© 2007/127803 A2 |1V |00 0 0010 O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization f ; A
International Bureau

(43) International Publication Date
8 November 2007 (08.11.2007)

) IO O 0 OO O

(10) International Publication Number

WO 2007/127803 A2

(51) International Patent Classification:
AGIK 38/18 (2006.01)

(21) International Application Number:
PCT/US2007/067423

(22) International Filing Date: 25 April 2007 (25.04.2007)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
60/795,012 25 April 2006 (25.04.2006) US
(71) Applicant (for all designated States except US): THE
REGENTS OF THE UNIVERSITY OF CALIFORNIA
[US/US]; 1111 Franklin Street, 12th Floor, Oakland, CA

94607 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): BANKIEWICZ,
Krystof, S. [US/US]; 5815 Balmoral Drive, Oakland, CA
94619 (US).

(74) Agent: O’BANION, John, P.; O'Banion & Ritchey Llp,
400 Capitol Mall, Suite 1550, Sacramento, CA 95814 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES,
FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L, IN,
IS, JIP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR,
LS, LT, LU, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: ADMINISTRATION OF GROWTH FACTORS FOR THE TREATMENT OF CNS DISORDERS

LT3

£
3 iz T T
2 % mmmmmmmm + '''''''''' f vvvvvvvv %
o E:
@ L
- T Is
o T
= .
m :
-g_ & 2 T T T
= "’ ‘f. nnnnnnnnn T vvvvvvvvv .T
£ . e
T8 . e
= N L
o B ‘f’ %
L] . o
L L] 5
) . .
L
PR S
3 S
E P & g----""" " % ------- W-----mm 'i

2 Ba o

. .m
5 .m
-
i Lm
& 20 40 80 80 160 TR0

days after transduotion
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appears in the United States Patent and Trademark Office publicly available
file or records, but otherwise reserves all copyright rights whatsoever. The
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to 37 C.F.R. § 1.14.
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BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention pertains to neurodegenerative diseases and other
conditions characterized by neuronal death and/or dysfunction in the central
nervous system. The invention also concerns growth factors that are capable
of promoting the survival of neurons in the central nervous system. The
invention relates specifically to methods of treating neurodegenerative
diseases and conditions characterized by neuronal death and/or dysfunction in
the central nervous system with the local administration of growth factors.

2. Description of Related Art

Growth factors are natural proteins that play important roles in the
nervous system. They are found within nervous tissue as well as in many
innervated target tissues. Growth factors promote the growth, survival, and
phenotypic differentiation of neurons and/or glial cells. Growth factors also
play a role in the remodeling of synaptic connections in the mature nervous
system, a process referred to generally as neuronal plasticity. Because of
these physiological roles, growth factors are useful for treating central nervous
system (CNS) disorders in which the survival and/or proper function of
neurons is compromised. Such CNS disorders may arise by many different
means, including: (1) physical injury, which causes the degeneration of the
axonal processes and/or nerve cell bodies near the site of injury, (2) temporary
or permanent cessation of blood flow (ischemia) to parts of the nervous
system, as in stroke, (3) intentional or accidental exposure to neurotoxins,
such as the cancer and AIDS chemotherapeutic agents cisplatinum and
dideoxycytidine (ddC), respectively, (4) chronic metabolic diseases, such as
diabetes or renal dysfunction, or (5) neurodegenerative diseases such as
Parkinson's disease, Huntington’s Disease, Alzheimer's disease, and
Amyotrophic Lateral Sclerosis (ALS), which result from the degeneration of
specific neuronal populations.

The therapeutic effect of a growth factor delivered to the CNS may

derive from multiple mechanisms of action. Growth factors may contribute to
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therapeutic efficacy by promoting the survival and/or maintaining the
phenotypic differentiation of a neuronal population that is compromised in a
CNS disorder. Additionally, growth factors may act on secondary neuronal
populations which are not compromised in a particular CNS disorder but are
able to effect beneficial compensatory changes in the CNS in response to
growth factor, for example, through neuronal plasticity. In order for a particular
growth factor to be potentially useful in treating a CNS disorder, the neuronal
population compromised in the CNS disorder or a compensating secondary
neuronal population must be responsive to the particular factor.
Responsiveness to a particular growth factor is conferred by its cognate
growth factor receptor, the vast majority of which belong to the family of
receptor tyrosine kinases.

Nerve growth factor (NGF) is the founding member of a defined family
of growth factors, called the neurotrophins, that includes brain-derived
neurotrophic factor (BDNF), neurotrophin-3 (NT-3), NT-4/5, and NT-6. These
neurotrophins are known to act via the family of trk tyrosine kinase receptors,
i.e., trkA, trkB, trkC, and the low affinity p75 receptor.

Glial cell line-derived neurotrophic factor (GDNF) is a glycosylated
disulfide-bonded homodimer that has its closest structural homology to the
transforming growth factor (TGF) superfamily of proteins. GDNF was
identified and purified using assays based upon its efficacy in promoting the
survival and stimulating the transmitter phenotype of mesencephalic
dopaminergic neurons in vitro. In vivo, treatment with exogenous GDNF
stimulates the dopaminergic phenotype of substantia nigra neurons, and
restores functional deficits induced by axotomy or dopaminergic neurotoxins in
animal models of Parkinson's disease. Although originally thought to be
relatively specific for dopaminergic neurons, subsequent experiments showed
that GDNF has neurotrophic efficacy on brain stem and spinal cord cholinergic
neurons, both in vitro and in vivo.

GDNF, and the related ligands neurturin, artemin, and persephin,

maintain several neuronal populations in the CNS, including midbrain
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dopamine neurons and motoneurons. The GDNF family of ligands bind to
specific GDNF family receptor alpha proteins, which form receptor complexes
and signal through the RET receptor tyrosine kinase. GDNF is also capable of
signaling directly through alpha receptor, as well as through the neural cell
adhesion molecule (NCAM) via activation of Fyn and FAK.

In the CNS, the expression of trkA, the receptor for NGF, is almost
exclusively limited to the cholinergic neurons in the basal forebrain. These
cholinergic neurons are of particular neurologic interest, because cholinergic
neuronal degeneration and/or dystrophy is a hallmark of Alzheimer's disease.
The basal forebrain cholinergic neurons can be readily identified in
morphologic preparations using acetylcholinesterase histochemistry or with
immunohistochemistry using antibody to choline acetyltransferase (ChAT), the
synthetic enzyme for acetylcholine, or to p75.

Alzheimer's disease is a progressive dementia characterized by failure
of recent memory, amnesia, disturbances in emotional behavior, and difficulty
in managing spatial relationships or motor skills. The disease occurs
throughout the world and accounts for one-half to two-thirds of all cases of
late-life intellectual failure in many developed countries having populations
with high life expectancies.

Alzheimer's disease is diagnosed mainly by clinical symptoms, after
other causes of dementia have been excluded. After death, the diagnosis can
be conclusively established by the observation of numerous characteristic
neurofibrillary tangles and senile plaques in the brain that accompany the
degeneration seen in Alzheimer's disease.

Progressive region-specific loss and degeneration of selected cells in
the association and memory areas of the cerebral cortex is seen in
Alzheimer's disease, along with abnormalities in certain subcortical nuclei.
Neuronal loss affects especially the large pyramidal cells of the parietal and
frontal association areas, the hippocampus and amygdala. Strongly affected
hippocampal inputs are those from the entorhinal cortex, cholinergic neurons

of the basal forebrain, and noradrenergic neurons of the locus coeruleus. The
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[0015]

[0016]

[0017]

[0018]

basal forebrain nucleus of Meynert, from which the major cholinergic
projection to the cortex arises, also suffers severe degeneration.

Substantial evidence points to a significant role for basal forebrain
cholinergic neurons in the behavioral alterations seen in Alzheimer’s patients.
The loss of cholinergic function is one of the earliest changes in the disease.
The extent of the cholinergic deficit correlates with the degree of memory
impairment, and enhancement of cholinergic function by acetylcholinesterase
inhibitors produces modest but significant amelioration of symptoms. In
animals, lesions of the cholinergic neurons innervating the hippocampus and
cortex result in pronounced memory and cognitive deficits that are reversed by
drugs that enhance cholinergic function.

Projection neurons producing other monoamine transmitters
(norepinephrine, serotonin, and dopamine) and cortical neurons producing
glutamate, gamma-aminobutyric acid (GABA), somatostatin, neuropeptide Y,
corticotropin releasing factor, substance P and other neuromodulators are also
affected in Alzheimer's disease.

While early research pointed to the promise of NGF as a therapeutic for
Alzheimer’s disease and other neuropathologies, untenable side effects have
been observed in human clinical trials using NGF. Systemic administration of
NGF at low doses for the treatment of peripheral neuropathy has caused
severe muscle pain in some patients, while Alzheimer's patients treated with
intracerebroventricular infusions of NGF experienced peripheral rostral muscle
pain similar to that reported with peripheral NGF administration, and significant
weight loss.

Clinical trials using GDNF for the treatment of Parkinson’s disease have
also been reported and have shown mixed results. Parkinson’s disease is a
disorder in which slow degeneration of dopamine-producing neurons, mostly in
the nigrostriatal pathway, results in neurological effect. Intraventricular
administration of GDNF did not lead to a determinable clinical benefit, and
multiple adverse side effects were reported. Local delivery of GDNF to the

striatum has also been used to treat Parkinson’s disease. Two clinical trials
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involving the continuous infusion and diffusion of GDNF into the dorsal
putamen reported different results, potentially owing at least in part to
differences in dosage and delivery.

[0019] Importantly, neutralizing anti-GDNF antibodies were detected in sera
from several human patients, and in a toxicology study, segmental cerebellar
injury characterized by Purkinje and granule cell loss was observed in
monkeys receiving GDNF infusion.

[0020] Clinical studies involving neurotrophin infusion into the brain
parenchyma of patients with neurodegenerative disease have used continuous
infusion and relied on diffusion for infusate to reach target tissues. There are
a number of difficulties associated with diffusion-based delivery, the most
critical being low tissue distribution volume. Without means for monitoring the
distribution of infused neurotrophin, it is difficult to determine the therapeutic
efficacy. For example, Gill et al. reported in Nat. Med. 9:5899-595, 2003 that,
when glial cell line-derived neurotrophic factor (GDNF) was used in clinical
studies as a treatment for Parkinson’s disease, it was not clear how far GDNF
would diffuse away from the catheter tip and that it is possible more rostral
portions of the putamen would continue to degenerate if not reached by
diffusion. They also found that, as the dose of GDNF was escalated, a high
T2 MRI signal intensity was observed around the tip of the catheter, possibly
owing to vasogenic edema or protein buildup, which required dosage
reduction and potentially further compromised rostral portions of the putamen.

[0021] There continues to exist a need for methods and therapeutic
compositions useful for the treatment of CNS disorders, including
neurodegenerative diseases such as Alzheimer’s disease and Parkinson’s
disease.

SUMMARY OF INVENTION

[0022] The invention stems in part from the discovery that the tissue clearance
rate of growth factors in mammalian CNS tissue is lower than previously
believed. In particular, the present disclosure establishes that growth factors

infused into the brain parenchyma in a typical treatment regimen are
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detectable for up to about 2-6 weeks post delivery.

Previous trials involving growth factor infusion into the brain
parenchyma for the treatment of neurodegenerative disease have employed
continuous infusion. However, as a consequence of remarkably low tissue
clearance rates, continuous infusion of growth factor is unnecessary to
achieve a therapeutically effective level of growth factor in targeted brain
tissue, and the accumulation that results from continuous administration can
have adverse effects. For example, accumulation of growth factor in brain
parenchyma can lead to dose build-up and leakage to secondary sites and
CSF, which has the potential to cause undesirable secondary effects as well
as immune responses and attendant production of growth factor neutralizing
antibodies. Such neutralizing anti-GDNF antibodies have been observed in
the sera of patients receiving continuous infusion of GDNF into the striatum.
Additionally, cellular toxicity has been observed at secondary sites in a GDNF
animal toxicity study, and flow of infusate from the putamen to secondary sites
via the perivascular space has been observed in primates.

The present invention is directed to achieving and maintaining an
effective therapeutic dose of growth factor in targeted CNS tissue while
avoiding dose build-up leading to overdose to reduce the risk of adverse
events, including the production of neutralizing antibodies and the initiation of
an immune response. The invention achieves these objectives with growth
factor administration regimens that counterbalance previously unrecognized
tissue clearance rates in order to provide for a sustained effective therapeutic
dose of growth factor in compromised CNS tissue. In contrast, prior art efforts
to regulate the therapeutic dosage of growth factors employed sensors
capable of detecting electrical activity indicative of neuronal degeneration or
dysfunction, Elsberry et al., U.S. 6,042,579; an inadequate feedback
parameter that fails to address adverse events such as the immune-mediated
processes noted above.

In a preferred embodiment, the administration regimen involves

intermittent delivery, wherein delivery counterbalances tissue clearance.
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[0026] In a preferred embodiment, the invention involves the method of
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convection enhanced delivery (“CED”), preferably in conjunction with a step-
design reflux-free cannula for the delivery of growth factor to compromised cell
populations in the CNS. In a preferred embodiment, the invention further
involves the delivery of a tracing agent with the growth factor, and the tracing
agent acts as a surrogate for monitoring distribution of infused growth factor.
In a preferred embodiment, the invention further involves the use of a
facilitating agent, which provides for increased growth factor mobility in brain
parenchyma. Thus, in addition to addressing the problems associated with
growth factor accumulation, the present invention overcomes the limitations
inherent in diffusion-based delivery with typical catheters, particularly low
tissue distribution volume, accumulation at catheter tip, reflux, and leakage to
secondary sites and CSF, and provides for the real-time monitoring and
optimization of neurotherapeutic administration.

In accordance with the objectives stated above, in one aspect, the
invention provides methods for promoting the survival of a growth factor-
responsive neuronal population in the mammalian CNS. The methods
comprise locally delivering a pharmaceutical composition comprising a growth
factor to the growth factor-responsive neuronal population, wherein the growth
factor is delivered at a rate that substantially opposes the tissue clearance rate
of the growth factor, whereby a therapeutically effective amount of growth
factor is achieved in the target CNS tissue. Such an administration regimen is
designed to avoid substantial accumulation of growth factor.

In one embodiment, the method comprises the step of determining the
clearance rate of the growth factor that is to be locally delivered to a growth
factor-responsive neuronal population in the CNS. In a preferred embodiment,
the clearance rate determining step is done preclinically, preferably in a
primate. In another preferred embodiment, the clearance rate determining
step is done by measurement of a clearance rate indicator in a human subject.

In a preferred embodiment, the pharmaceutical composition is

deliverable by convection enhanced delivery (CED).
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[0030] In a preferred embodiment, the pharmaceutical composition is delivered
locally by CED.
[0031] In a preferred embodiment, CED comprises an infusion rate of between

about 0.5uL/min and about 10 puL/min.

[0032] In a preferred embodiment, CED comprises an infusion rate of greater
than about 0.5ul/min, more preferably greater than about 0.7ulL/min, more
preferably greater than about 1ulL/min, more preferably greater than about 1.2
uL/min, more preferably greater than about 1.5 uL/min, more preferably
greater than about 1.7 uL/min, more preferably greater than about 2 uL/min,
more preferably greater than about 2.2 ul/min, more preferably greater than
about 2.5 uL/min, more preferably greater than about 2.7 uL/min, more
preferably greater than about 3 uL/min, as well as preferably less than about
25 uL/min, more preferably less than 20 uL/min, more preferably less than
about 15 uL/min, more preferably less than about 12 uL/min, more preferably
less than about 10 pL/min.

[0033] In a preferred embodiment, CED comprises incremental increases in
flow rate, referred to as “stepping”, during delivery. Preferably, stepping
comprises infusion rates of between about 0.5uL/min and about 10 puL/min.

[0034] In a preferred embodiment, stepping comprises infusion rates of greater
than about 0.5ul/min, more preferably greater than about 0.7ulL/min, more
preferably greater than about 1ulL/min, more preferably greater than about 1.2
uL/min, more preferably greater than about 1.5 uL/min, more preferably
greater than about 1.7 uL/min, more preferably greater than about 2 uL/min,
more preferably greater than about 2.2 uL/min, more preferably greater than
about 2.5 uL/min, more preferably greater than about 2.7 uL/min, more
preferably greater than about 3 uL/min, as well as preferably less than about
25 uL/min, more preferably less than 20 uL/min, more preferably less than
about 15 uL/min, more preferably less than about 12 uL/min, more preferably
less than about 10 pL/min.

[0035] In a preferred embodiment, the pharmaceutical composition is delivered

with the use of a CED-compatible reflux-free step-design cannula.
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[0036] In one embodiment, the step-design cannula is compatible with chronic
administration. Such cannulas are preferred for use in the treatment of
chronic CNS disorders, as described herein.

[0037] In another embodiment, the step-design cannula is compatible with
acute administration. Such cannulas are preferred for use in the treatment of
acute CNS disorders, as described herein.

[0038] In a preferred embodiment, the pharmaceutical composition comprises
a tracing agent that provides for guided growth factor delivery. Preferably, the
tracing agent is an MRI contrast agent, sometimes referred to herein as an
“‘MRI magnet”. In a preferred embodiment, the tracing agent comprises a
liposome. In an especially preferred embodiment, the tracing agent comprises
a liposome containing gadolinium chelate.

[0039] In a preferred embodiment, the pharmaceutical composition comprises
a facilitating agent, which facilitates delivery of growth factor to target tissue.
In a preferred embodiment, the facilitating agent is low molecular weight
heparin.

[0040] In one embodiment, the pharmaceutical composition comprises a high
molecular weight neurotherapeutic comprising a growth factor and a carrier.
In one embodiment, the carrier is a synthetic carrier. A wide variety of
synthetic carriers are available for use in the high molecular weight
neurotherapeutics of the invention. In a preferred embodiment, the carrier is a
liposome. In another preferred embodiment, the carrier is a metal particle,
such as a gold particle, or a polymer. In another embodiment, the carrier is a
naturally occurring composition or variant thereof. Examples of such natural
carriers include virus particles, including modified virus particles (e.g., those
having a modified surface protein profile).

[0041] In a preferred embodiment, the pharmaceutical composition comprises
a growth factor that is selected from the group consisting of NGF, BDNF, NT-
3, NT-4/5, NT-6, GDNF, CNTF, LIF, IGF-1, b-FGF, neurturin, persephin,
artemin, TGFa, TGFB, IGF-2, PDGF, EGF, cardiotropin, EGF, IGF, VEGF,
Sonic hedgehog (SHH), BMP, FGF20, VIP, PDGF, pleiotrophin (PTN), and

-10-
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HGF.

[0042] In one embodiment, the pharmaceutical composition comprises a
nucleic acid encoding a growth factor. In a preferred embodiment, the growth
factor is selected from the group consisting of NGF, BDNF, NT-3, NT-4/5, NT-
6, GDNF, CNTF, LIF, IGF-1, b-FGF, neurturin, persephin, artemin, TGFa,
TGFB, IGF-2, PDGF, EGF, cardiotropin, EGF, IGF, VEGF, Sonic hedgehog
(SHH), BMP, FGF20, VIP, PDGF, pleiotrophin (PTN), and HGF. In a
preferred embodiment, the pharmaceutical composition comprises a vector,
which vector comprises such a nucleic acid encoding a growth factor under
the control of a regulatable promoter.

[0043] In a preferred embodiment, the pharmaceutical composition comprises
NGF, or an active fragment or variant thereof, and the growth factor-
responsive neuronal population comprises cholinergic neurons of the basal
forebrain.

[0044] In a preferred embodiment, in addition to NGF, the pharmaceutical
composition additionally comprises a bioactive agent selected from the group
consisting of cholinergic agonists, cholinesterase inhibitor such as tacrine
hydrochloride, neurotrophins, inducers of endogenous neurotrophic factor
synthesis or production, inhibitors of senile amyloid plaque formation, and
inhibitors of PHF formation.

[0045] In another preferred embodiment, the pharmaceutical composition
comprises GDNF, or an active fragment or variant thereof, and the growth
factor-responsive neuronal population comprises cholinergic neurons of the
basal forebrain.

[0046] In another preferred embodiment, the pharmaceutical composition
comprises GDNF, or an active fragment or variant thereof, and the growth
factor-responsive neuronal population comprises dopaminergic neurons
having cell bodies or processes in the striatum and/or midbrain.

[0047] In another preferred embodiment, the pharmaceutical composition
comprises VIP, or an active fragment or variant thereof, and the growth factor-

responsive neuronal population comprises dopaminergic neurons having cell
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bodies or processes in the striatum and/or midbrain.

[0048] In another preferred embodiment, the pharmaceutical composition
comprises PTN, or an active fragment or variant thereof, and the growth
factor-responsive neuronal population comprises dopaminergic neurons
having cell bodies or processes in the striatum and/or midbrain.

[0049] It will be appreciated that in some embodiments, growth factors may be
delivered to neuronal terminals at a distance from cell bodies.

[0050] In another preferred embodiment, the pharmaceutical composition
comprises BMP, or an active fragment or variant thereof, and the growth
factor-responsive neuronal population comprises cells of a CNS locus
impacted by stroke.

[0051] In a preferred embodiment, the method comprises intermittent local
delivery of the pharmaceutical composition.

[0052] In a preferred embodiment, administration of the growth factor
comprises an intermission of from about 7 days to about 45 days, more
preferably from about 14 days to about 45 days, more preferably from about
17 days to about 35 days, more preferably from about 20 days to about 35
days following delivery of the growth factor, which intermission is followed by
another delivery of the growth factor. In a preferred embodiment,
administration of the growth factor comprises two or more such intermissions.

[0053] In another embodiment, administration of the growth factor comprises
intermissions of less than 7 days, preferably between about 2 days and about
6 days, or more than 45 days.

[0054] In a preferred embodiment, the duration of two or more intermissions is
different in an intermittent administration regimen comprising three or more
delivery steps. In a preferred embodiment, the duration of an intermission
between delivery steps at the beginning of an intermittent administration
regimen is substantially shorter that an intermission between subsequent
delivery steps.

[0055] In one embodiment, the dose of growth factor delivered differs between

delivery steps. In a preferred embodiment, the dose of growth factor delivered

-12-
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in an earlier delivery step is higher than the dose of growth factor delivered in
a later delivery step in an intermittent administration regimen comprising two
or more delivery steps.

[0056] In a preferred embodiment, the duration of CED is from about 30
minutes to about 12 hours, more preferably from about 30 minutes to about 6
hours.

[0057] In another embodiment, duration of CED is less than about 30 minutes
or more than about 12 hours.

[0058] In a preferred embodiment, the duration of delivery is informed by use
of a tracing agent and monitoring of infusate distribution.

[0059] In one aspect, the invention provides methods for reducing the death of
growth factor-responsive neurons of the mammalian CNS. The methods
comprise locally delivering a pharmaceutical composition comprising a growth
factor to a growth factor-responsive CNS neuronal population that is at risk of
undergoing cell death in the absence of intervention, wherein the growth factor
is delivered at a rate that substantially opposes the tissue clearance rate of the
growth factor, whereby a therapeutically effective amount of growth factor is
achieved in the target CNS tissue.

[0060] In one aspect, the invention provides methods for modulating synapse
formation by growth factor-responsive neurons of the mammalian CNS. The
methods comprise locally delivering a pharmaceutical composition comprising
a growth factor to a growth factor-responsive CNS neuronal population,
wherein the growth factor is delivered at a rate that substantially opposes the
tissue clearance rate of the growth factor, whereby a therapeutically effective
amount of growth factor is achieved in the target CNS tissue, and wherein the
growth factor modulates synapse formation by the growth factor-responsive
neuronal population.

[0061] In one aspect, the invention provides methods for modulating neurite
outgrowth by growth factor-responsive neurons of the mammalian CNS. The
methods comprise locally delivering a pharmaceutical composition comprising

a growth factor to a growth factor-responsive CNS neuronal population,
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wherein the growth factor is delivered at a rate that substantially opposes the
tissue clearance rate of the growth factor, whereby a therapeutically effective
amount of growth factor is achieved in the target CNS tissue, and wherein the
growth factor modulates neurite outgrowth by the growth factor-responsive
neuronal population.

In one aspect, the invention provides methods for increasing
neurotransmitter turnover in growth factor-responsive neurons of the
mammalian CNS. The methods comprise locally delivering a pharmaceutical
composition comprising a growth factor to a growth factor-responsive CNS
neuronal population, wherein the growth factor is delivered at a rate that
substantially opposes the tissue clearance rate of the growth factor, whereby a
therapeutically effective amount of growth factor is achieved in the target CNS
tissue, and wherein the growth factor increases neurotransmitter turnover in
the growth factor-responsive neuronal population.

In one aspect, the invention provides methods for modulating
phenotypic differentiation of growth factor-responsive neurons of the
mammalian CNS. The methods comprise locally delivering a pharmaceutical
composition comprising a growth factor to a growth factor-responsive CNS
neuronal population, wherein the growth factor is delivered at a rate that
substantially opposes the tissue clearance rate of the growth factor, whereby a
therapeutically effective amount of growth factor is achieved in the target CNS
tissue, and wherein the growth factor modulates phenotypic differentiation of
the growth factor-responsive neuronal population.

In one aspect, the invention provides methods for treating a patient
having a CNS disorder characterized by neuronal death and/or dysfunction. In
one embodiment, the CNS disorder is a chronic disorder. In another
embodiment, the CNS disorder is an acute disorder. In a preferred
embodiment, the CNS disorder is selected from the group consisting of
Huntington'’s disease, Alzheimer’s disease, amyotrophic lateral sclerosis
(ALS), Parkinson’s disease, stroke, head trauma, spinal cord injury, multiple

sclerosis, dementia with Lewy Bodies, retinal degeneration, epilepsy,
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psychiatric disorders, disorders of hormonal balance, and cochlear
degeneration. Further contemplated are methods for reducing inflammation
that is associated with a CNS disorder characterized by neuronal death and/or
dysfunction.

The methods comprise locally delivering a pharmaceutical composition
comprising a growth factor to a growth factor-responsive CNS neuronal
population in the patient, wherein such administration of the growth factor is
therapeutically effective in the treatment of the patient. The growth factor is
delivered at a rate that substantially opposes the tissue clearance rate of the
growth factor, whereby a therapeutically effective amount of growth factor is
achieved in the target CNS tissue.

In embodiments wherein an acute CNS disorder is treated, there is
preferably an endpoint at which administration is discontinued.

In one aspect, the invention provides methods for treating a patient
diagnosed as having a CNS disorder in its early stages, preferably prior to
clinical presentation. The methods comprise locally delivering a
pharmaceutical composition comprising a growth factor to a growth factor-
responsive CNS neuronal population in the patient, wherein such
administration of the growth factor prevents, delays, or reduces the severity of
clinical manifestations associated with the CNS disorder. The growth factor is
delivered at a rate that substantially opposes the tissue clearance rate of the
growth factor, whereby a therapeutically effective amount of growth factor is
achieved in the target CNS tissue.

In one aspect, the invention provides prophylactic methods for treating
a patient at risk for a CNS disorder. The methods comprise locally delivering a
pharmaceutical composition comprising a growth factor to a growth factor-
responsive CNS neuronal population in the patient, wherein such
administration of the growth factor prevents or delays onset of a CNS disorder,
or reduces the severity of the CNS disorder once it is manifest. The growth
factor is delivered at a rate that substantially opposes the tissue clearance rate

of the growth factor, whereby a therapeutically effective amount of growth
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factor is achieved in the target CNS tissue.

[0069] Treatment methods including prophylactic methods herein preferably
involve preoperative diagnosis.

[0070] In a preferred embodiment, preoperative diagnosis involves genetic
screening. In another preferred embodiment, preoperative diagnosis involves
neuroimaging. In one embodiment, the neuroimaging performed comprises
functional neuroimaging. In another embodiment, the neuroimaging
performed involves non-functional imaging. Preferably, the neuroimaging
done involves PET, MRI, and/or CT.

[0071] Treatment methods herein also preferably comprise neuroimaging,
preferably MRI, for target localization and/or guided cannula placement.
Preferably a stereotactic holder is used in conjunction with neuroimaging to
provide for guided cannula placement at or proximal to a target neuronal
population.

[0072] Treatment methods herein also preferably comprise neuroimaging,
preferably MRI in conjunction with an administered MRI magnet for monitoring
infusate distribution.

[0073] In one aspect, the invention provides locally deliverable pharmaceutical
compositions useful for treating a CNS disorder characterized by the death

and/or dysfunction of a CNS neuronal population.

[0074] In a preferred embodiment, the pharmaceutical composition is
deliverable by CED.
[0075] In a preferred embodiment, the pharmaceutical composition comprises

a tracing agent.

[0076] In a preferred embodiment, the tracing agent is an MRI magnet.

[0077] In a preferred embodiment, the tracing agent comprises a liposome. In
an especially preferred embodiment, the tracing agent comprises a liposome
containing an MRI magnet, preferably gadolinium chelate. In a highly
preferred embodiment, the tracing agent consists essentially of a liposome
containing an MRI magnet, preferably gadolinium chelate.

[0078] In a preferred embodiment, the pharmaceutical composition comprises
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a facilitating agent.

[0079] In a preferred embodiment, the facilitating agent is low molecular weight
heparin.

[0080] In a preferred embodiment, growth factor is selected from the group
consisting of NGF, BDNF, NT-3, NT-4/5, NT-6, GDNF, CNTF, LIF, IGF-1, b-
FGF, neurturin, persephin, artemin, TGFa, TGFb, IGF-2, PDGF, EGF,
cardiotropin, EGF, IGF, VEGF, Sonic hedgehog (SHH), BMP, FGF20, VIP,
PDGF, pleiotrophin (PTN), and HGF.

[0081] Methods of producing a pharmaceutical composition of the invention
are also provided.

[0082] In one aspect, the invention provides a delivery device comprising a
pharmaceutical composition of the invention.

[0083] In one aspect, the invention provides a catheter or cannula comprising
a pharmaceutical composition of the invention.

[0084] In one aspect, the invention provides a delivery device comprising a
pump that is capable of effecting delivery of a pharmaceutical composition of
the invention by CED. In a preferred embodiment, the invention provides a
delivery device comprising a pump that is capable of effecting intermittent
delivery of a pharmaceutical composition of the invention by CED. In a
preferred embodiment, the device further comprises a pharmaceutical
composition of the invention. In a preferred embodiment, the device further
comprises a CED-compatible, reflux-free step-design cannula, which cannula
is compatible with chronic or acute administration.

[0085] In one aspect, the invention provides methods of using a growth factor
or nucleic acid encoding the same to produce a medicament useful for the
treatment of a patient having a CNS disorder characterized by neuronal death
and/or dysfunction, wherein the medicament is deliverable to the CNS of the
patient having a CNS disorder at a rate that substantially opposes the tissue
clearance rate of the growth factor, wherein the growth factor or nucleic acid
encoding the same is present in an amount sufficient to provide a

therapeutically effective dose when the medicament is delivered to the CNS of
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the patient without producing substantial accumulation of the growth factor in
the CNS of the patient. In a preferred embodiment, the medicament is
deliverable by CED. In a preferred embodiment, the medicament may be
delivered intermittently.

In one aspect, the invention provides methods of using a growth factor
or nucleic acid encoding the same to produce a medicament useful for
reducing the death of growth factor-responsive neurons of the mammalian
CNS, wherein the medicament is deliverable to the CNS of the patient having
a CNS disorder at a rate that substantially opposes the tissue clearance rate
of the growth factor, wherein the growth factor or nucleic acid encoding the
same is present in an amount sufficient to provide a therapeutically effective
dose when the medicament is delivered to the CNS of the patient without
producing substantial accumulation of the growth factor in the CNS of the
patient. In a preferred embodiment, the medicament is deliverable by CED.
In a preferred embodiment, the medicament may be delivered intermittently.

In one aspect, the invention provides methods of using a growth factor
or nucleic acid encoding the same to produce a medicament useful for
modulating neurite outgrowth by growth factor-responsive neurons of the
mammalian CNS, wherein the medicament is deliverable to the CNS of the
patient having a CNS disorder at a rate that substantially opposes the tissue
clearance rate of the growth factor, wherein the growth factor or nucleic acid
encoding the same is present in an amount sufficient to provide a
therapeutically effective dose when the medicament is delivered to the CNS of
the patient without producing substantial accumulation of the growth factor in
the CNS of the patient. In a preferred embodiment, the medicament is
deliverable by CED. In a preferred embodiment, the medicament may be
delivered intermittently.

In one aspect, the invention provides methods of using a growth factor
or nucleic acid encoding the same to produce a medicament useful for
increasing neurotransmitter turnover in growth factor-responsive neurons of

the mammalian CNS, wherein the medicament is deliverable to the CNS of the
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patient having a CNS disorder at a rate that substantially opposes the tissue
clearance rate of the growth factor, wherein the growth factor or nucleic acid
encoding the same is present in an amount sufficient to provide a
therapeutically effective dose when the medicament is delivered to the CNS of
the patient without producing substantial accumulation of the growth factor in
the CNS of the patient. In a preferred embodiment, the medicament is
deliverable by CED. In a preferred embodiment, the medicament may be
delivered intermittently.

In one aspect, the invention provides methods of using a growth factor
or nucleic acid encoding the same to produce a medicament useful for
modulating phenotypic differentiation of growth factor-responsive neurons of
the mammalian CNS, wherein the medicament is deliverable to the CNS of the
patient having a CNS disorder at a rate that substantially opposes the tissue
clearance rate of the growth factor, wherein the growth factor or nucleic acid
encoding the same is present in an amount sufficient to provide a
therapeutically effective dose when the medicament is delivered to the CNS of
the patient without producing substantial accumulation of the growth factor in
the CNS of the patient. In a preferred embodiment, the medicament is
deliverable by CED. In a preferred embodiment, the medicament may be
delivered intermittently.

In one aspect, the invention provides methods of using a growth factor
or nucleic acid encoding the same to produce a medicament useful for treating
a patient diagnosed as having a CNS disorder in its early stages, wherein the
medicament is deliverable to the CNS of the patient having a CNS disorder at
a rate that substantially opposes the tissue clearance rate of the growth factor,
wherein the growth factor or nucleic acid encoding the same is present in an
amount sufficient to provide a therapeutically effective dose when the
medicament is delivered to the CNS of the patient without producing
substantial accumulation of the growth factor in the CNS of the patient. In a
preferred embodiment, the medicament is deliverable by CED. In a preferred

embodiment, the medicament may be delivered intermittently.
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[0091] In one aspect, the invention provides methods of using a growth factor
or nucleic acid encoding the same to produce a medicament useful for
prophylactic treatment a patient at risk for a CNS disorder, wherein the
medicament is deliverable to the CNS of the patient having a CNS disorder at
a rate that substantially opposes the tissue clearance rate of the growth factor,
wherein the growth factor or nucleic acid encoding the same is present in an
amount sufficient to provide a therapeutically effective dose when the
medicament is delivered to the CNS of the patient without producing
substantial accumulation of the growth factor in the CNS of the patient. In a
preferred embodiment, the medicament is deliverable by CED. In a preferred

embodiment, the medicament may be delivered intermittently.

[0092] In one embodiment, a medicament further comprises a tracing agent.

[0093] In one embodiment, a medicament further comprises a facilitating
agent.

[0094] In one embodiment, methods of producing a medicament involve the

use of a high molecular weight neurotherapeutic of the invention comprising (i)
a carrier, and (ii) a growth factor or nucleic acid encoding the same.

[0095] In one aspect, the invention provides kits for the treatment of CNS
disorders, which kits comprise one or more pharmaceutical compositions of
the invention.

[0096] In another aspect the invention provides kits useful for reducing the
death of growth factor-responsive neurons of the mammalian CNS, which kits
comprise one or more pharmaceutical compositions of the invention.

[0097] In another aspect the invention provides kits useful for modulating
neurite outgrowth by growth factor-responsive neurons of the mammalian
CNS, which kits comprise one or more pharmaceutical compositions of the
invention.

[0098] In another aspect the invention provides kits useful for increasing
neurotransmitter turnover in growth factor-responsive neurons of the
mammalian CNS, which kits comprise one or more pharmaceutical

compositions of the invention.
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[0099]

In another aspect the invention provides kits useful for modulating
phenotypic differentiation of growth factor-responsive neurons of the
mammalian CNS, which kits comprise one or more pharmaceutical

compositions of the invention.

[00100] In another aspect the invention provides kits useful for treating a patient

diagnosed as having a CNS disorder in its early stages, which kits comprise

one or more pharmaceutical compositions of the invention.

[00101] In another aspect the invention provides kits useful for prophylactic

treatment a patient at risk for a CNS disorder, which kits comprise one or more

pharmaceutical compositions of the invention.

[00102] In one embodiment, a kit of the invention further comprises a delivery

device useful for CED, preferably a cannula, and more preferably a step-
design reflux-free cannula. In one embodiment, a kit of the invention further

comprises a pump useful for CED.

[00103] Another aspect of the invention is a method of treating a mammal

having a central nervous system (CNS) disorder. In one embodiment, the
method involves administering to a mammal having a CNS disorder, a
pharmaceutical composition such as a growth factor, by correlating delivery of
said pharmaceutical composition with corresponding tissue clearance of the
pharmaceutical composition. In one embodiment, the pharmaceutical
composition is administered using convection enhanced delivery (CED). In
one embodiment, the pharmaceutical composition includes a tracing agent. In
another embodiment, the pharmaceutical composition further comprises a
facilitating agent. In one embodiment, the pharmaceutical composition is
delivered intermittently. In one mode, the intermittent delivery balances the

process of tissue clearance.

[00104] Another aspect of the invention is a method for promoting the survival

of a growth factor-responsive neuronal population in the mammalian CNS. In
one embodiment, the method involves locally delivering a pharmaceutical
composition comprising a growth factor to the growth factor-responsive

neuronal population wherein the growth factor is delivered at a rate that
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substantially opposes the tissue clearance rate of the growth factor such that a
therapeutically effective amount of growth factor is achieved in the target CNS
tissue. In one mode, the delivery does not produce substantial accumulation
of growth factor. In one embodiment, the method as involves determining the
tissue clearance rate of the growth factor that is to be locally delivered to a
growth factor-responsive neuronal population in the CNS. In one embodiment,
determining the tissue clearance rate is performed preclinically in a primate.

In another embodiment, determining the tissue clearance rate is carried out by

measuring a clearance rate indicator in a human subject.

[00105] Another aspect of the invention is a method for reducing the death of

growth factor-responsive neurons of the mammalian CNS. In one
embodiment, the method involves locally delivering a pharmaceutical
composition comprising a growth factor to a growth factor-responsive CNS
neuronal population that is at risk of undergoing cell death in the absence of
intervention, wherein the growth factor is delivered at a rate that substantially
opposes the tissue clearance rate of the growth factor and whereby a
therapeutically effective amount of growth factor is achieved in the target CNS

tissue.

[00106] Another aspect of the invention is a method of treating a CNS disorder.

In one embodiment, the method involves locally administering a
pharmaceutical composition comprising a growth factor to a growth factor-
responsive CNS neuronal population in the patient, wherein such
administration of the growth factor is therapeutically effective in the treatment
of the patient. In one embodiment, the growth factor is delivered at a rate that
substantially opposes the tissue clearance rate of the growth factor whereby a
therapeutically effective amount of growth factor is achieved in the target CNS
tissue. In one embodiment, the CNS disorder comprises an acute CNS

disorder and administration is discontinued at an endpoint.

[00107] Another aspect of the invention is a method for treating a patient

diagnosed as having a CNS disorder in its early stages. In one embodiment,

the method involves locally administering a pharmaceutical composition
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comprising a growth factor to a growth factor-responsive CNS neuronal
population in the patient wherein such administration of the growth factor
prevents, delays, or reduces the severity of clinical manifestations associated
with the CNS disorder at later stages in the absence of administered growth
factor. In one embodiment, the growth factor is delivered at a rate that
substantially opposes the tissue clearance rate of the growth factor whereby a
therapeutically effective amount of growth factor is achieved in the target CNS
tissue.

[00108] Another aspect of the invention is a prophylactic method for treating a
patient at risk for a CNS disorder. In one embodiment, the method involves
locally administering a pharmaceutical composition comprising a growth factor
to a growth factor-responsive CNS neuronal population in the patient wherein
such administration of the growth factor prevents or delays onset of a CNS
disorder, or reduces the severity of the CNS disorder once it is manifest. In
one embodiment, the growth factor is delivered at a rate that substantially
opposes the tissue clearance rate of the growth factor whereby a
therapeutically effective amount of growth factor is achieved in the target CNS
tissue.

[00109] Further aspects of the invention will be brought out in the following
portions of the specification, wherein the detailed description is for the purpose
of fully disclosing preferred embodiments of the invention without placing
limitations thereon.

BRIEF DESCRIPTION OF THE DRAWINGS

[00110] The invention will be more fully understood by reference to the following
drawings which are for illustrative purposes only:

[00111] FIG. 1 and FIG. 2 are rat brain images. LMW Hep (1
microgram/microliter) with GDNF is infused into rat brain. (left hemisphere
infused with GDNF + LMW Hep; the right hemisphere received only GDNF
with PBS as a control).

[00112] FIG. 3 is a graph illustrating expression of GDNF at different time points
after transduction with AAV2-GDNF. AAV2-GDNF was infused into the
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striatum at different doses and rats were euthanized at different time points to
analyze correlation with the level of GDNF expression. The results show
gradual accumulation of GDNF over time.

[00113] FIG. 4 is an image of a monkey brain treated according to a method of
the invention. GDNF (30ug/site) was administered by CED on one side of the
normal monkey brain. One site was targeted in the caudate and 2 sites in the
putamen. The monkey was euthanized 3 weeks later. Significant residual
GDNF protein present. TH staining revealed strong upregulation of DA fibers
on the GDNF-treated side only.

[00114] FIG. 5 is a graph illustrating effects of 5 ug of neuturin (NTN)
administration into normal rats at 4 days. A significant increase in DA turnover
was seen after single administration. An apparent synergy between NTN and
heparin was observed as well.

[00115] FIG. 6 is a graph illustrating tissue clearance of GDNF after single
administration.

[00116] FIG. 7 is a graph illustrating regulation of DA levels after a single
administration.

[00117] FIG. 8 illustrates AAV2-GDNF infused (CED) into the rat striatum at
different doses.

[00118] FIG. 9 is a graph illustrating expression of GDNF in the rat brain at
different time points after transduction with AAV2-GDNF. The mean values in
each time point were calculated from 3 hemispheres.

[00119] FIG. 10 illustrates experimental parameters for determining NF
clearance from the rat brain.

[00120] FIG. 11 is a graph illustrating clearance of GDNF protein in the rat brain
after its weekly infusion by CED. The mean values in each week were
calculated from 3 rats (6 hemispheres).

[00121] FIG. 12 is a graph illustrating clearance of GDNF after its intrastriatal
infusion into the rat brain.

DETAILED DESCRIPTION OF INVENTION

[00122] The invention is directed to methods and compositions for the local
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delivery of growth factors to growth factor-responsive neuronal populations of
the mammalian CNS. The invention stems in part from the discovery that
tissue clearance of growth factors in the CNS is slow relative to rates at which
exogenous growth factors have typically been administered previously.
Infusion of a growth factor at a rate greater than tissue clearance results in an
unnecessary and potentially toxic accumulation of growth factor. In the
present invention, delivery of growth factor at a rate that substantially opposes
the tissue clearance rate is done to avoid toxic accumulation of growth factor
and achieve levels in target tissue that are maintained within a therapeutically
effective window over time. In a preferred embodiment, intermittent growth

factor delivery is done.

[00123] The phenomenon of slow tissue clearance is not limited to a particular

growth factor or brain region. Consequently, the benefit associated with the
present administration methods is not limited to a particular growth factor, a
particular neuronal population in the CNS, or a particular indication. In
principle, given the ability to deliver a wide variety of growth factors to a wide
variety of neuronal populations in the CNS, any indication characterized by the
death and/or dysfunction of a neuronal population that is responsive to growth
factor, or may be functionally compensated for by a neuronal population

responsive to growth factor, may be treated.

[00124] Administration of Growth Factor

[00125] A number of growth factors have been delivered by various means in

attempts to treat a variety of neurodegenerative diseases. For review, see for
example, Dawbarn et al., Neuropathol and App. Neurobiol, 29:211-230, 2003
incorporated herein by reference in its entirety. The present invention
provides novel means of delivering growth factors to growth factor-responsive
neuronal populations in these diseases with improved efficacy. In particular,
the invention provides methods and compositions for delivering growth factors
to target neuronal populations at a rate that counterbalances tissue clearance
rates to achieve a sustained effective therapeutic dose without unwanted
adverse effects.
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[00126] In the methods of the invention, growth factor is delivered at a rate that

substantially opposes the tissue clearance rate of the growth factor. By “rate
that substantially opposes the tissue clearance rate” is meant a delivery rate
that is approximately counter to the tissue clearance rate. Rate refers to
amount of growth factor over time. The delivery rate need not exactly counter
the tissue clearance rate, and the amount of growth factor in target tissue
need not remain constant. For example, in a preferred embodiment of the
invention, administration involves intermittent delivery of growth factor. It will
be appreciated that such administration protocols will result in varied amounts
of growth factor in target tissue, with a maxima approximately at the beginning
of an intermission and a minima approximately at the end of an intermission.
What is called for in the present methods is a delivery rate that provides for
maintenance of a therapeutically effective amount of growth factor (within a
therapeutic window) in target tissue over time. By considering the empirically
determined clearance rate of a particular growth factor in target tissue, one of
skill in the art can readily determine an appropriate delivery rate without undue

experimentation.

[00127] The rate of growth factor delivery in the present methods is informed by

the rate of tissue clearance of the growth factor and substantially opposes the
rate of tissue clearance. The desired rate of growth factor delivery may be
achieved with continuous or intermittent delivery and appropriate
concentrations of growth factor. CED is preferred as a means of delivery in
the present invention, and intermittent delivery of a pharmaceutical
composition having an appropriate concentration of growth factor is preferred.
However, in alternative embodiments, delivery at an infusion rate of less than
0.5ul/min may be done, and an administration regimen comprising intermittent
delivery with very short intermissions (days, hours, minutes), and even
continuous delivery may be done with appropriate concentrations of growth
factor such that the rate of delivery substantially opposes the rate of tissue

clearance.

[00128] By “substantial accumulation” or “harmful accumulation” of growth
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factor is meant achievement of an amount of growth factor that is higher than
the minimum therapeutically effective amount of growth factor and capable of
producing undesirable deleterious effects, which is typically well above the
maximally effective therapeutic amount of growth factor (i.e., higher than the
effective ceiling amount of growth factor) for a period of time. By “intermittent
delivery” is meant discontinuous delivery. In accordance with the invention, in
a preferred embodiment, a particular growth factor is administered as its level
in target tissue is declining in order to maintain a therapeutically effective
amount of the factor in target tissue. The growth factor is infused into the
target population for a period of time, typically from about 30 minutes to about
12 hours, more preferably from about 30 minutes to about 6 hours, at which
point delivery ceases. The duration of delivery will be informed by a tracing
agent in preferred embodiments. During delivery, the level of growth factor in
the target tissue increases. Preferably, cessation of delivery occurs when the
maximally effective therapeutic dose (therapeutic dosage ceiling) is achieved
in target tissue. Though less preferred, cessation of delivery may occur when
maximally effective therapeutic dose has been surpassed. Preferably,
cessation of delivery occurs when infusate is distributed throughout the
substantial whole of the target tissue, as may be monitored with a tracing
agent as disclosed herein. Preferably, cessation of delivery occurs while
infusate remains substantially confined to target tissue. Following cessation,
tissue clearance mechanisms act to slowly decrease the level of growth factor
in the target tissue. Delivery is repeated when the growth factor in target
tissue is declining, preferably while a therapeutically effective amount of
growth factor remains in target tissue, more preferably when the growth factor
is above or slightly above the minimum therapeutically effective amount of
growth factor. Though less preferred, delivery may be repeated when the
growth factor is below the minimum therapeutically effective amount of growth
factor. In one embodiment, a therapeutically effective dose is not maintained

continuously without interruption.

[00129] In a preferred embodiment, administration of the growth factor
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comprises an intermission of from about 7 days to about 45 days, more
preferably from about 14 days to about 45 days, more preferably from about
17 days to about 35 days, more preferably from about 20 days to about 35
days following delivery of the growth factor, which intermission is followed by
another delivery of the growth factor. In a preferred embodiment,

administration of the growth factor comprises two or more such intermissions.

[00130] In another embodiment, administration of the growth factor comprises

intermissions of less than about 7 days or more than about 45 days.

[00131] In the methods herein, growth factors are locally delivered to a target

population of growth factor-responsive neurons in the mammalian CNS by
infusion. Especially preferred is the method of CED. By “CED” is meant
infusion at a rate greater than 0.5ul/min. In a preferred embodiment, growth
factor is delivered by CED through a suitable catheter or cannula, preferably a
step-design reflux-free cannula. In a preferred embodiment, the method of
CED is done with a CED-compatible reflux-free step design cannula. See
Krauze et al., J. Neurosurg., 103:923-929, 2005, incorporated herein by
reference in its entirety. See also, U.S. Patent Application Publication No.
2007/0088295 A1 and 2006/0135945 A1, both of which are incorporated
herein by reference in their entirety. The method involves positioning the tip of
the cannula at least in close proximity to the target tissue. After the cannula is
positioned, it is connected to a pump which delivers the growth factor through
the cannula tip to the target tissue. A pressure gradient from the tip of the

cannula is maintained during infusion.

[00132] By “proximal to” a target population is meant within an effective

distance of the target population. In particular, with respect to the positioning
of a cannula relative to target tissue, proximity refers to a distance such that
infusate will reach the target tissue. As the highly preferred means of
delivering a pharmaceutical composition is CED, proximity in most instances
herein refers to being within a distance from target tissue that is reached by

CED of pharmaceutical composition.

[00133] In a preferred embodiment, a step-design reflux-free cannula is joined
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with a pump that withdraws the growth factor from a container and produces

enough pressure to cause the growth factor to flow through the catheter to the
target tissue at controlled rates. Any suitable flow rate can be used such that
the intracranial pressure is maintained at suitable levels so as not to injure the

brain tissue. More than a single cannula can be used.

[00134] Penetration of the growth factor into target tissue is greatly facilitated by

positive pressure infusion over a period of hours. Penetration is further
augmented by the use of a facilitating agent, such as low molecular weight
heparin. Additionally, the inclusion of a tracing agent, preferably an MRI
magnet, provides for real-time monitoring of tissue penetration by infusate,

and informs the cessation of delivery.

[00135] Any suitable amount of growth factor can be administered in this

manner. Suitable amounts are amounts that are therapeutically effective, and
thus capable of provoking a response from growth factor responsive neurons
in target tissue, without causing an overabundance of undesirable side effects.
Typically, the amount of growth factor will be between about 1ug and about
1000ug, more preferably between about 1ug and about 500ug, more
preferably between about 1ug and about 250ug, more preferably between
about 1ug and about 100ug. In an especially preferred embodiment, the
amount of growth factor is between about 10ug and about 100ug. In a
preferred embodiment, CED comprises an infusion rate of between about

0.5ulL/min and about 10 uL/min.

[00136] In a preferred embodiment, CED comprises an infusion rate of greater

than about 0.5ul/min, more preferably greater than about 0.7ulL/min, more
preferably greater than about 1ulL/min, more preferably greater than about 1.2
uL/min, more preferably greater than about 1.5 uL/min, more preferably
greater than about 1.7 uL/min, more preferably greater than about 2 uL/min,
more preferably greater than about 2.2 uL/min, more preferably greater than
about 2.5 uL/min, more preferably greater than about 2.7 uL/min, more
preferably greater than about 3 uL/min, as well as preferably less than about

25 uL/min, more preferably less than 20 uL/min, more preferably less than
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about 15 uL/min, more preferably less than about 12 uL/min, more preferably

less than about 10 pL/min.

[00137] In a preferred embodiment, CED comprises incremental increases in

flow rate, referred to as “stepping”, during delivery. Preferably, stepping

comprises infusion rates of between about 0.5uL/min and about 10 puL/min.

[00138] In a preferred embodiment, stepping comprises infusion rates of greater

than about 0.5ul/min, more preferably greater than about 0.7ulL/min, more
preferably greater than about 1ulL/min, more preferably greater than about 1.2
uL/min, more preferably greater than about 1.5 uL/min, more preferably
greater than about 1.7 uL/min, more preferably greater than about 2 uL/min,
more preferably greater than about 2.2 ul/min, more preferably greater than
about 2.5 uL/min, more preferably greater than about 2.7 uL/min, more
preferably greater than about 3 uL/min, as well as preferably less than about
25 uL/min, more preferably less than 20 uL/min, more preferably less than
about 15 uL/min, more preferably less than about 12 uL/min, more preferably

less than about 10 pL/min.

[00139] For further teaching on the method of CED, see for example Saito et

al., Exp. Neurol., 196:3891-389, 2005; Krauze et al., Exp. Neurol., 196:104-
111, 2005; Krauze et al., Brain Res. Brain Res. Protocol., 16:20-26, 2005;
U.S. Patent Application Publication No. 2006/0073101; U.S. Patent No.

5,720,720, each of which is incorporated herein by reference in its entirety.

[00140] The present methods of treatment preferably involve one or more pre-

operative diagnostic determinations for the presence or risk of a CNS disorder.
“CNS disorder” as used herein refers to disorders of the mammalian CNS
characterized by the death and/or dysfunction of one or more neuronal
populations. CNS disorders include chronic disorders, such as
neurodegenerative diseases, for example Alzheimer's disease, as well as
acute disorders, such as stroke. Many biomarkers associated with various
CNS disorders are known. For example, see Henley et al., Curr. Opin.
Neurol., 18:698-705, 2005, incorporated herein by reference in its entirety.

The diagnostic determination done preferably includes neuroimaging. For
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example, see Mathis et al., Arch. Neurol., 62:, 196-200, 2005, incorporated
herein by reference in its entirety. In a preferred embodiment, the diagnostic
determination involves a genetic test.

[00141] The methods also preferably involve pre-operative imaging to
stereotactically define the location of the targeted neuronal population.

[00142] In a highly preferred embodiment, the methods additionally comprise
imaging during administration in order to monitor cannula positioning. In one
embodiment, the method comprises use of a neuronavigation system, for
example, see U.S. Patent Application Publication No. 2002/0095081,
incorporated herein by reference in its entirety. In a preferred embodiment,
the methods additionally comprise neuroimaging to monitor infusate
distribution.

[00143] In one aspect, the invention provides methods for the treatment of a
CNS disorder.

[00144] In a preferred embodiment, the invention provides methods for the
treatment of Alzheimer’s disease. The methods comprise administering NGF,
or an active fragment or variant thereof, locally, and preferably intermittently,
to cholinergic neurons of the basal forebrain.

[00145] In a preferred embodiment, the invention provides methods for the
treatment of Alzheimer’s disease. The methods comprise administering
GDNF, or an active fragment or variant thereof, locally, and preferably
intermittently, to cholinergic neurons of the basal forebrain.

[00146] In a preferred embodiment, the invention provides methods for the
treatment of Parkinson’s disease. The methods comprise administering
GDNF, or an active fragment or variant thereof, locally, and preferably
intermittently, to the striatum and/or midbrain.

[00147] In a preferred embodiment, the invention provides methods for the
treatment of Parkinson’s disease. The methods comprise administering VIP,
or an active fragment or variant thereof, locally, and preferably intermittently,
to the striatum and/or midbrain.

[00148] In a preferred embodiment, the invention provides methods for the
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treatment of Parkinson’s disease. The methods comprise administering PTN,
or an active fragment or variant thereof, locally, and preferably intermittently,
to the striatum and/or midbrain.

[00149] In a preferred embodiment, the invention provides methods for the
treatment of stroke. The methods comprise administering BMP, or an active
fragment or variant thereof, locally, and preferably intermittently, to the CNS
locus impacted by the stroke.

[00150] Table 1 provides a list of growth factors that can be used in the present
invention to produce desired effects in a variety of target neuronal populations.
This description is exemplary, and is not intended to be limiting.

[00151] More generally, Table 2 provides a list of growth factors that are
generally able to produce beneficial effects, such as survival, neurite
outgrowth and phenotypic maintenance, in the particular types of neurons
listed. This description is exemplary, and not intended to be limiting.

[00152] The dose of growth factor delivered is determined by the particular
growth factor, the target tissue density, the target tissue volume, and the
tissue clearance rate. Typically, the amount of growth factor will be between
about 1ug and about 1000ug, more preferably between about 1ug and about
500ug, more preferably between about 1ug and about 250ug, more preferably
between about 1ug and about 100ug. In an especially preferred embodiment,
the amount of growth factor is between about 10ug and about 100ug. In a
preferred embodiment, following an intermission of from about 7 days to about
45 days, more preferably from about 14 days to about 45 days, more
preferably from about 17 days to about 35 days, more preferably from about
20 days to about 35 days, delivery, if required, is repeated at a dose again
designed to maintain a therapeutically effective amount of growth factor in
tissue without producing harmful accumulation.

[00153] In a preferred embodiment, administration of the growth factor
comprises two or more such intermissions.

[00154] In a preferred embodiment, the duration of a later occurring

intermission is longer than the duration of an earlier occurring intermission in
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an administration regiment comprising three or more delivery steps.

[00155] In a preferred embodiment, the dose of growth factor given in an earlier

delivery is greater than the dose of growth factor given in a later delivery in an

administration regimen comprising two or more delivery steps.

[00156] It is further contemplated that the growth factor be administered with an

effective amount of a second therapeutic agent. For example, in the treatment
of Alzheimer's disease, such second therapeutic agents may include:
cholinergic agonists, particularly those specific to the CNS and not to
peripheral muscles, cholinesterase inhibitors such as tacrine hydrochloride,
neurotrophins such as NGF, BDNF, NT-3, NT-4/5, basic fibroblast growth
factor (bFGF), ciliary neurotrophic factor (CNTF), inhibitors of senile amyloid
plaque formation, inhibitors of PHF formation, and inducers of endogenous

neurotrophic factor synthesis or production.

[00157] The growth factor protein products according to this invention may be

isolated or generated by any means known to those skilled in the art.

[00158] Naturally-occurring growth factor protein products may be isolated from

mammalian neuronal cell preparations, or from a mammalian cell line
secreting or expressing growth factor. For example, PCT International
Publication No. WO93/06116, incorporated herein by reference in its entirety,
describes the isolation of GDNF from serum-free growth conditioned medium
of B49 glioblastoma cells. GDNF protein products may also be chemically
synthesized by any means known to those skilled in the art. GDNF protein
products are preferably produced via recombinant techniques because they
are capable of achieving comparatively higher amounts of protein at greater
purity. Recombinant GDNF protein product forms include glycosylated and
non-glycosylated forms of the protein, and protein expressed in bacterial,

mammalian or insect cell systems.

[00159] In general, recombinant techniques involve isolating the genes

responsible for coding growth factor, cloning the gene in suitable vectors and
cell types, modifying the gene if necessary to encode a desired variant, and

expressing the gene in order to produce the growth factor protein product.
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Alternatively, a nucleotide sequence encoding the desired growth factor
protein product may be chemically synthesized. It is contemplated that growth
factor protein product may be expressed using nucleotide sequences which
differ in codon usage due to the degeneracies of the genetic code or allelic
variations.

[00160] In some embodiments herein, growth factor is administered in the form
of an encoding nucleic acid that may be expressed in a transduced cell. In
one embodiment, a high molecular weight neurotherapeutic is administered to
a patient, wherein the high molecular weight neurotherapeutic comprises a
nucleic acid encoding a growth factor, wherein the nucleic acid is expressed in
a transduced CNS cell of the patient and the encoded growth factor is
produced. Thus, the growth factor is produced in situ. Nucleic acids encoding
growth factor proteins of the invention are well known in the art.

[00161] In a preferred embodiment, the nucleic acid encoding a growth factor is
regulatable in situ. In one embodiment, a pharmaceutical composition
comprising a vector comprising a nucleic acid encoding a growth factor under
the control of a regulatable promoter is administered. It will be appreciated
that regulatable expression of a nucleic acid encoding a growth factor provides
for intermittent delivery of growth factor.

[00162] A therapeutic infusate composition is a volume of pharmaceutical
composition to be delivered by CED in a single administration. The volume of
infusate will be largely determined by the target tissue and its volume. Typical
volumes will be between about 10ul and about 10cc, though larger and smaller
volumes may be used.

[00163] The term "target tissue" refers to a physical (usually anatomical) target
in the CNS comprising a neuronal population of interest.

[00164] A tracing agent is preferably detectable by magnetic resonance imaging
(MRI) or X-ray computed tomography. The distribution of tracing agent is
monitored and used as an indirect measure of the distribution of growth factor
or high molecular weight neurotherapeutic. This monitoring is done to verify

that the growth factor is reaching target tissue and achieving an effective
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concentration therein and to detect unwanted delivery of infusate to non-target
tissue.

[00165] In a preferred embodiment, a tracing agent is separate from the growth
factor. The tracing agent is distributed in a manner that correlates with that of
the growth factor and thus is an indirect indicator of growth factor distribution.

[00166] In a preferred embodiment, the tracing agent and the growth factor are
each in the form of carrier compositions, which confers highly similar
distribution characteristics thereto.

[00167] In a highly preferred embodiment, the tracing agent and the growth
factor are in the form of liposomal compositions. Liposome-based tracing
agents are very highly accurate indirect indicators of the distribution of
liposome-based high molecular weight neurotherapeutics.

[00168] The act of "monitoring” refers to obtaining serial images of the tracing
agent over time. By monitoring the distribution of the tracing agent, the
location and volume of distribution of the high molecular weight
neurotherapeutic within the tissue may be determined at any time during the
infusion process. Serial images may be obtained at any rate up to the
maximum rate that the imaging instrument can obtain images. For example,
serial images may be obtained at intervals ranging from a few milliseconds to
hours, but more typically at intervals of minutes, such as intervals of 1, 2, 5,
10, 15, 20 or 30 minutes. The interval between serial images may be varied
during infusion. In some instances, it may be desirable to obtain images at
short intervals (for example, every 5, 10, or 15 seconds) at the beginning of
the infusion process to detect backflow along the cannula, or to verify that the
infusate is entering the desired target tissue. Once delivery to the proper site
is confirmed, the interval between images may be lengthened, and the images
used to follow the progress of infusion.

[00169] In one aspect, the invention provides treatment methods that comprise
delivering a pharmaceutical composition of the invention by CED, wherein the
pharmaceutical composition comprises a tracing agent, monitoring the

distribution of the tracing agent as it moves through the CNS, and ceasing
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delivery of the pharmaceutical composition when the high molecular weight
neurotherapeutic is distributed in a predetermined volume within the CNS.
The movement of the tracing agent through the solid tissue may be monitored
by an imaging technique such as magnetic resonance imaging (MRI) or X-ray
computed tomography (CT). The tracing agent has a mobility in CNS tissue
that is substantially similar to the therapeutic agent, and delivery is ceased
when the tracing agent is observed to reach a desired region or achieve a
desired volume of distribution, or to reach or nearly reach or exceed the

borders of the target tissue.

[00170] The predetermined volume may correspond to a particular region of the

brain. The predetermined volume of distribution is "substantially similar" to the
volume of distribution observed for a tracing agent that is being monitored to
follow the infusion. "Substantially similar" refers to a difference in volume of
less than 20%. More preferably, the difference in volume is less than 15%,
more preferably less than 10%, more preferably less than 5%. By monitoring
the distribution of the tracing agent, infusion may be ceased when the

predetermined volume of distribution is reached.

[00171] Volume of distribution may be determined, for example, by using

imaging software that is standard in the art, e.g., IFLOW™. See also, for
example, Krautze et al., Brain Res. Protocols, 16:20-26, 2005; and Saito et
al., Exp. Neurol., 196:3891-389, 2005, incorporated herein by reference in its

entirety.

[00172] Growth Factor Variants

[00173] The term "growth factor variant" as used herein includes polypeptides in

which amino acids have been deleted from ("deletion variants"), inserted into
("addition variants"), or substituted for ("substitution variants"), residues within
the amino acid sequence of naturally-occurring growth factor. Such variants
are prepared by introducing appropriate nucleotide changes into the DNA
encoding the polypeptide or by in vitro chemical synthesis of the desired
polypeptide. It will be appreciated by those skilled in the art that many

combinations of deletions, insertions, and substitutions can be made provided
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that the final molecule is biologically active.

[00174] The term "biologically active" as used herein means that the fragment

of variant demonstrates similar properties, but not necessarily all of the same
properties, and not necessarily to the same degree, as the growth factor on

which it is based.

[00175] Mutagenesis techniques for the replacement, insertion or deletion of

one or more selected amino acid residues are well known to one skilled in the
art (e.g., U.S. Pat. No. 4,518,584, the disclosure of which is hereby
incorporated herein by reference in its entirety.) There are two principal
variables in the construction of variants: the location of the mutation site and
the nature of the mutation. In designing growth factor variants, the selection of
the mutation site and nature of the mutation will depend on the growth factor
characteristic(s) to be modified. The sites for mutation can be modified
individually or in series, e.g., by (1) substituting first with conservative amino
acid choices and then with more radical selections depending upon the results
achieved (2) deleting the target amino acid residue, or (3) inserting amino acid
residues adjacent to the located site. Conservative changes in from 1 to 20
amino acids are preferred. Once the amino acid sequence of the desired
growth factor protein product is determined, the nucleic acid sequence to be
used in the expression of the protein is readily determined. N-terminal and C-

terminal deletion variants may also be generated by proteolytic enzymes.

[00176] For growth factor deletion variants, deletions generally range from

about 1 to 30 residues, more usually from about 1 to 10 residues, and typically
from about 1 to 5 contiguous residues. N-terminal, C-terminal and internal
intrasequence deletions are contemplated. Deletions may be introduced into
regions of low homology with other family members to modify the activity of a
particular growth factor. Deletions in areas of substantial homology with other
family sequences will be more likely to modify biological activity of the
particular growth factor more significantly. The number of consecutive
deletions will be selected so as to preserve the tertiary structure of the growth

factor protein product in the affected domain.
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[00177] Examples of variants include those disclosed in U.S. Patent Nos.
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6,723,701; 6,468,970, 6,440,702; 5,741,778, 5,731,284, 5,830,857; 5,733,875,

each of which is incorporated herein by reference in its entirety.

[00178] For growth factor addition variants, amino acid sequence additions

typically include N- and/or C-terminal fusions ranging in length from one
residue to polypeptides containing a hundred or more residues, as well as
internal intrasequence additions of single or multiple amino acid residues.
Internal additions may range generally from about 1 to 10 residues, more
typically from about 1 to 5 residues, and usually from about 1 to 3 amino acid
residues. Examples of N-terminal addition variants include growth factor with
an N-terminal methionyl residue (an artifact of the direct expression of GDNF
in bacterial recombinant cell culture) and fusion of a heterologous N-terminal
signal sequence to the N-terminus of growth factor to facilitate the secretion of
mature growth factor from recombinant host cells. Such signal sequences
generally will be obtained from, and thus be homologous to, the intended host
cell species. Additions may also include amino acid sequences derived from

the sequence of other growth factors.

[00179] Growth factor substitution variants have at least one amino acid residue

of the growth factor amino acid sequence removed and a different residue
inserted in its place. Such substitution variants include allelic variants, which
are characterized by naturally-occurring nucleotide sequence changes in the

species population that may or may not result in an amino acid change.

[00180] Specific mutations of the growth factor amino acid sequence may

involve modifications to a glycosylation site (e.g., serine, threonine, or
asparagine). The absence of glycosylation or only partial glycosylation results
from amino acid substitution or deletion at any asparagine-linked glycosylation
recognition site or at any site of the molecule that is modified by addition of an
O-linked carbohydrate. An asparagine-linked glycosylation recognition site
comprises a tripeptide sequence which is specifically recognized by
appropriate cellular glycosylation enzymes. These tripeptide sequences are

either Asn-Xaa-Thr or Asn-Xaa-Ser, where Xaa can be any amino acid other
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than Pro. A variety of amino acid substitutions or deletions at one or both of
the first or third amino acid positions of a glycosylation recognition site (and/or
amino acid deletion at the second position) result in non-glycosylation at the
modified tripeptide sequence. Thus, the expression of appropriate altered
nucleotide sequences produces variants which are not glycosylated at that
site. Alternatively, the growth factor amino acid sequence may be modified to

add glycosylation sites.

[00181] One method for identifying growth factor amino acid residues or regions

for mutagenesis is called "alanine scanning mutagenesis" as described by
Cunningham and Wells (Science, 244:1081-1085, 1989), incorporated herein
by reference in its entirety. In this method, an amino acid residue or group of
target residues are identified (e.g., charged residues such as Arg, Asp, His,
Lys, and Glu) and replaced by a neutral or negatively charged amino acid
(most preferably alanine or polyalanine) to affect the interaction of the amino
acids with the surrounding aqueous environment in or outside the cell. Those
domains demonstrating functional sensitivity to the substitutions then are
refined by introducing additional or alternate residues at the sites of
substitution. Thus, the target site for introducing an amino acid sequence
variation is determined, alanine scanning or random mutagenesis is conducted
on the corresponding target codon or region of the DNA sequence, and the
expressed growth factor variants are screened for the optimal combination of

desired activity and degree of activity.

[00182] The sites of greatest interest for substitutional mutagenesis include

sites where the amino acids found in a particular growth factor from various
species are substantially different in terms of side-chain bulk, charge, and/or
hydrophobicity. Other sites of interest are those in which particular residues of
growth factor-related proteins, obtained from various species, are identical.
Such positions are generally important for the biological activity of a protein.
Initially, these sites are substituted in a relatively conservative manner. Such
conservative substitutions are shown in Table 3 under the heading of

exemplary substitutions. If such substitutions result in a change in biological
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activity, then more substantial changes (exemplary substitutions) are
introduced, and/or other additions or deletions may be made, and the resulting
products screened for activity.

[00183] Conservative modifications to the amino acid sequence (and the
corresponding modifications to the encoding nucleic acid sequences) are
expected to produce growth factor protein products having functional and
chemical characteristics similar to those of natural growth factor correlate. In
contrast, substantial modifications in the functional and/or chemical
characteristics of growth factor protein products may be accomplished by
selecting substitutions that differ significantly in their effect on maintaining (a)
the structure of the polypeptide backbone in the area of the substitution, for
example, as a sheet or helical conformation, (b) the charge or hydrophobicity
of the molecule at the target site, or (c) the bulk of the side chain. Naturally
occurring residues are divided into groups based on common side chain
properties:

[00184] (1) hydrophobic: norleucine, Met, Ala, Val, Leu, lle;

[00185] (2) neutral hydrophilic: Cys, Ser, Thr;

[00186] (3) acidic: Asp, Glu;

[00187] (4) basic: Asn, GIn, His, Lys, Arg;

[00188] (5) residues that influence chain orientation: Gly, Pro; and
[00189] (6) aromatic: Trp, Tyr, Phe.
[00190] Non-conservative substitutions may involve the exchange of a member

of one of these classes for another. Such substituted residues may be
introduced into regions of the growth factor protein that are homologous with

other growth factor proteins, or into the non-homologous regions of the

molecule.
[00191] Growth Factor Derivatives
[00192] Chemically modified derivatives of growth factor or growth factor

variants may be prepared by one of skill in the art given the disclosures herein.
The chemical moieties most suitable for derivatization include water soluble

polymers. A water soluble polymer is desirable because the protein to which it
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is attached does not precipitate in an aqueous environment, such as a
physiological environment. Preferably, the polymer will be pharmaceutically
acceptable for the preparation of a therapeutic product or composition. One
skilled in the art will be able to select the desired polymer based on such
considerations as whether the polymer/protein conjugate will be used
therapeutically, and if so, the desired dosage, circulation time, resistance to
proteolysis, and other considerations. The effectiveness of the derivatization
may be ascertained by administering the derivative, in the desired form (i.e.,
by osmotic pump, or, more preferably, by injection or infusion, or, further
formulated for oral, pulmonary or other delivery routes), and determining its

effectiveness.

[00193] Suitable water soluble polymers include, but are not limited to,

polyethylene glycol, copolymers of ethylene glycol/propylene glycol,
carboxymethylcellulose, dextran, polyvinyl alcohol, polyvinyl pyrrolidone, poly-
1, 3-dioxolane, poly-1,3,6-trioxane, ethylene/maleic anhydride copolymer,
polyaminoacids (either homopolymers or random copolymers), and dextran or
poly(n-vinyl pyrrolidone)polyethylene glycol, propropylene glycol
homopolymers, polypropylene oxide/ethylene oxide co-polymers,
polyoxyethylated polyols (e.g., glycerol), polyvinyl alcohol, and mixtures
thereof. Polyethylene glycol propionaldehyde may have advantages in

manufacturing due to its stability in water.

[00194] The polymer may be of any molecular weight, and may be branched or

unbranched. For polyethylene glycol, the preferred molecular weight is
between about 2 kDa and about 100 kDa for ease in handling and
manufacturing (the term "about" indicating that in preparations of polyethylene
glycol, some molecules will weigh more, some less, than the stated molecular
weight). Other sizes may be used, depending on the desired therapeutic
profile (e.g., the duration of sustained release desired, the effects, if any on
biological activity, the ease in handling, the degree or lack of antigenicity and

other known effects of polyethylene glycol on a therapeutic protein or variant).

[00195] The number of polymer molecules so attached may vary, and one
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skilled in the art will be able to ascertain the effect on function. One may
mono-derivatize, or may provide for a di-, tri-, tetra- or some combination of
derivatization, with the same or different chemical moieties (e.g., polymers,
such as different weights of polyethylene glycols). The proportion of polymer
molecules to protein (or peptide) molecules will vary, as will their
concentrations in the reaction mixture. In general, the optimum ratio (in terms
of efficiency of reaction in that there is no excess unreacted protein or
polymer) will be determined by factors such as the desired degree of
derivatization (e.g., mono, di-, tri-, etc.), the molecular weight of the polymer
selected, whether the polymer is branched or unbranched, and the reaction

conditions.

[00196] The polyethylene glycol molecules (or other chemical moieties) should

be attached to the protein with consideration of effects on functional or
antigenic domains of the protein. There are a number of attachment methods
available to those skilled in the art. See for example, EP 0 401 384, the
disclosure of which is hereby incorporated by reference (coupling PEG to G-
CSF), see also Malik et al., Exp. Hematol. 20:1028-1035 (1992) (reporting
pegylation of GM-CSF using tresyl chloride). For example, polyethylene glycol
may be covalently bound through amino acid residues via a reactive group,
such as, a free amino or carboxyl group. Reactive groups are those to which
an activated polyethylene glycol molecule may be bound. The amino acid
residues having a free amino group may include lysine residues and the N-
terminal amino acid residue. Those having a free carboxyl group may include
aspartic acid residues, glutamic acid residues, and the C-terminal amino acid
residue. Sulfhydrl groups may also be used as a reactive group for attaching
the polyethylene glycol molecule(s). For therapeutic purposes, attachment at
an amino group, such as attachment at the N-terminus or lysine group is
preferred. Attachment at residues important for receptor binding should be

avoided if receptor binding is desired.

[00197] One may specifically desire an N-terminal chemically modified protein.

Using polyethylene glycol as an illustration of the present compositions, one
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may select from a variety of polyethylene glycol molecules (by molecular
weight, branching, etc.), the proportion of polyethylene glycol molecules to
protein (or peptide) molecules in the reaction mix, the type of pegylation
reaction to be performed, and the method of obtaining the selected N-
terminally pegylated protein. The method of obtaining the N-terminally
pegylated preparation (i.e., separating this moiety from other monopegylated
moieties if necessary) may be by purification of the N-terminally pegylated
material from a population of pegylated protein molecules. Selective N-
terminal chemical modification may be accomplished by reductive alkylation
which exploits differential reactivity of different types of primary amino groups
(lysine versus the N-terminal) available for derivatization in a particular protein.
Under the appropriate reaction conditions, substantially selective
derivatization of the protein at the N-terminus with a carbonyl group containing
polymer is achieved. For example, one may selectively N-terminally pegylate
the protein by performing the reaction at a pH which allows one to take
advantage of the pKa differences between the e-amino group of the lysine
residues and that of the a-amino group of the N-terminal residue of the
protein. By such selective derivatization, attachment of a water soluble
polymer to a protein is controlled: the conjugation with the polymer takes place
predominantly at the N-terminus of the protein and no significant modification
of other reactive groups, such as the lysine side chain amino groups, occurs.
Using reductive alkylation, the water soluble polymer may be of the type
described above, and should have a single reactive aldehyde for coupling to
the protein. Polyethylene glycol propionaldehyde, containing a single reactive

aldehyde, may be used.

[00198] The present invention contemplates use of derivatives which are

prokaryote-expressed growth factor, or variants thereof, linked to at least one
polyethylene glycol molecule, as well as use of growth factor, or variants
thereof, attached to one or more polyethylene glycol molecules via an acyl or

alkyl linkage.

[00199] Pegylation may be carried out by any of the pegylation reactions known
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in the art. See, for example: Focus on Growth Factors, 3 (2):4-10 (1992); EP O
154 316, the disclosure of which is hereby incorporated by reference in its
entirety; EP 0 401 384, the disclosure of which is hereby incorporated by
reference in its entirety; and the other publications cited herein that relate to
pegylation, the disclosures of which are incorporated herein by reference in
their entirety. The pegylation may be carried out via an acylation reaction or
an alkylation reaction with a reactive polyethylene glycol molecule (or an

analogous reactive water-soluble polymer).

[00200] Pegylation by acylation generally involves reacting an active ester

derivative of polyethylene glycol (PEG) with the growth factor or variant. Any
known or subsequently discovered reactive PEG molecule may be used to
carry out the pegylation of growth factor protein or variant. A preferred
activated PEG ester is PEG esterified to N-hydroxysuccinimide ("NITS"). As
used herein, "acylation" is contemplated to include without limitation the
following types of linkages between the therapeutic protein and a water
soluble polymer such as PEG: amide, carbamate, urethane, and the like. See
Bioconjugate Chem., 5:133-140 (1994), incorporated herein by reference in its
entirety. Reaction conditions may be selected from any of those known in the
pegylation art or those subsequently developed, but should avoid conditions
such as temperature, solvent, and pH that would inactivate the growth factor

or variant to be modified.

[00201] Pegylation by acylation will generally result in a poly-pegylated growth

factor protein or variant. Preferably, the connecting linkage will be an amide.
Also preferably, the resulting product will be substantially only (e.g., >95%)
mono, di- or tri- pegylated. However, some species with higher degrees of
pegylation may be formed in amounts depending on the specific reaction
conditions used. If desired, more purified pegylated species may be
separated from the mixture, particularly unreacted species, by standard
purification techniques, including, among others, dialysis, salting-out,
ultrafiltration, ion-exchange chromatography, gel filtration chromatography and

electrophoresis.
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[00202] Pegylation by alkylation generally involves reacting a terminal aldehyde
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derivative of PEG with the growth factor protein or variant in the presence of a
reducing agent. Pegylation by alkylation can also result in poly-pegylated
growth factor protein or variant. In addition, one can manipulate the reaction
conditions to favor pegylation substantially only at the a-amino group of the N-
terminus of the growth factor protein or variant (i.e., a mono-pegylated
protein). In either case of monopegylation or polypegylation, the PEG groups
are preferably attached to the protein via a --CH2--NH-- group. With particular
reference to the --CH2-- group, this type of linkage is referred to herein as an

"alkyl" linkage.

[00203] Derivatization via reductive alkylation to produce a monopegylated

product exploits differential reactivity of different types of primary amino
groups (lysine versus the N-terminal) available for derivatization. The reaction
is performed at a pH which allows one to take advantage of the pKa
differences between the e-amino groups of the lysine residues and that of the
a-amino group of the N-terminal residue of the protein. By such selective
derivatization, attachment of a water soluble polymer that contains a reactive
group such as an aldehyde, to a protein is controlled: the conjugation with the
polymer takes place predominantly at the N-terminus of the protein and no
significant modification of other reactive groups, such as the lysine side chain
amino groups, occurs. In one important aspect, the present invention
contemplates use of a substantially homogeneous preparation of
monopolymer/growth factor protein (or variant) conjugate molecules (meaning
growth factor protein or variant to which a polymer molecule has been
attached substantially only (i.e., >95%) in a single location). More specifically,
if polyethylene glycol is used, the present invention also encompasses use of
pegylated growth factor protein or variant lacking possibly antigenic linking
groups, and having the polyethylene glycol molecule directly coupled to the

growth factor protein or variant.

[00204] Thus, presently preferred growth factor protein products according to

the present invention are pegylated growth factor protein or variants, wherein
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the PEG group(s) is (are) attached via acyl or alkyl groups. As discussed
above, such products may be mono-pegylated or poly-pegylated (e.g.,
containing 2-6, and preferably 2-5, PEG groups). The PEG groups are
generally attached to the protein at the a- or e-amino groups of amino acids,
but it is also contemplated that the PEG groups could be attached to any
amino group attached to the protein, which is sufficiently reactive to become

attached to a PEG group under suitable reaction conditions.

[00205] The polymer molecules used in both the acylation and alkylation

approaches may be selected from among water soluble polymers as
described above. The polymer selected should be modified to have a single
reactive group, such as an active ester for acylation or an aldehyde for
alkylation, preferably, so that the degree of polymerization may be controlled
as provided for in the present methods. An exemplary reactive PEG aldehyde
is polyethylene glycol propionaldehyde, which is water stable, or mono C1-
C10 alkoxy or aryloxy derivatives thereof (see, U.S. Pat. No. 5,252,714,
incorporated herein by reference in its entirety). The polymer may be
branched or unbranched. For the acylation reactions, the polymer(s) selected
should have a single reactive ester group. For the present reductive
alkylation, the polymer(s) selected should have a single reactive aldehyde
group. Generally, the water soluble polymer will not be selected from
naturally-occurring glycosyl residues since these are usually made more
conveniently by mammalian recombinant expression systems. The polymer

may be of any molecular weight, and may be branched or unbranched.

[00206] A particularly preferred water-soluble polymer for use herein is

polyethylene glycol. As used herein, polyethylene glycol is meant to
encompass any of the forms of PEG that have been used to derivatize other

proteins, such as mono- (C 1-C 10) alkoxy- or aryloxy-polyethylene glycol.

[00207] In general, chemical derivatization may be performed under any

suitable condition used to react a biologically active substance with an
activated polymer molecule. Methods for preparing pegylated growth factor

protein or variant will generally comprise the steps of (a) reacting a growth
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factor protein or variant with polyethylene glycol (such as a reactive ester or
aldehyde derivative of PEG) under conditions whereby the protein becomes
attached to one or more PEG groups, and (b) obtaining the reaction
product(s). In general, the optimal reaction conditions for the acylation
reactions will be determined case-by-case based on known parameters and
the desired result. For example, the larger the ratio of PEG:protein, the
greater the percentage of poly-pegylated product.

[00208] Reductive alkylation to produce a substantially homogeneous
population of mono-polymer/growth factor protein (or variant) conjugate
molecule will generally comprise the steps of: (a) reacting a growth factor
protein or variant with a reactive PEG molecule under reductive alkylation
conditions, at a pH suitable to permit selective modification of the a-amino
group at the amino terminus of said growth factor protein or variant; and (b)
obtaining the reaction product(s).

[00209] For a substantially homogeneous population of mono-polymer/growth
factor protein (or variant) conjugate molecules, the reductive alkylation
reaction conditions are those which permit the selective attachment of the
water soluble polymer moiety to the N-terminus of growth factor protein or
variant. Such reaction conditions generally provide for pKa differences
between the lysine amino groups and the a-amino group at the N-terminus
(the pKa being the pH at which 50% of the amino groups are protonated and
50% are not). The pH also affects the ratio of polymer to protein to be used.
In general, if the pH is lower, a larger excess of polymer to protein will be
desired (i.e., the less reactive the N-terminal a-amino group, the more polymer
needed to achieve optimal conditions). If the pH is higher, the polymer:protein
ratio need not be as large (i.e., more reactive groups are available, so fewer
polymer molecules are needed). For purposes of the present invention, the
pH will generally fall within the range of 3-9, preferably 3-6.

[00210] Another important consideration is the molecular weight of the polymer.
In general, the higher the molecular weight of the polymer, the fewer polymer

molecules may be attached to the protein. Similarly, branching of the polymer

-47-



WO 2007/127803 PCT/US2007/067423

should be taken into account when optimizing these parameters. Generally,
the higher the molecular weight (or the more branches) the higher the
polymer:protein ratio. In general, for the pegylation reactions contemplated
herein, the preferred average molecular weight is about 2 kDa to about 100
kDa. The preferred average molecular weight is about 5 kDa to about 50 kDa,
particularly preferably about 12 kDa to about 25 kDa. The ratio of water-
soluble polymer to GDNF protein or variant will generally range from 1:1 to
100:1, preferably (for polypegylation) 1:1 to 20:1 and (for monopegylation) 1:1
to 5:1.

[00211] Using the conditions indicated above, reductive alkylation will provide
for selective attachment of the polymer to any growth factor protein or variant
having an a-amino group at the amino terminus, and provide for a substantially
homogenous preparation of monopolymer/growth factor protein (or variant)
conjugate. The term "monopolymer/growth factor protein (or variant)
conjugate” is used here to mean a composition comprised of a single polymer
molecule attached to a molecule of growth factor protein or growth factor
variant protein. The monopolymer/growth factor protein (or variant) conjugate
preferably will have a polymer molecule located at the N-terminus, but not on
lysine amino side groups. The preparation will preferably be greater than 90%
monopolymer/growth factor protein (or variant) conjugate, and more preferably
greater than 95% monopolymer/growth factor protein (or variant) conjugate,
with the remainder of observable molecules being unreacted (i.e., protein
lacking the polymer moiety).

[00212] For the present reductive alkylation, the reducing agent should be
stable in aqueous solution and preferably be able to reduce only the Schiff
base formed in the initial process of reductive alkylation. Preferred reducing
agents may be selected from sodium borohydride, sodium cyanoborohydride,
dimethylamine borane, trimethylamine borane and pyridine borane. A
particularly preferred reducing agent is sodium cyanoborohydride. Other
reaction parameters, such as solvent, reaction times, temperatures, etc., and

means of purification of products, can be determined case-by-case based on
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the published information relating to derivatization of proteins with water
soluble polymers (see the publications cited herein).

[00213] Growth Factor Pharmaceutical Compositions

[00214] Growth factor pharmaceutical compositions typically include a
therapeutically effective amount of a growth factor protein product in admixture
with one or more pharmaceutically and physiologically acceptable formulation
materials. Suitable formulation materials include, but are not limited to,
antioxidants, preservatives, coloring, diluting agents, emulsifying agents,
suspending agents, solvents, fillers, bulking agents, buffers, delivery vehicles,
diluents, and excipients . For example, a suitable vehicle may include water
physiological saline solution, or artificial CSF, possibly supplemented with
other materials . Neutral buffered saline or saline mixed with serum albumin
are further exemplary vehicles.

[00215] Once the therapeutic composition has been formulated, it may be
stored in sterile vials as a solution, suspension, gel, emulsion, solid, or
dehydrated or lyophilized powder. Such formulations may be stored either in a
ready to use form or in a form, e.g. lyophilized, requiring reconstitution prior to
administration.

[00216] The optimal pharmaceutical formulation will be determined by one
skilled in the art. See for example, Remington's Pharmaceutical Sciences,
18th Ed. (1990, Mack Publishing Co., Easton, Pa. 18042) pages 1435-1712,
the disclosure of which is hereby incorporated by reference. The final dosage
regimen involved in a method for treating the above-described conditions will
be determined by the attending physician, considering various factors which
modify the action of drugs, e.g. the age, condition, body weight, sex and diet
of the patient, the severity of any infection, time of administration and other
clinical factors. As studies are conducted, further information will emerge
regarding the appropriate dosage levels for the treatment of various diseases
and conditions.

[00217] The pharmaceutical composition can typically include an effective

amount of the respective growth factor in combination with a pharmaceutically
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acceptable carrier and, in addition, may include other medicinal agents,
pharmaceutical agents, carriers, diluents, etc. By "pharmaceutically
acceptable" is meant a material that is not biologically or otherwise
undesirable, i.e., the material may be administered to an individual along with
the selected agent without causing any undesirable biological effects or
interacting in a deleterious manner with any of the other components of the
pharmaceutical composition in which it is contained.

[00218] In a preferred embodiment, growth factor is selected from the group
consisting of NGF, BDNF, NT-3, NT-4/5, NT-6, GDNF, CNTF, LIF, IGF-1, b-
FGF, neurturin, persephin, artemin, TGFa, TGFb, IGF-2, PDGF, EGF,
cardiotropin, EGF, IGF, VEGF, Sonic hedgehog (SHH), BMPs, FGF20, VIP,
PDGF, pleiotrophin (PTN), and HGF.

[00219] In a preferred embodiment, a pharmaceutical composition of the
invention is locally deliverable into the mammalian CNS by CED.

[00220] In a preferred embodiment, the pharmaceutical composition comprises
a tracing agent.

[00221] A tracing agent preferably comprises a paramagnetic ion for use with
MRI. Suitable metal ions include those having atomic numbers of 22-29
(inclusive), 42, 44 and 58-70 (inclusive) and have oxidation states of +2 or +3.
Examples of such metal ions are chromium (lll), manganese (ll), iron (ll), iron
(1), cobalt (1), nickel (1), copper (Il), praseodymium (l11), neodymium (lll),
samarium (Ill), gadolinium (II), terbium (lIl), dysprosium (lIl), holmium (l11),
erbium (Ill) and ytterbium (lll).

[00222] In a preferred embodiment, the tracing agent comprises an MRI magnet
that may be used in conjunction with MRI to monitor distribution of infused
pharmaceutical composition.

[00223] In a preferred embodiment, the MRI magnet is gadolinium chelate.

[00224] In a preferred embodiment, the tracing agent comprises a liposome,
which comprises an MRI magnet. In a preferred embodiment, the MRI
magnet is gadolinium chelate.

[00225] In embodiments wherein X-ray imaging (such as CT) is used to monitor
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CED, the tracer may comprise a radiopaque material. Suitable radiopaque
materials are well known and include iodine compounds, barium compounds,
gallium compounds, thallium compounds, and the like. Specific examples of
radiopaque materials include barium, diatrizoate, ethiodized oil, gallium citrate,
iocarmic acid, iocetamic acid, iodamide, iodipamide, iodoxamic acid,
iogulamide, iohexol, iopamidol, iopanoic acid, ioprocemic acid, iosefamic acid,
ioseric acid, iosulamide meglumine, iosumetic acid, iotasul, iotetric acid,
iothalamic acid, iotroxic acid, ioxaglic acid, ioxotriroic acid, ipodate,

meglumine, metrizamide, metrizoate, propyliodone, and thallous chloride.

[00226] In a preferred embodiment, the pharmaceutical composition comprises

a facilitating agent. A facilitating agent is capable of facilitating the delivery of
growth factor to target tissue, preferably when both facilitating agent and
growth factor are delivered by CED. In a preferred embodiment, a facilitating
agent is a biomolecule that is efficiently cleared from tissue. In a preferred
embodiment, a facilitating agent has a short half life relative to growth factor.
In a preferred embodiment, a facilitating agent is capable of competing with
growth factor for binding to growth factor binding sites in brain parenchyma,
which binding sites are other than cognate growth factor receptors. For
additional description of facilitating agents, see U.S. 2002/0114780.

[00227] An especially preferred facilitating agent for use in the present invention

is low molecular weight heparin. Low molecular weight heparin (LMW Hep)
efficiently enhances the volume of distribution of infused GDNF, has a broad
therapeutic window, and is safer than high molecular weight heparin (which
may cause hemorrhage at same dose). When LMW Hep (1
microgram/microliter) with GDNF is infused a large improvement of the GDNF
distribution is seen (FIGS. 1 and 2). High molecular weight heparin is an

unfractionated form with a molecular weight range of 5,000 -35,000 daltons

[00228] High Molecular Weight Neurotherapeutics

[00229] In one embodiment, growth factors are provided as high molecular

weight neurotherapeutics. High molecular weight neurotherapeutic

compositions of the invention comprise a growth factor and a carrier. In one
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aspect, the invention provides pharmaceutical compositions comprising high
molecular weight neurotherapeutics. Further regarding high molecular weight
neurotherapeutics, see U.S. provisional patent application serial number
60/795,371 filed on April 26, 2006, incorporated herein by reference in its
entirety, and U.S. provisional patent application serial number 60/900,492 filed

on February 9, 2007, incorporated herein by reference in its entirety.

[00230] High molecular weight neurotherapeutics of the invention have a

molecular weight greater than about 200kDa, more preferably greater than
about 500kDa, more preferably greater than about 1000kDa, more preferably
greater than about 1500kDa, more preferably greater than about 2000kDa,
more preferably greater than about 2500kDa, more preferably greater than
about 3000kDa, more preferably greater than about 3500kDa, more preferably
greater than about 4000kDa, more preferably greater than about 4500kDa,
more preferably greater than about 5000kDa, more preferably greater than
about 5500kDa, more preferably greater than about 6000kDa, more preferably
greater than about 6500kDa, more preferably greater than about 7000kDa,
more preferably greater than about 7500kDa, more preferably greater than
about 8000kDa, more preferably greater than about 8500kDa, more preferably
greater than about 9000kDa, more preferably greater than about 9500kDa,
more preferably greater than about 10000kDa.

[00231] In one embodiment, a high molecular weight neurotherapeutic of the

invention has a diameter or length greater than about 10nm, more preferably
greater than about 20nm, more preferably greater than about 30nm, more
preferably greater than about 40nm, more preferably greater than about 50nm,
more preferably greater than about 60nm, more preferably greater than about
70nm, more preferably greater than about 80nm, more preferably greater than
about 90nm, more preferably greater than about 100nm, more preferably
greater than about 110nm, more preferably greater than about 120nm. In
some embodiments, a high molecular weight neurotherapeutic of the invention
has a diameter or length greater than about 130nm, or greater than about

140nm, or greater than about 150nm, or greater than about 160nm, or greater
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than about 170nm, or greater than about 180nm, or greater than about
190nm, or greater than about 200nm.

[00232] In one embodiment, the carrier is a synthetic carrier.

[00233] A wide variety of synthetic carriers are available for use in the high
molecular weight neurotherapeutics of the invention. In a preferred
embodiment, the carrier is a liposome. In another preferred embodiment, the
carrier is a metal particle, such as a gold particle, or a polymer. Regarding
carriers, see, for example, Felgner et al., Ann N Y Acad Sci. 1995 Nov
27;772:126-39; Ramsay et al., Curr Drug Deliv. 2005 Oct;2(4):341-51; Allen et
al., Anticancer Agents Med Chem. 2006 Nov;6(6):513-23; Mitra et al., Curr
Pharm Des. 2006;12(36):4729-49, each of which is incorporated herein by
reference in its entirety.

[00234] In one embodiment, the carrier is a naturally occurring composition or
variant thereof. Examples of such carriers include virus particles, including
modified virus particles (e.g., those having a modified surface protein profile).
For example, see de Jonge, et al., Gene Therapy (2006) 13, 400-411,
expressly incorporated herein in its entirety by reference.

[00235] In one embodiment, the high molecular weight neurotherapeutic is
larger than an AAV virus.

[00236] In one embodiment, the high molecular weight neurotherapeutic has a
higher molecular weight than an AAV virus.

[00237] In one embodiment, the high molecular weight neurotherapeutic
comprises a carrier other than AAV.

[00238] Kits

[00239] In one aspect, the invention provides kits which comprise one or more
pharmaceutical compositions of the invention. In one embodiment, a kit of the
invention further comprises a delivery device useful for CED, preferably a
cannula, and more preferably a step-design reflux-free cannula. In one
embodiment, a kit of the invention further comprises a pump useful for CED.
Kits may additionally comprise connecting parts, tubing, packaging material,

instruction pamphlets, and other materials useful for practicing treatment of a
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CNS disorder.
[00240] Data Compilation
[00241] In one aspect, the invention provides methods of compiling data

obtained from image-based monitoring of infusate distribution as delivered to
patients having a CNS disorder. The data may include but is not limited to
volume of infusate, volume of distribution, neuroanatomical distribution,
neuroanatomical location of target population, genetic data, infusion
parameters, cannula parameters, and cannula placement data. In one
embodiment the invention provides a database comprising such data. In one
embodiment, the database is useful for deriving algorithms describing the
distribution of infusate in the CNS of a patient having a CNS disorder and may
be used to model therapeutic delivery.

[00242] Delivery Devices

[00243] In one aspect, the invention provides a delivery device comprising a
pump that is capable of delivering of a pharmaceutical composition of the
invention, preferably by CED, preferably by intermittent CED. The device
comprises, or is used in conjunction with a catheter or cannula that facilitates
localized delivery to a CNS neuronal population. Preferably a CED-
compatible, reflux-free step-design cannula which is compatible with chronic or
acute administration is used. In a preferred embodiment, the device further
comprises a pharmaceutical composition of the invention.

[00244] Any convection-enhanced delivery device may be appropriate for use.
In a preferred embodiment, the device is an osmotic pump or an infusion
pump. Both osmotic and infusion pumps are commercially available from a
variety of suppliers, for example Alzet Corporation, Hamilton Corporation,
Alza, Inc., Palo Alto, Calif.).

[00245] The catheter or cannula is inserted into CNS tissue in the chosen
subject. One of skill in the art could readily determine which general area of
the CNS is an appropriate target. For example, when treating Parkinson’s
disease, the striatum is a suitable area of the brain to target. Stereotactic

maps and positioning devices are available, for example from ASI Instruments,
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Warren, Mich. Positioning may also be conducted by using anatomical maps
obtained by CT and/or MRI imaging of the subject's brain to help guide the
injection device to the chosen target.

[00246] In a highly preferred embodiment, the method of CED is done with a
CED-compatible reflux-free step design cannula. Such highly preferred
cannulas are disclosed in Krauze et al., J Neurosurg. 2005 Nov;103(5):923-
9.Treatment of CNS Disorders, incorporated herein by reference in its entirety.

[00247] Treatment generally results in reducing or preventing the severity or
symptoms of the CNS disorder in the subject, i.e., an improvement in the
subject's condition or a "therapeutic effect." Therefore, treatment can reduce
the severity or prevent one or more symptoms of the CNS disorder, inhibit
progression or worsening of the CNS disorder, and in some instances, reverse
the CNS disorder.

[00248] As used herein, the term "ameliorate" means an improvement in the
subject's condition, a reduction in the severity of the condition, or an inhibition
of progression or worsening of the condition.

[00249] In the case of an acute CNS disorder, treatment will improve the
subject’s condition to a clinical endpoint, which may be amelioration of the
disorder, complete or partial recovery from the disorder, at which point
administration of growth factor is preferably discontinued.

[00250] An acute CNS disorder is one that may be effectively treated with
administration of growth factor such that the subject’s condition improves to a
clinical point where administration may be discontinued. Examples of acute
CNS disorders may include stroke and CNS trauma, though depending on
severity, stroke and trauma may be considered chronic CNS disorders in need
of chronic treatment (chronic growth factor administration).

[00251] The methods of the invention for treating a subject are applicable for
prophylaxis to prevent a CNS disorder in a subject at risk for a CNS disorder,
or to prevent clinical presentation in a subject diagnosed with a CNS disorder
at an early stage.

[00252] The methods of the invention for treating a subject also can be
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supplemented with other forms of therapy. Supplementary therapies include
drug treatment, a change in diet, etc. Supplementary therapies can be
administered prior to, contemporaneously with or following the invention
methods of treatment. The skilled artisan can readily ascertain therapies that
may be used in a regimen in combination with the treatment methods of the
invention.

[00253] It should be noted that the pharmaceutical compositions described
herein may be used for veterinary as well as human applications and that the

term "patient” should not be construed in a limiting manner.

[00254] All citations are expressly incorporated herein in their entirety by
reference.
[00255] EXAMPLES

[00256] Example 1: GDNF EXPRESSION IN THE RAT STRIATUM AFTER
CED of AAV2-GDNF

[00257] AAV2-GDNF was infused into the striatum at different doses and rats
were euthanized at different time points to analyze accumulation of GDNF
expression. GDNF was measured by ELISA.

[00258] AAV2-GDNF (from Avigen) = 1.1e13 vg/ml (PBS + 0.001% pluronic

F68)
[00259] 3 different doses were chosen:
[00260] 15 ml#max =1.65e11vg [1.1e13 vg/ml]
[00261] 15 ml # 2 log = 9.07e10vg [6.05e12 vg/mi]
[00262] 15 ml #log -1 =1.65e10 vg [1.1e12 vg/ml]

[00263] 7 rats per time point:
[00264] group A: 4 rats Lhemisph: Max / Rnemisph : ¥2 log [3 for ELISA, 1 for IHC]
[00265] group B: 3 rats Lhemispn: 10g . Rhemisph : AAV2-LacZ (control) [3 for

ELISA]
[00266] CED - infusion rate: 0.2 ul/min = 11 min
[00267] 0.5 wW/min= 8 min
[00268] 0.8 w/min = 11 min
[00269] 15 ul 30 min
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[00270] Results are provided in Table 4 and in FIG. 3, which demonstrate a
gradual accumulation of GDNF over time.

[00271] Example 2: EVALUATION OF GDNF PROTEIN DELIVERY IN
TREATMENT OF PARKINSON'S DISEASE

[00272] Single-dose administration of GDNF into monkey putamen results in
prolonged tissue levels of GDNF that can last for longer than several weeks
(FIG. 4).

[00273] In order to understand frequency and dose level of local administration
of GDNF with convection-enhanced delivery (CED), the relationship between
administration of a single dose and tissue half-life and biological effects (FIG.
4) is established. Further studies in MPTP monkeys with functional evaluation
and PET imaging are optionally also done to further characterize the
pharmacokinetics of locally administered GDNF in PD monkeys.

[00274] A dose-finding study in normal Rhesus monkeys to establish the
magnitude and duration of response in dose-dependent fashion is done.
Thirty-nine (39) animals are used and divided into cohorts of 3 animals. Each
cohort receives unilaterally a dose of 10, 50 or 100 ug of GDNF into 2 sites in
the putamen.

[00275] The contralateral side is infused with PBS or excipient (see Table 5 and
FIG. 5). Low molecular weight heparin is included in the formulation. Low
molecular weight heparin significantly increases distribution of GDNF in the
brain after CED, stabilizes GDNF protein in the solution, and increases effects
of GDNF on DA turnover that may increase functional effects of GDNF.
(Hamilton J.F., Morrison P.F., Chen M.Y., Harvey-White J, Pernaute R.S.,
Phillips H.S., Oldfield E.H., and Bankiewicz K.S. Heparin Co-infusion during
Convection-Enhanced Delivery (CED) increases the distribution of the glial
derived neurotrophic factor (GDNF) ligand family in rat striatum and enhances
the pharmacological activity of neurturin. (2001) Experimental Neurology 168,
155-161), incorporated herein by reference in its entirety.

[00276] Each animal receives unilateral administration of GDNF into 2 sites in

the putamen. PBS is delivered on the contralateral side. CED will be used for
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drug administration. Three normal monkeys are euthanized at 6 weeks to
determine normal levels of GDNF and DOPAC/DA ratio since there may be
contralatral effect of GDNF administration.

[00277] Abbreviated Methods:

[00278] Surgery

[00279] Each animal receives GDNF or PBS/excipient into 2 sites (50 ul per
site) into the putamen with CED. Stereotactic coordinates are established
based on MRI and reflux-resistant fused-silica cannulas are placed into the
target sites. CED is controlled by external pump. After GDNF administration,
CSF is collected via cisternal puncture, and animals are returned to their
cages. CSF is collected at baseline and every 2 weeks from all of the
monkeys (6-week animals CSF collected at baseline, and at 0, 2, 4, 6 weeks;
4-week animals at baseline, 0, 2 and 4 weeks; 2-week animals at baseline, 0,
2 weeks; 0-week and baseline and at 0 weeks. Blood samples are collected
along with CSF samples. Immediately after GDNF administration (0O weeks) or
at 2, 4 or 6 weeks later, animals are euthanized and their brains are removed
(fresh). Brains are blocked into 3-mm slabs and immediately frozen. Vital
organs are collected for future pathological evaluations.

[00280] Brain processing:

[00281] Brains are processed for: 1- GDNF levels by Elisa; 2- DOPAC/DA
levels by HPLC; 3-GDNF, TH. CD68, GFAP immunostaining; 4-H&E

[00282] Frozen brain blocks are mounted into the cryostat and 6 coronal
sections (20 um) are collected from each block that contains putamen.
Sections are post-fixed and stained for GDNF immunochemistry to determine
extent of GDNF delivery. Putamen on both sides of the brain is dissected out
and weighed to obtain wet weight. Tissue is homogenized, and processed for
GDNF content by ELISA, and DA and metabolites by HPLC. Protein content
of the samples is measured as well.

[00283] Results

[00284] GDNF immunostaining detects GDNF protein in the putamen at all

time-points. Volume of distribution (Vd) of GDNF is reduced as a function of
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time. Confirmation of GDNF staining is used to cross-validate ELISA and
HPLC data.

[00285] 1. Tissue clearance of GDNF after single administration

[00286] Referring to FIG. 6, following a single administration of 3 doses of

GDNF into putamen, tissue levels of GDNF decline as a function of dose and

time
[00287] 2. Upregulation of DA levels after single administration of GDNF
[00288] FIG. 7 describes a possible outcome of a single-dose administration

into putamen. Several scenarios are possible. (i) the pattern of DA
upregulation will closely follow that of GDNF tissue levels, in which case the
biological effect of GDNF is dependent on presence of GDNF protein. (ii)
GDNF triggers biological effects, and they persist beyond detectable tissue

levels of GDNF.
[00289] 3. CSF levels of GDNF
[00290] There may be a small increase in GDNF at 0 weeks with undetectable

levels at all other times.

[00291] 4. GDNF Antibodies

[00292] No GDNF Ab are detected at any time point in the CSF or serum5.

[00293] Neuropathological findings

[00294] Although animals will not be perfused with formalin, cerebellum could
be examined for any pathology. No pathology is observed.

[00295] Using the methods above, the relationship between a single dose of
GDNF, its tissue half-life, and its biological effects on the DA system in
monkeys are determined.

[00296] SUBJECTS:

[00297] Species: Macaques (cynomolgus or rhesus)

[00298] Gender: Male or female

[00299] Age: young adult to adult

[00300] Number: 39

[00301] Wit.: 3-8 kg

[00302] EXPERIMENTAL AGENT:
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[00303] Glial derived neurotrophic factor (GDNF)

[00304] Treatment groups are shown in Table 6 and infusion parameters are
shown in Table 7.

[00305] ASSESSMENT SCHEDULE:

[00306] Magnetic resonance imaging (MRI)

[00307] Intracranial PBS/GDNF administration (via CED)

[00308] CSF and blood collection:

[00309] 0-week survival: baseline and post-CED

[00310] 2-week survival: baseline, post-CED and at 2 weeks post-surgery

[00311] 4-week survival: baseline, post-CED and at 2 and 4 weeks post-surgery

[00312] 6-week survival: baseline, post-CED and at 2, 4 and 6 weeks post-
surgery

[00313] Euthanasia:

[00314] Nine (9) animals euthanized after CED procedures

[00315] Nine (9) animals euthanized at 2-weeks post-surgery
[00316] Nine (9) animals euthanized at 4-weeks post-surgery
[00317] Nine (9) animals euthanized at 6-weeks post-surgery

[00318] Three (3) animals (PBS) euthanized at 6-weeks post-surgery

[00319] NECROPSY AND TISSUE PROCESSING:

[00320] After euthanasia, a cardiac perfusion is performed to systemically
introduce 1L of phosphate buffered saline. The brain is harvested, blocked into
3-mm slabs and freshly frozen in dry-ice cooled isopentane. Representative
samples of the vital organs are harvested and processed for histological
examination.

[00321] Brain Tissue Processing:

[00322] Frozen brain blocks are mounted into a cryostat and six (6) coronal
sections (20 um thickness) are collected from each blocks that contain the
putamen. The sections are post-fixed and stained for GDNF
immunohistochemistry to evaluate GDNF distribution.

[00323] Dissections are performed on the remaining frozen brain tissue to

harvest the putamen nucleus from each block. The putamen tissue is weighed,
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homogenized, and processed for GDNF content by ELISA. DA and metabolite
levels will be measured by HPLC.
[00324] STUDY DURATION:

[00325] In-life duration: 0 to 6 weeks post CED infusion
[00326] IN-LIFE EVALUATION PARAMETERS:
[00327] MRI

[00328] Intracranial PBS/GDNF administration

[00329] Post-surgery clinical observations

[00330] Weekly health observations

[00331] Blood collection (5ml, serum): pre-surgery, post-CED and at 2, 4, and 6
weeks post-CED

[00332] CSF collection (1ml): pre-surgery, post-CED and at 2, 4, and 6 weeks
post-CED

[00333] NEUROPATHOLOGY AND BIOCHEMICAL PARAMETERS:

[00334] GDNF antibody assay is performed on serum and CSF samples
collected at pre-surgery, post CED, and at 2, 4, and 6 weeks post-CED

[00335] GNDF assay is performed on CSF samples collected at pre-surgery,
post CED, and at 2, 4, and 6 weeks post-CED

[00336] Brain tissue analysis

[00337] GDNF level determined by ELISA (primary endpoint)

[00338] DOPAC/DA ratio determined by HPLC (primary endpoint)

[00339] GDNF immunostaining (primary endpoint)

[00340] GFAP, TH, CD68 immunostaining (secondary endpoint)

[00341] H&E staining (primary endpoint)

[00342] See also Hadaczek et al., Human Gene Therapy, 17:1-12, 2006,
incorporated herein by reference in its entirety.

[00343] Example 3: EVALUATION OF GDNF EXPRESSION IN RAT
STRIATUM

[00344] AAV2-GDNF was infused (CED) into the rat striatum at different doses
and rats were euthanized at different time points to analyze correlation with

the level of GDNF expression overtime. Both hemispheres were infused with
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a proper amount of AAV2-GDNF in a total volume of 15 ul. The test groups
are illustrated in FIG. 8.

[00345] Standard surgical procedures for intrastriatal CED were performed with
the following infusion rates: 0.2 ul/min for 11 min, 0.5 pl/min for 8 min, and 0.8
ul/min for 11 min. Concentration of GDNF protein in striatal tissue was
determined by ELISA. Following euthanasia, the brains were rapidly removed
and the striatum was dissected bilaterally and immediately frozen. The
samples were homogenized and exposed to acidification treatment. Tissue
level of GDNF was determined in homogenates by GDNF Epax ®
ImmunoAssay System (Promega). To confirm GDNF expression, one rat from
group A was used for immunohistochemical evaluation (standard DAB staining
with anti human GDNF polyclonal antibody was used; R&D Systems, 1:50)

[00346] Results: Transduction of the rat striatum with AAV2-GDNF resulted in
expression of GDNF protein in brain tissue in a dose dependant manner (FIG.
9). The level of GDNF expression was increasing up to 1 month when it
reached its steady concentration within the striatal tissue. Since that time
point, for the maximum dose of the virus infused (1.65'" vg), the average
amount of GDNF detected by ELISA was ~ 11 ng/mg tissue protein. Lower
doses of the vector, 9.07' vg and 1.65'° vg, resulted in lower GDNF tissue
concentrations: ~ 6-7 ng/mg tissue protein and ~ 2-3 ng/mg tissue protein,
respectively.

[00347] Example 4: EVALUATION OF GDNF CLEARANCE FROM RAT
BRAIN

[00348] Methods: To examine the GDNF clearance from the rat brain we
designed the experiment in which we delivered GDNF protein into the striatum
by means of CED. Both hemispheres were infused with 1 ug of GDNF in a
total volume of 15 ul. We performed 4 weekly infusions to see if there is any
accumulative effect. Every week 3 animals were euthanized for brain tissue
collection. See FIG. 10.

[00349] Standard surgical procedures for intrastriatal CED were performed with

the following infusion rates: 0.2 ul/min for 11 min, 0.5 pl/min for 8 min, and 0.8
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ul/min for 11 min. Concentration of GDNF protein in striatal tissue was
determined by ELISA. Following euthanasia, the brains were rapidly removed
and the striatum was dissected bilaterally and immediately frozen. The
samples were homogenized and exposed to acidification treatment. Tissue
level of GDNF was determined in homogenates by GDNF Epax ®
ImmunoAssay System (Promega).

[00350] Results: Weekly delivery of GDNF protein into the rat striatum resulted
in its steady level in the brain tissue. The average concentrations were 32.9;
26.6; 29.0; and 28.8 pg/mg protein in week 1, 2, 3, and 4 respectively. (FIG.
11)

[00351] Example 5: TIME COURSE OF GDNF CLEARANCE FROM RAT
BRAIN

[00352] GDNF protein was infused into the striatum and rats were euthanized at
different time points to analyze the time course of GDNF clearance from the
brain.

[00353] The amount of GDNF was measured by ELISA.

[00354] GDNF (from NIH; 10 ug/30 ul) : 0.33 pg/ul

[00355] One dose was chosen:

[00356] The original stock was diluted 1:2 with PBS

[00357] 40 ul + 80 ul PBS =120 ul per line (0.11 pg/ul)

[00358] 15 ul will be infused into each hemisphere

[00359] (total amount: 1.65 ug GDNF per hemisphere)

[00360] 2 rats per time point (4 hemispheres)

[00361] CED infusion rate : 0.2pl/min = 11 min; 0.5ul/min = 8 min; 0.8ul/min =
11 min; 15ul, 30 min total. (FIG. 12).

[00362] The following publications are incorporated herein by reference in their
entirety: Varon et al., Ann. Rev. Neuroscience, 1:327, 1979; Thoenen et al.,
Science, 229:238, 1985); Thoenen, Trends. Neurosci. 14:165-170, 1991;
Lapchak et at., Rev. Neurosci., 3:1-10, 1993; Bothwell, Ann. Rev. Neurosci.,
18:223-253, 1995; Lapchak et al., Rev. Neurosci. 3:1-10, 1993; Bothwell, Ann.
Rev. Neurosci., 18:223-253, 1995; Chao et al., TINS 18:321-326, 1995; Lin et
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al., Science 260:1130-1132, 1993; Krieglstein et al., EMBO J. 14:736-742,
1995; Poulsen et al., Neuron 13:1245-1252, 1994; Lin et al., Science
260:1130-1132, 1993; Hudson et al., Brain Res. Bull. 36:425-432; 1995; Beck
et al., Nature 373:339-341, 1995; Tomac et al., Nature 373:335-339, 1995;
Hoffer et al., Neurosci. Lett. 182:107-111, 1994; Oppenheim et al., Nature
373:344-346, 1995; Zurn et al., Neuroreport 6:113-118, 1994; Yan et al.,
Nature 373:341-344, 1995; Henderson et al., Science 266:1062-1064, 1994;
Sariola et al., J. Cell Sci., 2003 Oct 1;116(Pt 19):3855-62; Venero et al.,
Neuroreport 4:959-962, 1993; Hefti, J. Neurobiol. 25:1418-1435, 1994; Olson,
Neurochem. Jul. 15:1-3, 1994; Batchelor et al., J. Comp. Neurol. 284:187-204,
1989; Kiss et al., Neurosci. 27:731-748, 1988; Woolf et al., Neurosci. 30:143-
152, 1989; Selkoe, Neuron, 6:487-498, 1991; Hefti, J. Neurobiol. 25:1418-
1435, 1994, Petty et al., Ann. Aug. 36:244-246, 1994; Eslamboli, Rev.
Neurosci., 2005;16(4):303-10; Kordower et al., Ann. Neurol., 46:419-424,
1999; Gill et al., Nat. Med. 9:5899-595, 2003; Patel et al., Ann. Neurol.,
57:298-302, 2005; Lang et al., Ann. Neurol., 59:459-466, 2006; Eslamboli,
Rev. Neurosci., 2005;16(4):303-10; Krauze et al., Exp Neurol. 2005
Nov;196(1):104-11; Gill et al., Nat. Med. 9:5899-595, 2003.

[00363] Although the description above contains many details, these should not

be construed as limiting the scope of the invention but as merely providing
illustrations of some of the presently preferred embodiments of this invention.
Therefore, it will be appreciated that the scope of the present invention fully
encompasses other embodiments which may become obvious to those skilled
in the art. In the appended claims, reference to an element in the singular is
not intended to mean "one and only one" unless explicitly so stated, but rather
"one or more." All structural, chemical, and functional equivalents to the
elements of the above-described preferred embodiments that are known to
those of ordinary skill in the art are expressly incorporated herein by reference
and are intended to be encompassed by the present description and claims.
Moreover, it is not necessary for a device or method to address each and

every problem sought to be solved by the present invention, for it to be
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encompassed by the present description and claims. Furthermore, no
element, component, or method step in the present disclosure is intended to
be dedicated to the public regardless of whether the element, component, or
method step is explicitly recited in the claims. No claim element herein is to be
construed under the provisions of 35 U.S.C. 112, sixth paragraph, unless the

element is expressly recited using the phrase "means for."
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Table 1
Growth Factor Target Population Growth Factor Effect
NGF bgsal forebrain and survival of cholinergic neurons
hippocampus

NGF nucleus basalis of Meynert survival of cholinergic neurons

NGF hippocampus survival of cholinergic neurons

BDNF hippocampus survival of cholinergic neurons

NT-3 hippocampus survival of cholinergic neurons

CNTF Striatum survival of dopaminergic
neurons

IGF-1 hippocampus protection against excitotoxic
neuronal damage

GDNF substantia nigra, striatum neur_lte outgrowt_h anq neuronal
survival, dopaminergic neurons

VIP substantia nigra, striatum neur_lte outgrowt.h an(_j neuronal
survival, dopaminergic neurons

PTN substantia nigra, striatum neur_lte outgrowt.h an(_j neuronal
survival, dopaminergic neurons

bFGF20 substantia nigra, striatum neurite outgrowth and neuronal

survival, dopaminergic neurons
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Table 2
Neuronal Type Growth Factor
Cholinergic NGF
Cholinergic BDNF
Cholinergic NT-3
Dopaminergic CNTF
Dopaminergic GDNF
Dopaminergic VIP
Dopaminergic bFGF
Dopaminergic PTN
Glutaminergic IGF-1
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Table 3
Original Residue Exemplary Substitutions
Ala Ser
Arg Lys
Asn Gin, His
Asp Glu
Cys Ser
Gln Asn
Glu Asp
Gly Pro
His Asn, GIn
lle Leu, Val
Leu lle, Val
Lys Arg, GIn, Glu
Met Leu, lle
Phe Met, Leu, Tyr
Ser Thr
Thr Ser
Trp Tyr
Tyr Trp, Phe
Val lle, Leu
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Table 4

Days AAV2-GDNF AAV2-GDNF AAV2-GDNF
after AAV2-LacZ 1.65e10 vg 9.07¢10 vg 1.65e11 vg

transduction control Iog'1 Y2 log max dose
3 days 2.2+ 0.28 pg/mg 7.0 £ 1 pg/mg 34.4 + 5 pg/mg 96.4 + 6 pg/mg
7 days 1.73 £ 0.13 pg/mg 16.7 £ 3 pg/mg 63.0 + 7 pg/mg 208.4 £ 15 pg/mg
14 days 2.37 £ 0.38 pg/mg 36.1 £ 5 pg/mg 127.0 £ 10 pg/mg 354.0 £14 pg/mg
21 days 1.6 £ 0.12 pg/mg 75.0 £7 pg/mg 197.0 £ 10 pg/mg 521.3 £ 12 pg/mg
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Table 5
Dose-Ranging Study In Normal Monkeys

Time (weeks) 10 ug 50 pg 100 ug 0 ug
0 N=3 N=3 N=3 X
2 N=3 N=3 N=3 X
4 N=3 N=3 N=3 X
6 N=3 N=3 N=3 X
6 N=3
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Table 6
Treatment Groups
Left Right No. of Survival Time
Group Hemisphere Hemisphere animals (weeks)
dose/site (ng)
3 0
1 PBS/excipient 10 3 2
3 4
3 6
3 0
2 PBS/excipient 50 3 2
3 4
3 6
3 0
3 PBS/excipient 100 3 2
3 4
3 6
4 PBS/PBS 0 3 6
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Table 7
Infusion Parameters
Target Infusion Rate Total Vol. Total infusion time per
Site (time) per site site
Putamen 0.2 pl/min (10 min.) 50 pl 55 minutes
(2 sites) 0.5 pl/min (10 min.)

0.8 ul/min (10 min.)
1.0 wl/min (10 min.)
1.5 pl/min (10 min.)
2.0 pl/min (5 min.)
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CLAIMS

What is claimed is:

1. A method of treating a mammal having a central nervous system (CNS)
disorder, comprising:

administering to a mammal having a CNS disorder a therapeutically effective
amount of a pharmaceutical composition comprising a growth factor;

wherein said administering comprises delivery of said pharmaceutical
composition without substantial accumulation of said growth factor in the CNS of said

mammal.

2. The method according to claim 1, wherein said delivery comprises

convection enhanced delivery (CED).

3. The method according to claim 1, wherein said pharmaceutical

composition further comprises a tracing agent.

4. The method according to claim 1, wherein said pharmaceutical

composition further comprises a facilitating agent.

5. The method according to claim 1, wherein said administering comprises

intermittent delivery.

6. The method according to claim 9, further comprising determining the

tissue clearance rate of said growth factor.

7. The method according to claim 6, wherein said determining the tissue

clearance rate is done preclinically in a primate.

8. The method according to claim 9, wherein said determining the tissue

clearance rate comprises measuring a clearance rate indicator in a human subject.
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9. The method according to claim 2, wherein said CED comprises

incremental increases in flow rate.
10.  The method according to claim 2, wherein the pharmaceutical
composition is delivered with the use of a CED-compatible reflux-free step-design

cannula.

11.  The method according to claim 7, wherein said pharmaceutical

composition further comprises a tracing agent.

12.  The method according to claim 11, wherein the tracing agent comprises

an MRI magnet or a CT-detectable agent.

13.  The method according to claim 12, wherein said tracing agent

comprises a liposome.

14.  The method according to claim 13, wherein said tracing agent is a

gadolinium chelate.
15.  The method according to claim 1, wherein said pharmaceutical
composition comprises a high molecular weight neurotherapeutic comprising said

growth factor.

16.  The method according to claim 15, wherein said high molecular weight

neurotherapeutic comprises a liposome.

17.  The method according to claim 1, wherein said pharmaceutical

composition further comprises a facilitating agent.

18.  The method according to claim 17, wherein said facilitating agent
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comprises low molecular weight heparin.

19.  The method according to claim 1, wherein said growth factor is selected
from the group consisting of NGF, BDNF, NT-3, NT-4/5, NT-6, GDNF, CNTF, LIF,
IGF-1, b-FGF, neurturin, persephin, artemin, TGFa, TGFp, IGF-2, PDGF, EGF,
cardiotropin, EGF, IGF, VEGF, Sonic hedgehog (SHH), BMP, FGF20, VIP, PDGF,
pleiotrophin (PTN), and HGF.

20. The method according to claim 1, wherein said administration
comprises an intermission of from about 7 days to about 45 days following delivery of
said pharmaceutical composition, which intermission is followed by another delivery

of the growth factor.

21.  The method according to claim 1, wherein said CNS disorder is
selected from the group consisting of Huntington’s disease, Alzheimer’s disease,
amyotrophic lateral sclerosis (ALS), Parkinson’s disease, stroke, head trauma, spinal
cord injury, multiple sclerosis, dementia with Lewy Bodies, retinal degeneration,
epilepsy, psychiatric disorders, disorders of hormonal balance, and cochlear

degeneration.

22. A method for promoting the survival of a growth factor-responsive
neuronal population in the mammalian CNS, comprising:

locally delivering a pharmaceutical composition comprising a growth factor to a
growth factor-responsive neuronal population in target CNS tissue;

wherein said growth factor is delivered at a rate that substantially opposes the
tissue clearance rate of said growth factor, whereby a therapeutically effective

amount of said growth factor is achieved in the target CNS tissue.
23. A method for reducing the death of growth factor-responsive neurons of

the mammalian CNS, comprising:

locally delivering a pharmaceutical composition comprising a growth factor to a

-75-



10

15

20

WO 2007/127803 PCT/US2007/067423

growth factor-responsive neuronal population in target CNS tissue, which neuronal
population is at risk of undergoing cell death in the absence of intervention;

wherein the growth factor is delivered at a rate that substantially opposes the
tissue clearance rate of the growth factor; and

whereby a therapeutically effective amount of growth factor is achieved in the
target CNS tissue.

24. A method for treating a patient diagnosed as having a CNS disorder in
its early stages, comprising:

locally delivering a pharmaceutical composition comprising a growth factor to a
growth factor-responsive CNS neuronal population in the patient;

wherein such administration of the growth factor prevents, delays, or reduces
the severity of clinical manifestations associated with the CNS disorder at later

stages in the absence of administered growth factor.

25. A prophylactic method for treating a patient at risk for a CNS disorder,
comprising:

locally delivering a pharmaceutical composition comprising a growth factor to a
growth factor-responsive CNS neuronal population in the patient;

wherein such administration of the growth factor prevents or delays onset of a

CNS disorder, or reduces the severity of the CNS disorder once it is manifest.
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