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This invention was made with partial Government support under Grant
No. AG06088, award by the National Institutes of Health. The government may

have certain rights in the invention.

The present invention relates generally to the discovery of co-factors for
trophic factors which stimulates and/or potentiates the activity and/or specificity

of trophic factors, methods of use thereof.

BACKGROUND OF THE I 10

Trophic factors have a broad range of biological activities and their
activity and specificity may be achieved by cooperation with other factors.
Although trophic factors are generally active at extremely low concentrations,
high concentrations of mitogen together with high cell density are often required
to induce proliferation of multipotent neural stem cell populations. Growth
factors for early progenitors may be useful for enhancing the success of gene
transfer into stem cells as well as treating disorders by renewal of mature cells
from the stem cell pool. In vitro assays using recombinant neurotrophic factors
have indicated that members of a neurotrophic gene family may play sequential

and complementary roles during development of the adult nervous system.
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Neurotropic factors that have been identified include NT-4 , NT-5 , NT-6
. NT-7 , CNTF (ciliary neuronotrophic factor ), GDNF (Ghal cell line-denved
neurotrophic factor ), and Purpurin. NSE (neuron-specific enolase ) has been
found to be a neuronal survival factor. Other factors possessing a broader
spectrum of functions and which have neurotrophic activities, but are not
normally classified as neurotrophins, also exist. These factors include EGF
(epithelial growth factor), HBNF (heparin-binding neurite-promoting factor ),
IGF-2, a-FGF and b-FGF , PDGF , NSE (neuron-specific enolase ), and Activin
A. Other factors have been identified which specifically influence neuronal
differentiation and influence transmitter phenotypes without affecting neuronal
survival. Although the intracerebral administration of FGF-2 has been shown to
stimulate neurogenesis in the adult rat SVZ, FGF-2 alone in the adult rat

hippocampus has a limited effect on the proliferation of neural stem/progenitor

cells (Kuhn et al. (1997); Wagner et al. (1999) each herein incorporated by

reference).

Mitogenic growth factors, like fibroblast growth factor-2 (FGF-2) (Gage,
FH., etal, 1995, Proc. Natl Acad. Sci. USA 92:11879-11883) and epidermal
growth factor (EGF) (Lois, C., and Alvarez-Buylla, A., 1993, Proc. Natl. Acad.
Sci. USA 90(5):2074-2077), induce proliferation of neural progenitor cells
isolated from the brain. Studies from single cells in culture demonstrate that
FGF-2 (Gritti, A., et al., 1996, J. Neurosci. 16:1091-1100) and EGF (Reynolds,
B.A., and Weiss, S., 1996, Develop. Biol. 175:1-13) are mitogens for multipotent
neural stem cells and likely cooperate with trophic factors (Cattaneo, E., and
McKay, R., 1990, Nature 347:762-765; Stemple, D.L., and Anderson, D.J., 1992,
Cell 71:973-985), some of which are yet unknown (Davis, A.A., and Temple, S.,
1994, Nature 372:263-266; Temple, S., 1989, Nature 340:471-473; Kilpatrick,
T.J., and Bartlett, P.F., 1993, Neuron 10:255-265; Palmer, T.D., et al., 1997, Mol.
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Cell. Neurosci. 8:389-404) to achieve specificity. There is in vitro and in vivo
evidence for the existence of stem cells in the embryonic and adult brain
(Altman, et al., J. Comp. Neurol. 124:319-335, 1965; Enicksson, et al., Nature
Medicine, 1998, 40:1313-1317).

The trophic factors are of potential clinical interest since they influence
the functional activities and survival of distinct neural populations within the
peripheral and central nervous system. Many of these molecules are currently
under investigation as therapeutic agents for the treatment of neurodegenerative
disorders and nerve injury, either individually or in combination with other

trophic factors.

Disorders of the central nervous system encompass numerous afflictions
such as neurodegenerative diseases (e.g., Alzheimer's and Parkinson's), acute
brain injury (e.g., stroke, head injury).  In recent years, neurodegenerative
disease has become an important concern due to the expanding elderly population
which is at greatest risk for neurodegenerative disorders, such as Alzheimer's

Disease, Multiple Sclerosis, Huntington's Disease, and Parkinson's Disease.

The present invention is based on the discovery and isolation of a co-
factor for trophic factors. It has been discovered that trophic factors require a co-
factor to stimulate and/or potentiate the trophic factor activity and/or specificity.
This was clearly identified in low density cells where trophic factors are unable,
or at best, at minimal levels, able to proliferate undifferentiated cells without a
co-factor. In a particular embodiment of the present invention, there is provided

a composition comprising glycosylated cystatin C (CCg), an FGF co-factor that

PCT/US99/29533
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stimulates proliferation of neural and fibroblast associated undifferentiated cells.
The N-glycosylation of cystatin C 1s required for its activity. Moreover, CCg acts
in cooperation with basic fibroblast growth factor (FGF-2) to induce neural

progenit or cell proliferation.

In a first preferred embodiment, substantially purified glycosylated
cystatin C (CCg) polypeptide, and biologically active fragments thereof, are
provided.

In another embodiment, a method for stimulating and/or potentiating
trophic factor activity and/or specificity is provided. In a preferred embodiment,
a method for inducing proliferation of a mammalian neural stem or progenitor
cell is provided. This method includes contacting a neural stem or progenitor cell
invention compositions, or a biologically active fragment thereof, alone or in
combination with trophic factors such as fibroblast growth factor-2 (FGF-2), or a
biologically active fragment thereof, under conditions that allow proliferation of

the cell.

A method is also provided for inhibiting trophic factor activity and/or
specificity, comprising administering inactive forms of invention polypeptides.
Preferably, the present invention inhibits proliferation of a mammalian neural
cell. The method includes contacting the cell with a non-glycosylated form of
cystatin C (CCg) or an inhibitory peptide thereof (or of the CCg) under
conditions that inhibit proliferation of the cell. In one aspect, the method further
includes administering an FGF-2 inhibitory agent, such as an antibody, in

addition to a non-glycosylated CCg or other inhibitory fragment ot CCg.

PCT/US99/29533
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In another embodiment, an assay system is provided for identifying co-
factors for trophic factors, comprising purifying from conditioned medium a co-
factor for trophic factors. The method comprises contacting cells cultured in a
medium at low density, and thereafter purifying co-factors which stimulate and/or

potentiate the trophic factor activity and/or specificity.

A method of identifying an agent which promotes neural cell proliferation
is also provided. The method compﬁses contacting a neural undifferentiated cell
with a test agent and with a trophic factor, such as fibroblast growth factor-2,
under conditions that allow the components to interact. The ability of the neural
undifferentiated cell to proliferate in the presence of the agent 1s compared with
the ability of a neural undifferentiated cell, to proliferate in the absence of the

agent.

In yet another embodiment, a method is provided for modulating FGF

mediated processed comprising administering a co-factor for FGF to a subject.

In another embodiment, a method is provided for ameliorating a neural
disorder in a subject by administering a therapeutically effective amount of

glycosylated cystatin C to the subject.

A pharmaceutical composition is provided which contains a
therapeutically effective amount of glycosylated cystatn C and a

pharmaceutically acceptable carrier. In another embodiment, the composition

includes FGF-2.

An antibody which binds glycosylated cystatin C with a different atfimty
than non-glycosylated cystatin C is further provided.
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In yet another embodiment, substantially purified stem cell glycosylated
cystatin C polypeptide, 1s provided by a method comprising punfying
glycosylated cystatin C glycoprotein 1s also provided. The method includes,
producing conditioned media from a neural progenitor or stem cell; performing
affinity chromatography on the media; eluting a fraction containing mitogenic
activity; performing papain chromatography on the fraction having mitogenic

activity; and recovering a glycoprotéin of about 21 kDa.
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FIGURES 1A - 1C show graphs of in vitro proliferation assays. AHPs,
plated at different cell densities in N2, N2 + FGF-2, CM and CM + FGF-2, were
counted at DIV 1 (A) and DIV 5 (B). FGF-2 supports proliferation of AHPs at
densities > 200 cells per well; at lower densities, CM 1s required. The purified 21
kDa protein exhibited most of the mitogenic activity (C, fraction 11). In (C),
between DIV 1 and 3 a large number of cells died, probably from the toxic
compounds eluted from the membranes. Data in (A) and (B) are means + s.e.m.
of 6 independent experiments and in (C) are the means of triplicate from one of 2

typical independent experiments.

FIGURES 2A - 2C show the results of amino acid sequencing and mass
spectral analysis. The 21 kDa protein and the peptide G1751 were digested with
trypsin and endoproteinase Asp-N, respectively. The peptides, separated by
HPLC, were submitted to sequencing and mass spectral analysis. Fig. 2A shows
that all the sequences determined matched rat cystatin C. The peptide G1754
carries the N-linked carbohydrate moiety. Residues in parentheses were

determined with less than 70% confidence. If two residues are listed In

PCT/US99/29533
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parentheses, no unambiguous assignment could be made. X denotes that no
assignment could be made with > 50% confidence. Fig. 2B 1s a plot of the mass
spectral analysis. Peaks represent the different ionized forms of peptide G1751.
Fig. 2C is a plot of a mass spectral analysis demonstrating the heterogeneity of
the carbohydrate moiety of peptide G1754. m/z 1s the mass to charge ratio, M"™
denotes the molecular mass of singly, doubly and triply charged species, M 1s the

average molecular mass calculated from these charge states.

FIGURES 3A - 3D are graphs illustrating that the 21 kDa protein (CCg)
induces the proliferation of AHPs plated at low density, but not when N-
deglycosylated. (A). ChCystatin did not induce the proliferation of AHPs in the
absence or presence of FGF-2, but inhibited cell proliferation induced by CM or
CM + FGF-2 (B). Three recombinant forms of the mice glycocystatin - wild type
(i+g+), a form lacking the protease inhibitory site (i-g+) and a form with mutated
N-glycosylation site (i+g-) - were engineered (C) and purified to homogeneity. In
(C), NLT is the consensus site for N-glycosylation, DLT is the mutated site
where Asn has been subsituted for an Asp; an His tag was fused in 3’ to the
recombinant sequences. Only the forms i1+g+ and i-g+, but not i1+g-, induced the
proliferation in the presence of FGF-2 (D). The average number of cells plated at
DIV 1 was below 150 cells per well in (A) and (B) and below 25 cells per well in
(D). Data in (A) and (D) are the means of triplicate from one of 3 typical

experiments and in (B) are means + s.e.m. of 3 independent experiments.

FIGURES 4A and 4B are camera lucida drawings of the distribution of
BrdU-positive, FG-negative cells (red triangles), outside the graft area (blue line),
in the DG of the hippocampus (purple line) grafted with AHPs co-expressing
FGF-2-S and either i+g+ (A) or i+g- (B). The quantification of newborn cells

proximal to the grafts was performed within the subgranular layer of the DG, 1n a
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280 pm area from the edge of the graft (black segment) and distal to the grafts in
a 280 pm area beginning at least 800 um from the tip of the graft.

FIGURES 5A - 5D are graphs illustrating the stimulation of neurogenesis
in the adult rat DG by grafted AHPs co-expressing FGF-2-S and either the wild
type form of CCg (1+g+) or the form of CCg with mutated N-glycosylation site
(i+g-). Cell genesis was monitored at proximal (A, C) and distal (B, D) areas to
the grafts, within the granular laye‘r of the DG. An increase in tubulin-f§ III-,
BrdU-positive and FG-negative cells was only observed in the proximal area of
the DG of the rats that received grafted AHPs co-expressing FGF-2-S and i+g+.
An increase in tubulin-f III-, BrdU-positive and FG-negative cells was only
observed 1n the proximal area of the DG of the rats that received grafted AHPs
co-expressing FGF-2-S and 1+g+. Data are means + s.e.m. for 4 animals in each

treatment group (* p <0.005 by 2-way ANOVA).

FIGURE 6 is a table charting the effect of neurotrophic factors/cytokines
on AHPs plated at low density.

FIGURE 7 is a table providing the number of clones and average clone

size.

DETAILED DESCRIPTION OF THE INVENTION

It is noted that as used herein and in the appended claims, the singular
forms "a,” "and," and "the" include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to "a cell" includes a plurality of
such cells and reference to "the cytokine" includes reference to one or more

cytokines and equivalents thereof known to those skilled 1n the art, and so forth.

PCT/US99/29533
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Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood to one of ordinary skill in the
art to which this invention belongs. Although any methods, devices and
materials similar or equivalent to those described herein can be used in the

practice or testing of the invention, the preferred methods, devices and materials

are now described.

All publications mentioned herein are incorporated herein by reference in
full for the purpose of describing and disclosing the cell lines, antibodies, and
methodologies which are described in the publications which might be used In
connection with the presently described invention. The publications discussed
above and throughout the text are provided solely for their disclosure prior to the
filing date of the present application. Nothing herein 1s to be construed as an
admission that the inventors are not entitled to antedate such disclosure by virtue

of prior invention.

In a preferred embodiment of the present invention, there are provided a
pharmaceutical formulation comprising a co-factor for a trophic factor and a
pharmaceutically acceptable carrier, more preferably, a pharmaceutical
formulation further comprising a trophic factor. As used herein, the term “co-
factors” refer to factors that stimulate and/or potentiate the activity and/or
specificity of trophic factors, of their target cells. It has been discovered by the
present inventors that trophic factor activity and/or specificity requires or 1s
enhanced by certain co-factors purified from the conditioned medium of cell
cultures, preferably an autocrine/paracrine co-factor. For example, it has been
identified that an autocrine/paracrine co-factor, purified from neural cell cultures,

cooperates with fibroblast growth factor to stimulate the proliferation of neural
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stem cells in vitro and neurogenesis in vivo. Those of skill in the art will readily
recognize additional co-factors, which can be readily identified and purified

employing the methods described herein, based on the trophic factor and the

conditioned medium therefor.

As used herein, the term “trophic factor” refers to compounds with
trophic actions that promote and/or control proliferation, differentiation,
migration, and survival (sometimes. even the death) of their target cells. Such
factors include cytokines, neurotrophins, epidermal growth factor, fibroblast
growth factor, platelet-derived growth factor, insulin-like growth factors, ciliary
neurotrophic factor and related molecules, glial-dertved growth factor and related
molecules, schwanoma-derived growth factor, glial growth factor, stiatal-derived
neuronotrophic factor, platelet-derived growth factor, hepatocyte growth factor,
scatter factor (HGF-SF), transforming growth factor-beta and related molecules,
neurotransmitters, and hormones. Those of skill in the art will readily recognize
additional trophic factors which can be employed in the present invention (see,
e.g., Lenfant et al., Growth Factors of the Vascular and Nervous Systems :
Functional Characterization and Biotechnology : International Symposium on
Biotechnology of Grow (S. Karger Publishing, 1992); Aebischer et al.
Neurotrophic Factors (Handbook of Experimental Pharmacology, Vol 134)
(Springer Verlag, 1998); Meyers, R.A. Encyclopedia of Molecular Biology and
Molecular Medicine : Denaturation of DNA - Growth Factors (VCH Pub, 1996);
Meager & Robinson, Growth Factors : Essential Data (John Wiley and Sons,
1999); McKay & Brown, Growth Factors and Receptors : A Practical Approach
(Oxford University Press, 1998); Leroith & Bondy, Growth Factors and
Cytokines in Health and Disease, Vol 1A and 1B : A Multi-Volume Treatise (JAI
Pr, 1996).

10
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As used herein, the term "neurotrophin" or "neurotrophic factor" refers to
a trophic factor that promote the survival and functional activity of nerve or glial
cells, including a factor which enhances neural differentiation, induces neural
proliferation, influences synaptic functions, and/or promotes the survival of
neurons that are normally destined to die, during different phases of the
development of the central and penpheral nervous system. Exemplary
neurotrophins includes, for example, ciliary neurotrophic factor (CNF), nerve
growth factor (NGF), fibroblast grth factor (FGF), brain-derived neurotrophic
factor (BDNF), Neurotrophin-3 (NT-3), glia derived neurotrophic factor (GDNF),
and the like. Such factors are characterized by their trophic actions, their
expression patterns in the brain, and molecular aspects of their receptors and

intracellular signaling pathways.

In a preferred embodiment of the present invention, the invention co-
factor is the glycosylated form of Cystatin C or glycosylated Cystatin C (CCg),
which interacts and/or cooperates with trophic factors, such as FGF, to stimulate
or enhance the activity and/or specificity of the trophic factor. In a more
particular embodiment, the present invention is directed to the purification and
characterization of the co-factor, CCg, from the conditioned medium of neural
undifferentiated cell cultures and which is required for FGF-2’s mitogenic
activity on neural stem cells. The glycosylated form of cystatin C (CCg) 1s an
autocrine/paracrine co-factor, whose glycosylation, such as N-glycosylation, 1s

preferably required for its activity.

In a preferred embodiment of the present invention, CCg acts 1n
cooperation with trophic factors to stimulate and/or potentiate the activity and/or

specificity of the trophic factor. For example, CCg cooperates with members of
the FGF family, such as basic fibroblast growth factor (FGF-2). FGF-2 1s an 18

i1
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kDa protein with a length of 155 amino acids and an 1soelectric point of 9.6.
FGF-2 does not contain disulfide bonds and 1s not glycosylated. Vanants with a
length of 131 and 146 amino acids, respectively, have been described, as have
higher molecular weight forms (for a review of FGF-2, see Baird, A., and
Klagsbrun, M., 1991, Cancer Cells 3:239-43, herein incorporated by reference).
The present invention also includes a composition comprising a cell proliferative
amount of CCg in combination with FGF-2. One of skill in the art can determine
effective amounts of CCg and FGF-2 in a mixture using the proliferation assay
described in the Examples below. Alternatively, CCg can act cooperatively with
other members of the FGF family. The fibroblast growth factor family includes
at least seven polypeptides that have been shown to stimulate proliferation in
various cell lines including endothelial cells, fibroblasts, smooth muscle cells and
epidermal cells. Included in this group are acidic fibroblast growth factor (FGF-
1), basic fibroblast growth factor (FGF-2), int-2 (FGF-3), Kaposi sarcoma growth
factor (FGF-4), hst-1 (FGF-5), hst-2 (FGF-6) and keratinocyte growth factor;
(FGF-7) (Baird and Klagsbrun, Ann. N.Y. Acad. Sci. 638: xiv, 1991).

The i1nvention jprovides substantially purified CCg polypeptide.
Preferably, CCg has the amino acid sequence set forth in SEQ ID NO:1. Fuli
length, wild-type, CCg polypeptide is a glycoprotein of approximately 21 kDa.
The term "substantially purified" as used herein refers to a glycoprotein or a
polypeptide which is substantially free of other proteins, lipids, carbohydrates or
other materials with which it 1s naturally associated. One skilled in the art can
purify CCg using the methods set forth in the Examples, or other standard
techniques for protein purification (see Barret, A.J., 1981, Methods Enzymol
80:771-778, herein incorporated by reference). The substantially pure

polypeptide will yield a single major band on a non-reducing polyacrylamide gel.

12
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The purity of the CCg glycoprotein can also be determined by amino-terminal

amino acid sequence analysis.

The 1invention includes functional polypeptide, as well as functional
peptide fragments thereof. As used herein, the term "functional polypeptide"
refers to a polypeptide, respectively, which possesses biological function or
activity which is identified through a defined functional assay and which 1is
associated with a particular biologic, morphologic, or phenotypic alteration in the
cell. A “fragment” 1s a polypeptide containing from about one to about forty
amino acids in length. Thus, for example, the term “functional (poly)peptide
fragments of CCg”, refers to fragments of CCg that retain a CCg activity, e.g., the
ability to interact and/or cooperate with a trophic factor such as FGF-2 to
stimulate the growth or differentiation of progenitor and/or stem cells, preferably
neural progenitor and/or stem cells. One of skill in the art could use the
proliferative assay described in the present Examples to identify fragments of
CCg that are functional in stimulating proliferation of neural undifferentiated
cells in combination with FGF-2. Biologically functional fragments, for
example, can vary in size from a polypeptide fragment or as small as an epitope
capable of binding an antibody molecule to a large polypeptide capable of
participating in the characteristic induction or programming of phenotypic
changes within a cell. Several regions of CCg have been identified. An available
glycosylation site of CCg is located at amino acid residue 79 in rat cystatin C, or
one of the aspartic acid residues in human cystatin C. The protease inhibitor
region is located from about amino acid 7 or 8, preceding conserved glycine at
residue 9 (in chicken) (Machleidt et al., FEBS Letters, 1989, 243:234-238;
Abrahamson, et al., J. Biol. Chem. 1987, 262:9688-9694; Hall et al., J. Biol.
Chem., 1995, 270:5115-5121). An example of a functional fragment of CCg

13
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includes a fragment containing the glycosylation site, a fragment lacking the

protease inhibitor region, and the like.

Functional fragments of CCg may also include inhibitory fragments. For
example, fragments of CCg that inhibit neural undifferenetiated cell proliferation
can be determined using the proliferation assay described herein. One of skill in
the art could use CCg and FGF-2 to stimulate cell proliferation and add varying
amounts of different CCg peptides to determine if such peptides or fragments
have an antagonistic effect with respect to CCg. Further, non-glycosylated
fragments of cystatin C are useful as CCg antagonists and can be assayed in a

similar manner.

Invention CCg includes amino acid sequences substantially the same as
the sequence encoding the cystatin C, including rat or mouse cystatin C, chicken
cystatin C, human cystatin C, and the like. The term “substantially the same”
refers to amino acid sequences that retain the activity of CCg as described herein,
e.g., stimulation and/or potentiation of neurotrophin activity. The CCg
glycoproteins of the invention include conservative variations of the amino acid
sequence. The term "conservative variation" as used herein denotes the
replacement of an amino acid residue by another, biologically similar residue.
Examples of conservative variations include the substitution of one hydrophobic
residue such as isoleucine, valine, leucine or methionine for another, or the
substitution of one polar residue for another, such as the substitution of arginine
for lysine, glutamic for aspartic acids, or glutamine for asparagine, and the like,
so long as the glycosylation site is preserved. The term "conservative variation"
also includes the use of a substituted amino acid in place of an unsubstituted
parent amino acid provided that antibodies raised to the substituted polypeptide

also immunoreact with the unsubstituted polypeptide, and that the glycosylation
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site 1s preserved. Those of skill in the art will readily recognize substitution,
additions and deletions which can be made in the present invention, including

employing programs such as Blast to allow such changes.

Minor modifications of the CCg primary amino acid sequence may result
in glycoproteins which have substantially equivalent activity as compared to the
unmodified counterpart polypeptide described herein. Such modifications may
be deliberate, as by site-directed mutagenesis, or may be spontaneous. All of the
glycoproteins produced by these modifications are included herein as long as the
biological activity of CCg still exists. Further, deletion of one or more amino
acids can also result in a modification of the structure of the resultant molecule
without significantly altering its activity. Deletion can lead to the development of
a smaller active molecule which could have broader utility. For example, it may
be possible to remove amino- or carboxy-terminal amino acids without affecting

CCg activity, as long as the glycosylation site 1s preserved.

In a preferred embodiment of the present invention, glycosylation of CCg,
more preferably N-glycosylation, stimulates undifferentiated cells to proliferate.
A "glycoprotein" is a polypeptide that contains one or more carbohydrate groups.
Glycosylation has been shown to affect protein folding, recognition, and
metabolism. Most proteins sequestered in the lumen of the endoplasmic reticulum
before being secreted from the cell or transported to other intracellular
destinations are glycoproteins, while the soluble proteins of the cytoplasm are
generally not glycosylated (see Alberts, B., ef al., Molecular Biology ot the Cell.
Garland Publishing, Inc., New York, 1983, herein incorporated by reference).

The carbohydrate moiety of a glycoprotein can be either single

monosaccharides or relatively short oligosaccharide (up to 30) oligosaccharides.
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The carbohydrate portion of a glycoprotein may constitute from about 1 percent
to about 50 percent or more of the glycoprotein. Generally, the carbohydrate 1s
covalently attached to a protein as an oligosaccharide side chain containing 4 to

15 sugars. Several side chains may occur on the same protein and the chains may
be branched.

The carbohydrate moiety may be linear or branched, and the carbohydrate
linkage can be either an O- or an N-linkage. "N-linked glycosylation" refers an
alkali-stable N-glycosidic bond between the amide nitrogen of asparagine and the
C-1 of an amino sugar residue. This occurs 1n the sequence motif of Asn - X -
Ser, or Asn - X - Thr, where X can be any amino-acid except proline or
asparagine. The first sugar of N-glycans is generally N-Acetylglucosamine
(GlcNAc), which 1s linked to the amide nitrogen of Asn. In general, the N-linked
oligosaccharides have a minimum of five sugar residues, and fall into three
categories, complex, hybrid, and high-mannose type. All of the types have a
common pentasaccharide core, and thus have a minimum of five sugar residues.
Complex type chains can be mon-, bi-, tri- (2,4 and 2,6 branched), tetra-, and
pentantennary structures. Such chains can also contain different amounts of
sialic acid. High mannose oligosaccharides can have from about three to about
60 mannose residues. N-linked glycoproteins often have many glycoforms. A
"glycoform" is a glycoprotein that differs in the sequences, locations, and/or

number of the covalently bound oligosaccharides.

In contrast to N-linked glycosylation, "O-linked glycosylation" refers to
oligosaccharides that are attached to a hydroxyl group of serine or threonine. The
first sugar residue is usually N-Acetylgalactosamine (GalNAc). Less commonly,
galactose, mannose or xylose form O-glycosidic bonds with serine or threonine.

In general, O-linked oligosaccharides are generally short (1-4 sugar residues),
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however, longer forms have been identified (e.g., in the O-glycans of ABO blood
group antigens). The longest O-linked carbohydrate chains have been identified

in proteoglycans which can contain up to 1000 disacchande units.

The carbohydrate moiety can be composed of any one of a number of
sugars, such as the aldoses. Examples of aldoses include, but are not limited to:
D-glyceraldehyde, D-erythrose, D-threose, D-ribose, D-arabinose, D-xylose, S-
lyxose, D-allose, D-altrose, D-glucose, D-mannose, D-gulase, D-idose, D-
galactose, and D-talose. The carbohydrate moiety may also be a ketose.
Examples of ketoses include, but are not limited to, dihydroxyacetone, D-
erythrulose, D-ribulose, D-xylulose, D-fructose, D-sorbose, D-tagatose, and D-
paicose. The carbohydrate moiety can be composed of hexoses. In one
embodiment, CCg includes at least about fifteen hexose residues. A terminal

sialic acid residue can be linked to the terminal hexose residue.

Invention co-factors can be produced using molecular cloning techniques
well known to one of skill in the art . For example, a polynucleotide sequence
encoding invention polypeptide (see Esnard, F., etal, 1990, Biol. Chem.
Hoppe-Seyler 371:161-166; Turk, V. and Bode, W., 1991, FEBS Lett. 285:213-
219, both herein incorporated by reference) can be utilized. The term
“nolynucleotide” or ‘“nucleic acid sequence” refers to a polymeric form of
nucleotides at least 10 bases in length. “Isolated polynucleotide” refers to a
polynucleotide that is not immediately contiguous with either of the coding
sequences with which it is immediately contiguous (one on the 5' end and one on
the 3' end) in the naturally occurring genome of the organism from which 1t 1s
derived. The term therefore includes, for example, a recombinant DNA which 1s
incorporated into a vector; into an autonomously replicating plasmd or virus; or

into the genomic DNA of a prokaryote or eukaryote, or which exists as a separate
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molecule (e.g., a cDNA) independent of other sequences. The nucleotides can be
ribonucleotides, deoxyribonucleotides, or modified forms of either nucleotide.

The term includes single and double forms of DNA.

DNA sequences encoding invention co-factors can be expressed (and
modified, e.g., glycosylated, in vitro) by DNA transfer into a suitable host cell.
Host cells are cells in which a vector can be propagated and its DNA expressed.
The term also includes any progeny of the subject host cell. It is understood that
all progeny may not be identical to the parental cell since there may be mutations
that occur during replication. However, such progeny are included when the term
“host cell” 1s used. Suitable host cells also include eukaryotic cells which can
glycosylate invention polypeptides, such as CCg. Suitable host cells also include
prokaryotic cells which can produce non-glycosylated CCg or eukaryotic cells
which are deficient in one or more glycosylation pathways such that they produce
non-glycosylated CCg. Methods of stable transfer, meaning that the foreign
DNA is continuously maintained in the host, are known 1n the art. In the present
invention, the invention polynucleotide sequences may be inserted into an
expression vector. The term “expression vector’ refers to a plasmid, virus or
other vehicle known in the art that has been manipulated by insertion or

incorporation of the nucleic acid sequences encoding invention polypeptides.

“Transformation” refers to a genetic change induced in a cell following
incorporation of new DNA (i.e., DNA exogenous to the cell). Where the cell 1s a
mammalian cell, the genetic change is generally achieved by introduction of the
DNA into the genome of the cell (i.e., stable). “Transformed cell” refers to a cell
into which (or into an ancestor of which) invention polynucleotides have been
introduced, by such means as recombinant DNA techniques. Transformation of a

host cell with recombinant DNA may be carried out by conventional techniques
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as are well known to those skilled in the art. For example, when the host 1s a
eukaryote, such methods of transfection of DNA as calcium phosphate co-
precipitates, conventional mechanical procedures such as microinjection,
electroporation, insertion of a plasmid encased in liposomes, or virus vectors may

5  beused.

Isolation and purification of the expressed invention polypeptides, or
fragments thereof, provided by the invention, may be carried out by conventional
means including preparative chromatography and immunological separations

10  involving monoclonal or polyclonal antibodies.

Invention polypeptides can be used to produce antibodies which are
immunoreactive or bind to epitopes of the invention polypeptide. For example,
antibodies can be produced which specifically bind to CCg, a non-glycosylated

15 form of CCg, or a specific fragment of CCg. Antibodies which consist
essentially of pooled monoclonal antibodies with different epitopic specificities,
as well as distinct monoclonal antibody preparations are included within the

scope of the invention.

20 Polyclonal antibodies can also be used in the method of the invention.
The preparation of polyclonal antibodies is well-known to those skilled 1n the art.

See, for example, Green et al., 1992, Production of Polyclonal Antisera, 1n:

Immunochemical Protocols pages 1-5, Manson, ed., Humana Press; Coligan
et al., 1992, Production of Polyclonal Antisera in Rabbits, Rats, Mice and

25  Hamsters, in: Current Protocols in Immunology, section 2.4.1, which are hereby

incorporated by reterence.
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The preparation of additional monoclonal antibodies likewise is
conventional. See, for example, Kohler & Milstein, 1975, Nature 256:495;
Coligan etal., sections 2.5.1-2.6.7, and Harlow eral, in: Antibodies: a
Laboratory Manual, page 726, Cold Spring Harbor Pub., 1988, which are hereby
incorporated by reference. Briefly, monoclonal antibodies can be obtained by
injecting mice with a composition comprising an antigen, verifying the presence
of antibody production by removing a serum sample, removing the spleen to
obtain B lymphocytes, fusing the B'lymphocytes with myeloma cells to produce
hybridomas, cloning the hybridomas, selecting positive clones that produce
antibodies to the antigen, and isolating the antibodies from the hybridoma
cultures. Monoclonal antibodies can be 1solated and purified from hybridoma
cultures by a variety of well-established techniques. Such isolation techniques
include affinity chromatography with Protein-A Sepharose, size-exclusion
chromatography, and ion-exchange chromatography. See, e.g., Coligan et al.,
sections 2.7.1-2.7.12 and sections 2.9.1-2.9.3; Barnes et al., 1992, Punification of
Immunoglobulin G (IgG), in: Methods 1n Molecular Biology, Vol. 10, pages 79-

104, Humana Press.

Methods of in vitro and in vivo multiplication of monoclonal antibodies
are well known to those skilled in the art. Multiplication in vitro may be carried
out in suitable culture media such as Dulbecco's Modified Eagle Medium or
RPMI 1640 medium, optionally supplemented by a mammalian serum such as
fetal calf serum or trace elements and growth-sustaining supplements such as
normal mouse peritoneal exudate cells, spleen cells, thymocytes or bone marrow
macrophages. Production in vitro provides relatively pure antibody preparations
and allows scale-up to yield large amounts of the desired antibodies. Large scale
hybridoma cultivation can be carried out by homogenous suspension culture in an

airlift reactor, in a continuous stirrer reactor, or in immobilized or entrapped cell
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culture. Multiplication in vivo may be carried out by injecting cell clones into
mammals histocompatible with the parent cells, e.g., syngeneic mice, to cause
growth of antibody-producing tumors. Optionally, the animals are primed with a
hydrocarbon, especially oils such as pristane (tetramethylpentadecane) prior to
injection. After one to three weeks, the desired monoclonal antibody is recovered

from the body fluid of the animal.

Antibodies of the present in\}ention may also be denved from subhuman
primate antibody.  General techniques for raising therapeutically useful
antibodies in baboons can be found, for example, in Goldenberg et al., 1991,
International Patent Publication WO 91/11465, and Losman et al., 1990, Int. J

Cancer 46:310, which are hereby incorporated by reference.

Alternatively, an anti-CCg antibody may be derived from a humanized
monoclonal antibody. Humanized monoclonal antibodies are produced by
transferring mouse complementarity determining regions from heavy and light
variable chains of the mouse immunoglobulin into a human variable domain, and
then substituting human residues in the framework regions of the murine
counterparts. The use of antibody components derived from humanized
monoclonal antibodies obviates potential problems associated with the
immunogenicity of murine constant regions. General techniques for cloning
murine immunoglobulin variable domains are described, for example, by Orland:
et al., 1989, Proc. Nat'l Acad. Sci. USA 86:3833, which 1s hereby incorporated in
its entirety by reference. Techniques for producing humanized monoclonal
antibodies are described, for example, by Jones et al., 1986, Nature 321:522,
Riechmann et al., 1988, Nature 332:323; Verhoeyen etal., 1988, Science
239:1534; Carter et al., 1992, Proc. Nat'l Acad. Sci. USA §9:4285; Sandhu, 1992,
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Crit. Rev. Biotech. 12:437; and Singer et al., 1993, J. Immunol. 15Q:2844, which

are hereby incorporated by reference.

Antibodies of the invention also may be derived from human antibody
fragments 1solated from a combinatorial immunoglobulin library. See, for
example, Barbas eral, 1991, in: Methods: a Companion to Methods ir
Enzvmology, Vol. 2, page 119; Winter et al., 1994, Ann. Rev. Immunol. 12:433,
which are hereby incorporated by reference. Cloning and expression vectors that
are useful for producing a human immunoglobulin phage library can be obtained,

for example, from STRATAGENE Cloning Systems (La Jolla, CA).

In addition, antibodies of the present invention may be derived from a
human monoclonal antibody. Such antibodies are obtained from transgenic mice
that have been engineered to produce specific human antibodies in response to
antigenic challenge. In this technique, elements of the human heavy and light
chain loci are introduced into strains of mice derived from embryonic stem cell
lines that contain targeted disruptions of the endogenous heavy and light chain
loci. The transgenic mice can synthesize human antibodies specific for human
antigens, and the mice can be used to produce human antibody-secreting
hybridomas. Methods for obtaining human antibodies from transgenic mice are
described by Green et al., 1994, Nature Genet. 7:13; Lonberg et al., 1994, Nature
368:856; and Taylor etal.,, 1994, Int. Immunol. 6:579, which are hereby

incorporated by reference.

The term antibody as used in this invention includes intact molecules as
well as fragments thereof, such as Fab, F(ab'),, and Fv which are capable of
binding the epitopic determinant. These antibody fragments retain some ability

to selectively bind with its antigen or receptor and are defined as follows:

22

PCT/US99/29533



CA 02354378 2001-06-11

WO 00/33791 PCT/US99/29533

(1)  Fab, the fragment which contains a monovalent antigen-binding fragment

of an antibody molecule can be produced by digestion of whole antibody with the

enzyme papain to yield an intact light chain and a portion of one heavy chain;

(2) Fab', the fragment of an antibody molecule can be obtained by treating

5  whole antibody with pepsin, followed by reduction, to yield an intact light chain

and a portion of the heavy chain; two Fab' fragments are obtained per antibody

molecule;

(3) (Fab'),, the fragment of thé antibody that can be obtained by treating

whole antibody with the enzyme pepsin without subsequent reduction; F(ab'), 1s
10 adimer of two Fab' fragments held together by two disulfide bonds;

(4)  Fv, defined as a genetically engineered fragment containing the varable

region of the light chain and the vanable region of the heavy chain expressed as

two chains; and

(5) Single chain antibody ( SCA ), defined as a genetically engineered
15 molecule containing the variable region of the light chain, the variable region ot

the heavy chain, linked by a suitable polypeptide linker as a genetically fused

single chain molecule.

Methods of making these fragments are known in the art. (See for

20 example, Harlow and Lane, 1988, Antibodies: A ILaboratory Manual, Cold
Spring Harbor Laboratory, New York, incorporated herein by reference). As

used in this invention, the term epitope means any antigenic determinant on an
antigen to which the paratope of an antibody binds. Epitopic determinants
usually consist of chemically active surface groupings of molecules such as

25 amino acids or sugar side chains and usually have specific three dimensional

structural characteristics, as well as specific charge characteristics.
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Antibody fragments of the present invention can be prepared by
proteolytic hydrolysis of the antibody or by expression in E. coli of DNA
encoding the fragment. Antibody fragments can be obtained by pepsin or papain
digestion of whole antibodies by conventional methods. For example, antibody
fragments can be produced by enzymatic cleavage of antibodies with pepsin to
provide a 5S fragment denoted F(ab'),. This fragment can be further cleaved
using a thiol reducing agent, and optionally a blocking group for the sulthydryl
groups resulting from cleavage of disulfide linkages, to produce 3.5S Fab'
monovalent fragments. Alternatively, an enzymatic cleavage using pepsin
produces two monovalent Fab' fragments and an Fc fragment directly. These
methods are described, for example, by Goldenberg, U.S. patents No. 4,036,945
and No. 4,331,647, and references contained therein. These patents are hereby

incorporated in their entireties by reference. See also Nisonhoff ef al., 1960,
Arch. Biochem. Biophys. 8§9:230; Porter, 1959, Biochem. J. 73:119; Edelman

et al., 1967, Methods in Enzymology, Vol. 1, page 422, Academic Press; and
Coligan et al. at sections 2.8.1-2.8.10 and 2.10.1-2.10.4.

Other methods of cleaving antibodies, such as separation of heavy chains
to form monovalent light-heavy chain fragments, further cleavage of fragments,
or other enzymatic, chemical, or genetic techniques may also be used, so long as

the fragments bind to the antigen that is recognized by the intact antibody.

For example, Fv fragments comprise an association of Vy and V|, chains.
This association may be noncovalent, as described in Inbar et al., 1972, Proc.
Nat'l Acad. Sci. USA 69:2659. Alternatively, the variable chains can be linked by
an intermolecular disulfide bond or cross-linked by chemicals such as
glutaraldehyde. See, e.g., Sandhu, supra. Preferably, the Fv fragments comprise

Vu and Vi chains connected by a peptide linker. These single-chain antigen
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binding proteins (sFv) are prepared by constructing a structural gene comprising
DNA sequences encoding the Vy and V_ domains connected by an
oligonucleotide. The structural gene is inserted into an expression vector, which
1s subsequently introduced into a host cell such as E. coli. The recombinant host
cells synthesize a single polypeptide chain with a linker peptide bridging the two
V domains. Methods for producing sFvs are described, for example, by Whitlow
et al., 1991, Methods: a Companion to Methods in Enzymology, Vol. 2, page 97;
Bird et al., 1988, Science 2&2:423-4'26; Ladner et al., U.S. patent No. 4,946,778;
Pack et al., 1993, Bio/Technology 11:1271-77; and Sandhu, supra.

Another form of an antibody fragment 1s a peptide coding for a single
complementarity- determining region (CDR). CDR peptides ( minimal
recognition units ) can be obtained by constructing genes encoding the CDR of an
antibody of interest. Such genes are prepared, for example, by using the
polymerase chain reaction to synthesize the variable region from RNA of
antibody-producing cells. See, for example, Larrick efal., 1991, Methods: a

ompanion to Methods 1n Enzymology, Vol. 2, page 106.

Antibodies which bind to CCg can be prepared using an Intact
glycoprotein or fragments containing small glycosylated peptides of interest as
the immunizing antigen. The polypeptide or a peptide used to immunize an
animal can be derived from translated cDNA or chemical synthesis which can be
conjugated to a carrier protein, if desired. Such commonly used carriers which
are chemically coupled to the peptide include keyhole limpet hemocyanin (KLH),
thyroglobulin, bovine serum albumin (BSA), and tetanus toxoid. The coupled

glycosylated peptide 1s then used to immunize the animal (e.g., a mouse, a rat, or
a rabbit).
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If desired, polyclonal or monoclonal antibodies can be further purified,
for example, by binding to and elution from a matrix to which the polypeptide or
a peptide to which the antibodies were raised is bound. Those of skill in the art
will know of various techniques common in the immunology arts for purification

and/or concentration of polyclonal antibodies, as well as monoclonal antibodies

(See for example, Coligan ef al., Unit 9, nt Protocols in Immunology, Wiley

! .

Interscience, 1991, incorporated by reference).

An in vitro assay system to identify polypeptides involved in the
proliferation of cells is also provided. This assay system can be used to identify
novel co-factors which stimulate and/or potentiate the activity and/or specificity
of trophic factors. According to the present invention, there are provided
methods for identifying co-factors for trophic factors, comprising culturing cells
in a conditioned media at low density, contacting the cells with a trophic factor
and thereafter purifying the co-factor from the conditioned media which
stimulates and/or potentiates the trophic factor. Preferably, the co-factor 1s an
autocrine and/or paracrine co-factor which can be identified and purified from the
conditioned medium by fractionation or other methods known to those skilled 1n

the art to purify proteins, and/or identify protein-protein interactions.

Established long-term cultures of adult rat hippocampus-derived neural
progenitor cells (AHPs) in the presence of FGF-2 (Gage et al. (1995) Proc. Natl.
Acad. Sci. USA, herein incorporated by reference) are shown herein. It was
previously recognized that the culturing of cells in the presence of trophic factors
requires a high cell density. For example, FGF-2 has been shown to require a
high cell density for culturing AHPs, whereas the expansion of clonal populations
of AHPs from single cells with FGF-2 was unsuccessful unless FGF-2 was

supplemented with AHP CM. At low cell density, FGF-2 alone does not support
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neural stem cell proliferation or survival, and elicits a weak mitogenic activity on
neural undifferentiated cells, as they do not expand farther than a few cell
division. The present discovery identifies that trophic factors, such as FGF-2,
require cooperation with co-factors which are present in the conditioned medium.
For example, the autocrine/paracrine co-factor(s), CCg, present in the CM,
supports neural stem cell and progenitor cell proliferation in vitro. Further, the
CM-derived co-factor potentiates the activity of FGF-2 in vivo and therefore
cooperates with FGF-2 to induce prdliferation of endogenous neural stem cells 1n
the adult brain. The present invention and the Examples provided herein provide
an autocrine/paracrine co-factor that cooperates with FGF-2 to stimulate the
proliferation of neural stem cells in vitro and neurogenesis in vivo. Furthermore,
this discovery permits the formulation of the hypothesis that trophic factors can
achieve activity, and therefore specificity, through required interaction with local

autocrine or paracrine co-factors.

As used herein, the term “conditioned media" is media contacted with a
cell for such an amount of time that the products from the cell are secreted into
the media. In one embodiment the cell is a neural undifferentiated cell and
preferably, a mammalian cell. Examples include rat, mouse, bovine or ovine
cells. Those of skill in the art can readily prepare conditioned medium (CM) for
specific cells (see, e.g., Temple, S. (1989) Nature 340:471-473; Kilpatrick &
Bartlett (1993) Neuron 10:255-265; Davis & Temple (1994) Nature 372:263-266;
Qian et al. (1997) Neuron 18:81-93; Johansson et al. (1999) Cell 96:25-34, each

herein incorporated by reference).
The invention co-factors can be purified by any means known to one of

skill in the art. One specific method of purification includes producing

conditioned media from mammalian undifferentiated cells, and fractionating the
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medium to isolate the co-factor. Fractionation can be performed by affinity
chromatography on the media and eluting fractions containing mitogenic activity,
papain chromatography on the fraction containing mitogenic activity,
electrophoresis, and the like, as well as combinations of fractionation methods.
In a preferred embodiment of the present invention, the conditioned media i1s
subject to affinity chromatography, and fractions containing mitogenic activity
are eluted, using methods well known to one of skill in the art. In one
embodiment, the atfinity 1s chromatxography is lentil-lectin chromatography, and
elution is performed with I-methyl-mannoside. Papain chromatography is then
performed on the eluted fractions having mitogenic activity. Exemplary methods
for purifying CCg are shown in Example 1, using a cation exchange column and

Example 4, using lentil lectin chromatography.

As employed herein, the term “low density” refers to the density at which
most of the cells would die in the presence of trophic factors alone but would
proliferate with trophic factors when supplemented with CM obtained from high
density rapidly proliferating cell cultures. See Example 2, wherein the neuronal
undifferentiated cells are cultured at a low density in a basal medium. It has been
discovered that cells will proliferate in the presence of trophic factors only when

in high density, and not at low density unless a co-factor is provided therewith.

In one preferred embodiment, the invention provides a method of
identifying an agent which promotes neuronal cell proliferation, by contacting an
agent of interest, such as a polypeptide, with the neuronal undifferentiated cells
and CCg and measuring the ability of the cells to proliferate by any means known
to one of skill in the art. The agent is evaluated to measure its influence on
neuronal proliferation, influence on synaptic functions, and/or to promote the

survival of neurons. The ability of the neuronal undifferentiated cells to
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proliferate is then compared to the ability of a suitable control population of cells
to proliferate in the absence of the agent. The neural undifferentiated cells can be
either adult cells or embryonic cells. The neuronal undifferentiated cells can be
derived from either the peripheral or the central nervous system. In one
embodiment, the cells are derived from the central nervous system, spectfically
from the hippocampus (see Ray, J., etal., 1993, Proc. Natl. Acad. Sci. USA
90:3602-3606, herein incorporated by reference, also see Example 1). A specific,
nonlimiting example of a suitable control population of cells is neuronal
undifferentiated cells cultured at low density in basal medium supplemented with
FGF-2. The multipotent neural progenitor cells are cultured at "low density”.
(e.g., DMEM/F12). The basal medium is supplemented with fibroblast growth

factor-2 at 0.10-50 ng/ml. In one embodiment, the basal media is supplemented

with fibroblast growth factor-2 at about 5-20 ng/ml.

The term “agent”, “compound” or “factor” as used herein describes any
molecule, e.g., a protein, polypeptide, or pharmaceutical, with the capability of
affecting the growth of a neural undifferentiated cell. The agent can be anything
known or suspected of being capable of affecting the growth or neuronal
undifferentiated cells. The agent includes peptide fragments of CCg polypeptide.
The agents include synthetic chemical agents, biochemical agents, cells, extracts,
homogenates and conditioned medium. The test agent may also be a
combinatorial library for screening a plurality of compounds. Compounds
identified in the method of the invention can be further evaluated, detected,
cloned, sequenced, and the like, either in solution or after binding to a sold
support, by any method usually applied to the detection of a specific DNA
sequence, such as PCR, oligomer restriction (Saiki etal., Bio/Technology
3:1008-1012, 1985), allele-specific oligonucleotide (ASO) probe analysis
(Conner etal., Proc. Natl. Acad. Sci. USA 80:278, 1983), oligonucleotide
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ligation assays (OLAs) (Landegren et al., Science 241:1077, 1988), and the like.
Molecular techniques for DNA analysis have been reviewed (Landegren et al.,

Science 242:229-237, 1988).

Candidate agents encompass NuUMerous chemical classes. They can be
organic molecules, preferably small organic compounds having a molecular
weight of more than 50 and less than about 2,500 Daltons. Candidate agents
comprise functional groups necessary for structural interaction with proteins,
particularly hydrogen bonding, and typically include at least an amino, carbonyl,
hydroxyl or carboxyl group, preferably at least two functional chemical groups.
The candidate agents often comprise cyclical carbon or heterocyclic structures
and/or aromatic or polyaromatic structures substituted with one or more of the
above functional groups. Candidate agents are also found among biomolecules
including, but not limited to: peptides, saccharides, fatty acids, steroids, purines,
pyrimidines, derivatives, structural analogs or combinations thereof. Candidate
agents can be polypeptides, or polypeptides produced by site-directed or random

mutagenesis of a synthetic or naturally occurring nucleic acid sequence.

Candidate agents are obtained from a wide variety of sources including
libraries of synthetic or natural compounds. For example, numerous means are
available for random and directed synthesis of a wide variety of organic
compounds and biomolecules, including expression of randomized
oligonucleotides and oh gopeptides. Alternatively, libraries of natural compounds
in the form of bacterial, fungal, plant and animal extracts are available or readily
produced.  Additionally, natural or synthetically produced libranes and
compounds are readily modified through conventional chemical, physical and
biochemical means, and may be used to produce combinatorial libraries. Known

pharmacological agents may be subjected to directed or random chemical
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