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METHOD OF STIMULATING PROSAPOSIN RECEPTOR ACTIVITY

‘The present invention relates to a method of stimulating prosaposin receptor activity by

transfecting cells with DNA or RNA encoding prosaposin or a prosaposin receptor agonist.
Background of the Invention '

Prosaposin, a 70 kilodalton glycoprotein, is the precursor of a group of four heat-stable
glycoproteins which are required for hydrolysis of glyoosphinéolipids by lysosomal hydrolases
(Kishimoto et al., J. Lipid Res., 33:1255-1267, 1992). Prosaposin is proteolytically processed in
lysosonﬁes to generate saposins A, B, C, and D which exist as four tandem domains in prosaposin
(O’Brien et al., FASEB J., 5:301-308, 1991). All four saposins are structurally similar to each
other, including the placement of six cysteines, a glycosylation site and conserved proline
residues. : . : -

As described in U.S. Patent No. 5,571,787 and International Application No.
PCT/US94/08453, prosaposin, saposin C and various peptides derived from or related to saposin
C (18-mer and 22-mer peptides) induce neurite oﬁtgrowth, prevent neural cell death and
stimulate myelination. These proteins and peptides, which are members of the group
“prosaposin receptor agonists”, also promote neuroprotection #nd can be used to treat various
neuropathies including diabetic neuropathy and taxol-induced neuropathy. The neurotrophic and
myelinotrophic activity have been further localized to a 12-mer region {amino acids 18-29) of
saposin C (LIDNNKTEKEIL; SEQ ID NO: 1). Immunohistochemical studies showed that
prosaposin is localized to populations of large neurons including upper arid lower motof neurons.
Prosaposin binds to a cell surface receptor and stimulates incorporation of p into several
proteins.

The use of neurotrophic peptides as therapeutic agents has inherent limitations including
susceptibility to proteolysis. In the nervous system, it is desirabie for therapeutic agents to cross
the blood brain barrier. Although the 18-mer referred to above can cross the blood brain barrier,
the enhanced production of prosaposin, saposin C or a peptide related thereto by cells of the
peripheral and/or central nervous system would be beneficial in'the prevention and treatment of
neurodegenerative and myelination disorders. _

The prosaposin receptor is described in U.S. Patent No. 5,571,787. This receptor also
binds saposin C and prosaposin receptor agonists including the 12-mer referred to hereinabove.
Methods of identifying prosaposin receptor agonists are described in U.S. Application Serial No.
08/896,181. Since the diécovery of the neurotrophic, nehroprdie&fire, and myelinotrophic

activities of prosaposin receptor agonists, various researchers have demonstrated the in vitro and
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in vivo utility of various such agonists (O;Brien et al,, Proc. Netl. Acdd. Sci. US".A 91:9593= -
9596, 1994; O’Brien et al_., FASEB J. 9:681-685, 1994; Sano et al., Biochem. Biophys. Res.

-Commun. 204:994-1000, 1994, Kotani et al., J. Neurochem. ,6_6:2_2197-2_200, 1996; Kotani et al.,

J. Neurochem. 66:2019-2025; Qi et al, J. Biol. Chem. 271:6874-6880, 1996).

The therapeutic treatment of diseases usmg ‘gene therapy involves the transfer and
transient or stable msertmn of.new genetic mformatmn into cells (see Crystal et al., Science,
270:404-410, 1995 for rev1ew) The correction of a genenc defeet by re-mtroductlon of the
normal allele of a gene encodmg the desired ﬁmctlon has been aehleved (Rosenberg et al New
Engl. J. Med., 323:570, 1990; Boris-Lawrie et al., 4nn. N'Y. Acad SCI 716:59, 1994; Wivel et
al,, Science, 262:533,1993).

In order to be therapeutlcally effectlve in the treatment of neurodegeneratlve of
myelination disorders, prosaposm and prosaposm receptor agomsts need to be delivered to neural
cells transiently or stably. The  present mvennon provides such dehvery methods.

. Summary of the Invention

One embodiment of the present mventlon xs the use of an isolated DNA or RNA
molecule operably encodlng prosaposm or a prosaposin reeeptor agonist for treatment of
neurodegenerative or myelination disorders. Preferably, the prosaposin receptor agonist is
selected from the group eet_lsi_sting of saposin C, a peptide including amino acids 18-29 of
saposin C and a peptide ih_t:luc_ling the ammo acid sequence shown m SEQ ID NO: 3. In one
aspect of this preferred .embe__diment, the DNA or RNA molecule is in an expression vector.
Preferably, the expressien '_tlector is selected from the group mhsistihg of an adenoviral vector,
retroviral vector, plasmid t_rec_ter and plasmid-liposome vector. Advantageously, the disorder is
selected from the group consisting of multiple sclerosis, spihal cord injury, macular
degeneration, amyotrophic lateral sclerosis, spinal muscular atrophy, post-polio syndrome,
muscular dystrophies, periphetal neuropathies, stroke and peripheral nerve injuries. In another
aspect of this preferred .'embodiment, the disorder arises tf_rol'n: a disorder arising from
proinflammatory cytokine-induced apoptosis. Preferably, the .disor_der is a cerebral infarct or
myocardial infarct. In another aspect of this prefexted,embodimeht, the medicament is in a form
suitable for an administtetio_x_l route selected from the group consisting of intravenous,
intracerebrospinal, intramﬁscular intradermal, subcutaneous, intracranial, epidural, topical,

. intranasal, transmucosal and oral. Preferably, the medicament is: for a human. In another aspect

of this preferred embodlment, the DNA or RNA molecule has been transfected or mfected into

neural cells from 2 mammal. Advantageoq;ly, the DNA or RNA molecule is in an expression

vector. Preferably, the exbreseion vector is selected from the ?g_roup selected from the group
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consisting of an adenoviral vector, retroviral vector, plasmid vector and plasmi}d-liiib%fi"i’é
vector. In another aspect of this preferred embodiment, the cll§ ire encapsulated. Preferably,

the encapsulated cells are suitable for intrathecal or intracranial implantation. In another aspect

of this preferred embodiment, the cells are neural stem cells. Preferably, the stem cells are
precursors of cells selected from the group consisting of neurons, astrocytes and |
oligodendrocytes. Preferably, the medicament comprises a DNA molecule operably encoding
the prosaposin receptor agonist.

The present invention also provides a viral vector, comprising a DNA or RNA molecule
operably encoding a prosaposin receptor agonist.

Another embodiment of the invention is a method for producing recombinant prosaposin
or a prosaposif receptor agonist, comprising the steop of: administering to a mammal an isolated
DNA or RNA molecule operably encoding prosaposin or a prosaposin receptor agonist; isolating
body fluid from a mammal; and isolating the prosaposin or prosaposin receptor agonist from the
body fluid. Preferably, the body fluid is selected from the group consisting of blood, milk,
cerebrospinal fluid and semen.

Detailed Description of the Preferred Embodiments

The present invention includes a method for promoting neuroprotection and treating
neurodegenerative or myelination disorders comprising delivering DNA or RNA molecules
encoding prosaposin, prosaposin receptor agonists such as saposin C and peptides including
amino acids 8-29 of saposin C, or the prosaposin receptor to neural cells either in vivo or ex vivo.
In the present method, either the level of prosaposin/prosaposin receptor agonist is increased, or
the level of prosaposin receptor is increased which, in turn, binds more circulating
prosaposin/receptor agonist and resnits in an enhanced neuroprotective and/or neuritogenic
effect. A receptor agonist is defined as a compound which has affinity for and stimulates
physiologic activity at cell receptors normally stimulated by endogenous substances. Thus,
receptor agonists both bind to the receptor and stimulate its activity. In another preferred
embodiment, a DNA or RNA molecule encoding the prosaposin receptor is delivered to neural
cells

A native 15-mer (TKLIDNNKTEKEILD; SEQ ID NO: 2) contained within human
saposin C and including the active neurite-promoting region shown in SEQ ID NO: 1 was
modified as follows to decrease its susceptibility to proteolysis in vivo; Lys 2 was replaced with
D-ala to increase resistance to exopeptidases; lys 8 was replaced with ala to increase resistance to
trypsin digestion; and lys 11 was deleted to increase resistance to trypsin digestion. In addition,

-3-



10

15

20

25

30

WO 00/14113 PCT/US99/20829

asp 15 was replaced with tyr to provide an jodination site. Thu.:; the resulting peptide’ TXT4(A);
contained no cleavage sites for trypsin or chymotrypsm

SEQ ID NO: 1 may be modified as follows and stlll retain . neurotrophic and
myelinotrophic activity: Leul and Ile 2 are essemxal, Asp3 is any amino acid; Asn4 and Asn5
are essential; Lys6 is any amino acid, preferably not ljsine or aréinir’:e; Thr7 is essential; GluB is
a charged amino acid; Lys 9 is absent or a charged amino at:i(i; Glul0 is any charged amino
acid; Ilel1 and Leu 12 are any amino acid. These guidelines p_foduce the following consensus
sequence: '

LI NNX; TX: XX sXsX7 (SEQ IDNO: 3)

DNA or RNA molecules encoding prosaposin or a prosépqsin receptor agonist are used
to transfect or infect neural cell populations, either transiently or stably, where they continuously

. produce the prosaposin or prosaposin receptor agonist if under tlie control of a constitutive
' promoter, or transiently produce the prosaposin or prosaposin receptor agonist if under the

control of an inducible promoter. The enhanced intraceliular p'foduction of prosaposin or
prosaposin receptor agonists increases prosaposin activity levels by. stimulating the prosapasin
receptor and initiating a cascade of events leading to, among other things, neuroprotection,
inhibition of neural degeneration and mhlbmon of myehnatlon -

In one preferred embodiment of the invention, DNA or RNA encoding prosaposin or a
prosaposin receptor agonist is placed ina eukaryotic expression vector for ex vivo transfection or

infection of neural cells obtained from an individual with a neurodegenerative or myelination

 disorder. Such transfected or infected cells a_ré then re—introduc_:ed into the patient. Such cells

include Schwann cells, oligodendrocytes, glial cells, astrocjteS and dendrocytes. These
transfected cells may be implanted into the appropriate neural site, including the brain,
cerebrospinal fluid and peripheral nerves. |

Neurons and glia can be derived from a common fetal precursor cell (McKay, Science
276:66-71, 1997). The adult nervous system also contains multipotential precursors for neurons,
astrocytes and oligodendrocytes (Reynolds et al., Science 255:1707, 1992; Gritti et al., J
Neurosci. 16:1091, 1995; Johe et al., Genes Dev. 10:3129, 1996).' Cultured cells of both the

- adult and fetal CNS that have proliferated in vitro can differentiate to show morphological and

electrophysiological features characteristic of neurons: regenérative and synaptic structures
(Gritti et al., supra.; Vicario-Abejon et al.,, Neuron 15:105, 1995; McKay et al., supra.).

In another preferred embodiment, the multipotential neural stem cells disclosed above are
obtained from a mammal, preferably a human, cultured ex vivo, transfected or infected with an

expression vector encoding prosaposin or a prosaposin receptor agonist, and reintroduced into

-4



10

15

20

25

30

WO 00114113 PCT/US99/20829

‘the mammal, The stem cells containing the protein or peptide then differéntiate inito'a paﬁi'E:uré"r

neural cell type and confttdusly produce the peptide.

Many such eukaryotic expression vectors are known and commercially available.
Standard techniques for the construction of these expression vectors are well known and can be
found in references such as Sambrook et al., Molecular Cloning: A Laboratory Marnual, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989, or in any of the widely
available laboratory manuals on recombinant DNA technology. A variety of strategies are
available for ligating fragments of DNA. the choice of which depends on the nature of the
termini of the DNA fragments and can be readily determined by one of ordinary skiil in the art.

Preferred expression vectors include viral vectors such as retroviral vectors, adenoviral
vectors and adeno-associated viral vectors, Herpesvirus vectors may also be used. These viruses
do not integrate their genes into the host DNA; however, they are attracted to neurons, some of
which retain the viruses and the exogenous DNA sequences contained therein in a more or less
innocuous state,. The use of herpesvirus vectors is therefore desirable for therapy aimed at
neurological disorders. These commonly used vectors for gene therapy are discussed in detail by
Miller et al. (FASEB .., 9:190-199, 1995).

The expression vector also typically contains a selectable marker, such as antibiotic
resistance, to select for cells which are expressing the therapeutic protein or peptide. Although
the preferred method of ex vivo cell transfection is electroporation, other methods are also
contemplated including calcium phosphate precipitation, microinjection and cell fusion. Gene
delivery systems are described by Felgner et al. (Hum. Gene Ther. 8:511-512, 1997) and include
cationic lipid-based delivery systems (lipoplex), polycation-based delivery systems (polyplex)
and a combination thereof (lipopolyplex), all of which are contemplated for use in the present
invention.

Expression vector constructs containing DNA or RNA encoding prosaposin, saposin C, 2
neurotrophic peptide derived therefrom or a prosaposin receptor agonist, can be administered in
vivo to neuronal cells by two techniques. In the first technique, gene therapy is carried out ex
vivo in a procedure in which an expression cassette is transferred to cells from an individual with
a neural or myelination disorder in the laboratory by standard transfection or infection methods
and the modified cells are then returned to the individual. Alternatively, gene transfer can be
done in vivo by transferring the expression cassette directly to cells within an individual. In both
cases, the transfer process is usually facilitated by a vector that helps deliver the cassette to the
intracellular site where it can function appropriately. Vector systems for gene therapy are
discussed in detail by Hodgson (Exp. Opin. Ther. Patents, 5:459-468, 1995). The expression
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cassette typically contains an appropriate heterologous promoter for driving -expressiofi"of fie
gene. Such promoters are well known in the art and include, for example, the SV40 and

-cytomegalovirus (CMV) pron_'_i'oters.. The use of constitutive, inducible and tissue-specific

promoters are all within the scope of the present invention. Other nucleotide sequence elements
can be incorporated into. the expression vectors to facilitgie integration of DNA into
chromosomes, expression 6f the DNA and cloning of the vector; Fdr example, the presence of
enhancers upstream of the pfomoter or terminators downstream of the coding region can
facilitate expression of the DNA or RNA contained within the expression vector.

In one embodiment of the invention, the exprgésion vector containing the DNA or RNA
of interest is injected directly into the blood. In another embodimeiit, the expression vector is
administered by direct mtracrama[ injection or injection into the cerebrospmal fluid.. In both
cases, a pharmaceutically acceptable carrier such as phosphate buffered saline (PBS) or lactated
Ringer’s solution is used. The gppropnately coded segments of pure DNA in a pharmaceutically
acceptable carrier may a1$jo be injected (“naked DNA™) rather than an expression vector
containing the DNA seglnént Alternatively, the composition can be administered to peripheral
neural tlssue by direct local mjecuon or by systemic, admtmstratlon Various conventional
modes of administration are contemplated including mtravenous, mtramuscular intradermal,
subcutaneous, mtracerebrospmal, intracranial, epidural, topical, intranasal, transmucosal and
oral. - - S o : | _

- Transfected or inféct_edi cells expressing prosaposin or a pros_é;posin- receptor agonist can
also be encapsulated in a biocompatible polymeric membrane. Examples, of some. of these
materials are polyacrylonitrile viny! chloride (PAN/PVC)__ acrylic coéolymers, hydrogels such as
alginate or agarose, mixed esters, cellulose, polytetrafluoroethylene/polypropylene (Lum et al.,
Diabetes, 40:1511-1516, 1991; Aebischer et al., Exp. Neurol., '111';269-275,_ 1991; Liu et al.,
Hum. Gene Ther., 4:291-301, 1993; Hill et al, Cell Transplantation, 1:168, 1992) and
polyethylene glycol (PEG) conformal coating configurations (U.S. patent No. 5,529,914). The
encapsulated cells are implanted into an-animal with a neﬁrod#generative or myelination
disorder. These pennseleéfivé_membranes permit entry of oxygen and other essential nutrients,
but exclude antibodies and cells of the immune system, thus préventing recognition of the cells
as foreign and allowing the irhplanted cells t_o-continpall_y produce '_the neurotrophic protein or
peptide. For a review of this téchnique, see Lanza et al,, Surgery, 121:1-9, 1997. For example,
the encapsulated cells are iﬁﬁlanted within the lumbar intrathecal space in patients with
amyotrophic lateral sclerosis. and in the interstitial region of the brain for treatment of
Parkinson’s disease. Encapsulation of geﬁetically engineered cells and implantation into
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‘tammals has been réported by several groups (Sagot et al, Fur. J Newrosci, 7:1313-13%23;

1995; Sagen et al, J. Néiifaikei, 13:2415-2423, 1993; Acbisclir'ét al, Nature Medicine, 2:696-

- 699, 1996).

The composition can be packaged and administered in unit dosage form such as an
injectable composition or local preparation in a dosage amount equivalent to the daily dosage
administered to a patient or as a controlled release composition. A septum sealed vial containing
a daily dose of the active ingredient in either PBS or in lyophilized form is an example of a unit
dosage.

In another preferred embodiment of the invention, the expression vector containing the
DNA or RNA of interest is administered locally to the neural cells in vivo by implantation of the
material. For example, polylactic acid, polygalactic acid, regenerated collagen, multilamellar
liposomes and many other conventional depot formulations comprise bioerodible or
biodegradable materials that can be formulated with biologically active compositions. These
materials, when implanted, gradually break down and release the active material to the
surrounding tissue. The use of bioerodible, biodegradable and other depot formulations is
expressly contemplated in the present invention. Infusion pumps, matrix entrapment systems
and transdermal delivery devices are also contemplated.

The DNA or RNA constructs of the present invention may also advantageously be
enclosed in micelles or liposomal vectors. Liposome encapsulation technology is well known.
Liposomes may be targeted to specific tissue such as neural tissue, through the use of receptors,
ligands or antibodies capable of binding the targeted tissue and facilitate fusion with the plasma
membrane. The preparation of these formulations is well known in the art (Radin et al., Methods
Enzymol., 98:613-618, 1983). Another method of liposome preparation involves, for example,
use of the Lipofectin™ and Lipofectamine™ reagents (GIBCO BRL, Gaithersburg, MD). The
DNA or RNA encoding prosaposin or a prosaposin receptor agonist may also be conjugated to a
receptor ligand such as transferrin, which will transport the gene to the cell surface and/or
ficilitate its entry into the cell by receptor-mediated endocytosis.

The gene therapy approach of the present invention may be used to treat disorders of both
the central and peripheral nervous system. Post-polio syndrome is characterized by muscle
fatigue and decreased endurance with accompanying muscle weakness and atrophy. The disease
is believed to be caused, in part, by the type of spinal cord motor neuron damage similar to that
which occurs in amyotrophic lateral sclerosis. Peripheral nerve injuries and peripheral
neuropathies, such as those resulting from diabetes or chemotherapy, comprise the most
prevalent peripheral neuropathies and may be treated using the method of the present invention.
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Such neuropathies include spinal cord injury, macular _&ege'heratidﬁ, amyotropil;iéi" Tatéral’
sclerosis, spinal muscular atrophy, post-polio -syndrome, muscular dystrophies, peripheral

. neuropathies, stroke and" penpheral nerve injuries. Any traumauc or ischemic injury to the

central or peripheral nervous syst n may be treated using the method of the invention.

Cells may be treated to facilitate myelin formation or. to prevent demyelination in the
manner described above, both in vivo and ex vivo. In ex vivo applxcatlons the transfected neural
cells are returned to the mdmdual and will continually express the encoded prosaposin or
prosaposin receptor agonrst__. There are several diseases of the e_entral nervous system that result
in demyelination of nerve fibers including multiple "fsele_rosis, -acute disseminated
leukoencephalitis, progres;sive multifocal leukoencephalitis, meraehromaﬁc leukodystrophy and

- adrenal leukodystrophy. - An example of a demyelinating dlsease of the peripheral nervous

system is Guillain-Barré syndrome; These dise_ases can be treated, and the progress of the
demyelination can be slowed or halted, by administration of expression vectors encoding cDNA

. encoding prosaposin, saposm C, a neurotrophxc peptide denved from saposin C or a prosaposin
-receptor agonist.

Anoxia is not the'ultimet_e-__.evem which destroys heart tiésue, This process initiates
apoptosis which is promoted by proinflammatory cytokines. The present method can also be

.. used to inhibit apoptosisthieh-occurs during cerebral infarction, myocardial infarction and
-congestive heart failure. As._deseribed in. U.S. Provisional Aphlicetion Serial No. 60/058,352,

prosaposin and prosaposio_ receptor agonists can be used to inhibit this apoptosis.

In another preferred embodiment; the mamma! transfected with a expression vector
encoding recombinant p_rosaposin,. saposin C; or other prosaposin reeeptor agonist is used as-a
source of these materials. Prosaposin is an integral membrane. and secreted protein which is
found in various body fluids including milk, cerebrospinal fluid and seminal plasma. - Thus, the
prosaposin, saposin C or other prosaposin receptor agonist produced in vivo will be present in
these body fluids which can be used as a source of these molecules. Prosaposin is purified as
described in U.S. Patent No..:5,571,787. . Prosaposin receptor agonists are purified by standard
affinity chromatography methods using an antibody generated againet the agonist.
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T IS CLAIMED IS:
1. Use of an ibldtéd DNA or RNA molecule opéfabiy encoding prosaposin or a

-prosaposin receptor agonist in the preparation of a medicament for treatment of

neurodegenerative or myelination disorders.

2. The use of Claim 1, wherein said prosaposin receptor agonist is selected from the
group consisting of saposin C, a peptide including amino acids 18-29 of saposin C and a peptide
including the amino acid sequence shown in SEQ ID NO: 3,

3. The use of Claim 1, wherein said DNA or RNA molecule is in an expression vector.

4, The use of Claim 3, wherein said expression vector is selected from the group
consisting of an adenoviral vector, retroviral vector, plasmid vector and plasmid-liposome
vector.

5. The use of Claim -1, wherein the disorder is selected from the group consisting of
multiple sclerosis, spinal cord injury, macular degeneration, amyotrophic lateral sclerosis, spinal
muscular atrophy, post-pofio syndrome, muscular dystrophies, peripheral neuropathies, stroke
and peripheral nerve injuries.

6. The use of Claim 1, wherein the disorder arises from proinflammatory cytokine-
induced apoptosis.

7. The use of Claim 6, wherein said disorder is a cerebral infarct or myocardial
infarct.

8. The use of Claim I, wherein the medicament is in a form suitable for an
administration route selected from the group consisting of intravenous, intracerebrospinal,
intramuscular, intradermal, subcutaneous, intracranial, epidural, topical, intranasal, transmucosal
and oral.

9. The use of Claim 1, wherein said medicament is for a human.

10. The use of Claim 1, wherein the DNA or RNA molecule has been transfected or
infected into neural cells from a mammal.

11. The use of Claim 10, wherein said DNA or RNA molecule is in an expression
vector.

12. The use of Claim 11, wherein said expression vector is selected from the group
consisting of an adenoviral vector, retroviral vector, plasmid vector and plasmid-liposome
vector.

13. The use of Claim 10, wherein said cells are encapsulated.

14. The use of Claim 13, wherein said encapsulated cells are suitable for intrathecal or
intracranial implantation,
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15. The use of Claim 10, wherein said cells are neural stem cells.
16. The use of Claim 15, wherein said stem cells are precursors of cells selected from the group

- consisting of neurons, astrocytes and oligodendrocyte&

17. The use of Claim 1, wherein said medicament comprises a DNA molecule operably
encoding said prosaposin receptor agonist. |
18. A viral vector, comprising a DNA or RNA molecule operably encoding a prosapdsin
receptor agonist. ' , _
19. A method for producing recombinant prosaposin or a prosaposin receptor agonist,
comprising the steps of: . o _ _.
administering to a mammal an isolated DNA or RNA molecule operably
encoding prosaposin or a prosaposin receptor agonist;
isolating body fluid from the mammal; and
isolating said prosaposin or prosaposin receptor: agonist from said body fluid.
20. The method of Claim 19, wherein said body fluid is selected from the group
consisting of blood, milk, cerebrospinal fluid and semen.
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