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neuroprotection, including medication or even surgery”
Apoptosis has been considered to result in the patho-
genesis of neurodegenerative disorders, including PD’,
Preventing programmed and progressive neuronal cell
death by interfering with apoptotic pathways has been
suggested to lead to neuroprotection from these dreadlul
neurodegenerative diseases®’

Granulocyte colony-stimulating factor (G-CSF), one
of the hematopoietic growth factors, regulates the pro-
duction of circulating blood cells by the bone marrow
and is usually used for the treatment of neutropenia in
humans. G-CSF was shown (o possess trophic and anti-
inflammatory effects®. To activate multiple survival

-CSF), a conventional treatment for
hrgmc neurological discases through

tro and in vivo studies, we admin-
courses for | year in carly-stage PD patients
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pathways and enhance neurogenesis, G-CSF has been
applied to animal models of neurodegenerative dis-
eases, such as amyotrophic lateral sclerosis (ALS) or
Alzheimer’s disease”’. In our previous in vitro evi-
dence, G-CSF protects dopaminergic neurons from
6-hydroxydopamine (6-OHDA )-induced toxicity via the
extracellular-regulated kinase pathway''. G-CSF has also
shown neuroprotection in in vivo models of PD through
the G-CSF receptor and downstream antiapoptotic path-
way'* ™. The evidence of increased dopaminergic neu-
ronal fibers in the striatum with G-CSF injection was
also demonstrated, which significantly ameliorated the
behavioral impairment of the PD rat model".

Following growing evidence of the repair of cell
injury in vitro and in vivo, G-CSF has been tested in sev-
eral clinical trials in humans to confirm its safety and
efficacy'®"”. With the similar idea of mobilizing bone
marrow stem cells or hematopoietic stem cells to the
ischemic area through a short period of serum elevation
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of signaling factor, previous phase I trials for human
ischemic stroke have demonstrated G-CSF administra-
tion to be safe and well tolerated'*'*. Based on the fore-
going rationale and evidence, the present clinical trial
was designed to assess the efficacy of the neuroprotec-
tive effect of repeated and low doses of G-CSF for early-
stage PD patients.

MATERIALS AND METHODS

Eligibility of Subjects
This study was designed as a pilot phase T trial to
explore the safety, risks, and effectiveness of G-CSF
for PD patients. Our inclusion criteria were as fol-
lows: (1) patients with idiopathic PD who met the UK
Parkinson’s Disease Society Brain Bank diagnostic crite-
ria and had a good response to levodopa [>30% improve-
ment in the unified PD rating scale (UPDRS)]; (2) the
onset of PD symptoms must have occurred after 40 years
of age [to exclude young-onset PD (YOPD)]; (3) patients
may have had symptoms of levodopa-induced dyski-
nesia, but patients must have rated between Hoehn and
Yahr stages 1 and 2 when in an off-medication state; and
(4) patients must have been in their optimal medicatio,
treatment state and would not change their medicaligns
within 3 months before and after enrollment. i
Our exclusion criteria included the follow
(1) pat1ent9 who had YOPD andlor were gen-*tud

required antipsychotic treatment; (5) p
symptoms of major depression with
suicide attempt; (6) patients with prg
(including pallidotomy and deep brain
(7) patients with significant cognitive impai

Mental State Examination (MMSE) <24]. Thls study
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was approved by the institutional review board (IRB) of
Tzu Chi General Hospital (IRB 097-54) and registered
on ClinicalTrials.gov (NCT01227681). All patients pro-
vided written informed consent.

Administration of Treatments

G-CSF (Cat. No. 000670; Filgrastim Injection® M300;
Kirin, Tokyo, Japan), a commercial product, is available
as a colorless fluid (polysorbate 0.028 mg, p-mannitol
35 mg, acetic acid 0.42 mg with sodium hydroxide) in a
small glass bottle. The route of G-CSF administration was
through subcutaneous injection. The patients received
3.3 pg/kg/day of G-CSF in a course of five daily doses.
Patients had 2 months of rest before the next course of
G-CSF jnjection. There were six courses of injections
(Fig.

les and Markers

e evaluated in both “medication off” (Med
dication on” (Med on) status during the visits.

s, including levodopa equivalent daily dosage (LEDD)
measurements, were recorded. Neuropsychological assess-

# ments and quality of life assessments included the MMSE,

Cognitive Assessment Inventory (CASI), Beck Depres-
sion Inventory (BDI), Parkinson’s Disease Quality-39
(PDQ-39), and the Schwab and England Score of Activity
of Daily Living (SEADL).

Laboratory measures included red blood cell count,
hemoglobin, hematocrit, red blood cell indices, leukocyte
count (with differential count), and platelet count. Liver
and renal functions, blood glucose, and electrolytes were
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Figure 1. Schematic diagram illustrating the experimental protocols in the present study. Medoff Eval., antiparkinsonian “medication
off” to cvaluate disease with the unified Parkinson’s discase rating scale; PET, positron emission tomography; G-CSF, granulocyte
colony-stimulating factor.
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checked during each injection and follow-up course.
C-reactive protein and CD34"-expressing cells were
also examined.

To collect more markers to better illustrate the dis-
ease progression, imaging analysis with 3,4-dihydroxy-6-
"*E_fluoro-L-phenylalanine ("*F-DOPA)-positron emission
tomography (PET) was evaluated before G-CSF treat-
ment and 2 years after the first course of G-CSF injec-
tions. The rater marked four regions of interest (ROIs),
which included the bilateral head of the caudate nucleus
and putamen; they were included in serial axial "*F-DOPA
images. The individual occipital cortex was set as the
reference region. We used a previously published method
of striatal uptake quantification with the striatal-to-
occipital ratio (caudate/occipital or putamen/occipital)
method”™. PET series with "F-DOPA uptake were plot-
ted, and the calculated ratios were defined as one of the
indicators of disease progression. Adverse events were
recorded during or after the ireatment follow-up period.

Statistical Analysis

Student’s r-test was used for comparing clinical scores

and lab values between pretreatment and posttreatment

stages (Excel; Microsoft, Redmond, WA, USA). '
icance was set at p<0.05 for all tests. '

RESULTS
From January 2009 to June 2012, we include

tion course (24 months after the first injection course)
(Fig. 2). In addition, all other sub-item analyses of
UPDRS remained stable and did not show significant
deterioration 2 years after the first injection of G-CSF
(Table 1). Neuropsychological assessments and quality
of life status, assessed by MMSE, CASI, BDI-II, and
PDQ-39, remained stable 2 years after G-CSF treat-
ment (Table 1). In terms of medication use, LEDD also
did not show a signilicant increase.

Lab analysis revealed that the CD34" count remark-
ably increased during G-CSF injection (Table 2). Leu-
kocyte counts also increased significantly (more than
five times above baseline) during treatment. Two patients
had slightly elevated fasting blood glucose levels dur-
ing the two courses of G-CSF, while one patient, who
had glucose intolerance, had elevated fasting blood glu-
cose levels during all six treatments. A mild increase in

the liver enzyme alanine transaminase to 51 1U/L was
found during one course of treatment for one patient.
For renal function, G-CSF injection did not result in
any abnormality.

F_DOPA-PET showed that the right putamen did
progress after 2 years of follow-up compared with the
pretreatment baseline ""F-DOPA-PET (p<0.05) (Table 3).
For the left caudate nucleus and putamen, the uptake of
"F-DOPA was at a similar level. When we pooled the
striatal-to-occipital ratio of the bilateral hemispheres,
the uptake of "F-DOPA in the putamen significantly
decreased by 14% 2 years after G-CSF treatment
(p=0.02). Although radiotracer uptake in the caudate

howiin Figure 3. PD patient 3 (PDO3; Table 1) has
arable radiotracer uptake ratio at 2 years

lower back pain (16% per treatment day)
lar—skeletal pain in the four limbs (6.7%).
st tightness (5.8%), dizziness (2.5%), and nau-
ea (2.5%) were also noted during the treatment period
\G-CSF injection 5-day course). One of four patients,
0 had a history of gouty arthritis, had recurrent acute
ggouty arthritis pain during three courses of treatment.
¥ Most symptoms only persisted transiently after injection,
and muscular—skeletal pain could be quickly ameliorated
with nonsteroidal anti-inflammatory drugs.

DISCUSSION

Based on our knowledge, this is the first trial to use
low-dose G-CSF as a repeated and chronic (during a
1-year period) treatment for early-stage PD. Two years
after the first G-CSF injection course, UPDRS part III
scores (Med off status) did not progress, which may sug-
gest the possibility of neuroprotection by G-CSF for a
persistent deteriorating neurodegenerative disease in PD.
PD has been estimated with an annual score progres-
sion of 3-5 in UPDRS part 11I*'. Along with stable motor
scores (including sub-items of motor symptoms), other
neuropsychological follow-ups all did not reveal signifi-
cant deterioration over 2 years of follow-up. In terms of
safety for G-CSF treatment, all adverse effects were mild
and transient.

Most in vivo evidence has shown that the acute admin-
istration of a large dose (40-50 pg/kg body weight of
rodents) provided neuroprotection in a murine model
of PD". This might be due to the pathology underlying
the current animal model, originating from the acute
intoxication of dopaminergic substantia nigra neurons by
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) or
6-OHDA"“*. However, the inherent slow deterioration
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Figure 2. The evolution of the unified Parkinson’s dis
mean scores) from before granulocyte colony- sumu]atl ‘
off, a patient who had not taken antiparkinsonian,j
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of a PD patient is associated with pro
death in the substantia nigra. This sugge
ment for PD is tailored to the dis
Therefore, we designed a lower
weight) compared with the stan
autologous hematopoietic stem ce l6nor and
repeated (5 days per course and six cou per trial)
the injection of G-CSF in our PD patients. This type of
design for G-CSF has been shown to be safely adminis-
tered and resulted in partial improvement in secondary
parkinsonism patients™.

For the four patients, we compared "“F-DOPA-PET
imaging between baseline and 2 years after the first
G-CSF treatment, and the uptake of ""F-DOPA over the
right putamen showed a significantly progressive decline.
This was in agreement with the fact that three of four
patients had symptoms in the left limbs on disease onset.
Most neuroimaging studies using single-photon emis-
sion computed tomography (SPECT) and PET revealed
an annual 4%—12.5% decrease in uptake in the caudate
nucleus and 8%-13.1% in the putamen™ . Morrish et
al. analyzed 32 PD patients with a mean age of 58 years
and followed disease evolution with "F-DOPA-PET
for 18 months™. The results showed that the annual

ment (o boost
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16 21
11 18
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deterioration of baseline mean radiotracer uptake in the
putamen was 8.9%. Another study, which included early-
stage PD that were followed for 2 years, revealed a higher
decline rate at 13.1% per year”. The wide variation on
the estimated progression resulted from sensitivity of the
imaging methods and the patient’s disease status. There
is growing evidence that shows inconsistencies in the
rate between clinical progression in PD and nigrostriatal
degeneration examined by imaging®®, These results
postulated that dopaminergic degeneration might fol-
low a negative exponential pattern with the fastest rate of
decline in the early disease stage, even though younger
PD patients have a slower clinical progression rate at the
early stage”. Our annual 3.5% decrease in the caudate
nucleus and 7% in the putamen in radiotracer binding

Table 2. Lab Evolution Before and After G-CSF

Day 1 Day 5
WBC (*1000/mm3) 5.98+0.67 33.77£6.65%
CD™ (%) 0.027+0.013 0.041£0.018*
Absolute CD** count 1.556+0.674 14.587 £8.143*

Data presented as mean+SD.
G-CSF, granulocyte-colony stimulating factor. *p<0.03
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Table 3. Striatal to Occipital Ratio Values Before and 2 Years After First G-CSF Treatment Course
PDO1 PDO2 PDO03 PDO4

Brain Pre 2 years Pre 2 years Pre 2 years Pre 2 years p-value

Right  Caudate/occipital 2.58 2.44 2.40 2.06 221 2.34 2.38 2.06 0.2216
Putamen/occipital ~ 2.04 1.87 2.42 1.90 1.86 1.36 2.09 1.75 0.0183*

Left Caudate/occipital 240 232 2.40 1.96 243 2.58 2.28 202 0.3212
Putamen/occipital ~ 1.78 1.64 1.78 1.81 2.16 1.67 1.87 1.86 0.1070

PD, Parkinson's disease patient; Pre, pre-GCSF treatment; G-CSF, granulocyte-colony stimulating factor. *p<0.05

of "F-DOPA-PET, which were close to the slower rate
of deterioration from a previous report’, indicated that
G-CSF might still possibly provide neuroprotection. The
rate of disease progression in PD varied according to age
at disease onset, age of patients, and treatment choices.
The results from "F-DOPA showed low interindividual
variability, which might have been due to the strict inclu-
sion criteria ol our study and the early stages (I-1I) of
disease in our patients.

Given the continuous progression seen in PD, much
effort has been made to design disease-modifying drugs.
Rasagiline, a medication [or symptomatic treatment, has
been shown to have promising neuroprotective properties
in a variety of in vitro and in vivo PD animal mode
Rasagiline induces the regeneration of substantia n
dopaminergic neurons in post-MPTP-induced par

32,33

signaling pathway and an antiapoptotic mechanism
By sharing similar mechanisms of treatment, G-CSF
might halt the progression of PD through an anti-
apoptotigimechanism and even restore the loss of dop-

inergic neurons'"'. In addition, none of the patients

oses/(15 pg/ kg) in 5 days of subcutaneous
ion have been associated with transient

r progressive neurodegenerative diseases, most
ies choose smaller doses and longer duration of treat-
- Treatment of atypical parkinsonism patients with
r doses (5 pg/kg) but for a longer period (three 6-day

Figure 3. Tllustrative images of 3,4-dihydroxy-6-"F-fluoro-L-phenylalanine positron emission tomography ("*F-DOPA-PET) from
PDO3 (Parkinson’s disease patient 3) in Table 1 were arranged before granulocyte colony-stimulating factor (G-CSF) injection
(A) and 24 months after G-CSF (B). Both showed a similar striatal-to-occipital ratio of uptake.
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10 patients; they tolerate the administration of G-CSF
well, and treatment was safe”. Another study that used
the same dose for 4 days every 3 months in | year for ALS
also showed safe treatment and no major side effects™.
To meet with the progressive characteristics of PD, we
adjusted the injection schedules with similar doses of
G-CSF in six courses for up to 1 year. All adverse effects
were temporary during injection, and tolerability was
good. Indeed, the small sample sizes with open-label
designs would undermine interpretation of results. The
lower scores of UPDRS in the middle of the trial might
suggest a placebo effect, which needs to be considered in
the design of neuroprotection studies lor neurodegenera-
tive diseases, such as PD™”.

In this preliminary study, we show that G-CSF might
halt disease-related deterioration in the early stages of PD.
The results from "*F-DOPA-PET suggest that G-CSF may
slow down nigrostriatal degeneration as well. The low
dose and repeated-manner design of G-CSF treatment for
PD is safe. Most adverse effects were mild musculoskel-
etal pains during drug injection, and patients’ lolerance of §
G-CSF was high.
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