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METHODS, SYSTEMS, AND COMPOSITIONS FOR
NEURONAL DIFFERENTIATION OF MULTIPOTENT STROMAL CELLS

TECHNICAL FIELD

[0001] Without limitation, certain embodiments of the invention relate to induction
and application of cell types for the treatment of mammalian nervous system injuries and

diseases.
BACKGROUND

[0002] Certain nervous system injuries, autoimmune diseases affecting the central or
peripheral nervous system, and neurodegenerative diseases are characterized by loss of
specific cells, or abnormal functions of existing nerve cells, which cause the patient to present
with different neurological signs and symptoms and potentially irreversible loss of
neurological functions. As one example only, some patients suffering stroke, spinal cord
injury, or other neural injury and degeneration experience loss of functioning cell types, or
neurological conditions like Parkinson’s disease and Alzheimer’s disease which in turn
results in loss of or abnormal function of system function. Currently therapeutic options for
treating and restoring such cell and system functions are limited. Thus, a need remains for
methods, systems, and compositions to promote additional therapies, including therapies

addressed to replacement of missing or damaged nervous system cells, tissues, and functions.
BRIEF SUMMARY

[0003] Without limitation to only those embodiments described herein and without
disclaimer, some embodiments of the invention comprise methods, systems, and
compositions to selectively induce, whether in vitro or in vivo, the neuronal differentiation of
multipotent stromal cells through the application of microRNAs, including but not limited to
miRNA-124, miRNA-137 and/or miRNA-9* expression products of those miRNAs, and
molecules and compositions containing functional elements of those miRNAs. Some
embodiments of the invention also comprise the therapeutic administration and use of such
induced cells to treat mammalian injuries and diseases, including but not limited to, nervous

system injuries or diseases that may otherwise result in decreased cell or system function.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Some embodiments of the present invention will now be described, by way of
example only and without disclaimer of other embodiments, with reference to the

accompanying drawings, in which:

[0005] FIG. 1 shows bright field images of MSCs treated with growth factors or
transfected with control miRNA and miRNA-124 or miRNA-137 for 3, 5 and 9 days.

[0006] FIG. 2 is a data representation showing that miRNA-124, miRNA-137 and

miRNA-9* induce neuronal markers in MSCs.

[0007] FIG. 3 shows Western Blot results following transfection of cells with tested
miRNAs or treatment with DMEM.

[0008] FIG. 4 shows results of transfecting adipose and cord derived MSCs with
control miRNA, miRNA-124, or miRNA-137.

DETAILED DESCRIPTION

[0009] Without limitation to only those embodiments expressly disclosed herein and
without disclaiming any embodiments, some embodiments of the invention comprise
methods, systems, and composition to selectively induce, whether in vitro or in vivo, the
neuronal differentiation of multipotent stromal cells (“MSCs”) through the application of
microRNAs (“miRNA(s)” or “miR(s)”), including but not limited to, miRNA-124 and/or
miRNA-137, and/or miRNA-9*, expression products of those miRNAs, and molecules and
compositions containing functional elements of those miRNAs. Some embodiments of the
invention also comprise the therapeutic administration and use of such induced cells to treat
mammalian injuries and diseases, including but not limited to, nervous system injuries or
diseases that may otherwise result in decreased cell or system function. In some
embodiments, such induction of differentiated MSCs, and/or the resulting cells, may be used
to treat cell, tissue, or organ damage in a patient by administering to said patient a
therapeutically effective amount of an miRNA of interest, or of differentiated MSCs induced

by such miRNAs.
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[00010] We have discovered unexpectedly that certain miRNAs are capable of
inducing long-term neuronal differentiation of MSCs for the use of cell-based therapies in
subjects presenting with nervous system injury and disease, including but not limited to,
neurodegenerative disorders and spinal injury. Such subjects may include mammals,
including but not limited to, humans. Thus, we have discovered novel applications for such
miRNAs and resulting induced MSCs which, among other possible uses, can reduce or

alleviate the effects of certain nervous system injuries or diseases in mammals.

[00011] Without limitation, some embodiments of the invention comprise methods,
systems, and/or compositions for inducing neuronal differentiation of MSCs through the use
and expression of miRNA-124, miRNA-137, and/or miRNA-9*. MSCs are mesoderm-
derived cells that typically reside in adult bone marrow, typically at very low concentration
(about 1 in 10,000 nucleated cells). MSCs can differentiate to generate cells such as bone
marrow stroma, blood vessels, fat, bone and cartilage. These cells may also have the
potential to differentiate into neurons\ or glia-like cells depending on the environmental
signals. Moreover, these cells may be further induced to express or maintained specific
neuronal or glial phenotypes by incubation with different combinations of growth factors and

hormones.

[00012] MSCs have been shown to exert therapeutic effects in a variety of neurological
diseases and dysfunctions in experimental animal models and more recently in pilot clinical
trials. Their effects have been mainly attributed to immunosuppressive and neuroprotective
functions. In experimental autoimmune encephalitis (“EAE”), an animal model of multiple
sclerosis (“MS”), treatment of mice with bone marrow derived MSCs resulted in significant
suppression of disease manifestations. Some studies demonstrated that in addition to down
regulation of autoimmunity neural differentiation of these cells increased their therapeutic

effect in various instances such as the ischemic brain.

[00013] In our work, we tested the effect of three neuronal-associated miRNAs,
miRNA-124, miRNA-137, and miRNA-9*, on the differentiation of human MSCs. These
miRNAs are not normally expressed in MSCs. We discovered that the expression of miRNA-
124, miRNA137, or miRNA-9* induced neuronal differentiation of MSCs, as indicated by the
morphology of the cells and by the increased expression of BIlI-tubulin and MAP2.
miRNA-124, miRNA-137 and miRNA-9* induced an increase in tyrosine hydroxylase,
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suggesting differentiation of the MSCs to dopaminergic phenotype. One of the targets of
pre-miRNA 124 is the transcription factor REST that represses a large number of neuronal
genes. Our results indicate that neuronal-associated miRNAs may induce long-term neuronal
differentiation of MSCs for the use of cell-based therapy in neurodegenerative and
neuroinflammatory disorders and spinal injury. One advantage of the use of miRNAs over
the existing methods is that one can stably express pre-miRNAs in MSCs that will result
in long-term neuronal differentiation, as compared with transient differentiation that is
induced by treatment with growth factors. As such, easy access to patient’s own bone
marrow derived MSCs and the feasibility to enrich and expand MSCs in large numbers
indicates that neuronal differentiation of such cells can serve as autologous neuronal stem
cells that can be available for treatment of a large number of acquired or congenital
neurological disorders associated with lack of or damaged neurons. As one example only
without limitation, MSCs can be prepared from fat removed by liposuction and from cord
blood or the placenta, Reduced immunogenicity of MSCs may facilitate the use of allogeneic
neurons off the shelf or from matched or partially mismatched family member for treatment
of conditions caused, as nonlimiting examples only, by congenital deficiencies of essential

enzymes or other essential products.

[00014] Without limitation to only embodiments expressly disclosed herein, and

without disclaiming any embodiments, some embodiments of the invention comprise:

[00015] 1. the neuronal differentiation of MSCs through culture or other exposure to
miRNAs, including but not limited to, miRNA124 and/or miRNA 137, and/or miRNA 9%,

[00016] 2. transfection of MSCs with such miRNAs;

[00017] 3. administration of MSCs induced in vitro into neuronal differentiation to a

subject suffering from nervous system injury or disease; and/or

[00018] 4. administration of MSCs transfected with such miRNAs to a subject

suffering from nervous system injury or disease.

[00019] In some embodiments, without limitation, with reproducible
transdifferentiation of MSCs to neurons, the therapeutic use of MSCs can be obtained and

expanded, whether in vitro or in vivo, to include, as some examples only, treatment of
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cerebrovascular disease, spinal cord injury, treatment of neurodegenerative disorders such as
amyotrophic lateral sclerosis (“ALS”), multiple sclerosis (“MS”), and related motor neuron
diseases. Ongoing clinical studies already indicate that infusion of MSCs intrathecally and
intravenously can improve partially the clinical manifestation of the disease in patients with
MS and to a lesser extent in patients with ALS. Such clinical studies provide evidence that
both intrathecal and intravenous infusions of MSCs are safe procedures since none of the
treated patients has developed any severe side effect. Thus, cell therapy with MSCs
represents prophetically an important approach for the treatment of a large number of
neurological disorders, especially where MSCs can be induced into neurons or
oligodendrocytes and/or secrete factors that can induce neurogenesis of locally residing stem

cells.

[00020] Examples:

[00021] The following examples of some embodiments of the invention are provided
without limiting the invention to only those embodiments described herein and without

disclaiming any embodiments.
[00022] microRNAs

[00023] microRNAs (“miRNAs”) represent a family of endogenous, small (as some
nonlimited examples, 19-23 nucleotides) non-coding RNAs that function through the RNA
interference (“RNAi”) pathway to effect post-transcriptional gene silencing. miRNAs target
the mRNAs of specific genes based on complementarity, and mediate either mRNA cleavage
(perfect complementarity) or translation repression (partial complementarity). miRNAs have
been demonstrated to play important roles in development and may function as fundamental
genetic regulatory elements that serve to establish or maintain specific expression profiles

determining cell fate.

[00024] Manipulating neuronal differentiation of MSCs may involve regulatory
pathways that orchestrate the program of gene expression during the differentiation process.
Differentiation often requires shifts in the mRNA and protein constitution of cells. One class
of gene regulatory molecules are the microRNAs, a subclass of small RNAs, that are thought
to use the elements of the RNA-interference pathway to post transcriptionally down-

regulate the expression of protein-coding genes. miRNAs may play an important role in
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cell differentiation since they are predicted to individually regulate hundreds of target genes

simultaneously.
[00025] Methods
[00026] To determine the effect of miRNA-124, miRNA-137, and miRNA-9* on the

differentiation of MSCs, we employed three different preparations of these cells in passages
4-12. MSC cells were plated in DMEM + 10% FCS for 24 hr and were then transfected with
double-stranded RNA oligonucleotides of the mature sequence of the three miRNAs and with

a negative control oligonucleotide. The miRNAs used were as follows:

[00027] Dharmacon mimic products:

MI0000443 / MIMATO0000422 - Human

Selected Precursor/Mature

Mature:

hsa-miR-124 [MIMATO0000422]

Precursor:

hsa-miR-124-1 [MI10000443]

Organism;

Human

Mature Sequence:

UAAGGCACGCGGUGAAUGCC (SEQID NO. 1)
[00028] MI0000454 / MIMATO0000429 — Human

Selected Precursor/Mature

Mature:

hsa-miR-137 [MIMAT0000429]

Precursor:

hsa-miR-137 [MI0000454]

Organism:

Human

Mature Sequence:

UUAUUGCUUAAGAAUACGCGUAG (SEQ ID NO. 2)
[00029] miRNA 9* sequence:
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[00030] AUAAAGCUAGAUAACCGAAAGU (SEQ ID NO. 3)
[00031] miRNA 9 mimic:
[00032] UCUUUGGUUAUCUAGCUGUAUGA (SEQ ID NO. 4)

[00033] Following 3 days, cells were transferred to Neurobasal Medium (NB)
supplemented with B27. Cell morphology was monitored every 24 hr and analysis of
neuronal markers by either immunofluorescence staining, Western blot analysis or real-time
PCR was performed following 5, 7 and 9 days post-transfection. As a positive control for the
induction of neuronal differentiation, we used cells stimulated with combination of Shh,

FGF8 and bFGF.

[00034] Results

[00035] miRNA-124, miRNA-137, and miRNA-9* promote neuronal differentiation of

MSCs. The pictures of FIG. 1 are representative of six separate experiments that gave similar
results. As presented in FIG. 1, transfection of the cells with miRNA-137, miRNA-124 or
miRNA-9* decreased cell proliferation and induced morphological differentiation in the cells
already after 72 hr of transfection. Transfection of the MSCs with miRNA-137 induced rapid
and robust morphological changes and the cells acquired a typical neuronal phenotype with
compact cell bodies and elongated processes with varicosities. miRNA-124-transfected cells
exhibited a strong decrease in cell proliferation followed by the generation of a number of
cell types; elongated cells with long processes, small cells with multiple shorter processes and
flat star-like cells. Cells transfected with the control miRNA resembled the control untreated
cells. Interestingly, the effect of miRNA-137 was more rapid and stronger than that of the
GF. About 90% of the miRNA-137 transfected cells exhibited neuronal morphology.

[00036] miRNA-124, miRNA-137, and miRNA-9* increase the expression of neuronal
markers in MSCs. To further examine the effect of miRNA-124, miRNA-137 and miRNA-9*

on neuronal differentiation, we examined the expression of the neural stem cell marker,
nestin, the astrocytic marker GFAP and the neuronal markers beta III-tubulin and tyrosine
hydroxylase. Cells were transfected with the appropriate miRNA or treated with DMEM or
with neurobasal medium+B27. Following 5 days, the expression of nestin mRNA was

determined using real-time PCR and the expression of nestin, GFAP, beta III-tubulin and
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tyrosine hydroxylase was examined after 9 days of treatment by Western blot analysis. The
results represent five different experiments that gave similar results. FIG. 2 shows that after
5 days of transfection, there was a large increase in nestin mRNA as determined by real-time
PCR. In contrast, after 9 days of transfection with the different miRNAs we found an increase
in the expression of beta III-tubulin, whereas no expression of nestin or GFAP was observed.
In addition we found that miRNA-137 and miRNA-9* induced a large increase in the
expression of tyrosine hydroxylase, whereas a smaller increase was observed in miRNA-124
transfected cells. The expression of all these markers in the control miRNA transfected cells

was absent or negligible.

[00037] miR-9* induced the dopaminergic marker, tyrosine hydroxylase, in MSCs.
FIG. 3 shows Western Blot results following MSC transfection with the appropriate miRNAs
or treatment with DMEM. Following 9 days, the expression tyrosine hydroxylase was
examined by Western blot analysis. The results represent five different experiments that gave
similar results. miRNA-9* induced the dopaminergic marker, tyrosine hydroxylase, in

MSC:s.

[00038] Our results demonstrate that miRNA-124, miRNA-137 and miRNA-9* induce
neuronal differentiation of MSCs, albeit to respectively different degrees in our test model.
miRNA-137 induces a more rapid and robust effect resulting in a homogenous population of
neuronal cells. The high level of tyrosine hydroxylase expressed in these cells suggests that

these cells display a dopaminergic phenotype.

[00039] 'miRNA-124 also induces neuronal differentiation as determined by the high
level of BIII- tubulin compared to the control miRNA-treated cells. In our work, this
treatment resulted in a mixed population of cells which expressed lower level of tyrosine
hydroxylase. None of the treatments induced astrocytic differentiation as determined by the

lack of GFAP expression.

[00040] Moreover, following 5 days of treatment, both miRNAs induced a large
transient increase in nestin expression, indicating generation of neural stem cell-like or
neuronal progenitor-like cells. A controlled differentiation of MSCs to NSC or NPC-like
cells may be further exploited to differentiate these cells to different neuronal lineages or to
neurons with different phenotypes using specific transcription factors or specific combination

of growth factors.
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[00041] miRNA-124 and miRNA-9* have been reported to be involved in neuronal
differentiation and neurite outgrowth. Similarly, there is one report demonstrating the effect
of miRNA137 on neuronal differentiation of glioma stem cells and NSCs. However, no
effects of miRNAs have been reported on the neuronal differentiation of MSCs and no effect
of miRNA124 and miRNA137 has been shown on the generation of neurons with a specific
phenotype. Moreover, none of these miRNAs has been reported to induce cells with a

NSC/NPC phenotype.

[00042] miRNA-124 and miRNA-137 induced neuronal differentiation in the Adipose

and cord derived MSCs. Adipose and cord derived MSCs were transfected with control
miRNA, miRNA-124 and miRNA-137 similar to the bone marrow MSCs (FIG. 4).

[00043] Preparation of adipose-derived MSCs: Adipose-derived MSCs were obtained
from liposuction from the thighs or abdominal walls. 100-200 ml aspirates were processed in
a special designed Cytori separator that separates the MSCs from the fats cells and debris.

The cells were further processed and maintained as described for the bone-marrow derived

MSCs.

[00044] Preparation of human umbilical (cord) MSCs: Fresh human umbilical cords
were obtained after birth (with parental consent) and collected in DMEM at 4°C. The
umbilical cord vessels were removed and the mesenchymal tissue (Wharton's jelly) was
minced into small pieces. Following centrifugation, at 250xg for 5 min the tissue was washed
with serum-free DMEM was treated with collagenase at 37°C for 18 h followed by digestion
with 2.5% trypsin at 37°C for 30 min. The dissociated MSCs were further dispersed and

maintained in conditions similar to those described for bone marrow-derived MSCs.

[00045] After 12 days, mRNA was extracted and the levels of b3-tubulin and the house

keeping gene S12 were determined using real-time PCR.

[00046] Our results (FIG. 4) demonstrate that miRNA-124 and miRNA-137 induce
neuronal differentiation not only in bone-marrow derived MSCs but also in adipose-tissue
and cord blood-derived cells. The neuronal marker beta I1I tubulin was induced in these cells
following miRNA treatment. Each of these cell sources has its own advantages. Bone-
martow derived MSCs are very well characterized and have been used for over 20 years

successfully with no oncogenic potential. Adipose-derived MSCs are less characterized but
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can be obtained in larger numbers and cord blood cells can be easily obtained in a non-
invasive manner they do not require complete genetic compatibility between the donor and

the patient and therefore are more accessible.

[00047] Construction of a plasmid containing pre-miRNA and GDNF. Since GDNF

has been implicated in the survival of dopaminergic neurons, we constructed plasmids that
co-express pre-miRNA-124 or pre-miRNA-137 together with GDNF under separate

promoters.

[00048] Without limitation to only embodiments described herein, and without
disclaiming any embodiments, steps for sequence and procedure of cloning the pre-miRNA
GDNF vectors and that of the miRNAs are described with respect to step by step cloning of
GDNF into premir vectors (CD-511_1 or PCDH-CMV-MCS-EF1-copGFP from System

Biosciences).

[00049] c¢DNA of Homo sapiens glial cell derived neurotrophic factor (“GDNF”)
template was obtained from Origene. For cloning GDNF into premir 124 and 137 vectors
(System Biosciences), primers with Xho1 and Sall restriction enzyme digestion sites for

GDNF ORF were designed as follows:

[00050] Forward: cacc ctcgag(Xhol) atg aag tta tgg gat gtc gtg get gtc tge (SEQ ID
NO. 5)

[00051] Reverse: aaa gtcgac(Sall) tca gat aca tce aca cet ttt age gga atg (SEQ ID NO.
6)

[00052] After PCR, the GDNF DNA product was cleaned, then digested with Xhol
and Sall, and the DNA was cleaned again, resulting in DNA of GDNF now ready for

cloning.

[00053] Xhol restriction site was added into the vector of premir 124 and premir 137

by using primers:

[00054] Forward: gac gcc acc atg gag age ctc gag (Xhol) age ggc ctg cce gee (SEQ ID
NO.7)

10
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[00055] Reverse: gge ggg cag gee get cte gag (Xhol) get cte cat ggt gge gte (SEQ ID
NO. 8)
[00056] The GFP gene was removed from premir 124 and 137 vector by using

restriction enzymes Xhol and Sall, then the vector was cleaned.

[00057] Ligation of GDNF and premir 124 and 137 vectors. The ligated plasmids
were transformed into One shot Top10 chemical competent cell. Plasmids with premir 124

and 137 were selected by culturing the clones, following by processing with mini prep.

[00058] The plasmids were digested by using Xhol and Sall to detect the insert of
GDNF. The plasmids were then sequenced. The sequence of miR-124 and 137 and the

backbone of the premir vector:
[00059] MiR-124:

[00060] GAACAAAGAGCCTTTGGAAGACGTCGCTGTTATCTCATTGTCTGTG
TGATTGGGGGAGCTGCGGCGGGGAGGATGCTGTGGTCCCTTCCTCCGGCGTTCCC
CACCCCCATCCCTCTCCCCGCTGTCAGTGCGCACGCACACGCGCCGCTTTTTATTT
CTTTTTCCTGGTTTTCTTATTCCATCTTCTACCCACCCCTCTTCCTTTCTTTCACCTT
TCCTTCCTTCCTTCCTCCTTTCCTTCCTCAGGAGAAAGGCCTCTCTCTCCGTGTTCA
CAGCGGACCTTGATTTAAATGTCCATACAATTAAGGCACGCGGTGAATGCCAAG
AATGGGGCTGGCTGAGCACCGTGGGTCGGCGAGGGCCCGCCAAGGAAGGAGCG
ACCGACCGAGCCAGGCGCCCTCCGCAGACCTCCGCGCAGCGGCCGCGGGCGCGA
GGGGAGGGGTCTGGAGCTCCCTCCGGCTGCCTGTCCCGCACCGGAGCCCGTGGG
GTGGGGAGGTGTGCAGCCTGTGACAGACAGGGGCTTAGAGATGC (SEQ ID NO. 9)

[00061] MiR-137:

[00062] CAGCACTCTTCTGTGTTAAGTATTTGATTTTGTGATTTGTCTTTCAG
AATTGGAAATAGAGCGGCCATTTGGATTTGGGCAGGAAGCAGCCGAGCACAGCT
TTGGATCCTTCTTTAGGGAAATCGAGTTATGGATTTATGGTCCCGGTCAAGCTCA
GCCCATCCCCAGGCAGGGGCGGGCTCAGCGAGCAGCAAGAGTTCTGGTGGCGGC
GGCGGCGGCAGTAGCAGCGGCAGCGGTAGCAGCGGCAGCGGTAGCAGCGGCAG
CGGCAGCTTGGTCCTCTGACTCTCTTCGGTGACGGGTATTCTTGGGTGGATAATA
CGGATTACGTTGTTATTGCTTAAGAATACGCGTAGTCGAGGAGAGTACCAGCGGC

11
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AGGGGGGCAGCGGCCGCCCTCCCCAGCCCACCAGCTGGCCACTAAACGCCCGTG
GTTGCCAAGGTAGCACTTTCTTGTTCTTTTCATTTCCTCGGGTGTTTTCGCACTGG
TTCCACCGGAAAGGCTGTGCGCTGCGCCTCTGGTGACCAGGACTGGA (SEQ ID
NO. 10)

[00063] The sequence of backbone vector (CD-511_1) was attached:

[00064] LOCUS CDS511B_1_pCDH_CMV_ 7544 bp ds-DNA  circular  16-
DEC-2008:

DEFINITION
ACCESSION
VERSION
SOURCE
ORGANISM
COMMENT
COMMENT  ApEinfo:methylated:1
FEATURES Location/Qualifiers
misc_feature 2315..2764
/label=EF1 promoter
/ApEinfo_fwdcolor=cyan
/ApEinfo_revcolor=green
misc_feature 2765..2789
/label=EF1 promoter(1)
/ApEinfo_label=EF1 promoter
/ApEinfo_fwdcolor=cyan
/ApEinfo_revcolor=green
misc_feature 2874..3629
Nabel=copGFP
/ApEinfo_fwdcolor=#00£f00
/ApEinfo_revcolor=green
misc_feature 3639..4229
/label=WPRE
/ApEinfo_fwdcolor=cyan
/ApEinfo_revcolor=green
misc_feature 2790..2860
/label=EF1 promoter(2)
/ApEinfo_label=EF1 promoter
/ApEinfo_fwdcolor=cyan
/ApEinfo_revcolor=green
misc_feature 2765..2789
/label=EFfwd primer
/ApEinfo_fwdcolor=#ff80ff
/ApEinfo_revcolor=green
misc_feature 1922..2183
/label=CMV

12
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/ApEinfo_fwdcolor=#{f80ff
/ApEinfo_revcolor=green
misc_feature 2272..2314
/label=MCS
/ApEinfo fwdcolor=#80£f00
/ApEinfo_revcolor=green
misc_feature 2205..2271
/label=CMV(1)
/ApEinfo_label=CMV
/ApEinfo_fwdcolor=#{f80ff
/ApEinfo_revcolor=green
misc_feature 2184..2204
/label=DAB 90 primer forward
/ApEinfo fwdcolor=cyan
/ApEinfo_revcolor=green
ORIGIN
1 acgcgtgtag tettatgeaa tactcttgta gtcttgeaac atggtaacga tgagttagea
61 acatgcctta caaggagaga aaaagcaccg tgcatgecga ttggtggaag taaggtggta
121 cgategtgec ttattaggaa ggcaacagac gggtetgaca tggattggac gaaccactga
181 attgccgeat tgcagagata ttgtatttaa gtgectaget cgatacaata aacgggtcete
241 tctggttaga ccagatctga gectgggage tetetggeta actagggaac ceactgetta
301 agectcaata aagettgect tgagtgette aagtagtgtg tgecegtetg ttgtgtgact
361 ctggtaacta gagatcecte agaccctttt agtcagtgtg gaaaatctct ageagtggeg
421 cccgaacagg gacctgaaag cgaaagggaa accagagcete tetegacgea ggactegget
481 tgctgaageg cgeacggeaa gaggegaggg geggegactg gtgagtacge caaaaatttt
541 gactagegga ggctagaagg agagagatgg gtgcgagage gtcagtatta agegggggag
601 aattagatcg cgatgggaaa aaattcggtt aaggccaggg ggaaagaaaa aatataaatt
661 aaaacatata gtatgggcaa gecagggagcet agaacgattc geagttaate ctggectgtt
721 agaaacatca gaaggctgta gacaaatact gggacagcta caaccatccc ticagacagg
781 atcagaagaa cttagatcat tatataatac agtagcaacc ctctattgtg tgcatcaaag
841 gatagagata aaagacacca aggaagcttt agacaagata gaggaagagc aaaacaaaag
901 taagaccacc gcacagcaag cggecactga tettcagace tggaggagga gatatgaggg
961 acaattggag aagtgaatta tataaatata aagtagtaaa aattgaacca ttaggagtag
1021 cacccaccaa ggcaaagaga agagtggtge agagagaaaa aagageagtg ggaataggag
1081 ctttgttect tgggticttg ggageageag gaageactat gggegeagec tcaatgacge
1141 tgacggtaca ggccagacaa ttattgtctg gtatagtgea geageagaac aatttgetga
1201 gggctattga ggegeaacag catetgttge aactcacagt ctggggceate aageagetee
1261 aggcaagaat cctggcetgtg gaaagatace taaaggatca acagcetectg gggatttggg
1321 gttgetetgg aaaactcatt tgcaccactg ctgtgecttg gaatgetagt tggagtaata
1381 aatctctgga acagattgga atcacacgac ctggatggag tgggacagag aaattaacaa
1441 ttacacaagc ttaatacact ccttaattga agaatcgcaa aaccagcaag aaaagaatga
1501 acaagaatta ttggaattag ataaatgggc aagtttgtgg aattggttta acataacaaa
1561 ttggcetgtgg tatataaaat tattcataat gatagtagga ggcttggtag gtttaagaat
1621 agtttttgct gtactttcta tagtgaatag agttaggceag ggatattcac cattatcgtt
1681 tcagacccac ctecccaacce cgaggggace cgacaggece gaaggaatag aagaagaagg
1741 tggagagaga gacagagaca gatccattcg attagtgaac ggatctcgac ggttaacttt
1801 taaaagaaaa ggggggattg gggggtacag tgcaggggaa agaatagtag acataatage
1861 aacagacata caaactaaag aattacaaaa acaaattaca aaaattcaaa attttatcga
1921 tactagtatt atgcccagta catgacctta tgggactttc ctacttggea gtacatctac

13



WO 2010/144698 PCT/US2010/038168

1981 gtattagtca tcgcetattac catggtgatg cggttttgge agtacatcaa tgggegtgga
2041 tagcggtttg actcacgggg atttccaagt ctccacceca ttgacgtcaa tgggagtitg
2101 tittggeace aaaatcaacg ggactttcca aaatgtegta acaactcege cecattgacg
2161 caaatgggceg gtaggegtgt acggtgggag gtctatataa geagageteg tttagtgaac
2221 cgtcagateg cctggagacg ccatccacge tgttttgace tccatagaag attctagage
2281 tagcgaattc gaatttaaat ggatccgegg ccgeaaggat ctgegatege teeggtgece
2341 gtcagtgggce agagegeaca tcgeccacag tececgagaa gttgggggga ggggteggea
2401 attgaacggg tgcctagaga aggtggegeg gggtaaactg ggaaagtgat gtegtgtact
2461 ggctcegect ttttcccgag ggtgggggag aaccgtatat aagtgeagta gtegecgtga
2521 acgttctttt tcgcaacggg tttgecgeea gaacacaget gaagettega ggggetegea
2581 teteteette acgegeeege cgeectacet gaggeegeea tecacgecgg ttgagtegeg
2641 ttctgeegee tecegectgt ggtgeetect gaactgegte cgecgtetag gtaagtttaa
2701 agctcaggtc gagaccggge ctttgtcegg cgeteccttg gagectacet agactcagee
2761 ggctctecac getttgeetg accetgettg cteaactceta cgtetttgtt tegttttetg

2821 ttctgegeeg ttacagatee aagetgtgac cggegectac getagacgece accatggaga
2881 gcgacgagag cggectgeee gecatggaga tegagtgeeg catcaccgge acectgaacg
2941 gegtggagtt cgagetggtg ggeggeggag agggeaccee caageaggge cgeatgacea
3001 acaagatgaa gagcaccaaa ggegeeetga cettcagece ctacctgetg agecacgtga
3061 tgggctacgg cttctaccac ttcggeacet accccagegg ctacgagaac cectteetge
3121 acgccatcaa caacggegge tacaccaaca cccgeatcga gaagtacgag gacggeggecg
3181 tgetgeacgt gagettecage taccgetacg aggecggeceg cgtgatcgge gacttcaagg
3241 tggtgggcac cggcettecee gaggacageg tgatcttcac cgacaagate atcegeagea
3301 acgccaccgt ggagceacctg caccccatgg gegataacgt getggtggge agettegeee
3361 gcaccttcag cctgegegace ggeggetact acagettegt ggtggacage cacatgeact
3421 tcaagagege catccaccec ageatectge agaacggggg ccecatgtte geetteegee
3481 gegtggagga getgeacage aacaccgage tgggceategt ggagtaccag cacgecttca
3541 agacccccat cgecttegee agatceegeg cteagtegte caattetgee gtggacggea
3601 cegecggacc cggcetecace ggateteget aagtcgacaa tcaacctetg gattacaaaa
3661 tttgtgaaag attgactggt attcttaact atgttgctce tittacgceta tgtggatacg

3721 ctgctttaat gectttgtat catgetattg cttecegtat ggettteatt ttctectect

3781 tgtataaatc ctggttgetg tetetttatg aggagttgtg geecgttgte aggeaacgtg

3841 gegtggtgtg cactgtgtit getgacgeaa ceeccactgg ttggggcatt geccaccacct
3901 gtcagctect ttecgggact ttegettce cectecctat tgecacggeg gaacteateg
3961 ccgeetgect tgecegetge tggacagggg cteggetgtt gggeactgac aatteegtgg
4021 tgttgtcggg gaaatcateg tectttectt ggetgetcge ctgtgttgee acctggatte

4081 tgegegggac gtecttetge tacgteectt cggeectcaa tecageggac cttecttece
4141 geggecetget geeggetetg cggectette cgegtetteg cettegeeet cagacgagte
4201 ggatcteccet ttgggeegee tececgectg gtacetttaa gaccaatgac ttacaaggea
4261 getgtagate ttagecactt tttaaaagaa aaggggggac tggaagggct aattcactee
4321 caacgaaaat aagatctgct ttttgettgt actgggtete tetggttaga ccagatetga

4381 gectgggage tetetggeta actagggaac ceactgetta agectcaata aagettgect
4441 tgagtgcttc aagtagtgtg tgcecgtetg ttgtgtgact ctggtaacta gagateccte

4501 agaccctttt agtcagtgtg gaaaatctct agcagtagta gttcatgtca tettattatt

4561 cagtatttat aacttgcaaa gaaatgaata tcagagagtg agaggaactt gtttattgea
4621 gcttataatg gttacaaata aagcaatage atcacaaatt tcacaaataa ageatttttt

4681 tcactgcatt ctagttgtgg tttgtccaaa ctcatcaatg tatcttatea tgtetggete

4741 tagctatece gecectaact cegeceagtt ccgeceatte teegeeccat ggetgactaa
4801 ttttttttat ttatgcagag gecgaggeeg ceteggecte tgagetattc cagaagtagt

4861 gaggaggctt ttttggagge ctagactttt gcagagacgg cccaaatteg taatcatggt
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4921 catagctgtt tectgtgtga aattgttatc cgetcacaat tecacacaac atacgagecg
4981 gaagcataaa gtgtaaagcc tggggtgect aatgagtgag ctaactcaca ttaattgegt
5041 tgegeteact geeegettte cagtcgggaa acctgtegtg ccagetgeat taatgaateg
5101 gecaacgege ggggagaggce ggtttgegta ttgggegete tteegettee tegeteactg
5161 actcgetgeg cteggtegtt cggetgegge gageggtate agetcactea aaggeggtaa
5221 tacggttatc cacagaatca ggggataacg caggaaagaa catgtgagea aaaggecage
5281 aaaaggccag gaaccgtaaa aaggecgegt tgetggegtt tttccatagg cteegecece
5341 ctgacgagca tcacaaaaat cgacgetcaa gtcagaggtg gegaaacecg acaggactat
5401 aaagatacca ggcgtttcee cctggaaget cectegtgeg ctetectgtt cegacceetge
5461 cgcttaccgg atacctgtce gectttetee cttegggaag cgtggegett tetcataget
5521 cacgctgtag gtatctcagt teggtgtagg tegttcgete caagetggge tgtgtgeacg
5581 aaccceccegt tcageecgac cgetgegect tatceggtaa ctategtett gagtecaace
5641 cggtaagaca cgacttatcg ccactggcag cagecactgg taacaggatt agcagagega
5701 ggtatgtagg cggtgctaca gagttcttga agtggtggec taactacgge tacactagaa
5761 ggacagtatt tggtatctge getctgetga agecagttac cticggaaaa agagttggta
5821 gctettgate cggeaaacaa accaccgetg gtageggtgg titttttgtt tgecaageage
5881 agattacgcg cagaaaaaaa ggatctcaag aagatccttt gatcttttct acggggtetg
5941 acgctcagtg gaacgaaaac tcacgttaag ggattttggt catgagatta tcaaaaagga
6001 tcttcaccta gatectttta aattaaaaat gaagttttaa atcaatctaa agtatatatg

6061 agtaaacttg gtctgacagt taccaatget taatcagtga ggcacctate tcagegatet
6121 gtetattteg ttcatccata gttgectgac tececgtegt gtagataact acgatacggg
6181 agggcttacc atctggeece agtgetgeaa tgataccgeg agacceacge tecaceggete
6241 cagatttatc agcaataaac cagccagecg gaagggeega gegeagaagt ggtectgeaa
6301 ctttatccge ctccatccag tetattaatt gttgeeggga agetagagta agtagticge
6361 cagttaatag tttgcgcaac gttgttgeca ttgetacagg categtggtg tcacgetegt
6421 cgtttggtat ggcttcattc agetceggtt cccaacgatc aaggegagtt acatgatece
6481 ccatgttgtg caaaaaageg gttagetect teggtectee gategttgte agaagtaagt
6541 tggcegeagt gttatcacte atggttatgg cagceactgea taattetett actgtcatge
6601 catccgtaag atgcttttet gtgactggtg agtactcaac caagtcatte tgagaatagt
6661 gtatgcggeg accgagttge tettgeecgg cgteaatacg ggataatace gegecacata
6721 gcagaacttt aaaagtgcte atcattggaa aacgttcttc ggggegaaaa ctctcaagga
6781 tcttaccgct gttgagatee agttecgatgt aacccactcg tgeacccaac tgatcttcag
6841 catcttttac tttcaccage gtttctgggt gagcaaaaac aggaaggeaa aatgeegeaa
6901 aaaagggaat aagggcgaca cggaaatgtt gaatactcat actcttcctt tttcaatatt
6961 attgaagcat ttatcagggt tattgtctca tgageggata catatttgaa tgtatttaga

7021 aaaataaaca aataggggtt ccgegeacat ttceccgaaa agtgecacct gacgtctaag
7081 aaaccattat tatcatgaca ttaacctata aaaataggcg tatcacgagg ccetttegte
7141 tegegegttt cggtgatgac ggtgaaaacc tetgacacat geagetceeg gagacggtca
7201 cagcttgtct gtaageggat geegggagea gacaageecg tcagggegeg teagegggty
7261 ttggegggete teggggetgg cttaactatg cggeatcaga geagattgta ctgagagtge
7321 accatatgeg gtgtgaaata ccgeacagat gegtaaggag aaaataccge atcaggegee
7381 attcgcecatt caggetgege aactgttggg aagggegate ggtgegggece tettegetat
7441 tacgccagcet ggegaaaggg ggatgtgetg caaggegatt aagttgggta acgecagggt
7501 tttcecagte acgacgttgt aaaacgacgg ccagtgecaa getg (SEQ ID NO. 11)

[00065] We found that MSCs transfected with these plasmids secrete GDNF and
express the respective miRNAs. Thus, the GDNF secreted by the differentiated dopaminergic
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neurons is expected to provide survival signals to the differentiated cells and to endogenous

dopaminergic neurons.

[00066] Construction of inducible miRNAs. Implanted MSCs have been reported to

migrate to damaged tissues in the central nervous systems and to exert neurotrophic and
immunomodulatory effects. Specifically, in Parkinson’s animal models, implanted MSCs
have been shown to engraft in the lesioned striatum. In some embodiments, without
limitation, inducible pre-miRNA expression vectors might be used that will allow the
induction of the specific pre-miRNA expression at desired time points. Thus, MSCs would be
transfected with the specific pre-miRNA and its expression would be induced at different
time points prior or following the engraftment of the MSCs in the lesioned striatum. For such
studies we have employed the inducible miRNA and living color, fluorescent protein
reporters using the Tet-on system (Clontech). This system allows the induction of the
specific miRNA by the addition of a promoter, as one example, only, by doxycyline, and the
identification of cells in which the miRNA is produced.

[00067] In summary, we have demonstrated the ability of miRNA124, miRNA137 and
miRNA-9* to induce transdifferentiation of MSCs to NSC/NPC and neurons with a specific
neuronal phenotype (miRNA137). Additional neuronal miRNAs such as miRNA-9 and

miR218 may also effect transdifferentiation of MSCs and induce neuronal differentiation.

[00068] An advantage of using miRNAs over the existing methods is that one can
stably express pre-miRNAs in the MSCs which will result in long-term neuronal
differentiation as compared with transient differentiation that is induced by treatment with

growth factors.

[00069] Our work indicates that neuronal-associated miRNAs may be employed to
induce long-term neuronal differentiation of MSCs for the use of cell-based therapy in

neurodegenerative disorders and spinal injury, as some examples only, as shown by:

[00070] 1. Neuronal differentiation of MSCs by microRNAs (miRNA-124, miRNA-
137, miRNA-9%);

[00071] 2. Specific dopaminergic differentiation of MSCs by miRNA-137, miRNA-
124 and miRNA-9*; and
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[00072] 3. Induction by microRNAs of transient differentiation of MSCs to neural
stem cell like- or neural progenitor-like cells. Transfection with the miRNAs provides a
window of opportunity where cells can be differentiated to the different lineages of the
central nervous system (neurons, astrocytes and oligodendrocytes) or to a specific neuronal
phenotype using transcription factors or a specific combination of growth factors. This
window can be controlled by level of miRNA expression or by a specific time point post-

transfection. -

[00073] The ability of miRNAs to transdifferentiate MSCs to uncommitted progenitor
cells and to different neuronal cell subsets makes it possible to use these cells for treatment of
a large variety of neurological diseases, including spinal cord and peripheral nerve injuries,
damage to the central nervous system caused by hemorrhage or obstructive lesions (“CVA?)
or to traumatic central or peripheral nerve injury. In addition, transdifferentiated MSCs may
be employed in the case of neurodegenerative diseases caused by idiopathic autoimmune
diseases (“EAE”) or diseases such as Parkinson's disease or Alzheimer/s disease or diseases
with unknown etiology such as ALS. Moreover, improvement of neurological functions by
transdifferentiated MSCs may also be used in various degenerative disorders caused by drug-

induced neuronal damage and /or toxicity.

[00074] Thus, in our work, miRNA-124, miRNA-137 and miRNA-9* promote neural
differentiation of MSC's, with accompanying morphological changes and expression of

phenotypic markers.

[00075] The inducing miRNA(s) of some embodiments would be administered and
dosed in accordance with good medical practice, taking into account the techniques of use to
accomplish the desired effect of target MSCs, the clinical condition of the individual patient,
the site and method of administration, scheduling of administration, patient age, sex, body
weight and other factors known to medical practitioners. The “pharmaceutically effective
amount" for purposes herein is thus determined by such considerations as are known in the
art. The amount must be effective to achieve improvement, including but not limited to, the
desired differentiation of MSCs in vivo and/or in vitro, decreased damage or injury, or
improvement or elimination of symptoms and other indicators as are selected as appropriate

measures by those skilled in the art.
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[00076] Embodiments of the invention may expand the therapeutic window for
treatment of nervous system injury and diseases and could be applied to treatment of a large
patient population which suffers such injury and diseases each year in the United States.
Thus, in some embodiments, the invention comprises novel methods to prevent, control, or
alleviate mammalian nervous system injury and disease, including without limitation, brain
damage, neural degeneration, or spinal cord injury, through the selective application of
inducing miRNAs comprising embodiments of the invention. In accordance with some
embodiments, without limitation, one may effect such therapeutic intervention through the
use and/or administration of one or more such miRNAs to induce differentiation in target
cells in vivo or in vitro for use in treatment to limit the effects of such injury or disease. Thus,
without limitation and without disclaimer of subject matter, some embodiments comprise
novel compositions and methods to prevent, control, or alleviate mammalian injury, including
without limitation, brain damage, through the selective application and/or induction of

transdifferentiated MSCs.

[00077] This application may reference various publications by author, citation, and/or
by patent number, including without limitation, articles, presentations, and United States
patents. The disclosures of each of any such references in their entireties are hereby

incorporated by reference into this application.

[00078] While the present invention has been particularly shown and described with
reference to the foregoing preferred and alternative embodiments, it should be understood by
those skilled in the art that various alternatives to the embodiments of the invention described
herein may be employed in practicing the invention without departing from the spirit and
scope of the invention as defined in the following claims. It is intended that the following
claims define the scope of the invention and that the method and apparatus within the scope
of these claims and their equivalents be covered thereby. This description of the invention
should be understood to include all novel and non-obvious combinations of elements
described herein, and claims may be presented in this or a later application to any novel and
non-obvious combination of these elements. The foregoing embodiments are illustrative, and
no single feature or element is essential to all possible combinations that may be claimed in
this or a later application. Where the claims recite “a” or “a first” element of the equivalent
thereof, such claims should be understood to include incorporation of one or more such

elements, neither requiring nor excluding two or more such elements.
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CLAIMS
What is claimed is:

1. A method of stimulating neuronal differentiation of multipotent stromal cells
from a mammal, comprising the steps of:
providing a composition comprised of microRNA-124, and
administering to a mammalian population of multipotent stromal cells a
pharmaceutically effective amount of said composition in order to stimulate neuronal

differentiation in the population.

2. The method of claim 1, wherein the mammal is a human.

3. A method of stimulating neuronal differentiation of multipotent stromal cells
from a mammal, comprising the steps of:
providing a composition comprised of microRNA-137, and
administering to a mammalian population of multipotent stromal cells a
pharmaceutically effective amount of said composition in order to stimulate neuronal

differentiation in the population.

4, The method of claim 3, wherein the mammal is a human.

5. A method of stimulating neuronal differentiation of multipotent stromal cells
from a mammal, comprising the steps of:
providing a composition comprised of mictoRNA-9*, and
administering to a mammalian population of multipotent stromal cells a
pharmaceutically effective amount of said composition in order to stimulate neuronal

differentiation in the population.

6. The method of claim 5, wherein the mammal is a human.

7. Use of microRNA-124 in a medicament for stimulating neuronal

differentiation of multipotent stromal stem cells of a mammal.

8. The use of claim 7, wherein the mammal is a human.
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9. Use of microRNA-137 in a medicament for stimulating neuronal

differentiation of mesenchymal stem cells of a mammal.
10. The use of claim 9, wherein the mammal is a human.

11. Use of microRNA-9* in a medicament for stimulating neuronal differentiation

of multipotent stromal cells of a mammal.
12. The use of claim 11, wherein the mammal is a human,

13. A method of treating a mammal suffering from nervous system injury or
disease, comprising the steps of:
stimulating neuronal differentiation of multipotent stromal cells by exposing such
cells in vitro to mictoRNA-124, microRNA-137, or microRNA-9*, individually or in
any combination thereof; and

administering such neuronally differentiated cells to the mammal.

14. The method of claim 13, wherein the mammal is a human.

15. A method of treating a mammal suffering from nervous system injury or
disease, comprising the steps of:
transfecting multipotent stromal cells in vitro with microRNA-124, microRNA-137,
or microRNA-9*, individually or in any combination thereof; and

administering such transfected cells to the mammal.

16. The method of claim 15, wherein the mammal is 2 human.

17. A method of treating a mammal suffering from nervous system injury or
disease, comprising the steps of’
transfecting multipotent stromal cells with a vector comprised of one or more
nucleotides coding for microRNA-124, microRNA-137, or microRNA-9%,
individually or in any combination thereof, wherein expression of such nucleotide(s)
in the vector is inducible by a promoter,

administering such transfected cells to the mammal, and
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inducing expression of the nucleotide(s) within the mammal to produce microRNA-
124, microRNA-137, or microRNA-9* by administering the promoter to the

mammal.

18. The method of claim 15, wherein the mammal is a human.
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considered novel or cannot be considered to involve an inventive
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international 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, specifically:

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)

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.

Group I: claims 1-2, 7-8, 13-18, drawn to a method of stimulating neuronal differentiation of multipotent stromal cells from a mammal,
comprising the steps of: .
providing a composition comprised of microRNA-124, and

administering to a mammalian population of multipotent stromal cells a pharmaceutically effective amount of said composition in order
to stimulate neuronal differentiation in the population.

continued on first blank sheet attached hereto

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. D 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. g 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.:
1-2, 7-8, 13-18 limited to microRNA-124

Remark on Protest E:l 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 (continuation of first sheet (2)) (July 2009)
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Supplemental Box
continuation of Box No. [lf: Observations where unity of invention is lacking

Group Il claims 3-4, 9-10, 13-18, drawn to a method of stimulating neuronal differentiation of multipotent stromal cells from a mammal,
comprising the steps of:

providing a composition comprised of microRNA-137, and

administering to a mammalian population of multipotent stromal cells a pharmaceutically effective amount of said composition in order to
stimulate neuronal differentiation in the population.

Group I, claims 5-6, 11-18, drawn to a method of stimulating neuronal differentiation of multipotent stromal cells from a mammal,
comprising the steps of:

providing a composition comprised of microRNA-9*, and administering to a mammalian population of multipotent stromal cellsa
pharmaceutically effective amount of said composition in order to stimufate neuronal differentiation in the popuiation.

The inventions listed as Groups I-111 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:

The inventions of Group I+ share the technical feature of a method of stimulating neuronal differentiation of mammal multipotent stromal
cells by providing a composition comprised of a microRNA, and administering to a mammalian population of multipotent stromal cells a
pharmaceutically effective amount of said composition in order to stimulate neuronal differentiation in the population. However, this
shared technical feature would have been obvious to one of ordinary skill in the art. Specifically, a paper titied "Concise Review. Micro
RNA Expression in Multipotent Mesenchymal Stromal Celis” by Lakshmipathy et al. (Stem Cells 2008, 26(2): 356-363) (hereinafter
‘Lakshmipathy’) discloses that microRNA-124 is expressed in neuronal cells as well as during neuronal differentiation of embryonic stem
cells (pg 4, first full para) and that microRNA-124 is involved in developing neural tube (pg 17, Table 2).

In addition, a paper titled "The MicroRNA miR-124 promotes neuronal differentiation by triggering brain-specific alternative pre-mRNA
splicing" by Makeyev, et al. (Mol Cell. 2007, 27(3):435-448) further elucidates the role of miR-124 in neuronal differentiation: "Both
microRNAs and alternative pre-mRNA splicing have been implicated in the development of the nervous system (NS), but functional
interactions between these two pathways are poorly understood. We demonstrate that the neuron-specific microRNA miR-124 directly
targets PTBP1 (PTB/hnRNP |) mRNA, which encodes a global repressor of alternative pre-mRNA splicing in nonneuronal cells. Among
the targets of PTBP1 is a critical cassette exon in the pre-mRNA of PTBP2 (nPTB/brPTB/PTBLP), an NS-enriched PTBP1 homolog.
When this exon is skipped, PTBP2 mRNA is subject to nonsense-mediated decay (NMD). During neuronal differentiation, miR-124
reduces PTBP1 levels, leading to the accumulation of correctly spliced PTBP2 mRNA and a dramatic increase in PTBP2 protein. These
events culminate in the transition from non-NS to NS-specific alternative splicing patterns. We also present evidence that miR-124 plays
a key role in the differentiation of progenitor cells to mature neurons. Thus, miR-124 promotes NS development, at least in part by
regqulating an intricate network of NS-specific alternative splicing" (Abstract).

Finally, a paper titied “Specific MicroRNAs Modulate Embryonic Stem Celi-Derived Neurogenesis” by Krichevsky et al. (Stem Cells
2006, 24(4): 857-864) teaches that brain-specific miR-124a and miR-9 molecules affect neural lineage differentiation in the ES cell-
derived cultures (Abstract). Thus, one of ordinary skill in the art would have been motivated to provide a composition comprising
microRNA-124 to a culture of multipotent stromal cells from a mammal to induce differentiation of said cells into neuronal cells, because
prior art discloses that microRNA-124 is stimulates neuronal differentiation of multipotent stromal cells. As said method would have been
obvious to one of ordinary skill in the art at the time of the invention, this cannot be considered a special technical feature that would
otherwise unify the groups.

Another technical feature of the inventions listed as Groups I-1l} is the specific microRNA recited therein. As said microRNAs were
known in the art at the time of the invention and thus no significant structural similarities can readily be ascertained among the
microRNAs, the inventions do not share a special technical feature. Without a shared special technical feature, the inventions lack unity
with one another.

Groups I-ll 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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L —FlEek B FLah i £ Be 5SS 40 B i s 22 T 7 A B ik, B RE LT AP BR

FRALEFETL/ RNA-124 NG54, DL &

[l W FLBh A 1) 22 BEME Ik T 40 M B 25 7 24 27 A5 1 P i 28 5 ) DA I 3 o g o
2.

2. MRARBRE SR | Frdk 773, Hodr, Brid i SLa 2 A

3. — Pk B ELBh I 2 e 1 RS54 M ) #0220 AL TV AR DL PR

FRALFETL/N RNA-137 [AE), LUK

] FL B9 (1) 22 B MR IR 4 MR 25 7 24 2 380 I i 285 400 LAAE P ad A v s s
20,

4. ARPEBRNELR 3 Pk () 753, o, ik ZLah 2 A

5. —FililFck B FLBh I 2 B8 1 55 TN M ) #0280 2 AL IR v AR DL PR

FRAL G/ RNA-9% (4159, BLA

] i FLBN A IR 22 BRI 5 0 40 M B 4 3 24 27 280 T BT IR A5 ) A Pk A o sl e
Zoumt.

6. MARBURIE R 5 Prdk i 772, Hod, ki ZLai 2 A .

7. Bl RNA-124 76 H T RS0 L3040 1R 22 Be 1 58 50 40 I 1 #4228 70 73 A0 1K 254 Hh 1)
Hi&.

8. MIPEARIELR 7 Pk () A, Horb, Frid i ZLa 2 N

9. B/IN RNA-137 76 1T I S50r L34 1) 1) 7 548 f i) #2270 oA R 254 Hh i)

10. ARPEBCRE SR 9 BTk iy i, Horb, Irkmfi ZLahd 2N .

L1, /)y RNA-9% 71 FH T S0 LBl I 22 R PR 2 0 40 I i) w22 o o A i 259 i
&

12. MRPEBCRIE R 11 Pr’ vy g, Jo, Brikidi 2L s e A o

13, — iR sT B P R G078 IV FLBh K 72, AFE LR PR -

T TE PR M 2 B M2 T4 i 2 i T S Bl DME R 4L A 5 RNA-124 . 5
RNA-137 Bl Aik/Iy RNA-9%, AT RIS IT R 41 B i 2 oe o4k s DA%

LKL AR 22 T 3 A 40 i 25 BT IR I L300

14, WRARBORIEER 13 Prik i 75, Horb, ik SLah 2 Ao

15, — PG IT A P R G 4R 07 B IV FLh i 72, AR LR PR -

TEARS N SR B DU B A5 4 RNA-124 507y RNA-137 L B0/ RNA-9% % e
REPEIE T4 i s UL A

X 485 G 40 M 2 7 P ik i L

16. MRIRBORE R 15 Frak i 7732, Hodr, ik fLahe Ao

17, —Pify7 B PR R SO (1T LB IR 7 i, AR L PR

H ARG —Fh ol £ Fhgm b sl ) sk 2 DT RALA 50/ RNA-124 500y RNA-137 3B/
RNA-Qs [RA% 1 BR I8 MR R B e 22 e Itk ik o 40 i, Ly, SRR IR T R A ik B A (1) 3 18
ATHEFIES,

L IXAL I 22 5 YLV 40 B 25 7 Pk i L 3h 4, DA &

K BTk JE 3125 7 Tk L3, 76 Ik i FLah ) vh 3 5 Ik B IR IR 2R 1k LA

2
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A RNA-124 55507 RNA-137 B 7]s RNA-9%,
18. MRIRBCRE R 15 Prid iy 77, o, FriRmi fLsi 2 Ao
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AT Z gt E R E T o LT3R R EFEEY

ARG
[0001] A B I — L85t 5 2K B 36 77 T Sl A 2 2R Ge 453 O R0 1 4 g S 2
(I AN AL, (EARR T3t

BREA

[0002]  JLLEAHLE AR e T R HH R R [ 22 AR BRI 8 B S P R LR AR 3R AT
P (5 AEAE TRy 5 40 B 5 2% « A7 AE AR 22 40 LI Zh RE S 7, X oy 5 IS S HE AN
[R] AP0 S AR AR RIAEIR DA S ] BEAN ] TG (P22 D e . DUVE 0 — A Sefp], — 28R
H DA A S O B Ao 2 05 AT A P D A 22 52 T RE A SR R PR 40 2K, s i < 8k PO
AT 7R e TR FOAE TEAE 1) S I ok 3 BUR GL2h RE IR R B+ H KA iiE . H AT, M TR 7T
AU SXFE R AR R GEDIRERIIG T B P A PR o PHE, V3R T 25 R MA SR
fe b BT, WAREU) TR B R SO IR AR 2 R 040 Ml AL VRIZh BE I T i

ZEARE

[0003] A< Jx BH I — 26 S 5 XA 4 28 i /) RNA (microRNA) 1) A H T 7E 4 A1 B &
WIEFEEHE 3 2 ge MR 4 s E e 7L R R A G, BEEAR T
miRNA—124 .miRNA-137 F1 / Bk miRNA-O%, IX 4 miRNA [ IA =4, & X 24 miRNA [ Zh B
Joff (functional elements) )70 FFIL G, HA R B FHAS R PR A SCHT i (1) S e 5
Jti 77 2 HAEAEBRARTR T . A B ) — 2o St 77 2t A 3 3R 1 5 2 40 B i ¥R 97 25 T
I CAYR Y7 R L3l 400 400 0 R » AR AEAN PR T, AT BEAE L& U7 T 3 204l fu sk R 4 Dh e P
KA R A SR -

B3 =133 AR

[0004]  IRLAEKs 2 HE B BN Al i 25 081 7 i A4 e I ) — 8 st 7y X, o L st 7 A
{FAE BRI, TR

[0005] &I 1 & s A K Rl A Bk 6 R mi RNA T mi RAN-124 8] miRNA-137 #£34¢ 3.5 FlI
9 KA NMSC =23 E1% (%1%, bright fieldimage) .

[0006] & 2 /& 7% miRAN-124, miRNA-137 F miRNA-9% 7E MSC "5 S04 To kR 10 (5 e
TR

[0007] & 3 o/~ FH IR miRNA %% 4241 a5k F DMEM AL 35 1 & A S BN E g5 3

[0008] [ 4 575 FH X 8 miRNAmiRAN-124 5% miRNA-137 #64% (Zh4 ) Jg i RGeS 11
MSC (cord derived MSC) gk,

BELiEAR
[0000] S WY ) — L85 Uy sURL AT I L By RNA (mi croRNA) ( “miRNA”E“miR”) 1M H]
MRS AR N ZEFE RS & 2 REMESL A ( “MSC”) MM e LI T ik R G £

4
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W, O FEEARPR T, mi RNA-124 1 / B mi RNA=137 .1/ B mi RNA-9%, 3X 46 mi RNA ({3 15774,
DL R B A 1K e mi RNA [ D BE JTAF (1) 4 T FNALG 4, ABAS R B AN Jaj R A SC BT (1 78 L
St 77 20 BXATAR SE il 77 SO AE AT . AR BRI — e sl 77 B S X A2
S TR TT V89T LW A0 A VR T 48 29 T, AR EANR T, n] AR AE
B 7 T A M B R G D) RE PR AR M R B o A28 ST 7 A, 44k ) MSC
X R S, A/ ST = AR R4 i, AT DB R 45 T BT B 1R T A R R B BRI miRNA
BRCHIXFE 1) mi RNA 53 (11 734k MSC, il FH 677 A58 1R Y 9 40 o 2 2R B B 1 A o

[0010]  IRATCAH T E R & AL miRNA B85 5521803 T MSC B K M4 0 /3 4k
T T A7V G, X 22 il RIS R AR, BEMEARR T, M4BT M
HELFFBERI o KPR 21 W] VRS AL 30, AR T o BRI, AT C 2 kI
IXFE miRNA LA R I = AR [ 22155 5 10 MSC RGBT A H , B 7 e ml Be I 0% ‘B AT e a2 51
TRAEIRT L84 h e g 28 22 B4 SO R R

[0011] A% B i — 2652t 77 AU FE M miRNA-124.miRNA-137  H11 / 8% miRNA-9% [ 3 FH
AR IE T T MSC AR 0 LI i R G F1 / BRALG ), (BASER T3k MSC /2 it A Hh D)
ERARAIREE (10000 NMHRZAEMA L 1A ) SR HAF 75 T B AF B i 0 1 o VR 2 SR U 4
e (mesoderm—derived cells) . MSC &5 7340 F= A= 40 e, G- BESE L 178 B 7 ~ B B A1 AR
B o IXLE i n] REML H A S A PZ T \ BRI — FEAE IR e IX B TS S .
Bk, IX Eedn o n] fep 0k — 0% B Rk sl ok 5 AR K P AR AN R AL A 3T B R AR
FRRE 2 M OB R i R 1

[0012]  FESEISBNYIREAY rh DL K el AE A0 PR I PR SE 56, MSC 48 W7 HHAE - Fif s 48
TR ThEe o R ITTAEA . ENIER E B IR T A 2 5597 Th e . E5E5
MBSt g ( “EAE”) H, 2 & MHREAE ( “MS™) RIS, F &l kI8 1 MSC 4b
/NG R TR IR B E] . —SEREROER, B T A S R B A, 1K e
(R4 28 53 AN A T G ot e ik PR 25 A s G i 1 e AN va T R

[0013] 75 FR AT I B 58 A, FRATTAS I T = Ff #f 28 5T — AH 5K 7% miRNA, Bl miRNA-124,
miRNA-137 FI miRNA-9% % A MSC 734k [ 550 o 3% 48 mi RNA %5 £F MSC P IE % %3k . AT RN
miRNA-124.miRNA-137 BE miRNA-9* [{3R 1K1 T T MSC IFHEE TT 04k, 1IE N4l T 22 BL L
B ITT- /& 85 (R0 MAP2 (1R 538 =1 T FE 7R ) o miRNA-124.miRNA-137 Il miRNA-9%* 5| fi%
AR BRI 3E I, IX W 7R 78 MSC [ 2 LR RE R ALK 734 . miRNAL24 BT f& (HTHR miRNAL24,
pre-miRNA124) [FIEEFRZ — 20K B AP 28 o R R S A REST. FRATTHI &5 R Bn e
TG — AHICPE miRNA 7] P75 S MSC (K28 e/ 4k, F T IEMZRIBAT PE R Pt R E R AL LA
KB BEIAG I T4 T VA iR . HIE AR K R A A B S S GBS /4L (transient
differentiation) AHES, miRNA IR IL TIRA T7 K — MU ST (REBE AR 5K
FREZE TEAY AL MSC A fsuE Hh I8 miRNA A1, SUIX ASMie, 55 3-8 B B C B Bk IE
[ MSC BB K ' A 1S MSC R RIAT PR AR B <3 B 4l B i 22 o6 o AL et AR B 1
S 40, ool H TRy KE S oih 2 8O A X RSRE s R maa & al. X
YE R —ANS45], MSC REMS b i ok MR T 25 B IR I 2B AT 1) 2%, LA S H B I (cord blood) BX
HEBLIEAT 4, (AR T o MSC FEACIR) B0 922 B 1tk o] AR BEIR ¥ (of £ the shelf) Bk
I [/ P B8 0 B T 0 o o 1) S PR b 2 e (A R T P TR CBUE R A BRI 52461 ) i

5




CON 102666855 A % OB B 3/13 7

Do (essential enzymes) BB T4 (essential products) FISERIEGRSMNT]
AL R o

[0014] (A& ) ASBRFALAEAS SCH 8RO T St 7 3K HANAEAE R AT S 7t 7 X
BARIHGT , AR B — e 5 7y XA -

[0015] 1. MSC [ #f 28 70 43 4k, JL 2 ik 8% 9% sl 2 2 88 F miRNA, 6 #6 H A R F,
miRNA124 A1 / 5 miRNA137 . F1 / B miRNA-9%,

[0016] 2. FHIXFERT miRNA Xf MSC F%E 4,

[0017] 3. BEAEARSNE S ML TC /LI MSC 25T G M4 R G 45405 BOBOm I 32 il s/ /
513

[0018] 4. ¥4 FHIXFEM miRNA %5 Y211 MSC 24 T 5B M4 R G 304 B s (152383

[0019]  7E — 285 i 75 =, bifi 5 MSC ] # 28 7 1€ 7] 75 3R %) %% 43 4 (reproducible
transdifferentiation), MSC (VAT FHIR RERE AL (RS Bt N BRAF A JE, AT B EE (fUE
R FELESIAG] ) 0T o I A E A AT (TR T, R PR IR AT P 2R L AU A M ) R
AIE (“ALS”) 2 RMEREAAE (“MS™) DLAAH RIS B A48 TT B MR T, (EAR T Ik IE
TEIFAT WG AR 5 CL 22 32 BH MSC 55 P9 v 5 R i an v e 6% 30 20 D53 MIS 78 38 v 2 5 1) I
IRERIN, HAT ALS S5 8 B R T o IXAERIR R 7082 0E 1 LU GRS, B MSC #5 P v 55
A PR A2 e A R I AR DRLA Bl A B ) SR R AN AR R E R RE R . BRIk,
MSC 1148 By 32 TR e AR T TR 9T KB ph e 1AL — D Bh@ 4, o, e il #h, MSC
REBE WS T M oo sl /D R AN O AN / sk EENE 75 T R A6 09T 40 i ph 48k AR K 20 WA R -

[0020]  SZjif

[0021]  $RAEA R BH 1285t 7 20K AR S, (H FF A2 B0 AR B IR T AR AL H
T 1) 8 L szl g X HANATAE T AR S e X BAR TG

[0022]  7#/)> RNA

[0023]  43/INRNA (“miRNA”) ARFK — IR /NI (PR —SegERR M 5248, 19-23 V%
TR ) AEGRAS RNA, JLIE L RNA T8 ( “RNAL”) SRARAE A m s s 58 G R YT ER . miRNA
FE T HAME R R U mRNA, HoAv 5 mRNA W2 (522 5 #h (perfect complementarity))
BB PEHAP (translation repression) (#43 HAM ) . miRNA CLEEIESEAE K T EH
YER, AT DA A T 22 37 DR 1 0 M i 32 1R S8 3 8 9 11 25 A 11 25k DR 4 o A1 i
EH .

[0024]  MSC 341 (manipulating) M8 70T BB A AE 73 A0 Tk b D i 2 PR 3R 1k
PP BRI . AT 75 SR 40 Y mRNA AR A B 203 o — 2R IR RN 2 1 2
/INRNA, — AN/ (2531 B9 ) RNA B2, o oA A 488 A RNA T4 42 B ot (elements)
TERE S5 IS A gmhd 2R A 221K - mi RNA T] BEFE 40 i 73 A0 ke B VE F , ER R e A0 140 1ol
[ B ER A R e A R E R

[0025] V&

[0026] & T #fi5€ miRNA-124 . miRNA—137 I miRNA-Qs %f MSC 734k (K520, FAILE 4-12 BL
(passages) H KA I LE40 fu i) = FhASFEI 5. 5 MSC 4l i ¥ 45 T DMEM+10% FCS | 24hr,
SR S5 TR =i miRNA (8 33807 51) (90U RNA A% HF IR RN BH MR o IR A% P i e 4 i A
[¥) miRNA #1°F -
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[0027]  Dharmacon EHI=4) .

[0028]  MI0000443/MIMAT0000422— A

[0020]  JEEMIATA /

[0030] -

[0031]  hsa—miR-124 [MIMAT0000422]

[0032] Rk :

[0033]  hsa—miR-124-1[M10000443]

[0034]  HHLIE -

[0035] A

[0036]  fRFTH -

[0037]  UAAGGCACGCGGUGAAUGCC (SEQ ID NO. 1)

[0038]  MI0000454/MIMAT0000429— A

[0039]  JEJEMIRIA / B

[0040] Rl -

[0041]  hsa—miR-137 [MIMAT0000429]

[0042]  HIA :

[0043]  hsa—miR-137[M10000454]

[0044]  HHLIA

[0045] A

[0046] T4

[0047]  UUAUUGCUUAAGAAUACGCGUAG (SEQ ID NO. 2)

[0048] miRNA 9% J5%)

[0049]  AUAAAGCUAGAUAACCGAAAGU (SEQ ID NO. 3)

[0050] miRNA 9 #if)

[0051]  UCUUUGGUUAUCUAGCUGUAUGA (SEQ ID NO. 4)

[0052] 3 KJ&, ¥4 Mo 24b 75 B27 IRt k7 2L (NeurobasalMedium, NB) 1.,
MM TSR 24 DB I — K, HAEFCY 5.7 F1 9 K50t Sz 58 e ge ta 85 (R ED 125 53 H7
Bl SERY PCR R TChRiCHEAT 0T VR AR T LT S IOBH X, FeAi 148 @ 1L Shh,
FGF8 1l bFGF [0 £ I3 1 40 A o

[0053] 45

[0054]  miRNA—124. miRNA-137. il miRNA-9% {3k MSC [{AH & T 4ke B 1 AR = 2E4H
UGS BRI /S RSB (K s o ] 1 BT 718, B miRNA-137 .miRNA-124 8] miRNA-9% %
0 W 1) B AR G T2 /NN B 2D 40 B S E HA 3 40 iR TR A S04k o FH miRNA-137 X
MSC [\ 475 G T POl AR B 578 40, HATIRAN 3k 1A 83 41 etk (compactcell
bodies) HHLII w25 5038 Y FNIAG F K i oK K 58# 2 (elongatedprocesses) » mi RNA—124- %
YLIR 40 N AT 40 B gE DL R B 7 A T A M S A 7 1 2 R A R R A KSR K
i (elongated cell)  HA 2 AN S A /N0 MO At - 1 A2 R 40 i o X6 R mi RNA %% e
(%) 240 Ff0 5 0] FR A A B F 40 B8 A0 o A MR M, mi RNA—137 [ FH L GF (946 i 58 ekt HL 5 B 5
29 90% miRNA-137 YL 40 f s M obas.
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[0055]  miRNA—124.miRNA—137 il mi RNA-9 }8 fil MSC t 48 TobRic (K ik e A T 546
U miRNA=124 miRNA=137 Al miRNA-9% Xf #2703 AL IR REM , BA TR 1 At T4 bR i
HEA (nestin) EEAHIARIC GFAP FIAPLE JChRIC B TTT- 0 8 1 LA K s S B R AL B 1)
FKik. MMAAIER miRNA 4 4o F] DMEM Bifh 28 35 s 72 5% +B27 4b 3, 5 K5, HEH
mRNA [ 34848 SEI PCR I 52 , H 41785 (9 GFAP, B T11- 1 8 A AR S B AL B 1 6 1A 7
AbEE 9 K JE il i B B R ENE A MRS . 25 SRR R A P AEAH LGS R EAAFSER . B 2 B
INEEGE B R, WISEIS PCR N ZE 1), HLET I mRNA K& . AH &, FASEK miRNA % 4¢ 9 R
Jo, AR IR B TT1- 548t (A (AR KB 0, AR T A 42 31 S8 1 8) GPAP (MR . b4k,
AT IR miRNA-137 il mi RNA-O 75 3 28 IR FR AL B 18 (1) R & 19 0, 2R 11 7F miRNA-124 ¥
YL 40 i oS B /AN G I . 706 B mi RNA 5% LR 40 e T, T A X SRR IO ) e 1A A A
TE B 7] ZBEANTT

[0056]  miR-9% iF% G MSC 1 £ E i REAR LA, B IR LA . P¥ 3\ 7~ MSC &4 1) miRNA
gLl H DMEM AL38 J5 8 B BT ENE S5 2R 9 KJa, i 5 1 J5T B8 43 B R i 1 2 R e A Il
Kiko FRFIR N EAIG R TAAFE L. 75 MSC H, miRNA-9* 5 5 £ UL B brid
W, B 2 R R A o

[0057]  FRATKI4E FAF 55 miRNA-124 .miRNA-137 F1 miRNA-9% 75 5§ MSC [ # 4 T 404k, R
FEFRAT AR b B UATRFEE (TS ) o miRNA-137 i 5 S PR AR (A 5UR,
PR T AN BRI R SURE AR ( [RIJEAEA, homogenous population) . B2 BRIZALBEAEIXLE
0 M b R KT BRI IS 7RI A i s 2 LR RE R 2T

[0058] L% HA miRNA— AL BT 40 AR LL, miRNA-124 915 S 402 oo /0 4k, dn il i & KT 1
BITI- P EEAFTIER . fERATIBFFI, XML [ T RIEBACAK I 2 BRI AL
ARV A BER . WA AL T 2R AL o4k, Wil i GRAP RIS G Bl 2 117 o

[0059]  [tAN, ALEH 5 K S5, AT miRNA &R 5 [ T Sak B AR B R BRI 0, 2 i ph e T
0 M FF B A 22 AR 4 B AN M ) A2 B MSC 1] NSC B0 NPC R 40 i 1) 32 428 43 A ] ke ik — 25 )
FH 5 CAIE A FH Ry 2 2 s PR B AE A DRl (R0 2 2 4 3K S0 0 T A oA AN [ ) 22 T 40 i
REHAANFREFMEIT,

[0060]  miRNA-124 Fl miRNA-9% CLHEHRIE 2 S u b Rima s b K. AR, A —
TRARE UESE T miRNAL3T7 A4 22 [ 588 41 JL R NSC A48 T /A R RZ M o SR T, T i
miRNA X MSC AR 22 70 704k FIPE A, LA 7 tH miRNA124 F1 mi RNAT37 A HA R e 2 284 1) i
LI I . AN, WA R IX L miRNA A A — AN 1T i S AT NSC/NPC 2 284 1 40 i
[0061]  miRNA—124 F1miRNA-137 % G 5 i F1 T 417 K P 1) MSC (cord derivedMSC) H 128 70
Sk Hg I REE A5 SRR ) MSC X HE miRNA miRNA-124 Fll miRNA-137 354%, iX K400 115 Hié
MSC (& 4) ,

[0062]  Jiig /Uy >k Ut ¥y MSC 1) il & < A I >k 5t 1 MSC i ik A K BB B30 18 B W g i 3115 . 4
100-200m1 W 442376 7] AR 7 48 WL AN v o 23 B MSC B A LT i Cy tord 7 B s Ab 7
T IR A8 W 020 AL BEANLR R, LRt BE R YR 1K MSC iR 1 A,

[0063]  AJBFair MSC il e& B i N e s 75 th A2 J5 3R 18 (250 RERI &) HAE 4°CAE DMEM
IR . BRI I HB ) 78 PR 2R (4R G (Wharton” s jelly)) YIE/INHE, 250 X g
B0 bmin &, FTIA LR H] T2 M35 DMEMYEVE, £E 37°C IR R BEAL #E 18h, B f5 7E 37T°CHI 2. 5%
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JR R B A 30min,e JITIREE 53 B 1K) MSC 765 X0 B BE U5 1) MSC ik i AH AL 45 At T 2 —
LIy R E o

[0064] 12K/, & HUmRNA, HA%FH Sy PCRIINSE b3- 1%t A MG %K ZER] (house keeping
gene) S12 BI7K .

[0065]  FAIIHIZE R (Kl 4) iESE miRNA-124 Fl miRNA-137 ANNAE B #Ek I 1) MSC it fE
JIgE 1D 2R Z5R i ISR U 1 40 B s SR o k. PR JehRId B TTT 3078 8 1 /F miRNA 4k
PR Mo 415 T o IR LB RS I B — MR B SRR B BERIE K MSC
C BREF R EHE A, H C& s h A AR Ik 20 41 A B0 It o i 105 R U 1K MSC B4
RHEIA , {H A2 REAE K B AR, FLIFE 7 4 fe g LR AN T7 A 5 s, eI TR 245
W AR 2 1) e A B IAH M (genetic compatibility), BRI A 133,

[oo66] £ mi RNA HI{A A GDNF FJFOR (A2 T GDNF LA £ EUR e M 22 TU A »
PRI AR EE T AE 5 FFIE 3 1 T 5 GDNF —i2 L3R 1% miRNA-124 AT /ASL miRNA-137 Rijfk
) S5k o

[00671 & T 4y 5 % [£# (step by step cloning)GDNF T premir # & (K H
SystemBiosciences [ CD-511 1 8% PCDH-CMV-MCS—-EF1—copGFP) , fii& T Il Fe 5 B8 Fll v [ it
& miRNA HT & GDNF 2R [FFE P LUK FE B mi RNA [RIFE P, (E I FAS BT 00 AE e AR i 1) 51t 5
2 HAEAEXAE A St 77 2 BRI 5

[oo68] A JEFUAm MU A 228 JR I 5~ ( “GDNE”) BEHR K] cDNA M Origene 3f%. AT
¥ GDNF 5a[iE & premir 124 F1 137 Z4& (System Biosciences) H1, %X GDNF ORF [ EA
Xhol It Sall BRI BEH AL G KIS | Bt Qs

[0069] [F[f] :cacc ctcgag (Xhol)atg aag tta tgg gat gtc gtg get gte tge (SEQID
NO. 5)

[0070] Jx ] :aaa gtcgac(Sall)tca gat aca tcc aca cct ttt agc gga atg(SEQ
IDNO. 6)

[0071]  PCR 2 J&, 15 ¥E GDNF DNA =4, 4R Ja Fl Xhol A1 Sall yH4k, HLFFVIEBE DNA, 7= AE 7]
S7BIEEAT 5O R 9 GDNF ) DNA

[0072]  TEIAFH LT 514904 Xhol BRI s INE] premir 124 Fl premirl137 ik .
[0073] 1F[1] :gac gcc acc atg gag age ctc gag (Xhol)age gge ctg ccc gee (SEQID
NO. 7)

[0074]  Jx|r] :ggc ggg cag gcc get cte gag(Xhol)get cte cat ggt gge gtc (SEQID
NO. 8)

[0075]  GFP JEEAIE i A% A PR Xhol T Sall 1 A premir 124 Fl 137 #efhrh 2B, 28
SRR BT A

[0076]  GDNF 5 premir 124 fll 137 8 IARIER: (1igation)  KEERKIFORI#E N One Shot
Top 10 4L . Al/MEMPRE (nini prep) AP G, IR 7R sa i ik £ A
premir 124 F1 137 Bk

[0077] 3 i fd H Xhol M1 Sall Ji 4k JBUkE AT AS W) GDNF 14 A 4K Ja Wl 7 B 3k ki .
miR—124 F1 137 (74 LA K premir Z AR E2ZE (backbone) :

[0078] MiR-124 .
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[0079]  GAACAAAGAGCCTTTGGAAGACGTCGCTGTTATCTCATTGTCTGTGTGATTGGGGGAGCTGCGGCGGGE
AGGATGCTGTGGTCCCTTCCTCCGGCGTTCCCCACCCCCATCCCTCTCCCCGCTGTCAGTGCGCACGCACACGCGCC
GCTTTTTATTTCTTTTTCCTGGTTTTCTTATTCCATCTTCTACCCACCCCTCTTCCTTTCTTTCACCTTTCCTTCCT
TCCTTCCTCCTTTCCTTCCTCAGGAGAAAGGCCTCTCTCTCCGTGTTCACAGCGGACCTTGATTTAAATGTCCATAC
AATTAAGGCACGCGGTGAATGCCAAGAATGGGGCTGGCTGAGCACCGTGGGTCGGCGAGGGCCCGCCAAGGAAGGAG
CGACCGACCGAGCCAGGCGCCCTCCGCAGACCTCCGCGCAGCGGCCGCGGGCGCGAGGGGAGGGGTCTGGAGCTCCC
TCCGGCTGCCTGTCCCGCACCGGAGCCCGTGGGGTGGGGAGGTGTGCAGCCTGTGACAGACAGGGGCTTAGAGATGC
(SEQ ID NO.9)

[0080]  MiR-137 :

[0081]  CAGCACTCTTCTGTGTTAAGTATTTGATTTTGTGATTTGTCTTTCAGAATTGGAAATAGAGCGGCCATT
TGGATTTGGGCAGGAAGCAGCCGAGCACAGCTTTGGATCCTTCTTTAGGGAAATCGAGT TATGGATTTATGGTCCCG
GTCAAGCTCAGCCCATCCCCAGGCAGGGGCGGGCTCAGCGAGCAGCAAGAGTTCTGGTGGCGGCGGCGGCGGCAGTA
GCAGCGGCAGCGGTAGCAGCGGCAGCGGTAGCAGCGGCAGCGGCAGCTTGGTCCTCTGACTCTCTTCGGTGACGGGT
ATTCTTGGGTGGATAATACGGATTACGTTGTTATTGCTTAAGAATACGCGTAGT CGAGGAGAGTACCAGCGGCAGGG
GGGCAGCGGCCGCCCTCCCCAGCCCACCAGCTGGCCACTAAACGCCCGTGGTTGCCAAGGTAGCACTTTCTTGTTCT
TTTCATTTCCTCGGGTGTTTTCGCACTGGT TCCACCGGAAAGGCTGTGCGCTGCGCCTCTGGTGACCAGGACTGGA (
SEQ ID NO. 10)

[0082]  JTB A igkik (CD-511_1) WIF41

[0083]  fif & (LOCUS) (CD511B 1 pCDH CMV_7544bp ds—DNA ¥f# 16-DEC-2008 :

[0084] ENX

[0085] BT

[0086] KA

[0087]  fi

[0088] A HLIL

[0089] VIR

[0090] V¢ ApEinfo : F3EA4L, «1

[0091]  FFAiE frri /&M (Qualifiers)
[0092] AR VAZEHIFFIE (misc feature)2315. . 2764
[0093] / ¥ric= EF1 j3zh 1

[0094] /ApEinfo_fwd ZJifh =5 4% (0

[0095] /ApEinfo_rev Eifh =2%4¢ 0

[0096] MAVHZREIEE 2765, . 2789

[0097] / Frid= EFL JAzh¥ (1)

[0098] /ApEinfo_ #rid= EFl B3l T
[0099] /ApEinfo fwd il =5 &k (0

[0100] /ApEinfo_rev Fifh=24¢ {0

[0101] AR FEMUFEME  2874. . 3629

[0102] / Fric.= copGFP

[0103] /ApEinfo_fwd Zita = #00fT00
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[0104] /ApEinfo_rev Fifh=4¢(0

[0105]  FARIARMIFFAE  3639. . 4229

[0106] / #ricd = WPRE

[0107] /ApEinfo fwd Fifh =5 & (0

[0108] /ApEinfo_rev Fifh=4¢(0

[0109]  WARVAZEAHRME  2790. . 2860

[0110] / bRid= BF1 3T (2)

[0111] /ApEinfo_fric= EF1 53+

[0112] /ApEinfo_fwd Bith =4

[0113] /ApEinfo_rev Bl =54k0

[0114] AR IE 2765, . 2789

[0115] / Fric= EFfwd 5|4

[0116] /ApEinfo fwd Bift = #ff80ff

[0117] /ApEinfo_rev Fifh=4¢(h

[0118]  WARVAZEAIHRME  1922.. 2183

[0119] / Frid= CMV

[0120] /ApEinfo fwd Bift = #ff80ff

[0121] /ApEinfo_rev Fifh =24t

[0122] AR FBEME  2272..2314

[0123] / Frid= MCS

[0124] /ApEinfo_fwd Eift= #8000

[0125] /ApEinfo_rev Eifh =20

[0126] M ARVAZEAIE  2205.. 2271

[0127] / FRic= CMV (1)

[0128] /ApEinfo_ FRrid= CMV

[0129] /ApEinfo fwd Bift = #ff80ff

[0130] /ApEinfo_rev Fifh=24¢ {0

[0131] AR FBMFME 2184, . 2204

[0132] / kric= DAB 90 1EJ7 5|4

[0133] /ApEinfo_fwd ZJifh =5 4% (0

[0134] /ApEinfo_rev Eifh =2%4¢ 0

[0135] Y&

[0136] 1 acgcgtgtag tcttatgecaa tactcttgta gtcttgcaac atggtaacga tgagttagca
[0137] 61 acatgcctta caaggagaga aaaagcaccg tgcatgccga ttggtggaag taaggtggta
[0138] 121 cgatcgtgee ttattaggaa ggcaacagac gggtctgaca tggattggac gaaccactga
[0139] 181 attgccgeat tgcagagata ttgtatttaa gtgcctaget cgatacaata aacgggtctce
[0140] 241 tctggttaga ccagatctga gecctgggage tctetggeta actagggaac ccactgetta
[0141] 301 agcctcaata aagcttgect tgagtgettc aagtagtgtg tgecegtetg ttgtgtgact
[0142] 361 ctggtaacta gagatccctc agaccctttt agtcagtgtg gaaaatctct agcagtggeg
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[0143] 421 cccgaacagg gacctgaaag cgaaagggaa accagagetc tctcgacgea ggactcgget
[0144] 481 tgctgaageg cgecacggeaa gaggegagge geggegactg gtgagtacge caaaaatttt
[0145] 541 gactagcgga ggctagaagg agagagatgg gtgegagage gtcagtatta agegggggag
[0146] 601 aattagatcg cgatgggaaa aaattcggtt aaggccaggg ggaaagaaaa aatataaatt
[0147] 661 aaaacatata gtatgggcaa gcagggagct agaacgattc gcagttaatc ctggectgtt
[0148] 721 agaaacatca gaaggctgta gacaaatact gggacagcta caaccatccc ttcagacagg
[0149] 781 atcagaagaa cttagatcat tatataatac agtagcaacc ctctattgtg tgcatcaaag
[0150] 841 gatagagata aaagacacca aggaagcttt agacaagata gaggaagagc aaaacaaaag
[0151] 901 taagaccacc gcacagcaag cggccactga tcttcagacc tggaggagga gatatgaggg
[0152] 961 acaattggag aagtgaatta tataaatata aagtagtaaa aattgaacca ttaggagtag
[0153] 1021 cacccaccaa ggcaaagaga agagtggtgc agagagaaaa aagagcagtg ggaataggag
[0154] 1081 ctttgttecet tgggttcttg ggagcagecag gaagcactat gggecgecagee tcaatgacge
[0155] 1141 tgacggtaca ggccagacaa ttattgtctg gtatagtgeca gecagcagaac aatttgetga
[0156] 1201 gggctattga ggecgcaacag catctgttge aactcacagt ctggggeate aagcagetce
[0157] 1261 aggcaagaat cctggctgtg gaaagatacc taaaggatca acagctcctg gggatttggg
[0158] 1321 gttgctctgg aaaactcatt tgcaccactg ctgtgecttg gaatgetagt tggagtaata
[0159] 1381 aatctctgga acagattgga atcacacgac ctggatggag tgggacagag aaattaacaa
[0160] 1441 ttacacaagc ttaatacact ccttaattga agaatcgcaa aaccagcaag aaaagaatga
[0161] 1501 acaagaatta ttggaattag ataaatggge aagtttgtgg aattggttta acataacaaa
[0162] 1561 ttggctgtgg tatataaaat tattcataat gatagtagga ggcttggtag gtttaagaat
[0163] 1621 agtttttget gtactttcta tagtgaatag agttaggcag ggatattcac cattatcgtt
[0164] 1681 tcagacccac ctcccaacce cgaggggacc cgacaggece gaaggaatag aagaagaagg
[0165] 1741 tggagagaga gacagagaca gatccattcg attagtgaac ggatctcgac ggttaacttt
[0166] 1801 taaaagaaaa ggggggattg gggggtacag tgcaggggaa agaatagtag acataatagce
[0167] 1861 aacagacata caaactaaag aattacaaaa acaaattaca aaaattcaaa attttatcga
[0168] 1921 tactagtatt atgcccagta catgacctta tgggactttc ctacttggeca gtacatctac
[0169] 1981 gtattagtca tcgctattac catggtgatg cggttttgge agtacatcaa tgggegtgga
[0170] 2041 tagcggtttg actcacgggg atttccaagt ctccacccca ttgacgtcaa tgggagtttg
[0171] 2101 ttttggcacc aaaatcaacg ggactttcca aaatgtcgta acaactccge cccattgacg
[0172] 2161 caaatgggcg gtaggegtgt acggtgggag gtctatataa gecagagetcg tttagtgaac
[0173] 2221 cgtcagatcg cctggagacg ccatccacge tgttttgace tccatagaag attctagage
[0174] 2281 tagcgaattc gaatttaaat ggatccgegg ccgcaaggat ctgegatege tceggtgecece
[0175] 2341 gtcagtggge agagcgeaca tcgeccacag tccccgagaa gttgggggga ggggteggea
[0176] 2401 attgaacggg tgcctagaga aggtggegeg gggtaaactg ggaaagtgat gtegtgtact
[0177] 2461 ggcteegeet tttteccegag ggtgggggag aaccgtatat aagtgecagta gtegeegtga
[0178] 2521 acgttctttt tcgcaacggg tttgccgeca gaacacaget gaagettcga ggggetegea
[0179] 2581 tctectectte acgegeccge cgecctacet gaggecgeca tccacgeegg ttgagtegeg
[0180] 2641 ttctgccgee tececegeetgt ggtgectect gaactgegte cgecgtetag gtaagtttaa
[0181] 2701 agctcaggtc gagaccggge ctttgteegg cgetecettg gagectacet agactcagece
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[0182] 2761 ggctctccac getttgectg accetgettg ctcaacteta cgtetttgtt tegttttcetg
[0183] 2821 ttctgegecg ttacagatcce aagetgtgac cggegectac getagacgece accatggaga
[0184] 2881 gcgacgagag cggectgeee gecatggaga tcgagtgeeg catcaccgge accctgaacg
[0185] 2941 gcgtggagtt cgagetggte ggeggeggag agggeaccee caageaggge cgeatgacca
[0186] 3001 acaagatgaa gagcaccaaa ggcgccctga ccttcagece ctacctgetg agecacgtga
[0187] 3061 tgggctacgg cttctaccac ttcggeacct accccagegg ctacgagaac cccttectge
[0188] 3121 acgccatcaa caacggegge tacaccaaca cccgecatcga gaagtacgag gacggeggeg
[0189] 3181 tgctgecacgt gagcttcage taccgcectacg aggeecggecg cgtgategge gacttcaagg
[0190] 3241 tggtgggeac cggettecee gaggacageg tgatcttcac cgacaagatc atccgeagea
[0191] 3301 acgccaccgt ggagcacctg caccccatgg gegataacgt getggtggge agettegece
[0192] 3361 gcaccttcag cctgcgegac ggeggetact acagettegt ggtggacage cacatgeact
[0193] 3421 tcaagagcge catccaccce agcatcctge agaacggggg ccccatgtte gecttecgee
[0194] 3481 gcgtggagga getgecacage aacaccgage tgggeatecgt ggagtaccag cacgecttea
[0195] 3541 agacccccat cgecttegee agatccegeg ctecagtegte caattectgee gtggacggea
[0196] 3601 ccgeceggace cggetecace ggatcteget aagtcgacaa tcaacctctg gattacaaaa
[0197] 3661 tttgtgaaag attgactggt attcttaact atgttgectce ttttacgeta tgtggatacg
[0198] 3721 ctgectttaat geetttgtat catgetattg cttececgtat ggetttcatt ttetectecet
[0199] 3781 tgtataaatc ctggttgetg tectctttatg aggagttgtg geccgttgte aggecaacgtg
[0200] 3841 gcgtggtgteg cactgtgttt getgacgecaa cccccactgg ttggggeatt gecaccaccet
[0201] 3901 gtcageteet ttecegggact ttecgetttee cecteectat tgecacggeg gaactcatceg
[0202] 3961 ccgectgeet tgecegetge tggacagggg cteggetgtt gggeactgac aattecegtgg
[0203] 4021 tgttgtcggg gaaatcatcg tcctttectt ggetgetege ctgtgttgee acctggatte
[0204] 4081 tgcgegggac gtecttetge tacgtecett cggecctecaa tccageggac cttecttece
[0205] 4141 geggeetget gecggetetg cggeetette cgegtetteg cettegecet cagacgagte
[0206] 4201 ggatctcecet ttgggecgee tcccegeetg gtacctttaa gaccaatgac ttacaaggea
[0207] 4261 gctgtagatc ttagccactt tttaaaagaa aaggggggac tggaaggget aattcactcce
[0208] 4321 caacgaaaat aagatctgct ttttgettgt actgggtecte tctggttaga ccagatctga
[0209] 4381 gcctgggage tctetggeta actagggaac ccactgetta agectcaata aagettgect
[0210] 4441 tgagtgcttc aagtagtgtg tgccegtetg ttgtgtgact ctggtaacta gagatcccte
[0211] 4501 agaccctttt agtcagtgtg gaaaatctct agcagtagta gttcatgtca tcttattatt
[0212] 4561 cagtatttat aacttgcaaa gaaatgaata tcagagagtg agaggaactt gtttattgca
[0213] 4621 gcttataatg gttacaaata aagcaatage atcacaaatt tcacaaataa agecatttttt
[0214] 4681 tcactgcatt ctagttgtgg tttgtccaaa ctcatcaatg tatcttatca tgtcetggete
[0215] 4741 tagctatccc geccctaact ccgeccagtt cegeccatte tcecgeccecat ggetgactaa
[0216] 4801 ttttttttat ttatgcagag gccgaggeeg ccteggecte tgagetatte cagaagtagt
[0217] 4861 gaggaggett ttttggagge ctagactttt gcagagacgg cccaaattcg taatcatggt
[0218] 4921 catagctgtt tcctgtgtga aattgttate cgetcacaat tccacacaac atacgagecg
[0219] 41981 gaagcataaa gtgtaaagcc tggggtgect aatgagtgag ctaactcaca ttaattgegt
[0220] 5041 tgcgetcact gecegettte cagtegggaa acctgtegtg ccagetgeat taatgaatcg
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[0221] 5101 gccaacgege ggggagagge ggtttgegta ttgggegete ttecgettee tegetcactg
[0222] 5161 actcgctgeg cteggtegtt cggetgegge gageggtate agetcactca aaggeggtaa
[0223] 5221 tacggttatc cacagaatca ggggataacg caggaaagaa catgtgagca aaaggccagce
[0224] h281 aaaaggccag gaaccgtaaa aaggccgegt tgetggegtt tttccatagg ctcecgecccee
[0225] 5341 ctgacgagca tcacaaaaat cgacgctcaa gtcagaggtg gegaaacccg acaggactat
[0226] 5401 aaagatacca ggcgtttcce cctggaaget ccctegtgeg ctetectgtt cegaccetge
[0227] 5461 cgcttaccgg atacctgtce gectttetee cttegggaag cgtggegett tctcataget
[0228] hH21 cacgctgtag gtatctcagt tcggtgtagg tecgttecgete caagetggge tgtgtgeacg
[0229] 5581 aacccceegt tcageccgac cgetgegeet tatccggtaa ctatcegtcett gagtccaacce
[0230] 5641 cggtaagaca cgacttatcg ccactggecag cagccactgg taacaggatt agcagagcega
[0231] 5701 ggtatgtagg cggtgctaca gagttcttga agtggtggce taactacgge tacactagaa
[0232] 5761 ggacagtatt tggtatctge getctgetga ageccagttac cttcggaaaa agagttggta
[0233] h821 gctcttgatc cggcaaacaa accaccgetg gtageggtgg tttttttgtt tgcaagcage
[0234] h881 agattacgcg cagaaaaaaa ggatctcaag aagatccttt gatcttttct acggggtctg
[0235] 5941 acgctcagtg gaacgaaaac tcacgttaag ggattttggt catgagatta tcaaaaagga
[0236] 6001 tcttcaccta gatcctttta aattaaaaat gaagttttaa atcaatctaa agtatatatg
[0237] 6061 agtaaacttg gtctgacagt taccaatgct taatcagtga ggcacctatc tcagcgatct
[0238] 6121 gtctatttcg ttcatccata gttgcctgac tcccegtegt gtagataact acgatacggg
[0239] 6181 agggcttacc atctggecee agtgetgecaa tgataccgeg agacccacge tcaccggete
[0240] 6241 cagatttatc agcaataaac cagccagccg gaagggecega gegeagaagt ggtectgeaa
[0241] 6301 ctttatccge cteccatccag tctattaatt gttgecggga agetagagta agtagttege
[0242] 6361 cagttaatag tttgcgcaac gttgttgcca ttgctacagg catcgtggtg tcacgectegt
[0243] 6421 cgtttggtat ggcttcattc agctceggtt cccaacgatc aaggegagtt acatgatccce
[0244] 6481 ccatgttgtg caaaaaagcg gttagctcct teggtectee gatcgttgte agaagtaagt
[0245] 6541 tggccgecagt gttatcactc atggttatgg cagcactgea taattctctt actgtcatge
[0246] 6601 catccgtaag atgcttttct gtgactggtg agtactcaac caagtcattc tgagaatagt
[0247] 6661 gtatgcggeg accgagttge tcttgecegg cgtcaatacg ggataatace gegecacata
[0248] 6721 gcagaacttt aaaagtgctc atcattggaa aacgttcttc ggggcgaaaa ctctcaagga
[0249] 6781 tcttaccget gttgagatcc agttcgatgt aacccactcg tgcacccaac tgatcttcag
[0250] 6841 catcttttac tttcaccage gtttctgggt gagcaaaaac aggaaggcaa aatgccgceaa
[0251] 6901 aaaagggaat aagggcgaca cggaaatgtt gaatactcat actcttcctt tttcaatatt
[0252] 6961 attgaagcat ttatcagggt tattgtctca tgagcggata catatttgaa tgtatttaga
[0253] 7021 aaaataaaca aataggggtt ccgcgecacat ttccccgaaa agtgecacct gacgtctaag
[0254] 7081 aaaccattat tatcatgaca ttaacctata aaaataggcg tatcacgagg ccctttegte
[0255] 7141 tcgegegttt cggtgatgac ggtgaaaacce tctgacacat gecagetcccg gagacggtea
[0256] 7201 cagcttgtct gtaagcggat gccgggagea gacaageccg tcagggegeg tcagegggtg
[0257] 7261 ttggcgggtg tcggggetgg cttaactatg cggecatcaga gecagattgta ctgagagtge
[0258] 7321 accatatgcg gtgtgaaata ccgcacagat gecgtaaggag aaaataccgce atcaggegece
[0259] 7381 attcgccatt caggetgege aactgttggg aagggegate ggtgegggee tettegetat
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[0260] 7441 tacgccaget ggecgaaaggg ggatgtgetg caaggegatt aagttgggta acgecagggt
[0261] 7501 tttcccagtc acgacgttgt aaaacgacgg ccagtgccaa getg (SEQ ID NO. 11)
[0262]  FeAiTAH X L TR 4% G [ MSC 43k GDNF HARIE &> miRNA. PRI, ML 2
ELZRE AR 2 T 73 WATKT GDNF U A7V 15 5 22 70 A R 40 B A Y U 22 R REAP 2 G
[0263] B[ S miRNA A3 . FE N MSC CARHRIEIL R & K2 R A 2 F ZH 2R
RAEPREE TR EH . HRHL, 7EMR SR s AL b, SN MSC L SR A%
i (engraft) NZHISURAE (striatum) Hve 7E—28SLjE 77 X b, (HAKR T 06, 75 S
miRNA F A4 IE BRI B AT, FEAE BT =% IR 18] £ A VEHRE S miRNA AR RIE 115 T o
I, MSC 4 4 2 miRNA JU RS 3y, HALKAE 24 80K P rh MSC # HE 2 /T B3R IS 1 AS 7] i )
AT ARIE o A T IR ST, BT CR W32 B miRNA FI44 (4 (1iving color), JfK
A Tet-on & %i (Clontech) H5GE A T (reporter) o XA RGLH I 5 5+ I
I R VFREE miRNA (53 (AR SR, Tl 58 ) & 2= (doxyeyline)) , BLAH A AR A%
miRNA FR7 40 M R 2558 o

[0264]  AEFEHL I, FATCLIUESE T miRNAL24 ., miRNAL37 Fll miRNA-9% i 5 MSC #7041k Ky
NSC/NPC LA K HA 5 e M2 e R A (miRNAL3T) MIFHZeiIRE ). HoE A4 0 miRNA, 401
miRNA-9 F miR218, 4 A] §EHi MSC FRI%% /AL A5 AN T8 04k o

[0265] 553 ik AR K PRl Ak BT S 1K R IS S AR A BG4 P miRNAL24 A8 T3 7 V0 —
A AL REREAE MSC AR e 2R ik miRNA RTAA, Hoks 5 iR KA 2004k

[0266]  FRATHIIFFT o n ML 6 — A miRNA W] % F 155 § MSC KA 28004k, F
TAEAMZIRAT M Z AL A BE 40107 b B T4 M 7 vk b, AR A — 28524, HomT i DAR i
TN

[0267] 1. JBid%/> RNA (miRNA-124. miRNA-137 FI miRNA-9x) ] MSC [I#HZE T oMk
[0268] 2. i@id miRNA-137.miRNA-124 FI miRNA-9% ) MSC FIHs 1t £ ELfcRE 04k s LA K
[0269] 3. it f/)> RNA 55 MSC [r] fit 22 4t i AY: Bl b 20 4H 40 B 4 i r e i 24k
miRNA Qe it 7 Lot & 1, Horp, 4l RE A A A P IR S R AR 40 R (PP
TG~ A TE A WA /D SEAR M ) B A FH 2 s BT 1 s AR 7 AR o2 A1 i 204 A R e PR
R, PR % RN HH miRNA FRIK (R 7K~F B G a5 o I ) 5 B 4 il

[0270]  miRNA #/904k MSC AR k58 040 7 M A Z0 e (uncommi ttedprogenitor cells)
AN [F] A4 22 0 48 I 1Y 8 7 43R FH G L0 48 O 757 22 it 22 5 1 A T e R0 355 i A
FElAZe 4 4 M B ZE W2 (obstructive lesion, “CVA”) GRS AKX AL R G
PR B M M AR SR [l i . A, B AR MSC R BAgE T B R 1 B 5 iz
PP ( “EAE”) 5 [ IR AR 23R AT M98 550 G < 0 PR B Bnl 7 o e B 92 9 B 2
ALS PR3 IRLAS BH R 1 o G, T8I 23 A0 IR MISC XA 28 D B 1) et th nT LLRE T 25407
PR TR AR A/ BRI ad i 25 OB AT P

[0271] I, 2R A TGRS A, miRNA-124 .mi RNA-137 T mi RNA-9s {i£33F MSC ({4204,
R &R R bR IL R A .

[0272]  — L5t 7y 201915 3 miRNA W] 44 B R 57 1) B 9T S BR 25 T R IR, 75 75 R Ak 2140
MSC FHUHA AR A A AR AN A S8 BRI PR A 100 25 7 YR ASE P07 25 4 T A N[ 22 4 8
TR R R ER AR A e R R . T ASCE R “ 25 R PR T AR A
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SR BT RN R I L8 2% LR DR 3 BT HRE o 1 AU X S B SR 1A R ) B AN R -, ZE 1A Y
A/ ARSI MSC I 73« FEATC R 5 AR A7 « BB AR 1Y 5038 B 5« BB A O 3 4 £ 7
HEPT I U HAN 53 P H e Fabr o

[0273] AR WIS it 77 T LLAVR ST S RGO A WG T & 1, He Al 1A
I B A I IR EOZFE I O MU (0 P8 K 8 N RE e DAL, £E— 285l oy 50, il A
AN Y S 7 25 mi RNA (RIS A5 B A 5 T 42 1 R e L s
ARG AGIR B 3%, AR EARR T, i A2 v o i) o % M 2USt Ty
A Tl Il Bl XL mi RNA (R4 FAN / s 7 1 £ AR A SR 7 S 48 4R A 1 23 4E
FHI T PR I )45 0 B0 s i R A7 TR ] USEBRR AT Fia 7, (HANBR Ttk PRIk,
LUy AR L e A MSC R PEMER AN / s S iy SR 5 SR L s
Bl CRASEAR T ) KA ST, SRR T g 8, A 8 A
Ly e

[0274]  AHIGIEAEE I/ SOE I RS 0] 225 80 R, B EAR T, 3C
R (presentations) HISEE LR, B R ARATIZAE I SCHR I 2 T 728 DLECRE AR T
AARHIEH S

[0275] VB L4 & L YL A m] 5 e it 77 O A A IEAT AR R , (EAS AU
FRIBCA N B3 BR AR 2, L6 AN TS 2 0 i B ASUR 5K B S 1K) A B RS o 0 9 T ) 155 00
N ARSI A B B IR 50 77 2 PR 7 S mT AR R I S o BT B ABSURI SR
15 E B2 AR A B I 9 ], O HLVR AR IX SERON) LR A0 v [ S 10 75 VR0 v g S L 45 R e 3G
PITiER o AR B )0 28 1 2 A PR g DAy 5 ALk P 838 4 6 3% (0 B S A TR AT S i 2 DL
A, HXFIX L0 5 WA B s rE AN AE i imn 2 WL2H &, BUR B SRA] A7 48 T A g LS [
H . B Sty AR s R, H S — IR B0 300 A i B DA [ B
SR BT A RE AL A2 e AN T Ao AERCREE SR R e FEAR RV “— Bl 85K —7 o
IS JXAE BRBOR] SR 25 AP O B 46— sl 2 PO FE I ST 3 K 5 0F, BE AN R AN HERR
PR B BOXAE I TSR
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