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(57) ABSTRACT

The invention relates to the discovery that in an animal model
of Parkinson’s disease (PD), administration of granulocyte
colony-stimulating factor (G-CSF) to rodents having 1-me-
thyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-induced
PD restored the function of dopamine neurons. In these ani-
mals, G-CSF treatment increased the number of dopamine
neurons in the substantia nigra (SN), G-CSF treatment par-
tially restored the nigrostriatal pathway, and G-CSF restored
the function of dopamine to the level before MPTP treatment.
The invention also relates to the discovery that treatment of a
human patient with corticobasilar ganglionic degeneration, a
rare progressive neurological disorder characterized by Par-
kinsonism and coritcal dysfunction, with G-CSF resulted in a
significant improvement in the patient’s Unified Parkinson’s
Disease Rating Scale evaluations as well as measures of activ-
ity of daily living. The invention further relates to the discov-
ery that G-CSF treatment of a patient who had suffered an
acute stroke resulted in a significant improvement in neuro-
logical function, the patient having minimal observable dis-
ability seven years later. The methods described herein can be
used to treat PD in a mammalian subject (e.g., rodent, human)
as well as other neurodegenerative diseases such as Alzhe-
imer’s disease, spinal cord injury, and stroke.
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METHOD OF TREATING PARKINSON’S
DISEASE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims the priority of U.S. Provi-
sional Application No. 60/915,336 filed May 1, 2007, which
is incorporated herein in its entirety by reference.

FIELD OF THE INVENTION

The invention relates to the fields of molecular biology and
medicine. More particularly, the invention relates to methods
for treating neurodegenerative diseases including Parkin-
son’s disease and stroke in mammalian subjects.

BACKGROUND

Neuronal death plays a critical role in most of the important
neural pathologies, including stroke, epilepsy, Parkinson’s
disease (PD) and Alzheimer’s disease. PD is a progressive
neurodegenerative disease affecting about 1% of people over
the age of 50. Its symptoms include slowness of movement,
difficulty in initiating willed movements, rigidity and trem-
ors. At the cellular level, it is characterized by a massive loss
of' dopamine (DA) neurons in the brain. Unfortunately, a cure
does not yet exist for PD. Current treatments for mitigating
the progression and symptoms of PD include levodopa com-
bined with carbidopa, anti-cholinergic drugs, brain surgery,
tissue transplant, and stem cell therapies currently under
investigation.

SUMMARY

The invention relates to the discovery that in an animal
model of PD, administration of granulocyte colony-stimulat-
ing factor (G-CSF) to rodents having 1-methyl-4-phenyl-1,2,
3,6-tetrahydropyridine (MPTP)-induced PD restored the
function of dopamine neurons. In these animals, G-CSF treat-
ment increased the number of dopamine neurons in the sub-
stantia nigra (SN), G-CSF treatment partially restored the
nigrostriatal pathway, and G-CSF enhanced the function of
dopamine neurons (e.g., an increase in stimulation-induced
release of dopamine). The invention also relates to the dis-
covery that treatment of a human patient with corticobasilar
ganglionic degeneration, a rare progressive neurological dis-
order characterized by Parkinsonism and coritcal dysfunc-
tion, with G-CSF resulted in a significant improvement in the
patient’s Unified Parkinson’s Disease Rating Scale (UPDRS)
evaluations as well as measures of daily living activities. The
invention further relates to the discovery that G-CSF treat-
ment of a patient who had suffered an acute stroke resulted in
a significant improvement in neurological function, the
patient having minimal observable disability. The methods
described herein can be used to treat PD in a mammalian
subject (e.g., rodent, human) and other neurodegenerative
diseases including stroke.

Accordingly, the invention features a method of treating
Parkinson’s disease or stroke in a mammal. The method
includes the steps of: (a) providing a composition including
recombinant human G-CSF; and (b) administering the com-
position to a mammalian subject having Parkinson’s disease
or to a mammalian subject that has experienced a stroke,
wherein administering the composition to the mammalian
subject replenishes dopaminergic neuron loss in the brain of
the mammalian subject. In the method, administering the
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composition to the mammalian subject results in increased
levels of dopaminergic neurons and increased levels of
dopaminergic neuronal function in the brain of the mamma-
lian subject. In the method, administering the composition to
the mammalian subject results in restoration of nigrostriatal
pathway in the brain of the mammalian subject. In the
method, administering the composition to the mammalian
subject can result in recruitment of stem cells to the brain of
the mammalian subject.

In one example of the method, the composition is admin-
istered to a mammalian subject that has experienced a stroke,
and administration of the composition results in an increased
number of neurons and an increase in neuronal function in the
mammalian subject.

In the method, a composition can include at least one
pharmaceutically acceptable carrier or diluent. The compo-
sition can be administered to the mammalian subject once a
day at a dose of about 480 pg to about 960 pg.

Unless otherwise defined, all technical terms used herein
have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs.

As used herein, “protein” or “polypeptide” are used syn-
onymously to mean any peptide-linked chain of amino acids,
regardless of length or post-translational modifications, e.g.,
glycosylation or phosphorylation. A “purified” polypeptide is
one that is substantially separated from other polypeptides in
a cell or organism in which the polypeptide naturally occurs
(e.g., 30, 40, 50, 60, 70, 80, 90, 95, 96, 97, 98, 99, 100% free
of contaminants).

By the terms “recombinant G-CSF,” “rG-CSF” or “recom-
binant G-CSF protein” is meant an expression product of a
cloned G-CSF gene.

When referring to a nucleic acid molecule or polypeptide,
the term “native” refers to a naturally-occurring (e.g., a wild-
type; “WT”) nucleic acid or polypeptide.

As used herein, “Parkinson’s disease” and “PD” mean a
disease characterized behaviorally by slowness of movement,
rigidity, a low-frequency rest tremor, and difficulty with bal-
ance and pathologically by a significant degeneration of
dopamine (DA) neurons in the substantia nigra pars compacta
(SNO).

By the phrase “replenishes dopaminergic neuron loss inthe
brain” is meant producing a net increase of dopamine neurons
resulting from either recruitment of new dopamine neurons
through a stem cell mechanism or preventing additional loss
of dopamine neurons through a neuro-protective mechanism
or both.

By the term “stroke” is meant a sudden neurological afflic-
tion usually related to the disturbance of cerebral blood sup-
ply including thrombosis, hemorrhage or embolism.

Although compositions and methods similar or equivalent
to those described herein can be used in the practice or testing
of the present invention, suitable compositions and methods
are described below. All publications, patent applications,
and patents mentioned herein are incorporated by reference in
their entirety. In the case of conflict, the present specification,
including definitions, will control. The particular embodi-
ments discussed below are illustrative only and not intended
to be limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is pointed out with particularity in the
appended claims. The above and further advantages of this
invention may be better understood by referring to the fol-
lowing description taken in conjunction with the accompany-
ing drawings, in which:
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FIG. 1is a pair of micrographs, a graph, and results from a
cell counting analysis illustrating a marked loss of DA neu-
rons in SNc in MPTP-treated mice as indicated by the loss of
tyrosine hydroxylase (TH), a specific marker for DA neurons.

FIG. 2 is a pair of micrographs and a graph illustrating a
massive loss (greater than 65%) of the nerve terminals of DA
neurons in striatum after MPTP treatment.

FIG. 3 is a graph showing dopamine levels in striatum are
markedly reduced after MPTP treatment.

FIG. 4 is a schematic of the experimental design used to
show the effect of G-CSF on DA system after MPTP-treat-
ment.

FIG. 5A is a series of representative micrographs depicting
TH labeling in the SNc before and after G-CSF treatment as
indicated showing that G-CSF treatment partially restores
DA neurons as indicated from TH immunolabeling in SNc.
G-CSF treatment has increased the number of DA neurons
from 45% of the control after MPTP treatment to about 80%
in 7 days.

FIG. 5B is a graph showing results from a quantitative
analysis of TH-positive cells before and after G-CSF treat-
ment in SNc.

FIG. 6A is a series of representative micrographs depicting
FluoroGold (FG) labeling in the SN 14 days after 5% dex-
trose+MPTP (top panel) or 5% dextrose+MPTP+G-CSF
treatment (bottom panel) showing that G-CSF treatment has
restored the nigro-striatum pathway from 40% to 70% as
indicated in FG-positive tracing.

FIG. 6B is a graph showing the results of a quantitative
analysis of FG-positive cells counted across 8 sections
throughout SN. *p<0.01.

FIG. 7 is a graph showing that G-CSF restores MPTP-
induced loss of stimulation-induced release of DA, an index
of dopaminergic neural activity.

FIG. 8 is a graph showing that G-CSF treatment greatly
increased the mobilization of very small embryonic-like cells
(VSELs) into peripheral blood in mice. A five-fold increase of
mobilization of VSELs was obtained after treatment with 5
doses of G-CSF.

FIG. 9 is a schematic illustration of the G-CSF receptor
signaling hypothesis.

FIG. 10 a graph showing increased mobilization of VSEL
stem cells after G-CSF treatment.

FIG. 11 is a graph of G-CSF regimen individual doses.

FIG. 12A is a graph depicting mentation, behavior and
mood UPDRS scores after G-CSF treatment.

FIG. 12B is a graph depicting activities of daily living
UPDRS scores after G-CSF treatment.

FIG. 13 A is a graph depicting motor examination UPDRS
scores after G-CSF treatment.

FIG. 13B is a graph depicting complications of therapy
UPDRS scores after G-CSF treatment.

DETAILED DESCRIPTION

Described herein are methods for treating neurodegenera-
tive diseases such as PD and stroke in a mammalian subject
(e.g., rodent, human) that include administering a composi-
tion including G-CSF to the mammalian subject. The below
described preferred embodiments illustrate adaptations of
these methods. Nonetheless, from the description of these
embodiments, other aspects of the invention can be made
and/or practiced based on the description provided below.

Biological Methods

Methods involving conventional molecular biology tech-
niques are described herein. Such techniques are generally
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known in the art and are described in detail in methodology
treatises such as Molecular Cloning: A Laboratory Manual,
3rd ed., vol. 1-3, ed. Sambrook et al., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y., 2001; and Cur-
rent Protocols in Molecular Biology, ed. Ausubel et al.,
Greene Publishing and Wiley-Interscience, New York, 2003
(with periodic updates).

G-CSF

The methods described herein involve treating a mamma-
lian subject (e.g., rodent, human) having PD or a mammalian
subject having suffered from a stroke with a composition
including G-CSF. G-CSF is a 19.6 KDa glycoprotein that has
been used to treat several diseases and disorders including
neutropenia, severe chronic neutropenia, acute leukemia,
aplastic anemia, and myelodysplastic syndromes, as well as
to mobilize peripheral blood stem cells prior to leukapheresis
for bone marrow transplantation and to treat myelosuppres-
sion after transplantation. The receptor for G-CSF, G-CSFR
(~140 KDa), is present in many tissues including the brain.

Any suitable source of G-CSF can be used to treat a mam-
malian subject. In the experiments described below, recom-
binant human G-CSF purchased from Amgen (NEUPO-
GEN® Amgen, Inc. Thousand Oaks, Calif.) was used.
However, any commercially available G-CSF can be used in
the methods described herein.

Administration of Compositions

The compositions described herein can be introduced into
a cell or administered to a subject (e.g., a human) in any
suitable formulation. For example, G-CSF may be formu-
lated in pharmaceutically acceptable carriers or diluents such
as physiological saline or a buffered salt solution. Suitable
carriers and diluents can be selected on the basis of mode and
route of administration and standard pharmaceutical practice.
A description of exemplary pharmaceutically acceptable car-
riers and diluents, as well as pharmaceutical formulations,
can be found in Remington’s Pharmaceutical Sciences, a
standard text in this field, and in USP/NF. Other substances
may be added to the compositions to stabilize and/or preserve
the compositions.

The compositions described herein may be administered to
mammals by any conventional technique. Typically, such
administration will be parenteral (e.g., intravenous, subcuta-
neous). The compositions may also be administered directly
to a target site by, for example, surgical delivery to an internal
or external target site, or by catheter to a site accessible by a
blood vessel. The compositions may be administered in a
single bolus, multiple injections, subcutaneously or by con-
tinuous infusion (e.g., intravenously or pump infusion). For
parenteral administration, the compositions are preferably
formulated in a sterilized pyrogen-free form.

Effective Doses

The compositions containing G-CSF are preferably
administered to a mammal (e.g., rodent, human) in an effec-
tive amount, that is, an amount capable of producing a desir-
able result in a treated subject (e.g., restoring DA function).
Such a therapeutically effective amount can be determined as
described below.

Toxicity and therapeutic efficacy of the compositions uti-
lized in the methods described herein can be determined by
standard pharmaceutical procedures, using either cells in cul-
ture or experimental animals to determine the LD, (the dose
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lethal to 50% of the population). The dose ratio between toxic
and therapeutic effects is the therapeutic index and it can be
expressed as the ratio LD, /EDs,. Those compositions that
exhibit large therapeutic indices are preferred. While those
that exhibit toxic side effects may be used, care should be
taken to design a delivery system that minimizes the potential
damage of such side effects. The dosage of preferred compo-
sitions lies preferably within a range that includes an EDs,
with little or no toxicity. The dosage may vary within this
range depending upon the dosage form employed and the
route of administration utilized.

Asis well known in the medical and veterinary arts, dosage
for any one animal depends on many factors, including the
subject’s size, body surface area, age, the particular compo-
sition to be administered, time and route of administration,
general health, and other drugs being administered concur-
rently. It is expected that an appropriate dosage for intrave-
nous administration of a composition containing G-CSF
would be in the range of about 5 pg/kg to about 32 pg/kg. As
an example, for a 70 kg human, a 2 ml injection of 480 pg of
G-CSF is presently believed to be an appropriate dose.

EXAMPLES

The present invention is further illustrated by the following
specific examples. The examples are provided for illustration
only and should not be construed as limiting the scope of the
invention in any way.

Example 1

Mechanism and Therapy of G-CSF in an Animal
Model of PD

Two mechanisms for the therapeutic effect of G-CSF are
proposed. In the first mechanism, administration of G-CSF
prevents further DA neuronal loss by inhibiting the apoptosis
pathway through the interaction with G-CSF receptors in the
DA neurons. It has been reported that G-CSF receptor is
expressed in rodent dopaminergic substantia nigra neurons
(Meuer et al., J. Neurochem. 97:675-686, 2006). In the sec-
ond mechanism, administration of G-CSF replenishes the
loss of DA neurons through mobilization of stem cells from
central nervous system (CNS) and/or mobilization of the
VSEL stem cells in the bone marrow and migration to the
substantia nigra. Studies of G-CSF administration in normal
donors show that G-CSF confers a significant increase in
peripheral blood stem cell mobilization. VSEL stem cells
were recently identified and shown to be present in adult bone
marrow (Kucia et al., Leukemia 20:857-869, 2006).

Described herein is an animal model for PD in which
peritoneal injection of 1-methyl-4-phenyl-1,2,3,6-tetrahy-
dropyridine (MPTP), as described in the literature (Meuer et
al., J Neurochem 97, 2006:675-686), induces a characteristic
marked loss of DA neurons, as evidenced by the loss of
TH-positive DA neurons in the substantia nigra area of the
brain. To test the effect of G-CSF treatment on the mouse
model of PD, different doses of G-CSF (50-250 pg/kg) were
subcutaneously injected into mice that had received MPTP
treatment as described above. Three parameters of DA func-
tion were determined: 1. The number of DA neurons as indi-
cated from staining of TH, a specific marker of DA neuron; 2.
Release of DA determined under non-stimulation and stimu-
lation conditions using in vivo microdialysis; 3. Synaptic
connectivity of DA system in nigra-striatal pathway using
gold-labeled retrograde transport marker. In all three param-
eters measured as an index of function of DA neurons, G-CSF
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was found to restore the DA function in MPTP-treated ani-
mals to about the same level as the control group suggesting
that G-CSF or similar stem cell-stimulating drugs may pro-
vide an effective treatment and restoration of lost functions in
patients with PD.

FIGS. 1-3 show that MPTP-treated mice have the same
biochemical characteristics as PD and can be used as an
animal model for PD. FIGS. 1-3 show that mice injected with
an intraperitoneal injection of MPTP (30 mg/kg) for 5 days
developed biochemical characteristics of PD including a loss
of'about 40% of TH-positive, DA neurons in SNc¢ (FIG. 1), a
loss of 70% of TH-positive, DA neuronal process and termi-
nals in the striatum (FIG. 2) and a loss of 70% of DA release
in the striatum (FIG. 3). FIG. 4 illustrates the experimental
protocol to test the effect of G-CSF in MPTP-induced PD
animal model.

FIGS. 5-7 demonstrate the following results: (1) G-CSF
treatment increases the number of dopamine neurons in SN in
the MPTP-induced PD mouse model as shown in the immu-
nohistochemical staining of TH, a marker for dopamine neu-
rons (FIG. 5); (2) G-CSF treatment partially restores nigras-
triatal pathway as shown by retrograde labeling (FIG. 6); and
(3) G-CSF restores the function of dopamine neurons as
demonstrated in stimulation-induced release of dopamine
(FIG.7). The methods used in these experiments is as follows.
Studies were conducted in male C57BL/6 mice (8-10 weeks
old; weighing 25-30 g). All surgical procedures were per-
formed according to the guidelines of the Institutional Animal
Care and Use Committee (IACUC) at Florida Atlantic Uni-
versity. The mice were divided into 5 groups (n=4, each). The
MPTP group of mice were intraperitoneally injected with
MPTP-HCL at 30 mg/kg for five consecutive days, and the
mice were then allowed one day for recovery followed by
subcutaneous injection of equal doses of 5% dextrose instead
of G-CSF. The G-CSF treatment group mice were intraperi-
toneally injected with MPTP-HCL at 30 mg/kg for five con-
secutive days, and the mice were then allowed one day for
recovery followed by subcutaneous injection of G-CSF at 250
ng/kg for seven consecutive days. The control group mice
were injected with equal volumes of saline instead of MPTP
followed by 5% dextrose instead of G-CSF. Data were col-
lected 1 day, 7 days and 14 days after the last G-CSF injection.

Referring to FIGS. 5A and 5B, FIG. 5A is a series of
representative micrographs depicting TH labeling in the SNc¢
before and after G-CSF treatment as indicated showing that
G-CSF treatment partially restores DA neurons in indicated
from TH immunolabeling in SNc. G-CSF treatment has
increased the number of DA neurons from 45% of the control
after MPTP treatment to about 80% in 7 days. FIG. 5B is a
graph showing results from a quantitative analysis of TH-
positive cells before and after G-CSF treatment in SNc.

Referring to FIGS. 6A and 6B, G-CSF treatment restored
the nigrastriatal pathway in mice. In these experiments, mice
received unilateral intrastriatal infusion of the retrograde
fluorescent tracer FG into two sites in the striatum at a rate of
0.05 pl/min five days before being killed. FIG. 6A is a series
of representative micrographs depicting FG labeling in the
SN 14 days after 5% dextrose+MPTP (top panel) or 5%
dextrose+MPTP+G-CSF treatment (bottom panel) showing
that G-CSF treatment has restored the nigro-striatum path-
way from 40% to 70% as indicated in FG-positive tracing.
FIG. 6B is a graph showing the results of a quantitative
analysis of FG-positive cells counted across 8 sections
throughout SN. *p<0.01.

Referring to FIG. 7, G-CSF normalizes MPTP-induced
loss of dopaminergic neural activity. Experiments were car-
ried out using microdialysis of dopamine release in the SN.
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As compared to the vehicle treatment, injection of MPTP
caused a reduction in basal release of dopamine. Additionally,
the increase in dopamine release induced by high potassium
stimulation (100 mM for 20 min) were also decreased, sug-
gesting that dopaminergic neural function was impaired.
After treatment with G-CSF, the basal release was improved
as compared to the MPTP group. Dopamine response to
potassium stimulation was restored to that in the vehicle level.

Example 2

Mechanism and Therapy of G-CSF in a Patient with
PD

A patient with corticobasilar ganglionic degeneration, a
rare progressive neurological disorder characterized by Par-
kinsonism and cortical dysfunction, was treated with a daily
subcutaneous dose of 960 pg of G-CSF in order to mobilize
stem cells continuously for 7 days followed by a rest period of
7 days. This cycle of treatment was repeated for a total of 5
cycles. (FIG. 11). UPDRS evaluations before and after treat-
ment showed a significant (about 60%) improvement, as did
measures of activities of daily living.

Referring to FIG. 11, the G-CSF regimen included a daily
subcutaneous dose 960 ng of G-CSF continuously for 7 days
followed by a rest period of 7 days (1 cycle). This cycle of
treatment was repeated for a total of 4 cycles.

FIGS. 12 and 13 show UPDRS scores for the patient. Table
1 lists the UPDRS scores. In FIG. 12, UPDRS scores for
mentation, behavior and mood (FIG. 12A) and activities of
daily living (FIG. 12B) are shown. For mentation and behav-
ior in FIG. 12A, there was an overall improvement of one (1)
on the score specifically related to improvement in depres-
sion. For activities of daily living in FIG. 12B, there was a
remarkable overall improvement of seven (7) in the UPDRS
score. In FIG. 13A, motor examination showed an overall
improvement of eight (8) in the score. In FIG. 13B, the com-
plications of therapy aspect of the scale showed the most
improvement with a reduction of 12 in the UPDRS score.

TABLE 1

Unified Parkinson’s Rating Scores

month 1 month 2 month 3

MENTATION, BEHAVIOR AND MOOD

Intellectual Impairment

Thought Disorder

Depression

Motivation/Initiative
ACTIVITIES OF DAILY LIVING

O = OO
[N eleNe)
[N eleNe)

Speech

Salivation

Swallowing

Handwriting

Cutting food and handling utensils
Dressing

Hygiene

Turning in bed and adjusting bed clothes
Falling (unrelated to freezing)

Freezing when walking

Walking

Tremor

Sensory complaints related to parkinsonism
MOTOR EXAMINATION

mFRPNOOR, WARARODOR
=0 OO0 WNWhOO—
O—= OO OO WNWAOO—

Speech 1 2
Facial Expression 2
Tremor at rest 1 1 1
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TABLE 1-continued

Unified Parkinson’s Rating Scores

month 1 month 2 month 3

Action or Postural Tremor of hands 2 2 2
Rigidity 4 4 4
Finger Taps 4 4 4
Hand Movements 3 2 2
Rapid Alternating Movements of Hands 4 3 3
Leg Agility 1 1 1
Arising from Chair 1 0 0
Posture 1 0 0
Gait 1 1 1
Postural Stability 1 0 0
Body Bradykinesia and Hypokinesia 3 2 2
COMPLICATIONS OF THERAPY

(In the past week)

A. DYSKINESIAS

Duration: What proportion of the waking day 4 1 1
are dyskinesias present?

Disability: How disabling are the 3 1 1
dyskinesias?

Painful Dyskinesias: How painful are the 2 0 0
dyskinesias?

Presence of Early Morning Dystonia 1 0 0
B. CLINICAL FLUCTUATIONS

Are “off” periods predictable? 0 0 0
Are “off” periods unpredictable? 0 0 0
Do “off” periods come on suddenly, within a 0 0 0
few seconds?

What proportion of the waking day is the 4 1 1
patient “off” on average?

C. OTHER COMPLICATIONS

Does the patient have anorexia, nausea, or 0 0 0
vomiting?

Any sleep disturbances, such as insomnia or 1 0 0
hypersomnolence?

Does the patient have symptomatic 0 0 0
orthostasis? - - _
Total 66 42 38

Example 3

The Effect of G-CSF on Mobilization of VSEL in
PD Patients

In a planned clinical trial, peripheral blood samples of each
patient is taken prior to initiation of G-CSF treatment for
assessment of baseline VSEL numbers (at the SFBMSCII).
Patients are then treated with G-CSF at FDA-approved mobi-
lization doses for either one or three cycles. Each cycle entails
daily G-CSF dosing for five days and a subsequent nine day
G-CSF free period required for bone marrow recovery.
Peripheral blood samples are collected daily for complete
blood count monitoring of safety and efficacy of G-CSF treat-
ment and samples are analyzed by FACS and molecular
analyses for VSEL populations. VSEL populations are ana-
lyzed by molecular analysis.

A planned Phase II safety and dosing-range study of
G-CSF in PD is performed. In this double-blind proof-of-
concept trial, patients are equally randomized to either one
course or three courses of this therapy. Thirty patients are
enrolled in this pilot study, with the goal of twenty patients
completing therapy. Patients are eligible for enrollment if
they are Hoehn and Yahn stage 3 when off medication and
also experience troublesome peak dose dyskinesia. Two pri-
mary endpoints are measured: (1) safety and tolerability of
G-CSF in PDj; and (2) presence of VSEL populations in the
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peripheral circulation after one vs. three cycles of G-CSF.
Secondary endpoints of clinical efficacy are also measured.
The following analyses are performed: (1) assess safety and
patient tolerability of G-CSF in patients with PD; (2) use flow
cytometry to detect VSEL populations in the peripheral blood
circulation after G-CSF treatment; (3) assess the effect on
clinical efficacy (using Hoehn & Yahn Stage, UPDRS, Mini
Mental State Examination, Neuropsychiatric Inventory, Non-
Motor Assessment, Schwab & England ADL, PDQ-39 Qual-
ity of Life, Epworth Sleepiness Scale, Beck Depression
Inventor, Beck Anxiety Inventory); (4) study a sub-group of
patients before and after G-CSF treatment with neuroimaging
(fluorodopa-PET and/or $-CIT-SPECT).

Patients are eligible for enrollment in a planned Phase II1
study evaluating efficacy and potential disease-modifying
effects of G-CSF in PD if they are Hoehn and Yahr stage 3
when off medication and also experience troublesome peak
dose dyskinesia. Using the G-CSF dosing scheme identified
in the initial phase II trial, patients are randomized 2:1 to
G-CSF treatment or placebo. Patients will be evaluated for
clinical efficacy (using above scales), neuroimaging (fluoro-
dopa-PET and/or p-CIT-SPECT), and flow cytometry for
VSEL populations in the peripheral blood circulation. These
assessments are compared to baseline during and after G-CSF
treatment, and subjects will also be followed over a two-year
period to evaluate possible emergence of delayed treatment
effects, including improvement in OFF stage (i.e., improved
postural reflexes) and reduction of motor fluctuations (i.e.
OFF time and/or troublesome peak dysinesia).

Example 4
Treatment of a Stroke Patient with G-CSF

A male patient who had suffered a stroke experienced an
improvement in his stroke symptoms while receiving G-CSF
treatment. The patient developed a pontine infarct of sudden
onset. This was diagnosed after he developed symptoms of
dysarthria, ataxia and dysphagia. The stroke which was dueto
a pontine infarct was demonstrated on an MRI scan. He had
swallowing studies done as well as carotid doppler studies.
He was treated with a daily subcutaneous dose 480 pg of
G-CSF in order to mobilize stem cells continuously for 14
days. The patient’s speech returned to normal and although he
still had difficulty walking there was a significant improve-
ment in his walking. He was also able to eat normally. The
patient has minimal observable disability six years later.

Other Embodiments

Any improvement may be made in part or all of the kits and
method steps. All references, including publications, patent
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applications, and patents, cited herein are hereby incorpo-
rated by reference. The use of any and all examples, or exem-
plary language (e.g., “such as”) provided herein, is intended
to illuminate the present disclosure and does not pose a limi-
tation on the scope of the invention unless otherwise claimed.
Any statement herein as to the nature or benefits of the present
disclosure or of the preferred embodiments is not intended to
be limiting, and the appended claims should not be deemed to
be limited by such statements. More generally, no language in
the specification should be construed as indicating any non-
claimed element as being essential to the practice of the
invention.

The invention claimed is:

1. A method of treating Parkinson’s disease in a mammal,
the method comprising the steps of:

(a) providing a composition comprising recombinant

human G-CSF; and

(b) administering the composition to a mammalian subject

having Parkinson’s disease at a daily dose of about 960
ng of G-CSF for seven consecutive days followed by
seven days of no G-CSF administration; and

(c) repeating step (b) four more times, wherein administer-

ing the composition to the mammalian subject replen-
ishes dopaminergic neuron loss in the brain of the mam-
malian subject and mobilizes stem cells into peripheral
blood of the mammal.

2. The method of claim 1, wherein administering the com-
position to the mammalian subject results in increased levels
of dopaminergic neurons and increased levels of dopaminer-
gic neuronal function in the brain of the mammalian subject.

3. The method of claim 1, wherein administering the com-
position to the mammalian subject results in restoration of
nigrostriatal pathway in the brain of the mammalian subject.

4. The method of claim 1, wherein administering the com-
position to the mammalian subject results in recruitment of
stem cells to the brain of the mammalian subject.

5. The method of claim 1, wherein the composition com-
prises at least one pharmaceutically acceptable carrier or
diluent.

6. The method of claim 1, wherein the mammalian subject
has advanced Parkinson’s disease.

7. The method of claim 1, wherein the mammalian subject
is a human.

8. The method of claim 7, wherein administration of the
composition results in about a 60% improvement in the mam-
malian subject based on United Parkinson’s Disease Rating
Score (UPDRS).



