwaved for 30 min in 10 mM Antigen Retrieval
Citra (Biogenex, San Ramon, CA). All antibodies incubation were performed at
room temperature with the solutions provided by the DakoCytomation LSAB2
System-HRP kit (Dako, Carpinteria, CA; primary antibody: 1 h; peroxidase-
conjugated secondary antibody: 30 min). Staining was developed by liquid
diaminobenzidine chromogen (Biogenex) followed by hematoxylin.

RESULTS
MiR-1 expression is low in primary RMS, and RMS cells fail to induce miR-1
and miR-206 upon being switched to differentiation medium

Recently, in a survey of miRNA expression signatures in human sarcomas,
miR-1 was found to be under-represented relative to normal muscle in 3 ARMS
and 2 PRMS (pleiomorphic RMS). The level of expression of miR-1 and miR-206
was determined in four control muscles and in a panel of primary RMS, including
10 ERMS ¢ 8 ARMS. As expected, in control muscle the absolute level of miR-1
was, on the average, over sixty times that of miR-206. In line with previous
reports expression of miR-1 in RMS tumors was absent or of the same order as
miR-206 (Figure 1A). Considering that miR-1 and miR-206 are normally strongly
upregulated at the onset of myogenesis, it was verified whether their level of
expression in ERMS and ARMS cell lines changed upon switching from
proliferating to differentiating conditions. It has been found that in RMS cells
induction of these myomiRs was reduced or absent with respect to primary human
myoblasts (Figure 1B). This result was confirmed by Northern blot. In all RMS
cells switched to differentiation medium the levels of miR-1 and miR-206
remained very low, of the order of those found in proliferating myoblasts (Figure
1C).

Rescue of miR-1/206 expression in ERMS and ARMS cell lines interferes
with the transformed phenotype by promoting terminal differentiation

To verify whether the inability to upregulation miR-1 and -206 was
responsible for blocked differentiation typical of rhabdomyosarcoma, miR-1 and -
206 were reintroduced in RMS cells. To this end lentiviral vectors constitutively
expressing pre-miR-1 and -206 along with GFP were produced. Since the two



WO 2010/136846 PCT/IB2009/052179

10

15

20

25

30

35

18

miRNAs are virtually identical and miR-206 was expressed more efficiently than
miR-1, it has been chosen to continue the present studies using miR-206, hereafter
defined miR-1/206. Rescue of miR-1/206 expression (evidenced by the green
fluorescence of the reporter) caused in all RMS cell lines a ~50% reduction in soft
agar colony formation (Figure 7A). Furthermore, quantification of the cells
positive for the differentiated muscle marker myosin heavy chain (MHC), showed
that their number, very low in the cultures infected with the control vector,
increased significantly a few days after miR-1/206 transduction (Figure 7B ).
However, keeping the cells in culture for a longer time, resulted in positive
selection of those with low or no GFP, which ultimately out-numbered those
expressing GFP/miR-1/206. Thus, especially in view of testing in vivo the effects
of miR-1/206, it was set up an inducible system. This allowed to select miR-1/206
expressors by sorting them, following a brief pulse of induction, on the basis of
their green fluorescence (Figure 8).

Recovery of miR-1/206 expression using the inducible system at a level
approaching that of differentiating satellite cells (Figure 8) caused a strong
reduction of the proliferation rate in both ERMS and ARMS cells (Figure 2A).
Accordingly, cell cycle analysis done 72 hours after miR-206 induction showed
an accumulation in GO/G1 and a concomitant reduction in phase S and G2/M
(Figure 2B). miR-1/206 also promoted apoptosis, as shown by Annexin V staining
(Figure 2C), and decreased Matrigel invasiveness (Figure 2D). Six days after
miR-1/206 induction, the number of MHC-positive cells in ERMS and ARMS
cultures increased about 30 and 15 fold, respectively (Figure 2E upper panel).
MHC-positive cells were often elongated and multinucleate (Figure 2E lower
panels), indicating terminal myogenic differentiation. To explore the effect of
rescuing miR-1/206 on key molecules of the myogenic lineage, it was used
Western blot to analyze gene products involved in cell proliferation and
differentiation. While phosphorylation of p38 MAPK was not affected, miR-1/206
expression caused downregulation of cyclin DI and phospho-pRb and
upregulation of p21 and myogenin (Figure 2F). These changes were consistent
with exit from the cell cycle and activation of the myogenic program.

Induction of miR-1/206 expression promotes RMS differentiation by
modulating more than 700 genes
To substantiate the above conclusion at the level of global gene
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expression, the long-term changes in the mRNA profile of RDIS cells was
determined before (NI) and after (IND) miR-206 induction using microarrays
(Figure 3A). As a control RD18 cells transduced with the inducible vector
expressing miR-206 in antisense were used. It was chosen to focuse on the 734
genes more significantly induced (278, violet cluster in the vertical axis of the
dendrogram) or repressed (456, green cluster in the vertical axis of the
dendrogram) after doxycycline treatment. Unsupervised hierarchical clustering
(including also the data from three normal skeletal muscles biopsies) generated a
dendrogram with 2 major branches, one of which contained the NI miR-206 and
both the NI and IND miR-206AS RDI18 cells, while the second one grouped both
normal muscles and RD18 cells where miR-206 expression was induced for 3 and
6 days, respectively. The results of this experiment indicated that, on the whole,
expression of miR-206 indeed shifted the global gene expression profile of RMS
cells towards that of differentiated muscle, with the exception of two minor
clusters of genes (blue and yellow in the vertical axis of the dendrogram), which
after induction were differentially expressed with respect to mature muscle.

The extent of the RMS-to-muscle shift in gene expression depended on the
length of miR-206 induction. In fact the Pearson correlation between RD18 cells
and muscle increased from 0.01 in NI cells (not shown) to 0.55 and 0.68 in cells
treated with doxycycline for, respectively, 3 and 6 days (Figure 3B). To
characterize the genes that were modulated by miR-206 in RDIS cells, we
assigned them to functional categories. The more significantly upregulated genes
(P value < 0.05) were enriched for muscle-related functions, while the more
significantly downregulated included genes involved in the control of cell cycle,
metabolism, and DNA repair (Table 1 and Table 2). Using the EIMMo miRNA
target prediction server (http://www.mirz.unibas.ch/EIMMo2/) we found among
the downregulated genes a number of predicted miR-206 targets, including Met. A
list is provided in Table 3. In sum, the microarray analysis provided strong
evidence for the induction of muscle differentiation upon expression of miR-206
in RMS cells.

Table 1. Top 12 enriched functional categories of genes modulated by miR-206

induction in RD18 cells (corrected P value < 0.05).
Upregulated genes

Category P value

muscle system process 5.80E-13
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muscle contraction 5.80E-13
muscle development 1.00E-05
regulation of muscle contraction 3.00E-03
system process 2.40E-02
system development 2.80E-02
striated muscle contraction 3.10E-02
anatomical structure development 3.10E-02
cellular component organization and biogenesis 4.30E-02
organ development 3.90E-02
multicellular organismal process 3.60E-02
Downregulated genes

Category P value
cell cycle 1.30E-65
cell cycle process 7.10E-58
M phase 8.80E-58
mitosis 2.40E-57
M phase of mitotic cell cycle 3.70E-57
cell cycle phase 3.60E-57
mitotic cell cycle 5.40E-56
cell division 8.10E-54
DNA metabolic process 1.20E-45
DNA replication 8.50E-32
organelle organization and biogenesis 2.40E-24

Table 2. Comprehensive list of the enriched functional categories of genes
modulated by miR-206 induction in RD18 cells with a corrected P value < (.05.

UPREGULATED GENES

Category Term g(z:ifl?ed
GOTERM BP ALL muscle system process 5.80E-13
GOTERM BP ALL muscle contraction 5.80E-13
GOTERM BP ALL muscle development 1.00E-05
GOTERM BP ALL regulation of muscle contraction 3.00E-03
GOTERM BP ALL system process 2.40E-02
GOTERM BP ALL system development 2.80E-02
GOTERM BP ALL striated muscle contraction 3.10E-02
GOTERM BP ALL anatomical structure development 3.10E-02
GOTERM BP ALL cellular component organization and biogenesis 4.30E-02
GOTERM BP ALL organ development 3.90E-02
GOTERM BP ALL multicellular organismal process 3.60E-02
DOWNREGULATED GENES

Category Term g(z:ifl?ed
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GOTERM BP ALL cell cycle 1.30E-65
GOTERM BP ALL cell cycle process 7.10E-58
GOTERM BP ALL M phase 8.80E-58
GOTERM BP ALL mitosis 2.40E-57
GOTERM BP ALL M phase of mitotic cell cycle 3.70E-57
GOTERM BP ALL cell cycle phase 3.60E-57
GOTERM BP ALL mitotic cell cycle 5.40E-56
GOTERM BP ALL cell division 8.10E-54
GOTERM BP ALL DNA metabolic process 1.20E-45
GOTERM BP ALL DNA replication 8.50E-32
GOTERM BP ALL organelle organization and biogenesis 2.40E-24
GOTERM BP ALL regulation of progression through cell cycle 8.30E-24
GOTERM BP ALL regulation of cell cycle 1.00E-23
GOTERM BP ALL response to DNA damage stimulus 1.50E-23
GOTERM BP ALL chromosome organization and biogenesis 8.50E-22
GOTERM BP ALL DNA repair 5.20E-21
GOTERM BP ALL response to endogenous stimulus 1.20E-19
GOTERM BP ALL chromosome segregation 1.40E-18
GOTERM BP ALL DNA-dependent DNA replication 1.30E-16
GOTERM BP ALL cell cycle checkpoint 6.20E-16
GOTERM BP ALL nucleobase, nucleoside, nucleotide and nucleic acid | 5.80E-15
metabolic process
GOTERM BP ALL regulation of mitosis 7.20E-15
GOTERM BP ALL nucleosome assembly 5.10E-14
GOTERM BP ALL chromatin assembly 7.30E-14
GOTERM BP ALL biopolymer metabolic process 1.90E-13
GOTERM BP ALL mitotic sister chromatid segregation 1.00E-12
GOTERM BP ALL sister chromatid segregation 1.70E-12
GOTERM BP ALL microtubule-based process 2.40E-12
GOTERM BP ALL spindle organization and biogenesis 2.60E-12
GOTERM BP ALL chromatin assembly or disassembly 8.50E-12
GOTERM BP ALL cellular component organization and biogenesis 3.00E-11
GOTERM BP ALL DNA packaging 1.00E-10
GOTERM BP ALL protein-DNA complex assembly 2.50E-10
GOTERM BP ALL cellular process 3.80E-10
GOTERM BP ALL interphase 6.30E-10
GOTERM BP ALL DNA replication initiation 8.90E-10
GOTERM BP ALL establishment and/or maintenance of chromatin architecture | 1.80E-09
GOTERM BP ALL interphase of mitotic cell cycle 2.40E-09
GOTERM BP ALL mitotic cell cycle checkpoint 4.60E-08
GOTERM BP ALL cytoskeleton organization and biogenesis 6.30E-08
GOTERM BP ALL microtubule cytoskeleton organization and biogenesis 6.50E-08
GOTERM BP ALL macromolecular complex assembly 3.00E-07
GOTERM BP ALL macromolecule metabolic process 4.30E-07
GOTERM BP ALL cellular component assembly 5.10E-07
GOTERM BP ALL primary metabolic process 2.90E-06
GOTERM BP ALL response to stress 3.60E-06
GOTERM BP ALL cellular metabolic process 4.20E-06
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GOTERM BP ALL cell proliferation 6.30E-06
GOTERM BP ALL chromosome condensation 8.50E-06
GOTERM BP ALL phosphoinositide-mediated signaling 1.20E-05
GOTERM BP ALL regulation of progression through mitotic cell cycle 1.20E-05
GOTERM BP ALL microtubule-based movement 2.20E-05
GOTERM BP ALL mitotic chromosome condensation 3.10E-05
GOTERM BP ALL regulation of cyclin-dependent protein kinase activity 4.30E-05
GOTERM BP ALL cytoskeleton-dependent intracellular transport 1.30E-04
GOTERM BP ALL establishment of chromosome localization 1.70E-04
GOTERM BP ALL chromosome localization 1.70E-04
GOTERM BP ALL DNA integrity checkpoint 1.70E-04
GOTERM BP ALL traversing start control point of mitotic cell cycle 3.80E-04
GOTERM BP ALL centrosome duplication 3.80E-04
GOTERM BP ALL centrosome cycle 5.40E-04
GOTERM BP ALL regulation of DNA metabolic process 5.70E-04
GOTERM BP ALL spindle checkpoint 7.10E-04
GOTERM BP ALL metabolic process 1.80E-03
GOTERM BP ALL microtubule organizing center organization and biogenesis 1.80E-03
GOTERM BP ALL centrosome organization and biogenesis 1.80E-03
GOTERM BP ALL cytokinesis 2.60E-03
GOTERM BP ALL meiosis 2.70E-03
GOTERM BP ALL M phase of meiotic cell cycle 2.70E-03
GOTERM BP ALL meiotic cell cycle 3.30E-03
GOTERM BP ALL double-strand break repair 3.40E-03
GOTERM BP ALL mitotic spindle organization and biogenesis 4.10E-03
GOTERM BP ALL establishment of organelle localization 1.00E-02
GOTERM BP ALL DNA unwinding during replication 1.10E-02
GOTERM BP ALL DNA damage checkpoint 1.40E-02
GOTERM BP ALL DNA synthesis during DNA repair 1.60E-02
GOTERM BP ALL mitotic cell cycle spindle assembly checkpoint 1.60E-02
GOTERM BP ALL DNA geometric change 1.70E-02
GOTERM BP ALL DNA duplex unwinding 1.70E-02
GOTERM BP ALL regulation of DNA replication 1.80E-02
GOTERM BP ALL DNA damage response, signal transduction 1.80E-02
GOTERM BP ALL second-messenger-mediated signaling 1.90E-02
GOTERM BP ALL S phase 3.00E-02
GOTERM BP ALL G1 phase of mitotic cell cycle 3.00E-02
GOTERM BP ALL negative regulation of DNA metabolic process 3.00E-02
GOTERM BP ALL organelle localization 3.40E-02
GOTERM BP ALL regulation of kinase activity 3.70E-02
GOTERM BP ALL regulation of transferase activity 4.40E-02

Table 3. Comprehensive list of the predicted miR-206 targets found among the

downregulated transcripts in miR-206-induced compared to non-induced RD18

cells.
RefSeq Gene descrintion EIMMo Location of the seed matches
transcript ID P score (¥) within the 3'UTR
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Homo sapiens stress-associated endoplasmic reticulum protein 1 ,
NM_014445 (SERP1), mRNA. 2.0213 3'UTR -X------ X----
Homo sapiens protein tyrosine phosphatase-like A domain , .
NM_016395 containing 1 (PTPLADI), mRNA. 1.8954 3'UTR -X X
Homo sapiens solute carrier family 35, member B4 (SLC35B4), 3UTR - Xemmmmmeee X-
NM_032826 { mRNA. 1 1.8726 XXX
NM 000165 rIrrll(l){rlriloA sapiens gap junction protein, alpha 1, 43kDa (GJAL), 17662 IUTR --XeoeoX.
NM 000402 Homo _sapiens glucose-6-phosphate  dehydrogenase (G6PD), 17147 3UTR XXX-
- transcript variant 1, mRNA.
i Homo sapiens pogo transposable element with KRAB domain : e -
NM_017542 (POGK), mRNA. 1.7019 3UTR -——-XXX
NM 015171 Homo sapiens exportin 6 (XPO6), mRNA. 1.4451 3UTR --X-
: Homo sapiens met proto-oncogene (hepatocyte growth factor : L AR XY
NM_000245 receptor) (MET), transcript variant 2, mRNA. 1.3449 FUIR —X-X
Homo sapiens  glycerol-3-phosphate  dehydrogenase 2
NM_000408 (mitochondrial) (GPD2), nuclear gene encoding mitochondrial | 1.1701 3UTR -X-------—- X--e-
protein, transcript variant 2, mRNA.
NM 031901 Homo sapiens polypyrimidine tract binding protein 1 (PTBP1), 1.1417 IUTR Xomoo X
- transcript variant 3, mRNA.
NM 002819 Homo sapiens polypyrimidine tract binding protein 1 (PTBP1), 1.1417 IUTR Xomoo X
- transcript variant 1, mRNA.
NM 031990 Homo sapiens polypyrimidine tract binding protein 1 (PTBP1), 1.1417 IUTR Xomoo X
- transcript variant 2, mRNA.
NM 175847 Homo sapiens polypyrimidine tract binding protein 1 (PTBP1), 1.1417 IUTR Xomoo X
- transcript variant 4, mRNA.
PREDICTED: Homo sapiens hypothetical protein MGC5139, TR Y
XM _942692 transcript variant 3 (MGC5139), mRNA. 11341 FUIR XXX
NM 006148 Homo sapiens LIM and SH3 protein 1 (LASP1), mRNA. 1.1037 3UTR X-X-----mmmmmmm
NM 002823 Homo sapiens prothymosin, alpha (gene sequence 28) (PTMA), 08640 IUTR --X--
- transcript variant 2, mRNA.
NM 016271 Hor.no sapiens ring finger protein 138 (RNF138), transcript 08436 IUTR ooeeee P
- variant 1, mRNA.
NM 198128 Hor.no sapiens ring finger protein 138 (RNF138), transcript 08436 IUTR omeeee P
— variant 2, mRNA.
NM 003769 i;r;(; sapiens splicing factor, arginine/serine-rich 9 (SFRS9), 08436 IUTR X
NM 015840 Homo sapiens adenosine deaminase, RNA-specific (ADAR), 0.8206 IUTR oo X
- transcript variant 2, mRNA.
NM 015841 Homo _sapiens adenosine deaminase, RNA-specific (ADAR), 0.8206 IUTR oo X
- transcript variant 3, mRNA.
NM 001025107 Homo _sapiens adenosine deaminase, RNA-specific (ADAR), 0.8206 IUTR oo X
- transcript variant 4, mRNA.
NM 001111 Homo sapiens adenosine deaminase, RNA-specific (ADAR), 0.8206 IUTR oo X
- transcript variant 1, mRNA.
NM 201279 Homo sapiens neuropilin 2 (NRP2), transcript variant 3, mRNA. | 0.8206 3'UTR X----m-mmmmmmeem
NM 003872 Homo sapiens neuropilin 2 (NRP2), transcript variant 2, mRNA. | 0.8206 3'UTR X----m-mmmmmmeem
NM 201266 Homo sapiens neuropilin 2 (NRP2), transcript variant 1, mRNA. | 0.8206 3'UTR X----m-mmmmmmeem
NM 018290 Homo sapiens phosphoglucomutase 2 (PGM2), mRNA. 0.8204 3UTR -X------
Homo sapiens CAP, adenylate cyclase-associated protein 1 ,
NM_006367 (yeast) (CAP1), transcript variant 1, mRNA. 08151 FUIR --X--
Homo sapiens acidic (leucine-rich) nuclear phosphoprotein 32 ,
NM_030920 family, member E (ANP32E), transcript variant 1, mRNA. 0.7940 FUTR -Xowooeemee
Homo sapiens tyrosine 3-monooxygenase/tryptophan 5-
NM 006826  monooxygenase  activation  protein, theta  polypeptide ;| 0.7685 i 3'UTR --X-----
(YWHAQ), mRNA.
Homo sapiens high-mobility group nucleosome binding domain ,
NM_004965 | (HMGN1), mRNA. 0.7484 3'UTR -X---
Homo sapiens neuropilin (NRP) and tolloid (TLL)-like 2 ,
NM_018092 (NETO2), mRNA. 0.7270 3UTR --X-X----
NM 138340 i;r;(; sapiens abhydrolase domain containing 3 (ABHD3), 07195 IUTR --X--
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Homo sapiens transketolase (Wernicke-Korsakoff syndrome) ,
NM_001064 (TKT), mRNA. 0.6725 3'UTR X-
Homo sapiens acidic (leucine-rich) nuclear phosphoprotein 32 ,
NM_006401 family, member B (ANP32B), mRNA. 0.6725 SUTR -X-—
Homo sapiens chromosome 15 open reading frame 42 ,
NM_152259 (Cl50rf42), mRNA. 0.6724 3'UTR -X----
Homo sapiens ornithine aminotransferase (gyrate atrophy) ,
NM_000274 (OAT), nuclear gene encoding mitochondrial protein, mRNA. 0.6591 FUIR X-X
! Homo sapiens Dnal (Hsp40) homolog, subfamily B, member 1 ! .
NM_006145 (DNAJBI), mRNA. 0.6384 3'UTR -X-----
Homo sapiens solute carrier family 39 (zinc transporter), ,
NM_018375 member 9 (SLC39A0), mRNA. 0.6093 3UTR ---XX------
NM 016937 rIrrll(l){rlriloA sapiens polymerase (DNA directed), alpha 1 (POLAL), 05803 IUTR —--Xo-
NM 005497 Homo sapiens gap junction protein, alpha 7, 45kDa (GJAT), 05560 3UTR ----- KoK
- transcript variant I, mRNA. P TTEI e
NM 001008744 Homo. sapiens tyrosyl-DNA phosphodiesterase 1 (TDP1), 05560 IUTR X Xeoes
- transcript variant 2, mRNA.
NM 018319 Homo _ sapiens tyrosyl-DNA phosphodiesterase 1 (TDP1), 05560 IUTR X Xeoes
- transcript variant 1, mRNA.
Homo sapiens nuclear transport factor 2-like export factor 2 ,
NM_018698 (NXT2), mRNA. 0.5286 3'UTR -X---------
NM 000270 Homo sapiens nucleoside phosphorylase (NP), mRNA. 0.4619 3UTR --X-
NM 021144 Homo sapiens PC4 and SFRSI interacting protein 1 (PSIP1), 04619 IUTR --X.
- transcript variant 1, mRNA.
NM 004301 Homo sapiens actin-like 6A (ACTL6A), transcript variant 1, 04618 IUTR --X
- mRNA.
NM 178042 Homo sapiens actin-like 6A (ACTL6A), transcript variant 3, 04618 IUTR --X
- mRNA.
NM 177989 Homo sapiens actin-like 6A (ACTL6A), transcript variant 2, 04618 IUTR --X
- mRNA.
NM 014711 Homo sapiens CP110 protein (CP110), mRNA. 10.4542 3UTR ---X--------
Homo sapiens hydroxysteroid (17-beta) dehydrogenase 11 ,
NM_016245 (HSD17B11), mRNA. 0.3918 3'UTR ---X-
NM 018204 Homo _sapiens cytoskeleton associated protein 2 (CKAP2), 03790 IUTR —meee X.
- transcript variant 1, mRNA.
Homo sapiens Mov10, Moloney leukemia virus 10, homolog ,
NM_020963 (mouse) (MOV10), transcript variant 1, mRNA. 0.3790 FUIR -X
Homo sapiens leucine zipper-EF-hand containing ,
NM_144652 transmembrane protein 2 (LETM2), mRNA. 0.3790 SUIR -X
Homo sapiens cell division cycle 25 homolog C (S. pombe) ,
NM_001790 (CDC25C), transcript variant 1, mRNA. 0.3325 SUTR X--
NM 018124 Homo sapiens ring finger and WD repeat domain 3 (RFWD?3), 03325 IUTR —eemv P
- mRNA.
Homo sapiens cell division cycle 25 homolog C (S. pombe) ,
NM_022809 (CDC25C), transcript variant 2, mRNA. 0.3325 SUTR X
Homo sapiens PAS domain containing serine/threonine kinase ,
NM_015148 (PASK), mRNA. 0.3325 3'UTR -X-
Homo sapiens TATA box binding protein (TBP)-associated ,
NM_005680 factor, RNA polymerase I, B, 63kDa (TAF1B), mRNA. 0.3325 FUTR X--
Homo sapiens intraflagellar  transport 52  homolog ,
NM_016004 (Chlamydomonas) (IFT52), mRNA. 0.3325 SUIR -X
NM 173084 Homo sapiens tripartite motif-containing 59 (TRIM59), mRNA. | 0.3266 3UTR ------ Xenemee
Homo sapiens antigen identified by monoclonal antibody Ki-67 ,
NM_002417 (MKI67), transcript variant 1, mRNA. 0.3266 FUTR -oeoeeoes Xeos
NM 080626 Homo sapiens BRI3 binding protein (BRI3BP), mRNA. 0.3266 3'UTR -X-
NM 001018109 Homo _sapiens pirin (iron-binding nuclear protein) (PIR), 03266 IUTR X.
- transcript variant 2, mRNA.
NM 145663 Homo _sapiens DBF4 homolog B (S. cerevisiae) (DBF4B), 03266 IUTR —-Xo-
- transcript variant 1, mRNA.
NM 052827 Hor.no sapiens cyclin-dependent kinase 2 (CDK2), transcript 03266 IUTR —Xow
- variant 2, mRNA.
Homo sapiens chromosome 18 open reading frame 54 ,
NM_173529 (Cl180rf54), mRNA. 0.3266 3'UTR ----—--- Xmmmme
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Homo sapiens clongation of very long chain fatty acids ,
NM_017770 (FEN1/Elo2, SUR4/Elo3, yeast)-like 2 (ELOVL2), mRNA. 0.3266 FUTR - Xooeomemeemes
Homo sapiens structural maintenance of chromosomes 4 ,
NM_001002800 (SMC4), transcript variant 2, mRNA. 0.3266 FUTR --Xemos
NM 012310 Homo sapiens kinesin family member 4A (KIF4A), mRNA. 0.3266 3UTR --X-
Homo sapiens methylenectetrahydrofolate  dehydrogenase
i (NADP+ dependent) 2, methenyltetrahydrofolate cyclohydrolase : Ly S~
NM_006636 ! (MTHFD?2), nuclear gene encoding mitochondrial protein, | 0.3266 SUIR -X
| transcript variant 1, mRNA. |
i Homo sapiens structural maintenance of chromosomes 4 : Doy
NM_005496 (SMC4), transcript variant 1, mRNA. 0.3266 SUTR --Xo--
NM 014573 Homo sapiens transmembrane protein 97 (TMEM97), mRNA. 0.3266 3UTR ------ X----
¢ Homo sapiens apolipoprotein B mRNA editing enzyme, catalytic : oy
NM_014508 polypeptide-like 3C (APOBEC3C), mRNA. 0.3266 FUIR -X-
NM 003662 Homo. sapieps pirin (iron-binding nuclear protein) (PIR), 03266 IUTR X-
- transcript variant 1, mRNA.
NM 001798 Hor.no sapiens cyclin-dependent kinase 2 (CDK2), transcript 03266 IUTR —Xow
- variant 1, mRNA.
NM 018101 Homo sapiens cell division cycle associated 8 (CDCAS), 03266 IUTR —eemv X
- mRNA.
Homo sapiens family with sequence similarity 57, member A ,
NM_024792 (FAMS7A), mRNA. 0.2949 3UTR X------
Homo sapiens Kkiller cell lectin-like receptor subfamily A, ,
NM_ 006611 member 1 (KLRAT), mRNA. 0.2617 3UTR ---X---
NM 207418 Homo sapiens gastric cancer up-regulated-2 (GCUD2), mRNA. :0.2492 3UTR --X---
NM 003526 Homo sapiens histone cluster 1, H2bc (HISTIH2BC), mRNA. 0.2322 3UTR X
Homo sapiens origin recognition complex, subunit 6 like (yeast) ,
NM 014321 (ORC6L), mRNA. 0.2322 3'UTR X----
Homo sapiens hydroxyacyl-Coenzyme A dehydrogenase ,
NM_005327 (HADH), nuclear gene encoding mitochondrial protein, mRNA. 0.2303 FUIR X-
NM 001269 Homo sapiens regulator of chromosome condensation 1 (RCC1), 02303 IUTR —eemv X
- transcript variant 3, mRNA.
Homo sapiens non-SMC condensin I complex, subunit H ,
NM 015341 (NCAPH), mRNA. 0.2303 3UTR --------- X--
Homo sapiens RAD51 homolog (RecA homolog, E. coli) (S. ,
NM_133487 cerevisiae) (RADS51), transcript variant 2, mRNA. 0.2303 FUIR ---X-
Homo sapiens RAD51 homolog (RecA homolog, E. coli) (S. ,
NM_002875 : cerevisiae) (RADS1), transcript variant 1, mRNA.  0.2303 | SUIR -—X-
NM 024745 Homo sapiens SHC SH2-domain binding protein 1 (SHCBP1), 02303 IUTR —eemv X.
- mRNA.
NM 003390 Homo sapiens WEE1 homolog (S. pombe) (WEEL), mRNA. 0.0751 3UTR ----- X-

(*) Expected number of seed matches under evolutionary selective pressure

Induction of miR-1/206 expression blocks the growth of RMS xenografts in
vive by promoting their terminal differentiation,

5 These results suggested that by tilting the balance of RMS cells toward
differentiation, miR-206 could act as a tumor suppressor in vivo. To assess
whether induction of miR-206 could prevent tumor growth, lentiviral-transduced
ERMS and ARMS cells were injected into immuno-compromised mice kept either
in inducing or non-inducing conditions (see legend of Figure 4). Both ERMS and

10 ARMS cells, after a slightly different lag time, formed rapidly growing tumors in
animals where miR-206 was not induced. Continuous miR-206 expression

essentially suppressed the growth of both types of tumor (Figure 4A and B). To
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assess whether miR-206 could have therapeutic potential for RMS treatment, its
expression was induced in vivo when the tumors reached ~0.4 cm® in volume and
after the tumors became much larger. While no effect was observed upon
induction of the control antisense (AS) construct, in all four cases miR-206
expression efficiently blocked tumor growth (Figure 4C, D, E and F). Histological
analysis(not shown), revealed a striking change in the morphology of the tumor
cells, indicating a massive switch to the differentiated phenotype. The switch was
confirmed by immunohistochemistry with Ki67 and MHC-specific antibodies
which showed that most cells were no longer replicating (Ki67-negative) and
appeared to be terminally differentiated (MHC-positive) (Figure 4G and H).

Met is post-transcriptionally downregulated by miR-1/206 during myogenic
differentiation, and is silenced following rescue of miR-1/206 expression in
RMS cells.

There are several potential targets of miR-1/206, which could contribute to
the malignant phenotype of RMS cells. The present inventors focused on Met, a
tyrosine kinase receptor overexpressed in primary RMS tumors and cell lines,
which has been implicated in RMS pathogenesis. Physiologically, Met is rapidly
downregulated at the onset of myogenic differentiation. To assess whether this
process involves post-transcriptional mechanisms, murine satellite cells were
used. When grown in high serum satellite cells actively proliferate. However,
within three to four days of switching to low serum, they differentiate into
myotubes (Figure 5A, upper panel). The present inventors found that miR-1/206
expression increased concomitantly (Figure SA lower panel). Myogenin (a
transcription factor that directly induces muscle-specific genes) and MHC (one of
its targets and a marker of terminal differentiation) were rapidly upregulated
(Figure 5B). Conversely, the Met protein was almost completely downregulated
from day 1 after the switch, with total depletion by day 3 (Figure 5B). In contrast,
downregulation of the Met transcript followed a much slower kinetic. In fact, at
day 4 of differentiation, Met mRNA was still present at 40% of the original level
(Figure 5C). These results indicate that the Met protein is post-transcriptionally
downregulated in myogenic cells at the onset of differentiation.

The Met transcript has two conserved binding sites for miR-1/206 in its
3’UTR. To verify whether endogenous miR-1/206 could be responsible for the
rapid downregulation of Met observed upon switching to low serum, satellite cells
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with a reporter vector expressing GFP linked to the Met 3’UTR were transfected.
Upon switch to low serum, when expression of endogenous miR-1/206 is induced
(Figure 5A), a decrease of both endogenous Met and of the transfected GFP
protein (Figure 6A) was observed. This effect was specifically abrogated by the
LNA complementary to miR-1/206, indicating that in differentiating satellite cells
miR-1/206 downregulates Met by binding directly to its 3’UTR. It should be
noted that the LNA complementary to miR-1/206 also impaired morphological
differentiation of the cells.

Finally, it has been verified whether the level of miR-1/206 expression
obtained with the inducible lentiviral vector was sufficient to suppress the Met
protein in ERMS and ARMS cells. In both types of RMS, induction of miR-1/206
caused a significant reduction of the Met protein (Figure 6B), in concomitance to
the enhancement of differentiation. On the other hand, expressing the
constitutively active form of the receptor (Tpr-Met) in the same cells where miR-
1/206 was induced, significantly lowered the number of MHC-positive cells
(Figure 9). This indicates that Met downregulation by miR-1/206 is a pre-requisite
for myogenic differentiation.
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SEQUENCE LISTING
<110> Ponzetto, Carola
Taulli, Riccardo
<120> Differentiation therapy for sarcomas
<130> BWO12058-CF
<160> 17
<170> PatentlIn version 3.3
<210> 1
<211> 178
<212> DNA
<213> homo sapiens
<400> 1
gggctgaatg tttcactaac aaataagaaa ataaaatatt tcatgttttt acagctaaca 60
acttagtaat acctactcag agtacatact tctttatgta cccatatgaa catacaatgc 120
tatggaatgt aaagaagtat gtatttttgg taggcaataa accaccaagg gagggtac 178
<210> 2
<211> 174
<212> DNA
<213> homo sapiens
<400> 2
ggggcaagga ggaaagatgc tacaagtggc ccacttctga gatgcgggcet gcttctggat 60
gacactgctt cccgaggcca catgcttctt tatatcccca tatggattac tttgctatgg 120
aatgtaagga agtgtgtggt ttcggcaagt gcctcctcgce tggccccagg gtac 174
<210> 3
<211> 22
<212> DNA
<213> artificial
<220>
<223> 32P-labeled DNA oligo anti-miR-1
<400> 3
atacatactt ctttacattc ca 22
<210> 4
<211> 22
<212> DNA
<213> artificial
<220>
<223> 32P-labeled DNA oligo anti-miR-206
<400> 4
ccacacactt ccttacattc ca 22
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<210> 5

<211> 20

<212> DNA

<213> artificial

5
<220>
<223> 32P-labeled DNA oligo anti-Ueé
<400> b
10 tgtgctgccg aagcgagcac 20
<210> 6
<211> 22

15  <212> pDna
<213> artificial

<220>
<223> Met-forward primer
20
<400> 6
cgctacgatyg caagagtaca ca 22

25 <210> 7
<211> 21
<212> DNA
<213> artificial

30 <220»
<223> Met-reverse primer

<400> 7

ttaggaaact gatcttctgg a 21
35

<210> 8

<211> 21

<212> DNA
40 <213> artificial

<220>
<223> HPRT-forward primer

45  <s00> 8
tgacactggc aaaacaatgc a 21

<210> 9
50 <211> 21
<212> DNA
<213> artificial

<220>
55 <223> HPRT-reverse primer

<400> 9

ggtccttttc accagcaagce t 21
60

<210> 10

<211> 28

<212> DNA
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<213> artificial

<220>

<223> pre-miR-206 forward primer
<400> 10

gtcecgegggy caaggaggaa agatgeta

<210> 11

<211> 27

<212> DNA

<213> artificial

<220>

<223> pre-miR-206 reverse primer

<400> 11
ctggtaccct ggggccageg aggaggc

<210> 12

<211> 27

<212> DNA

<213> artificial

<220>

<223> pre-miR-206AS forward primer

<400> 12
gtccgegget ggggecageg aggaggce

<210> 13

<211> 28

<212> DNA

<213> artificial

<220>

<223> pre-miR-206AS reverse primer

<400> 13
ctggtaccgg caaggaggaa agatgcta

<210> 14

<211> 2346

<212> DNA

<213> artificial
<220>

<223>

<400> 14
aattccgggg gecggtgaggt

cccagggtcee cgccgeggga gtctccggey ggcgecgcgeyg

gaggcggcegg cccaggcegte tgggtcctge tggtcttege

ccgteggecg ctgecactgg ggtccctgge cccaccgaca

gtcctggage gcacggaget gaacaagctg cccaagtctg

agccaccgag

ctttcttcte

tggcggeggt

tccagaacaa

PCT/IB2009/052179

Tpr-Met retrovirus generated subcloning the Tpr-Met cDNA

gctgttgctyg aaacgctgee gctgagggty gactcgattt

cgaggtgata
cgcttctacce
gttgcagcaa

acttgaaaag

28

27

27

28

240

300
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ttecttgety
gtggagagcg
cttgtgaatg
caactgaagg
gccattcaga
attagaacca
tcatctcaga
ctaactagtg
ctcagtgctc
agcctgattg
gggactttgt
atcactgaca
agtcatccca
gtggtcctac
aatccaactg
cttgcaagca
aaattcacag
tatagtgtac
ctgcaaactc
gagctgatga
tacttgttge
gtaatgctaa
tcceggatat
acttatgtga
gctgatgatg
tatgtcaaag
ggccatcgat
taaattactg
tcccacaggce
caaaacttga

taaaccgctg

atcagcaatc
aacaacagta
aaacccgaga
cactaactga
gccaatttac
atgagagact
acggttcatg
gggactctga
taaatccaga
tgcatttcaa
tggacaatga
taggagaagt
atgtcctcte
catacatgaa
taaaagatct
aaaagtttgt
tcaaggttge
acaacaaaac
aaaagtttac
caagaggagc
aagggagaag
aatgctggca
cagcgatctt
acgtaaaatg
aggtggacac
caacagtcca
attctttget
gattctaagg
cacggaccaa
attccaccac

atcagccteg

cgagatcgat
ttttgaaata
gtgtcaaagc
gaaaaacaaa
aagaacaaag
atctcaagaa
ccgacaagtg
tatatccagt
gctggtccag
tgaagtcata
tggcaagaaa
ttcccaattt
gctcectggga
acatggagat
tattggettt
ccacagagac
tgattttggt
aggtgcaaag
caccaagtca
cccaccttat
actcctacaa
ccctaaagece
ctctactttc
tgtcgeteeg
acgaccagcc
cactttgtcc
cttgccaaaa
aatttcttat
tggcctgeag
actggactag

actgtgcett

31

ggcctgaagy
gaaaagaggt
ttgcggettyg
gaacttgaaa
gaagaattag
cttgaatact
cagtatcctc
ccattactge
gcagtgcagce
ggaagagggce
attcactgtg
ctgaccgagg
atctgectge
cttcgaaatt
ggtcttcaag
ttggctgcaa
cttgccagag
ctgccagtga
gatgtgtagt
cctgacgtaa
cccgaatact
gaaatgcgcce
attggggage
tatccttcte
tcettetyggy
aatggttttt
ttgcactatt
ctgacagtag
ccgtgacaac
tggatccgag

ctagttgcca

ggcggeatga
tgtcccacag
agctagagaa
ttgctcagga
aagctgagaa
taacagatca
tgacagacat
aaaatactgt
atgtagtgat
attttggttyg
ctgtgaaatc
gaatcatcat
gaagtgaagg
tcattcgaaa
tagccaaagg
gaaactgtat
acatgtatga
agtggatggc
cctttggegt
acacctttga
gcccagaccee
catcctttte
actatgtcca
tgttgccatc
agacatcata
tcactgcctg
ataggacttg
catcagaacc
actcctgtcea
ctcggtacca

gccatctgtt

PCT/1B2009/052179
gaaatttaag 360
tcaggagaga 420
actcaacaat 480
tcgcaatatt 540
aagagactta 600
gtttcctaat 660
gtcccccatce 720
ccacattgac 780
tgggcccagt 840
tgtatatcat 900
cttgaacaga 960
gaaagatttt 1020
gtctccgetg 1080
fgagactcat 1140
catgaaatat 1200
gctggatgaa 1260
taaagaatac 1320
tttggaaagt 1380
gctcctetgg 1440
tataactgtt 1500
cttatatgaa 1560
tgaactggtg 1620
tgtgaacgct 1680
agaagataac 1740
gtgctagtac 1800
acctttaaaa 1860
tattgttatt 1920
agaggcttgg 1980
tattggagtc 2040
agcttaagtt 2100
gtttgccect 2160



WO 2010/136846

10

15

20

25

30

35

40

45

50

55

60

32

PCT/IB2009/052179

ccceegtgee ttecttgace ctggaaggtyg ccactcccac tgtcctttee taataaaatg

aggaaattgc atcgcattgt ctgagtaggt gtcattctat tctggggggt ggggtggggc

aggacagcaa gggggaggat tgggaagaca atagcaggca tgctggggat gcggtgggcet

ctatgg

<210>
<211>
<212>
<213>

15
2287
DNA

<400> 15
ggtttttttt
atcagaacaa
caagtatcta
aaggacaagt
atacaagtgt
atgctcttga
tccaccattt
tttggattgt
tcagagagct
ttcagtgtga
gatgtaatga
attgaaaatc
gcagtgtttt
aaaaatataa
tgcactatac
gggtggetat
ctaaagtatg
ttttgtttce
aatccatcca
agtaaaatgt
attacttgte
acattcatta
tatttcatga

atcctgttca

homo sapiens

CLLLCLLLttt ttacaagatg
ctattaacat acgaagtacc
attcttagaa gaatcactta
ttataaatag caaacgtgat
gtagtcctgt tgatgggatg
ccctggtaga gacagttctt
acaatactct gtgaattagt
aatagctctt cagtacaatt
tttagttata atcattttcc
cacaccctct ttgtagecttg
gggtgggatyg tattggcaat
atgctgtcat taatcccagt
tgtggcctaa caaaattttt
cactttaaat gtttacgtcg
agtagcaagc acaaaattcc
tccatctagg tgaaataget
ttttgcttaa cataaaacac
aattgcttgc gaggtgggaa
ccectttettt gectctaccta
atcctgettt acaaacatgce
ttattttgag ttttcattta
gatcagagta gcatcattct
tgactaaatt atttcataca

tttataaaca tgttttgtgt

ttgcatcact
attcagttca
ctcccacaat
tttcacattyg
tttceceegag
tctttccaca
attacttatt
ccttgtgtet
tgcaacaaca
ctgggttaac
cagtacattt
ctgacatacc
ctcatatcat
acaaaaccag
acagaatgaa
gggattttca
accctaatgce
cctgccaccey
tgagctgtga
tgagttatct
aaaaaataca
caaacagtgg
aattttctta

gatgctattt

ttactttaat
gctgcaggta
ctgtccagac
cagtgttctc
ttctttctat
gagcagattt
acatttatga
tctggtaagt
gccaaactca
ccttggette
ccttatcgea
ttttctaaaa
taaaaataaa
ttagagtaac
gcatcacaaa
attgectttt
aaaataaaac
agacagaggc
ttggaaccaa
ttaaaaatat
cacaaaacat
gtttttatat
atgtcatcta

tgaaactttg

tgcatgattt
taggcagtga
acattaatct
aagaatgtat
tgatgcgtte
tettttgtea
aacggcaata
ctctgcacta
actattgagt
aagtcctgat
atttacagtc
tgttcacagt
catttttata
ctacaccaca
gttctgctea
tcatttgttt
tccccaaaag
taatcttttc
tgaacctttt
ttatcaacaa
ctacatgttc
gacaactaaa
tgtacattac

actgtattgc

2220

2280

2340

2346

240

300

360

960

1020

1080

1140

1200

1260

1320

1380

1440
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ctataaatat
gtggctcatg
caggagtttyg
aattagccgg
ggaggtggag
tgagatcctg
atgacaccat
cactagaatt
atctcttetg
atgaaatcaa
caatatgaca
cctetggtte
aatacaagtc
aggtcaggcea
gcaccgc
<210> 16
<211> 28
<212> DNA
<213>

<220>
<223>

<400> 16

tcttccaacc
cctgtaatcce
aaaccagcct
ggatggtggt
gttgcagtga
tctcaaaaaa
cagtaatgaa
ctaaatgagt
agttttetgt
gtggtacctyg
ggagtgttgt
tgatgctctg
ctataatagt

gtgaaaaaac

artificial

aaaggaatgt
tagcactttg
tggcaacatg
gtgcgectgt
gctatgatca
caaacaaaca
aaatgttatt
ggcctgttet
gatcaagaag
atttttaaaa
cacggctgca
tcagataaga
gcaattttgg

cattggacaa

tgccgeggat gatgaggtgg acacacga

<210> 17

<211> 29

<212> DNA

<213> artificial
<220>

<223>

<400> 17

ctcecgeggeg aagtaccatt cagttcage

33

ctatacaaaa
ggaggctgag
gcaaaaccce
agtcccagcet
caccactgca
tttaaaaggg
gaccatacaa
ggggctgecg
ccctcaatat
aattcaaccc
ggccattggt
aattccttag
caagagcaaa

agtgtggact

PCR forward primer for Met 3'UTR

PCR reverse primer for Met 3'UTR

atttataagg
gtgggtggat
gtctctacaa
attcgggagg
ctacagccct
aatgtttacc
cacacaaaag
ctcetgtect
ttectgette
agaattcaag
ccgtggectyg
aatccagtaa
gaatatcgat

gttgctttga

PCT/IB2009/052179

gctgggegea
ttcttgagte
aaaatacaaa
cttgagectyg
ggcaacagag
taatgggtga
tgttttgaaa
gagcattact
aatttcccat
ttttggacte
tgggaccaag
tttaaataac
ggccttttaa

catagtacta

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2287

28

29
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CLAIMS

1. microRNA for use in differentiation treatment of sarcoma for converting
said sarcoma cells into terminally differentiated myogenic cells, wherein said

microRNA is a muscle-enriched/specific microRNA.

2. microRNA according to claim 1, wherein said muscle-enriched/specific
microRNA is selected among microRNA-1, microRNA-206 and combinations
thereof.

3. microRNA according to claim 1 or claim 2, wherein said sarcoma is
rhabdomyosarcoma, synovial sarcoma, alveolar soft part sarcoma, liposarcoma,

osteosarcoma.

4. microRNA according to any one of the previous claims, wherein said
microRNA is suitable to be administered to sarcoma cells.

5. microRNA according to any one of the previous claims, wherein said
microRNA is suitable to stop proliferation of sarcoma cells.

6. microRNA according to any one of the previous claims, wherein said
microRNA is suitable to induce myogenic differentiation of sarcoma cells.

7. microRNA according to any claim 2, wherein said microRNA is
suitable to down-regulate Met gene expression.

8. microRNA according to any one of the previous claims, wherein said
microRNA is suitable to be delivered by lipid nanoparticles, liposomes or a vector
encoding said microRNA.

9. microRNA according to claim 8, wherein said vector is selected among

lentiviral, adenoviral, or adeno-associated vectors.
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AMENDED CLAIMS
received by the International Bureau on 11 May 2010 (11.05.10)

1. microRNA for use in differentiation treatment of sarcoma for converting
said sarcoma cells into terminally differentiated myogenic cells, wherein said
microRNA is a muscle-enriched/specific microRNA, and wherein said muscle-
enriched/specific microRNA is selected among microRNA-1, microRNA-206 and

combinations thereof.

2. microRNA according to claim 1, wherein said sarcoma is
rhabdomyosarcoma, synovial sarcoma, alveolar soft part sarcoma, liposarcoma,

osteosarcoma.

3. microRNA according to any one of the previous claims, wherein said

microRNA is suitable to be administered to sarcoma cells.

4. microRNA according to any one of the previous claims, wherein said

microRNA is suitable to stop proliferation of sarcoma cells.

5. microRNA according to any one of the previous claims, wherein said

microRNA is suitable to induce myogenic differentiation of sarcoma cells.

6. microRNA according to claim 1, wherein said microRNA is suitable to

down-regulate Met gene expression.
7. microRNA according to any one of the previous claims, wherein said
microRNA is suitable to be delivered by lipid nanoparticles, liposomes or a vector

encoding said microRNA.

8. microRNA according to claim 7, wherein said vector is selected among

lentiviral, adenoviral, or adeno-associated vectors.

AMENDED SHEET (ARTICLE 19)



>

fmol 100 ng tolal RNA

WO 2010/136846 PCT/IB2009/052179
1/14

mmiRk-1 EmiR-208

B miR-1 MiR-Z06

E

3 35

€

o 3G

&3

P 25

5 20

g 15

g 10

[

55 :

3 0 m-. e R : -t

RD18 HTB82 TEBTY R4 RH30 hiviB
Syrthetc mil HMS ceilg Sataite cells

yL S
I PR

MR8 I

miRk-1 P»

TR

Figure 1



% of celis

WO 2010/136846

RIM8

2/14

PCT/IB2009/052179

RiH4

Y410 3 ek
- - DERE-R0EAS M o BpRILA08AS IND oo NPBRZGBAB M e NpBl-R0EAS IND
2 oo :
& e NPE-206 Dt B BE20 s NpB-Z08 I
@ : p 5 | e PGB E206 N s NPRLZUE 1D
R OO nioiins ;
= X
5 609 sy
2 s
§ ATy
T 40
bee o
& 00
WG
&
@ o
o § 2 3 4 5 o 1 2 3 ) 5
tays DaYS
ROTH R4
103 " - Tl
. 8 R NpTHADGAT INDY EE iR N TESES L UOAE MY B3 IUBLANIO N0 T ML A ER AR NG
5 BQ Ao s e

e
GORGT

@

25
20
15
10

% of Arnexin V' cells

Gam

IND.

N

o

S

NpBI-206AS NpBI-206

Figure 2



WO 2010/136846 PCT/IB2009/052179
3/14

NpBI-ZE5AS NeBI-208

W DoBL208AS IND. N NpBL208 NET NpBL20E IND.

foldz of induction

F ity

L
Py
i

Bkl

S R4

NpBl-208AS INDL NpBI-208 IND.

Figure 2/cont.



WO 2010/136846 PCT/TB2009/052179
4/14

Y v ¥

ﬁ
N
¥

[
i
]

Figure 2/cont.



WO 2010/136846 PCT/IB2009/052179
5/14

A N pwsche

\\\\\\3&\\\\ B miR06 OFF

N neiR-208 ON

t
N

MR

\\\\\\\\\‘\\\\\\\\\\

H i i .1

o
Y

T T T

.
-

\
\\\\\\\\\\\\\\\\\\§
.

-

R

-
_




& 1Ny

PCT/IB2009/052179
{Sday

;e

=0.876384

RIS Npgi-

6/14

Figure 3/cont.

5 NI

&Y

208 {3 o

fu

=0 548321

BOE Npld

WO 2010/136846

F

s et

R B I .
e £ - el

wr Lo} swnms sowng

—

53
(L0 SRLIYOA JDLN Y

i)

e
%

s

Days

Figure 4



WO 2010/136846 PCT/IB2009/052179
7/14

ol

B ]

in

OO A
S R

N

3 BEENEEEEEEE s P N Fm— T P L ESECEEEEEE D g R T ¥
% 2 & 4% A8 T T o TS T I YO Y &%
18 Q {) & I8 I ﬁ ‘\E: b o ‘% & RN el \353 e

N 208

"
IR

38

XS

id

Figure 4/cont.



WO 2010/136846 PCT/IB2009/052179
8/14

Ay

Tirnor vohume

\ - ™~ o & & ey =% 8 e R B
3 3 & S 12 1E A @ 2O BR

o
&
o
£y
3

=
= .
& 2
R
X
& =
oo
‘ﬁ
¥ 5

(4

S N T T - S S W

4
%

Figure 4/cont.



WO 2010/136846

=

KRBT

RAHC

.
e

LR N
o

= .

o N " . L .
S \i\\\\\\\\\\\&\\x & \\ \\

Figure 4/cont.

PCT/IB2009/052179



PCT/IB2009/052179

WO 2010/136846

10/14

Synihetc mik

A
L
8
2
Do

miRk-1

5

L

Figure 5



WO 2010/136846 PCT/IB2009/052179
11/14

Myogenin

MHC  Iw

Mel I

Tubulin

et transerpt

100

)
]

% of relagve expression
%

G

i a2 L

Figure 5/cont.



WO 2010/136846 PCT/IB2009/052179

12/14
Met 3'UTR
+ scrambled-LINA + anti-206-LNA
P o1 Dz P o1 D2

Tubulin P s

RD18 RH4
N ) - .%Q .
& o @ & S &
& & e e & & L %
& & & & o P & &
SIS S SR R

Tubulin I

Figure 6



PCT/IB2009/052179

WO 2010/136846

13/14

<

ypaosh sefie-yos sagel Jo 9%

RS HTBE2 TEGT1 R4 RM30

RD

MNaldimiR-208488

MaldimiR-206

RD18 HTB82 TEG71 RH4

RD

=

P

HOJONPY; JO SPIO} DHIN

RO18 HTBS2 TEGT1 RH4 HH30

RD

Figure 7



WO 2010/136846 PCT/IB2009/052179

14/14
20
=
2 a5
g 8
juu }
k=]
E A0
(=]
% L3
2 s
— —
@ a- W o 5 W FO o SUL e b
5 o 2% G el = AR e 2F NS
- \gﬂ 306 @\ S i . P . ?6\ B = of
W e P ¥ w7 N
RD18 RH4 Satelfite cells
Figure 8
%5 :
WENRRE 208 MY CINPRIZNG IND, |
3 e
g
Y s
ke
£
T R0 ¥
g T
= s
IE
B Y
5 N e S SRR N SRR
- +

Tpehiat

Figure 9



INTERNATIONAL SEARCH REPORT

international application No

PCT/1B2009/052179

CLASSIFICATION OF SUBJECT MATT!

NV TCI2NS/ 113 A61K31/7088  A61P35/00

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C12N

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 data base and, where practical, search terms used)

EPO-Internal, BIOSIS, Sequence Search, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WANG HUATING ET AL: "NF-kappaB-YY1-miR-29 1,3-6,
regulatory circuitry in skeletal 8-9

myogenesis and rhabdomyosarcoma."
CANCER CELL 4 NOV 2008,

vol. 14, no. 5,

4 November 2008 (2008-11-04), pages
369-381, XP002571027

ISSN: 1878-3686

page 379, left-hand column, paragraph 3;
figures 3, 6, 7

-/—

Further documents are listed in the continuation of Box C. D See patent family annex.

* Special categories of cited documents : . . . -

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

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

"E" ea}rjier document but published on or after the international "X* document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to
"L document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another "Y* document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the
"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
"P" document published prior to the international filing date but in the art.
later than the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the intemational search report
5 March 2010 18/03/2010
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016 Vreugde, Sarah

Form PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2009/052179

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

CHEN J-F ET AL: "THE ROLE OF MICRORNA-1
AND MICRORNA-133 IN SKELETAL MUSCLE
PROLIFERATION AND DIFFERENTIATION"
NATURE GENETICS, NATURE PUBLISHING GROUP,
NEW YORK, US,

vol. 38, no. 2,

1 February 2006 (2006-02-01), pages
228-233, XP009071525

ISSN: 1061-4036

abstract

KIM HAK KYUN ET AL: "Muscle-specific
microRNA miR-206 promotes muscle
differentiation”

JOURNAL OF CELL BIOLOGY,

vol. 174, no. 5, August 2006 (2006-08),
pages 677-687, XP002571028

ISSN: 0021-9525

abstract; figures 2-3

1-9

2,7

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




	Biblio.	(p. 1)
	Desc.	(p. 2)
	Claims	(p. 35)
	Drawings	(p. 37)
	ISR	(p. 51)

