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MNTF DIFFERENTIATION AND GROWTH OF STEM CELLS

RELATED APPLICATIONS

[0001]  This application takes priority from U.S.S.N. 60/735,702, filed November 10,
2005, entitled “MNTF Differentiation and Growth of Stem Cells”; U.S.S.N. 60/841,766, filed
September 1, 2006, entitled “Motoneuron Tropic factor Differentiates Murine Embryonic Stem
Cells Into Motor Neurons Independent of the Sonic Hedgehog Receptor”, and U.S. provisional
application No. 60/XXX, XXX (to be assigned), by Ko, Dorothy Tiu-Yak, filed November 10,
2006, entitled “Methods of Treating Neuronal Disorders using MNTF peptides and analogues

thereof” incorporated by reference herein in their entirety.

BACKGROUND OF INVENTION

[0002]  The following includes information that may be useful in understanding the
present inventions. It is not an admission that any of the information provided herein is prior
art, or relevant, to the presently described or claimed inventions, or that any publication or

document that is specifically or implicitly referenced is prior art.

[0003]  Until recently, a persistent dogma of neuroscience was that neurons in the adult
human brain and spinal cord could not regenerate. However, in the mid-1990s, neuroscientists
learned that some parts of the adult human brain do, in fact, generate new neurons. These new
neurons arise from “neural stem cells” in the fetal as well as the adult brain. The discovery of
a regenerative capacity in the adult central nervous system holds out promise that it may
eventually be possible to repair damage from neurodegenerative diseases such as amyotrophic
lateral sclerosis (ALS, also known as Lou Gehrig’s disease), as well as from brain and spinal
cord injuries resulting from stroke or trauma. However, the non-invasive isolation and

purification of significant numbers of neural stem cells from the brain remain challenging.

[0004]  On the other hand, embryonic stem (ES) cells are pluripotent cells that are both
self-renewing and have the capacity to differentiate into any cell type in the human organism.
They can be propagated i# vitro for long periods of time in an undifferentiated state and thus
represent an attractive source of cells for developmental studies and for therapy of human

diseases.

[0005]  ES cells are responsive to environmental cues upon transplantation and adopt a

cellular fate that is appropriate to the transplanted region. Nevertheless, the dependence on
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environmental cues to direct stem cells precludes the efficient generation of neurons in non-

neurogenic regions of the CNS.

[0006]  Recently, it has become possible to direct the differentiation of stem cells ex
vivo, theoretically making these cells less dependent or independent of in vivo cues. For
example, spinal motorneurons can be generated efficiently by exposing mouse ES cells to
retinoic acid (RA) and Sonic Hedgehog. In this paradigm, RA serves both to neuralize and to
establish a caudal positional identity for the pluripotent ES cells. Sonic hedgehog or Hedgehog
agonist (HhAg1.3) further specifies a ventral positional identity and in response, a substantial
proportion of ES cells initiate a motor neuron-specific transcriptional pattern and acquire
immunohistochemical. features of mature neurons. ES cell-derived motoneurons transplanted
into embryonic chick spinal cord extend axons into the periphery and form neuromuscular
junctions. [Wichterle, H., Lieberam, 1., Porter, J.A. & Jessel, T.M. Directed differentiation of
embryonic stem cells into motor neurons. Cell 110, 385-397 (2002)].

[0007]  The therapeutic potential of embryonic stem (ES) cells is promising, but in
many cases limited by our inability to promote differentiation to specific cell types, such as
motor neurons. Accordingly, there is a pressing need for technology to generate more

homogenous differentiated cell populations from pluripotent stem cells.

[0008]  The isolation and characterization of two motoneuronotrophic factors (MNTF1
and MNTF2) from rat muscle tissues as well as the subsequent cloning of a recombinant
MNTF1-F6 gene derived from a human retinoblastoma cDNA library, is described in U.S.
Patent Nos. 6,309,877, 6,759,389 and 6,841,531 (as well as co-pending U.S. patent
applications Ser. Nos. 10/858,144, 10/858,286, 10/858,543 and 10/858,545). Nucleotide
sequences encoding polypeptides related to MNTF 1, were found to map within human
chromosome 16922, as described in International Application No. PCT/US2004/038651.

[0009] The MNTF1-F6 gene sequence encodes a 33 amino acid sequence. The
naturally occurring and recombinant MNTF1 polypeptides were shown to selectively enhance
the survival in vitro of anterior horn motor neurons isolated from rat lumbar spinal cord
explants. Photomicrographs of treated cultures exhibited neurite outgrowth of myelinated
nerve fibers and a marked reduction in the growth of non-neuronal cells, e.g. glial cells and
fibroblasts. Similarly, in vivo administration of MNTF1 to surgically axotomized rat

peripheral nerves resulted in a markedly higher percentage of surviving motor neurons than
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untreated controls, which could be blocked by co-administration of anti-MNTF1 monoclonal

antibody.

[0010]  Further beneficial effects of MNTF1 were demonstrated in rats subjected to
spinal cord hemi-section, repaired by a peripheral nerve autograft and implanted with MNTF1-
containing gel sections in close proximity to the nerve graft junctions with spinal cord.
MNTF1 treated animals exhibited greater numbers of surviving motor neurons, improved
recovery of motor and sensory function, reduced inflammatory response (fewer infiltrating
macrophages and lymphocytes) and reduced collagen-containing scar tissue formation at the
site of the graft, normal Schwann cell morphology and normal myelinated and non-myelinated

nerve fiber formation.

[0011] The efficacy of MNTF in the treatment of neurodegenerative disease was also
demonstrated in the wobbler mouse animal model. Wobbler mice carry an autosomal double-
recessive gene mutation that leads to the progressive degeneration of spinal and brain stem
motor neurons. Implantation of MNTF1-containing gel sections between the trapezius and
rhomboid muscles and the C7-T3 region of the spinal cord delayed the progression of
symptoms in wobbler mice, resulting in a general improvement in life span, health, respiration,
body weight, strength of forelimbs as well as reduced vacuolation and chromatolysis of their

cervical motor neurons compared to the control group.

[0012] Two overlapping domains within the MNTF1-F6 molecule that appear to be
sufficient for the known biological activities of MNTF1 were identified. See, International
Application No. PCT/US04/01468 or U.S. patent application Ser. No. 10/541,343. Each of
these domains, designated herein as the “WMLSAFS” and “FSRY AR” domains, were
sufficient to stimulate the proliferation of motor neuron derived cell lines in a manner similar
to the MNTF1-F6 33-mer. Similarly, the “FSRYAR” domain is sufficient to direct selective |
reinnervation of muscle targets by motor neurons i vivo in a manner similar to the MNTF1-F6
33-mer. In addition, the “FSRYAR” domain provides an antigenic epitope sufficient to raise
antibody that recognizes any MNTF peptide containing the “FSRYAR” sequence, including
the MNTF1-F6 33-mer.

[0013]  Clearly, more efficient and selective methods are needed to direct the
proliferation and the differentiation of stem cells, especially ES cells, to produce homogenous

populations of motor neurons. This may be important not only for the therapeutic use of stem
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cells in the treatment of neurodegenerative disorders, but will also greatly facilitate studies of

the molecular mechanism of development.

SUMMARY OF THE INVENTION

[0014]  The inventions described and claimed herein have many attributes and
embodiments including, but not limited to, those set forth or described or referenced in this
Brief Summary. The inventions described and claimed herein are not limited to, or by, the
features or embodiments identified in this Summary, which is included for purposes of

illustration only and not restriction.

[0015])  Here we describe the successful differentiation of ES cells to cells exhibiting
molecular markers characteristic of mature motor neurons using MNTF or MNTF peptide
analogues. The invention provides compositions, methods, and a system for preparing and
characterizing stem cell-derived motor neurons suitable for use for therapeutic administration

and drug screening.

[0016] The present invention also provides compositions containing MNTF peptides
for therapeutic stem cell applications or as cell culture media suitable for the differentiation
and maintenance of stem cell derived motor neurons. Applications for stem cells include the

treatment of neuronal disorders, such as the improvement of motor function.

[0017]  The invention includes methods of treating a neuronal disorder. In certain
embodiments, these methods comprise administering a motoneuronotropic factor (MNTF)
peptide or analogue thereof to a patient to modulate a signaling pathway to ameliorate or
inhibit the progression of the neuronal disorder. In a preferred embodiment of this method, the
MNTF peptide is a MNTF analogue that is 6 to 35 amino acids in length, between 6 and 33
amino acids in length, 33 amino acids in length (e.g. SEQ ID NO:1), 6 amino acids in length
(e.g. SEQ ID NO:2), 7 amino acids in length (e.g. SEQ ID NO:3), 10 amino acids in length
(e.g. SEQ ID NO:4), 11 amino acids in length (e.g. SEQ ID NO:5), or another length. In
another aspect, methods are provided that comprise administering a peptide that is at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, or at least 95% identical to SEQ ID
NO: 1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, or another peptide

described herein.

[0018]  In addition to the treatment of a neuronal disorder, the invention further

includes methods of promoting the survival, growth, proliferation, or maintenance of
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mammalian neurons. In another aspect, MNTF or a MNTF analogue functions as a
neuroprotective agent. In another aspect, the MNTF or a MNTF analogue modulates a
particular differentiation pathway of a cell. In another aspect, the MNTF or a MNTF analogue
modulates a protein kinase pathway or modulates the expression or activity of a tyrosine kinase
or growth factor receptor. A signal transduction or protein kinase pathway that is regulated
may include, for example, a sonic hedgehog independent pathway, a sonic hedgehog

dependent pathway, or a combination of these.

[0019]  In certain preferred embodiments, the MNTF or a MNTF analogue modulates a
pathway that is at independent of the sonic hedgehog pathway. Such a pathway is generally
independent of signal transduction events triggered by the binding of a sonic hedgehog protein
to a patched receptor and associated promotion of hedgehog dependent signal transduction. In
other embodiments, the MNTF or a MNTF analogue modulates a pathway that is at least
partially independent of the sonic hedgehog pathway. Such a pathway is generally partially
independent of signal transduction events triggered by the binding of a sonic hedgehog protein

to a patched receptor and associated promotion of hedgehog dependent signal transduction.

[0020]  While not intending on being bound to any theory or mechanism, it is believed
that the MNTF or a MNTF analogues provided herein are capable of modulating the
expression or activity of one or more of the following: a insulin receptor, IGF-1 receptor, IGF-
2 receptor, Shh, Akt, Bad (bcl-2 antagonist of cell death), P1(3,4,5)P3-dependent kinase 1
(PDK1), Bax, p53 gene product, pp60-Src, JAK2, nitric oxide synthases (NOS), glycogen
synthase kinase 3 (GSK), caspase, PI3 kinase (phosphatidylinositol 3-kinase), and Ras. In
certain embodiments, MNTF of a MNTF analogue modulates the expression or activity of one
or more protein which binds to tyrosine-phosphorylated IRS-protein (e.g. IRS-1, IRS-2, IRS-3,
and IRS-4). In other embodiments, the expression or activity of one or more of the following
is regulated PI3 Kinase, p85, P110, GRB2, SHP2, Nck, Crk, and Fyn.

[0021]  There are several neuronal disorders and related indications that can be treated
by the compositions and methods provided herein which promote the differentiation,
maintenance, or survival of a neuron. Disorders and indications believed to benefit from the
administration of a MINTF peptide or MNTF analogue provided herein include, for example,
the regeneration of peripheral nerves, regeneration of axons in a spinal cord, promoting the
differentiation of certain cells, enhancement of the survival of a target neuronal cell,

enhancement of cerebral blood flow, treatment of a spinal cord injury, treatment of a
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neurodegenerative disease, the treatment of a stroke or cerebral ischemia, the treatment of
Huntington’s disease, the treatment of Parkinson’s disease, the treatment of Multiple Sclerosis,
the treatment of ALS, the treatment of Alzheimer’s, the treatment of a Diabetic Neuropathy.
Another beneficial characteristic of the compositions and methods provided herein is the
ability to penetrate the blood brain barrier. Treatment of these neuronal disorders is further
described in co-pending application U.S.S.N. (to be assigned), filed November 10, 2006, by
Ko, Dorothy Tiu-Yak, entitled “Methods of Treating Neuronal Disorders using MNTF
peptides and analogues thereof”” incorporated by reference herein in its entirety. The present
invention also provides compositions and method for the treatment of conditions and disorders

associated with neuronal disorders.

[0022]  Additionally, the present invention provides a method for repopulating a spinal
cord with stem cell derived motor neurons and a method for treating nervous tissue

degeneration in a subject in need of treatment.

[0023] It has been discovered that when pluripotent stem cells are cultured in the
presence of selected differentiating agents, such as RA and MNTF peptide analogues alone or
in combination, a population of cells is derived that has a remarkably high proportion of cells
with phenotypic characteristics of motor neurons. Optionally, the proportion of neural cells can
be enhanced by sorting differentiated cells according to molecular markers specific for motor
neurons. Since certain types of pluripotent stem cells (such as embryonic stem cells) can
proliferate in culture for a year or more, the invention described in this disclosure provides an

almost limitless supply of stem cell derived motor neurons.

[0024]  The present invention provides a method for inducing differentiation of an
embryonic stem cell into stem cell progeny ( e.g. a differentiated motor neuron). In one
embodiment, the first step is obtaining or generating a culture of embryonic stem cells. The
next step is contacting the culture of embryonic stem cells with an amount of retinoic acid
effective to produce neural progenitor cells and an amount of a MNTF peptide analogue
effective to prodﬁce motor neurons. In another embodiment, the present invention is directed
to enhancing the survival of stem cell derived motor neurons using MNTF or its analogue as a

growth supplement in cell cultures.

[0025]  The present invention further provides a population of cells comprising the stem

cell derived motor neurons and uses of same.
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[0026]  The present invention is further directed to a method for isolating a population

of stem cell derived motor neurons.

[0027]  Also provided are materials and methods of transplanting differentiated neural
stem cell progeny (e.g. motor neurons) into a host. A method according to one embodiment
comprises the steps of i) obtaining a population of cells derived from a mammalian neural
tissue containing at least one multipotent CNS neural stem cell; ii) culturing the neural stem
cell in a culture medium comprising a motoneuronotropic factor (MNTF) analogue 6 to 35
amino acids in length which under suitable culture conditions induces multipotent neural stem
cell proliferation,; iii) inducing proliferation of said multipotent neural stem cell to produce
neural stem cell progeny which includes multipotent neural stem cell progeny cells; and iv)

transplanting said neural stem cell prdgeny to the host.

DESCRIPTION OF THE FIGURES

[0028]  The present invention may be better understood and its advantages appreciated
by those individuals skilled in the relevant art by referring to the accompanying figures

wherein:
[0029]  Fig. 1 shows the amino acid sequences of the MINTF peptides tested;

[0030]  Fig. 2 compares the expression of GFP fluorescence under the control of the
motor neuron specific HB9 promoter in response to retinoic acid (RA), retinoic acid and sonic
hedgehog (RA/Shh), retinoic acid and MNTF 10-mer (SEQ ID NO:4) at 0.1 pg/ml -50 pg/ml
(MNTF 10/0.1-50) and MNTF 33-mer (SEQ ID NO:1) at 0.1 pg/ml -50 pg/ml (MNTF 33/0.1-
50);

[0031]  Fig. 3 compares immunoblot results for embryoid bodies treated with MNTEF
33mer (MNTF33, (SEQ ID NO:1) or MNTF 33mer and a non-specific inhibitor of insulin
receptor (IR) HNMPA (AM)3 using an antibody that detects autophosphorylation of IR or
Insulin Growth Factor-1 Receptor (IGF-1R) at pTyr 1162/1163 (3B) which is plotted as
relative band intensity (3A); '

[0032]  Fig. 4 compares the enhanced survival of ES cell-derived motor neurons treated
with GDNF, NT3, dbcAMP or MNTF peptide analogs, wherein percentage survivability is

calculated on day ten by counting the total number of cells with existing axons;
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[0033]  Fig. 5 illustrates a comparison of the expression of GFP fluorescence under the
control of the motor neuron specific HB9 promoter at day 5 of differentiation in response to
control (A), RA (B); RA/Shh (C); cyclopamine-KAAD, RA/Shh (D); RA and MNTF 33mer
(SEQ ID NO:1) (E); Cyclopamine-KAAD, RA and MNTF 33mer (SEQ ID NO:1) (F);

[0034]  Fig. 6 shows that IGF1-R inhibitor picrodophyllin does not effectively block the
activity of MNTF induced differentiation as indicated by the expression of GFP fluorescence
of day5 embryoid bodies in response to RA/Shh (A); RA/MNTF33(B); RA/MNTF10 (C);
HNMPA(AM)3 (15pM)/Shh (D); HNMPA(AM)3/MNTE33 (E); HNMPA(AM)3/MNTF10
(F); PPP (1pM), RA/Shh (G); PPP (1pM), RA/MNTF33 (H); PPP (1pM), RA/MNTF10 (I);

[0035]  Fig. 7 illustrates a western blot using antibody to the p85 subunit of PI3-kinase
from ES cell lysates from cells treated with IGF-I(thM)(Lane 1), Insulin (100nM)(Lane 2),
MNTF6(Lane 3), MNTF 10 (Lane 4), and MNTF33 (Lane 5) for 5 minutes. Lysates were then
incubated with protein A beads and anti-IRS-1 antibody. Immunocomplexes were fractionated
by SDS-PAGE (10%), transferred to membrane, and analyzed by western blot using antibody
to the p85 subunit of PI3-kinase; and

[0036]  Figure 8 illustrates a possible pathway for MNTF induced differentiation of ES

cells.

DETAILED DESCRIPTION

Definitions

[0037]  Before further describing the inventions in general and in terms of various
nonlimiting specific embodiments, certain terms used in the context of the describing the
invention are set forth. Unless indicated otherwise, the following terms have the following
meanings when used herein and in the appended claims. Those terms that are not defined

below or elsewhere in the specification shall have their art-recognized meaning.

[0038]  Amino acids used in compounds provided herein (e.g. peptides and proteins)
can be genetically encoded amino acids, naturally occurring non-genetically encoded amino
acids, or synthetic amino acids. Both L-and D-enantiomers of any of the above can be utilized
in the compounds. The following abbreviations may be used herein for the following
genetically encoded amino acids (and residues thereof): alanine (Ala, A); arginine (Arg, R);
asparagine (Asn, N); aspartic acid (Asp, D); cyteine (Cys, C); glycine (Gly, G); glutamic acid
(Glu, E); glutamine (Gln, Q); histidine (His, H); isoleucine (lle, I); leucine (Leu, L); lysine

8
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(Lys, K); methionine (Met, M); phenylalanine (Phe, F); proline (Pro, P); serine (Ser, S);
threonine (Thr, T); tryptophan (Trp, W); tyrosine (Tyr, Y); and valine (Val, V).

[0039]  Certain commonly encountered amino acids that are not genetically encoded
and that can be present in the compounds of the invention include, but are not limited to, -
alanine (b-Ala) and other omega-amino acids such as 3-aminopropionic acid (Dap), 2,3-
diaminopropionic acid (Dpr, Z), 4-aminobutyric acid and so forth; o-aminoisobutyric acid
(Aib); e-aminohexanoic acid (Aha); 8-aminovaleric acid (Ava); methylglycine (MeGly);
ornithine (Orn); citrulline (Cit); t-butylalanine (t-BuA); t-butylglycine (t-BuG); N-
methylisoleucine (Melle); phenylglycine (Phg); cyclohexylalanine (Cha); norleucine (Nle, J);
2-naphthylalanine (2-Nal); 4-chlorophenylalanine (Phe(4-Cl)); 2-fluorophenylalanine (Phe(2-
F)); 3-fluorophenylalanine (Phe(3-F)); 4-fluorophenylalanine (Phe(4-F)); penicillamine (Pen);
1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid (Tic); beta.-2-thienylalanine (Thi);
methionine sulfoxide (MSO); homoarginine (hArg); N-acetyl lysine (AcLys); 2,3-
diaminobutyric acid (Dab); 2,3-diaminobutyric acid (Dbu); p-aminophenylalanine
(Phe(pNH,)); N-methyl valine (MeVal); homocysteine (hCys); 3-benzothiazol-2-yl-alanine
(BztAla, B); and homoserine (hSer), . Additional amino acid analogs contemplated include
phosphoserine, phosphothreonine, phosphotyrosine, hydroxyproline, gamma-
carboxyglutamate, hippuric acid, octahydroindole-2-carboxylic acid, statine, a-methyl-alanine,
para-benzoyl-phenylalanine, propargylglycine, and sarcosine. Peptides that are encompassed
within the scope of the invention can have any of the foregoing amino acids in the L- or D-
configuration, or any other amino acid described herein or known in the art, whether currently

or in the future.

[0040]  Amino acids that are substitutable for each other generally reside within similar
classes or subclasses. As known to one of skill in the art, amino acids can be placed into
different classes depending primarily upon the chemical and physical properties of the amino
acid side chain. For example, some amino acids are generally considered to be hydrophilic or
polar amino acids and others are considered to be hydrophobic or nonpolar amino acids. Polar
amino acids include amino acids having acidic, basic or hydrophilic side chains and nonpolar
amino acids include amino acids having aromatic or hydrophobic side chains. Nonpolar amino
acids may be further subdivided to include, among others, aliphatic amino acids. The

definitions of the classes of amino acids as used herein are as follows:



10

15

20

25

30

WO 2007/058982 PCT/US2006/043874

[0041] “Nonpolar Amino Acid” refers to an amino acid having a side chain that is
uncharged at physiological pH, that is not polar and that is generally repelled by aqueous
solution. Examples of genetically encoded hydrophobic amino acids include Ala, Ile, Leu,
Met, Trp, Tyr and Val. Examples of non-genetically encoded nonpolar amino acids include t-
BuA, Cha and Nle.

[0042]  “Aromatic Amino Acid” refers to a nonpolar amino acid having a side chain
containing at least one ring having a conjugated n-electron system (aromatic group). The
aromatic group may be further substituted with substituent groups such as alkyl, alkenyl,
alkynyl, hydroxyl, sulfonyl, nitro and amino groups, as well as others. Examples of genetically
encoded aromatic amino acids include phenylalanine, tyrosine and tryptophan. Commonly
encountered non-genetically encoded aromatic amino acids include phenylglycine, 2-
naphthylalanine, p-2-thienylalanine, 3-benzothiazol-2-yl-alanine, 1,2,3,4-
tetrahydroisoquinoline-3-carboxylic acid, 4-chlorophenylalanine, 2-fluorophenylalanine, 3-

fluorophenylalanine and 4-fluorophenylalanine.

[0043]  “Aliphatic Amino Acid” refers to a nonpolar amino acid having a saturated or
unsaturated straight chain, branched or cyclic hydrocarbon side chain. Examples of genetically
encoded aliphatic amino acids include Ala, Leu, Val and Ile. Examples of non-encoded

aliphatic amino acids include Nle.

[0044]  “Polar Amino Acid” refers to a hydrophilic amino acid having a side chain that
is charged or uncharged at physiological pH and that has a bond in which the pair of electrons
shared in common by two atoms is held more closely by one of the atoms. Polar amino acids
are generally hydrophilic, meaning that they have an amino acid having a side chain that is
attracted by aqueous solution. Examples of genetically encoded polar amino acids include
asparagine, cysteine, glutamine, lysine and serine. Examples of non-genetically encoded polar

amino acids include citrulline, homocysteine, N-acetyl lysine and methionine sulfoxide.

[0045]  “Acidic Amino Acid” refers to a hydrophilic amino acid having a side chain pK
value of less than 7. Acidic amino acids typically have negatively charged side chains at
physiological pH due to loss of a hydrogen ion. Examples of genetically encoded acidic amino

acids include aspartic acid (aspartate) and glutamic acid (glutamate).

[0046]  “Basic Amino Acid” refers to a hydrophilic amino acid having a side chain pK

value of greater than 7. Basic amino acids typically have positively charged side chains at

10



10

15

20

25

30

WO 2007/058982 PCT/US2006/043874

physiological pH due to association with hydronium ion. Examples of genetically encoded
basic amino acids include arginine, lysine and histidine. Examples of non-genetically encoded
basic amino acids include ornithine, 2,3-diaminopropionic acid, 2,4-diaminobutyric acid and

homoarginine.
®

[0047]  “Ionizable Amino Acid” refers to an amino acid that can be charged at a
physiological pH. Such ionizable amino acids include acidic and basic amino acids, for
example, D—aspartic acid, p-glutamic acid, p-histidine, p-arginine, p-lysine, p-hydroxylysine, p-
ornithine,  -aspartic acid, ;-glutamic acid, ; -histidine, -arginine, 1 -lysine, | -hydroxylysine or

L-ornithine.

\

[0048]  As will be appreciated by those having skill in the art, the above classifications
are not absolute. Several amino acids exhibit more than one characteristic property, and can
therefore be included in more than one category. For example, tyrosine has both a nonpolar
aromatic ring and a polar hydroxyl group. Thus, tyrosine has several characteristics that could
be described as nonpolar, aromatic and polar. However, the nonpolar ring is dominant and so
tyrosine is generally considered to be nonpolar. Similarly, in addition to being able to form
disulfide linkages, cysteine also has nonpolar character. Thus, while not strictly classified as a
hydrophobic or nonpolar amino acid, in many instances cysteine can be used to confer

hydrophobicity or nonpolarity to a peptide.

[0049]  In some embodiments, polar amino acids contemplated by the present invention
include, for example, arginine, asparagine, aspartic acid, cysteine, glutamic acid, glutamine,
histidine, homocysteine, lysine, hydroxylysine, ornithine, serine, threonine, and structurally
related amino acids. In one embodiment the polar amino is an ionizable amino acid such as

arginine, aspartic acid, glutamic acid, histidine, hydroxylysine, lysine, or ornithine.

[0050] Examples of polar or nonpolar amino acid residues that can be utilized include,
for example, alanine, valine, leucine, methionine, isoleucine, phenylalanine, tryptophan,

tyrosine and the like.

[0051]  As used herein, the terms “biologically active peptide” and “biologically active
fragment” refer to a peptide or polypeptide in accordance with the above description of
motoneuron differentiation factors (MNDF) or motoneuronotrophic factors (MNTF) wherein
the MNDF differentiates stem cells into motor neurons and the MNTF exhibits a protective or

proliferative effect on stem cell derived motor neurons.
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[0052] A “cell” means any living cell suitable for the desired application. Cells include

eukaryotic and prokaryotic cells.

[0053]  The term “complementary” generally refers to the natural binding of
polynucleotides by base pairing, for example under permissive salt and temperature conditions.
For example, the sequence “A-G-T” binds to the complementary sequence “T-C-A”.
Complementarity between two single-stranded molecules may be “partial”, such that only
some of the nucleic acids bind, or it may be “complete”, such that total complementarity exists
between the single stranded molecules. The degree of complementarity between nucleic acid
molecules has significant effects on the efficiency and strength of the hybridization between
them. “Hybridizable” and “complementary” are terms that are used to indicate a sufficient
degree of complementarity such that binding, preferably stable binding sufficient to carry out
an intended action, for example, occurs between nucleic acids. It is understood that an
oligonucleotide need not be 100% complementary to its target nucleic acid sequence to be
hybridizable.

[0054]  The term “composition” is intended to encompass a product comprising one or

more ingredients.

[0055]  The term “differentiated” is a relative term in which a “differentiated cell” is a
cell that has progressed further down the developmental pathway than the cell it is being
compared against. As further used herein, a “differentiated neural cell” generally refers to a
partially-differentiated or fully-differentiated cell of the central nervous system (CNS) or
peripheral nervous system (PNS). Progenitor cells are parent cells which, during development
and differentiation, give rise to a distinct cell lineage by a series of cell divisions. Neural
progenitor cells, for example, are committed to a cell lineage that will develop, eventually, into
fully-differentiated neural cells of the CNS or PNS; however, such neural progenitor cells may
not yet be dedicated to a particular type, or subclass, of neural cell. Neural progenitor cells may
become committed to a cell line that will differentiate into a specific type of neural cell, and,
thereafter, give rise to fully-differentiated neural cells. Accordingly, the partially-differentiated
neural cell of the present invention may be a cell, with a neural identity, that has acquired a
directional or positional character, or that has committed to developing into a particular class
of neural cell, but is not a fully-differentiated neural cell. For example, treatment of ES cells

with an MNTF peptide, alone or in combination with a morphogen, such as RA, can give rise
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to a partially differentiated neural cell or neural progenitor cell in accordance with the present

invention.

[0056] A “disorder” is any condition that would benefit from treatment with a molecule
or composition of the invention, including those described or claimed herein. This includes
chronic and acute disorders or diseases including those pathological conditions that predispose

the mammal to the disorder in question.

[0057]  “Feeder cells” or “feeders” include cells of one type that are co-cultured with
cells of another type, generally to provide an environment in which the cells of the second type
can grow. For example, certain types of pPS cells can be supported by primary mouse
embryonic fibroblasts, immortalized mouse embryonic fibroblasts, or human fibroblast-like

cells differentiated from hES cell.

[0058] By “functional equivalent” is meant a peptide posséssing a biological activity
substantially similar to that of the ML S AF SR Y A R domain(s), and is intended to include
“fragments”, “variants”, “analogs”, “homologs”, or “chemical derivatives” possessing such
activity or characteristic. Functional equivalents of the ML S A F SR 'Y A R domain(s), then,
may not share an identical amino acid sequences, and conservative or non-conservative amino

acid substitutions of conventional or unconventional amino acids are possible.

[0059]  The term “gene product” refers to an RNA molecule transcribed from a gene, or

a polypeptide encoded by the gene or translated from the RNA.

[0060] A “growth environment” is an environment in which cells of interest can
proliferate, differentiate, or mature in vitro under appropriate conditions. Such conditions may
include, for example, the medium in which the cells are cultured, any growth factors or

differentiation-inducing factors that may be present, and a solid surface or supporting structure.

[0061]  As used herein, the term “M L S AF SR Y A R domain” refers to a
polypeptide domain demonstrated herein to be sufficient for the differentiation of stem cells
into motor neurons, and to peptides and/or molecules capable of mimicking their structure
and/or function. Preferred versions of the present invention utilize a peptide comprising the

amino acid sequence: ML S AFSRY AR, as well as functional equivalents thereof.
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[0062]  The terms “modulator” and “modulation” as used herein in its various forms is
intended to encompass inhibition in whole or in part of the expression or action or activity of a

particular target.

[0063]  As used herein, a “motoneuronotrophic factor” includes those factors involved
in the nutrition or maintenance of motor neurons. The terms “motoneuronotropic factor”,
“MNTE”, “MNTF peptide”, “motoneuronotropic factor analogue”, and “MNTF analogue” may
be used interchangeably as long as they have the functional properties defined herein.
Motoneuronotrophic factors, may further the development and differentiation of committed
neural progenitor cells, or they may induce or enhance the growth (e.g. nurite outgrowth) and
survival of differentiated neural cells. The motoneuronotrophic factors of the present invention
are typically provided in amounts effective to produce a fully-differentiated neural cell of the
CNS or PNS (e.g., a motor neuron). Guidance for the amount is provided herein, and may be
readily determined by the skilled artisan based upon known procedures and methods disclosed

herein.

[0064] For the purposes of this disclosure, the terms “neural progenitor cell” or “neural
precursor cell” include a cell that can generate progeny that are either neuronal cells (e.g.
neuronal precursors or mature neurons) or glial cells (e.g. glial precursors, mature astrocytes,
or mature oligodendrocytes). The cells typically express some of the phenotypic markers that
are characteristic of the neural lineage, and they do not generally produce progeny of other

embryonic germ layers when cultured alone in vitro.

[0065] A “neuronal progenitor cell” or “neuronal precursor cell” include a cell that can
generate progeny that are mature neurons and sometimes also have the capability to generate

glial cells.

[0066] A “multipotent neural progenitor cell population” includes a cell population that
has the capability to generate both progeny that are neuronal cells, progeny that are glial cells,
and sometimes other types of cells. This term does not require that individual cells within the
population have the capability of forming both types of progeny, although individual cells that

are multipotent neural progenitors may be present.

[0067]  The terms “peptidomimetic” and “mimetic” include naturally occurring and
synthetic chemical compounds that may have substantially the same structural and functional

characteristics of protein regions which they mimic.
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[0068]  Peptide analogs with properties analogous to those of the template peptide may
be non-peptide drugs. “Peptide mimetics” or “peptidomimetics,” which include peptide-based
compounds, also include such non-peptide based compounds (Fauchere, J. Adv. Drug Res.
15: 29 (1986); Veber and Freidinger; TINS; 392 (1985); and Evans et al., J. Med. Chem. 30:
1229 (1987); Beeley N., Trends Biotechnol. Jun;12(6): 213-6 (1994); Kieber-Emmons T, et
al.; Curr Opin Biotechnol. Aug; 8(4): 435-41 (1997). Peptide mimetics that are structurally
similar to therapeutically useful peptides may be used to produce an equivalent or enhanced
therapeutic or prophylactic effect. Generally, peptidomimetics are structurally identical or
similar to a paradigm polypeptide (i.e., a polypeptide that has a biological or pharmacological
function or activity), but can also have one or more peptide linkages optionally replaced by a
linkage selected from the group consisting of, for example, -CH,NH-, -CH,S-, -CH,-CH,-, -
CH=CH- (cis and trans), -COCH,-, -CH(OH)CHz-, and -CH,SO-. The mimetic can be either
entirely composed of natural amino acids, or non-natural analogues of amino acids, or, is a
chimeric molecule of partly natural peptide amino acids and partly non-natural analogs of
amino acids. The mimetic can also comprise any amount of natural amino acid conservative

substitutions as long as such substitutions also do not substantially alter mimetic activity.

[0069]  The phrase “percent (%) identity” refers to the percentage of sequence
similarity found in a comparison of two or more sequences. Percent identity can be determined
electronically using any suitable software, for example. Likewise, “similarity” between two
sequences (or one or more portions of either or both of them) is determined by comparing the‘

sequence of one sequence to a second sequence.

[0070] “Pharmaceutically acceptable” compounds and other ingredients of a
composition or formulation, for example, a carrier, diluent or excipient, are those that are

suitable for administration to a recipient thereof.

[0071] In general, the term “protein” refers to any polymer of two or more individual
amino acids (whether or not naturally occurring) linked via peptide bonds, as occur when the
carboxy! carbon atom of the carboxylic acid group bonded to the alpha-carbon of one amino
acid (or amino acid residue) becomes covalently bound to the amino nitrogen atom of the
amino group bonded to the alpha-carbon of an adjacent amino acid. These peptide bond
linkages, and the atoms comprising them (i.e., alpha-carbon atoms, carboxyl carbon atoms (and
their substituent oxygen atoms), and amino nitrogen atoms (andAtheir substituent hydrogen

atoms)) form the “polypeptide backbone” of the protein. In addition, as used herein, the term
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“protein” is understood to include the terms “polypeptide” and “peptide” (which, at times, may
be used interchangeably herein). Similarly, protein fragments, analogs, derivatives, and
variants are may be referred to herein as “proteins,” and shall be deemed to be a “protein”
unless otherwise indicated. The term “fragment” of a protein refers to a polypeptide
comprising fewer than all of the amino acid residues of the protein. A “domain” of a protein is
also a fragment, and comprises the amino acid residues of the protein often required to confer

activity or function.

[0072] - The term “stringent conditions” refers to conditions that permit hybridization
between polynucleotides. Stringent conditions can be defined by salt concentration, the
concentration of organic solvent (for example, formamide), temperature, and other conditions
well known in the art. Stringency can be increased by reducing the concentration of salt,
increasing the concentration of organic solvents, (for example, formamide), or raising the
hybridization temperature. For example, stringent salt concentration will ordinarily be less
than about 750 mM NaCl and 75 mM trisodium citrate, preferably less than about 500 mM
NaCl and 50 mM trisodium citrate, and most preferably less than about 250 mM NaCl and 25
mM trisodium citrate. Low stringency hybridization can be obtained in the absence of organic
solvent, for example, formamide, while high stringency hybridization can be obtained in the
presence of an organic solvent (for example, at least about 35% formamide, most preferably at
least about 50% formamide). Stringent temperature conditions will ordinarily include
temperatures of at least about 30°C, more preferably of at least about 37°C, and most
preferably of at least about 42°C. Varying additional parameters, for example, hybridization
time, the concentration of detergent, for example, sodium dodecyl sulfate (SDS), and the
inclusion or exclusion of carrier DNA, are well known to those skilled in the art. Various
levels of stringency are accomplished by combining these various conditions as needed, and
are within the skill in the art. Stringent hybridization conditions may also be defined by
conditions in a range from about 5°C to about 20°C or 25°C below the melting temperature
(Tm) of the target sequence and a probe with exact or nearly exact complementarity to the
target. As used herein, the melting temperature is the temperature at which a population of
double-stranded nucleic acid molecules becomes half-dissociated into single strands. Methods
for calculating the Tm of nucleic acids are well known in the art (see, for example, Berger and
Kimmel, Methods In Enzymology, Vol. 152: Guide To Molecular Cloning Technigues, San
Diego (1987): Academic Press, Inc. and Sambrook et al., Molecular Cloning (1989): A
Laboratory Manual, 2nd Ed., Vols. 1-3, Cold Spring Harbor Laboratory). As indicated by

standard references, a simple estimate of the Tm value may be calculated by the equation: Tm
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=81.5+0.41(% G + C), when a nucleic acid is in aqueous solution at 1 M NaCl (see for
example, Anderson and Young, “Quantitative Filter Hybridization” in Nucleic Acid
Hybridization (1985)). The melting temperature of a hybrid (and thus the conditions for
stringent hybridization) is affected by various factors such as the length and nature (DNA,
RNA, base composition) of the probe and nature of the target (DNA, RNA, base composition,
present in solution or immobilized, and the like), and the concentration of salts and other
components (for example for example, the presence or absence of formamide, dextran sulfate,
polyethylene glycol). The effects of these factors are well known and are discussed in standard
references in the art, see for example, Sambrook, supra, and Ausubel, supra. Typically,
stringent hybridization conditions are salt concentrations less than about 1.0 M sodium ion,
typically about 0.01 to 1.0 M sodium ion at pH 7.0 to 8.3, and temperatures at least about 30°C
for short probes (for example, 10 to 50 nucleotides) and at least about 60°C for long probes
(for example, greater than 50 nucleotides). As noted, stringent conditions may also be
achieved with the addition of destabilizing agents such as formamide, in which case lower
temperatures may be employed. In the present invention, the polynucleotide may be a
polynucleotide which hybridizes to a target mRNA under conditions of medium to high
stringency such as 0.03M sodium chloride and 0.03M sodium citrate at from about 50 to about

60 degrees centigrade.

[0073]  Asused herein, “subject” refers to any animal classified as a mammal, including
humans, domestic and farm animals, and zoo, sports, or pet animals, such as dogs, horses, cats,

sheep, pigs, cows, etc. The preferred subject is a human.

[0074]  The term “therapeutically effective amount” means the amount of the subject
compound that will elicit a desired response, for example, a biological or medical response of a
tissue, system, animal or human that is sought, for example, by a researcher, veterinarian,

medical doctor, or other clinician.

[0075]  “Treatment” refers to both therapeutic treatment and prophylactic or preventive
measures. Those in need of treatment include those already with the disorder as well as those

in which the disorder is to be prevented.

[0076] The term “vector” refers to a nucleic acid molecule amplification, replication,
and/or expression vehicle in the form of a plasmid, phage, viral, or other system (be it naturally
occurring or synthetic) for the delivery of nucleic acids to cells where the plasmid, phage, or

virus may be functional with bacterial, yeast, invertebrate, and/or mammalian host cells. The
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vector may remain independent of host cell genomic DNA or may integrate in whole or in part
with the genomic DNA. The vector will generally but need not contain all necessary elements
so as to be functional in any host cell it is compatible with. An “expression vector” is a vector
capable of directing the expression of an exogenous polynucleotide, for example, a

polynucleotide encoding a binding domain fusion protein, under appropriate conditions.

[0077]  Asdescribed herein, the terms “homology and homologues™ include
polynucleotides that may be a homologue of sequence in a polynucleotide (e.g. mRNA) of
interest. Such polynucleotides typically have at least about 70% homology, preferably at least
about 80%, 90%, 95%, 97% or 99% homology with the relevant sequence, for example over a
region of at least about 15, 20, 30, 40, 50, 100 more contiguous nucleotides (of the

homologous sequence).

[0078] Homology may be calculated based on any method in the art. For example the
UWGCG Package provides the BESTFIT program which can be used to calculate homology
(for example used on its default settings) (Devereux et al., Nucleic Acids Research 12, p387-
395 (1984)). The PILEUP and BLAST algorithms can be used to calculate homology or line
up sequences (typically on their default settings), for example as described in Altschul S. F. ;J
Mol Evol 36: 290-300 (1993); Altschul, S. F. et al.; J Mol Biol 215: 403-10 (1990). Software
for performing BLAST analyses is publicly available through the National Center for
Biotechnology Information (http://www. ncbi. nlm. nih. gov/L). This algorithm involves first
identifying high scoring sequence pair by identifying short words of length W in the query
sequence that either match or satisfy some positive-valued threshold score T when aligned with
a word of the same length in a database sequence. T is referred to as the neighborhood word
score threshold (Altschul ef al., supra). These initial neighborhood word hits act as seeds for
initiating searches to find HSPs containing them. The word hits are extended in both directions
along each sequence for as far as the cumulative alignment score can be increased. Extensions
for the word hits in each direction are halted when: the cumulative alignment score falls off by
the quantity X from its maximum achieved value; the cumulative score goes to zero or below,
due to the accumulation of one or more negative-scoring residue alignments; or the end of
either sequence is reached. The BLAST algorithm parameters W, T and X determine the
sensitivity and speed of the alignment. The BLAST program uses as defaults a word length
(W) of 11, the BLOSUMBS62 scoring matrix (see Henikoff and Henikoff Proc. Natl. Acad. Sci.
USA 89: 10915-10919 (1992)) alignments (B) of 50, expectation (E) of 10, M=5, N=4, and a

comparison of both strands.
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[0079]  The BLAST algorithm performs a statistical analysis of the similarity between
two sequences; see e.g., Karlin and Altschul Proc. Natl. Acad. Sci. USA 90: 5873-5787 (1993).
One measure of similarity provided by the BLAST algorithm is the smallest sum probability (P
(N)), which provides an indication of the probability by which a match between two nucleotide
or amino acid sequences would occur by chance. For example, a sequence is considered
similar to another sequence if the smallest sum probability in comparison of the first sequence
is less than about 1, preferably less than about 0.1, more preferably less than about 0.01, and

most preferably less than about 0.001.

[0080]  The homologous sequence typically differs from the relevant sequence by at
least (or by no more than) about 1, 2, 5, 10, 15, 20 or more mutations (which may be
substitutions, deletions or insertions). These mutations may be measured across any of the
regions mentioned above in relation to calculating homology. The homologous sequence
typically hybridizes selectively to the original sequence at a level significantly above
background. Selective hybridization is typically achieved using conditions of medium to high
stringenéy (for example 0.03M sodium chloride and 0.03M sodium citrate at from about 50
degrees C to about 60 degrees C). However, such hybridization may be carried out under any
suitable conditions known in the art (see Sambrook et al., Molecular Cloning: A Laboratory
Manual (1989)). For example, if high stringency is required, suitable conditions include 0.2 x
SSC at 60 degrees C. If lower stringency is required, suitable conditions include 2 x SSC at 60
degrees C.

[0081] The term “recombinant” refers to a polynucleotide synthesized or otherwise
manipulated in vitro (for example, “recombinant polynucleotide”), to methods of using
recombinant polynucleotides to produce gene products in cells or other biological systems, or
to a polypeptide (“recombinant protein”) encoded by a recombinant polynucleotide. Thus, a
“recombinant™ polynucleotide is defined either by its method of production or its structure. In
reference to its method of production, the process refers to use of recombinant nucleic acid
techniques, for example, involving human intervention in the nucleotide sequence, typically
selection or production. Alternatively, it can be a polynucleotide made by generating a
sequence comprising a fusion of two or more fragments that are not naturally contiguous to
each other. Thus, for example, products made by transforming cells with any non-naturally
occurring vector is encompassed, as are polynucleotides comprising sequence derived using
any synthetic oligonucleotide process. Similarly, a “recombinant™ polypeptide is one

expressed from a recombinant polynucleotide.
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[0082] A “recombinant host cell” is a cell that contains a vector, for example, a cloning
vector or an expression vector, or a cell that has otherwise been manipulated by recombinant

techniques to express a protein of interest.

L Overview

[0083]  The isolation and characterization of two motoneuronotrophic factors (MNTF1
and MNTF2) from rat muscle tissues as well as the subsequent cloning of a recombinant
MNTF1-F6 gene derived from a human retinoblastoma cDNA library, is described in U.S.
Patent Nos. 6,309,877, 6,759,389 and 6,841,531 (as well as co-pending U.S. patent
applications Ser. Nos. 10/858,144, 10/858,286, 10/858,543 and 10/858,545); all of which are
hereby incorporated by reference in their entirety. The MNTF1-F6 gene sequence encodes a
33 amino acid sequence referred to therein as SEQ ID NO:4. Nucleotide sequences encoding
MNTF1 polypeptides were found to map within human <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>