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1. Aim of the study and Introduction

- Why the study is conducted? 
The long term goal of the study is the pharmacological treatment of neurodegenerative diseases (including Alzheimer's dementia, vascular dementia, Parkinson's disease and amyotrophic lateral sclerosis) by drugs that stimulate neurogenesis in the central nervous system (CNS) and have neuroprotective effects. 

The immediate objective of the study is to demonstrate that systemically applied haematopoietic growth factors increase neurogenesis and lead to a neuroprotection in amyotrophic lateral sclerosis (ALS) patients, which cause an improvement of motor functions and cognitive . 

-What is known? 
Various animal experiments in recent years have shown that the adult brain is able to produce new nerve cells (neurogenesis). The old hypothesis that the formation of new nerve cells at birth is complete was proved to be obsolete [Kempermann et al. 1998]. 

Neurogenesis particularly takes place in the subventricular zone and dentate gyrus of the hippocampus, a brain region which is important for learning and remembering. Every day several thousands of so-called "granule -cells" in the hippocampus of mammals are evolved [Roy et al. 2000, Jin et al. 2003, Nunes et al. 2003, Kempermann et al. 2004]. 

The neurogenesis in the adult brain is modulated by various environmental factors, such as physical activity, mental stress or learning [Nilsson et al. In 1999, Van Praag et al. 1999 Döbrössy et al. 2003, Drapeau et al. 2003 Dragansky et al. 2004]. Neurogenesis in the adult brain can also be stimulated by subcutaneous or intravenous administration of pharmacological substances. Animal studies have shown that systemic administration of various peripheral growth factors (Basic Fibroblast Growth Factor, Insulin-like growth factor-I) leads to an increased neurogenesis in the subventricular zone and dentate gyrus of adult rats [Wagner et al. 1999, Aberg et al. 2000]. 

Hemato-and granulopoietic growth factors, such as erythropoietin (EPO) and granulocyte - colony stimulating factor (G-CSF) do not only control the proliferation and differentiation of progenitor cells of hematopoiesis, but also have a neuroprotective and neurotrophic effect. Several animal studies have shown that there were different effects of EPO and G-CSF on neurons. These effects are mainly mediated by specific receptors (EPOR and G-CSFR). Therefore, it is postulated that the brain might have a specific, local EPO / EPOR and G-CSF/G-CSFR – system [Dame et al. 2001, Sirén et al. 2001 Schäbitz et al. 2003, Ghezzi et al. 2004, et al Jelkmenn. 2004, Maiese et al. 2005 Schäbitz et al. (Unpublished results)]. Since G-CSF can cross the blood-brain barrier, a direct effect of systemically administered G-CSF to the cerebral G-CSF receptor is possible,  [Schäbitz et al. (Unpublished results)]. Experimental studies have demonstrated that treatment with G-CSF in mice or rats with brain ischemia can improve motor function [Schäbitz et al. 2003, Shyu et al. 2004, Gibson et al. 2005 Schäbitz et al. (Unpublished results)]. Even mice with an autoimmune encephalomyelitis have benefited from a treatment with growth factors [Zhang et al. 2005]. 

The expression of growth factors in the cortex and in the hippocampus decreases with age [Chung et al. 2004]. In animal experiments we could demonstrate that G-CSF stimulates neurogenesis in the dentate gyrus of adult rats, which points to a promoting effect of neurogenesis in the adult brain [Wang et al. 2004]. 
The influence of neurogenesis in the adult hippocampus to memory functions is not yet clear. However, it was recently demonstrated that newly generated neurons in the adult mammalian brain could mature to functioning neurons [Van Praag et al. 2002].
Amyotrophic lateral sclerosis (ALS) is a devastating neurodegenerative disease that results in progressive loss of motoneurons, motor weakness and death within 1 to 5 years after disease onset. Meanwhile it is known that the neurodegenerative changes in ALS are not limited to motor neurons. ALS patients also suffer from cognitive impairment in multiple domains, including memory dysfunction. The incidence (incidence rate per year) of ALS is 1.2 to 1.8 / 100000 and is much higher than previously assumed [Strong et al. 2003]. Therapeutic options remain limited despite a substantial number of approaches that have been tested clinically. Since the exact disease-causing mechanism(s) is unclear at present, a rational approach is to give general trophic support to motoneurons, e.g. by growth factors. Various neurotrophic factors have been investigated. Failure in these trials has been largely ascribed to problems of insufficient dosing or inability to cross the blood-brain barrier (BBB). Unpublished data have recently shown that treatment with G-CSF could improve motor function and prolonged survival in an animal model of ALS.
- Prior studies?
Several animal studies exist that have shown the neuroprotective and neurotrophic effects of G-CSF [Schäbitz et al. 2003]. In these studies systemically applicated G-CSF - similar to EPO – prevented the programmed cell death (apoptosis counteracts) of nerve cells, and thus demonstrated a neuroprotective effect. Furthermore, it was shown that the expression of G-CSF/G-CSFR increased after G-CSF application in ischemic brain tissue (especially in the penumbra). Treatment with G-CSF has resulted in a reduction of infarct volume and improved clinical outcome (recovery of sensory-motor functions). Interestingly, in the preliminary animal studies have also demonstrated that the administration of G-CSF do not only increase neurogenesis in the dentate gyrus of experimental animals suffering from a stroke, but also in all healthy animals.
-What should be investigated?
This study is designed as a pilot study to evaluate whether the systemic subcutaneous application of G-CSF could positively affect motor skills and neurocognitive deficits in patients with ALS and whether actual structural cerebral changes could be detected by diffusion weighted MRI.
2. Experimental design and methods

To assess motor, the Jebsen Taylor Test is conducted. The Jebsen-Taylor Test (JTT) is a frequently applied clinical and research test for the validation of hand functions that are needed in everyday life [Jebsen et al. 1969, Hackel et al. 1992]. The test examines both the dominant as well as the non-dominant hand with a series of seven subtests related to activities of daily living.
The neuropsychological test battery was designed to assess a full range of cognitive functions and consists of routinely used standardised neuropsychological tests. A detailed description may be found in Lezak et al [Lezak 2004]. Single tests were grouped into three z-transformed composite scores by principal component analysis using an oblique (Oblimin with Kaiser-normalisation) rotation and including coefficients with absolute values above 0.35. The composite scores reflect the cognitive domains of verbal memory, word fluency, and executive functions.

To determine the influence of G-CSF on the central nervous system, MRI scans will be obtained at two time points. The first scan will be done on day 0 (before administration of study medication), the second scan will be obtained on day 100. The patients are examined in a 3-Tesla magnetic resonance imaging (MRI) scanner. High-resolution structural image data of the whole brain will be obtained. In addition, diffusion tensor images were acquired to cover possible microstructural cerebral changes during the study period. The total scanning time is about 35-50 minutes.
In detail, MR-Image data will be obtained on a 3.0 T system with a high resolution structural T1-weighted 3D turbo-field-echo sequence (reconstructed after zero filling to 512x410x320 cubic voxels, edge length 0.5 mm), as well as T2-weighted, and FLAIR imaging. For DTI we employ echo planar imaging (EPI) with 20 diffusion directions (36 slices, thickness 3.6 mm, matrix 128 x 128, inplane resolution 1.8 x 1.8 mm).
MRI examinations were performed at Day 0 and Day 100 of the study.

Furthermore, blood pressure, body temperature measurements and blood samples (blood count, differential blood count, and immune status) are carried out. An increase in absolute white blood cell count to a value> 70000/μl, a hematocrit> 48% or an absolute decrease in platelet count to a value less than <50000/μl will lead to a withdrawal from the study. If the absolute white blood cell count rise to a value greater 50000/μl, or hemoglobin increases more than 2 g / dL or absolute platelet count props to a value less 100000/μl within a few days, daily blood samples are carried out. If necessary, the dose of G-CSF will be adjusted (e. g. halving the dose to 5μg/kg/day).
The study design is shown in Table 1.
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Overall n = 40 participants

- group I

G-CSF application in 20 ALS patients 
- group II

Placebo application in 20 ALS patients
Randomized allocation into three subgroups, each with n = 20:

· Granulocyte – Colony Stimulating Factor (G-CSF)
  
  10
µg/kg/Tag
· Placebo (saline solution)





   0,1
ml/kg/Tag

Day 0

Structured Interview (1 hour)



ALS functional rating scale (ALSFRS)



Neuropsychological testing (2 hours)



Jebsen-Taylor Test (15 min)



Blood pressure and body temperature



Blood collection


MRI

Day 1 - 10
Blood pressure and body temperature


s. c. application of G-CSF/Placebo

Day 2

Blood collection

Day 4

Blood collection
Day 6

Blood collection

Day 8

Blood collection
Day 10

Blood collection

Day 12

Blood collection, Blood pressure and body temperature

Day 17

Blood collection, Blood pressure and body temperature

Day 20 - 25
Blood pressure and body temperature


s. c. application of G-CSF/Placebo

Day 20

Blood collection

Day 23

Blood collection

Day 25

Blood collection

Day 30 
Blood collection


Blood pressure and body temperature


ALS functional rating scale (ALSFRS)



Neuropsychological testing (2 hours)



Jebsen-Taylor Test (15 min)







Day 40

Blood collection


Blood pressure and body temperature
Day 60

Blood collection


Blood pressure and body temperature
Day 80

Blood collection


Blood pressure and body temperature
Day 100
ALS functional rating scale (ALSFRS)



Neuropsychological testing (2 hours)



Jebsen-Taylor Test (15 min)



Blood pressure and body temperature



Blood collection



MRI

- What is the design of the study? Is it

- A pharmacological, clinical pharmacology, clinical or other biomedical study? 
Clinical-pharmacological (administration of growth factors) and biomedical (measurement of motor function, MRI and cognition) study. 
- An open or single-or double-blind study? 
It is a placebo-controlled, double-blind study. 

- Randomized study? 
The allocation of subjects to the different test substances is randomized. 

- Diagnostic, therapeutic, compatibility or exclusive scientific study? 
It is a scientific and therapeutic study. 
- By whom will the participants be medically supervised before, during and after study? (Agreement with the GP, control of other medications?) 
The supervision of the study participants is made by the investigator, Dr. Thomas Duning, medical resident at the Department of Neurology, University Hospital of Münster (UKM). 

- Duration of the study 
The study lasts one to three years. 
- Will interim results be analyzed to detect a trend? What criteria and which consequences are drawn for the participants? 
Because of the double-blind nature of the study no interim results can be analyzed. 

- What kind of documentation is provided? 
Clinical data will be stored as data files. For each subject a test code will be assigned. The assignment list of drugs and codes is maintained by the Pharmacy of the University Hospital of Münster. 

- Is the involvement of a statistician provided and what statistical methods will be used? 
For the major analysis of the data an analysis of variance (ANOVA) with the factors substance group (G-CSF or placebo) and study day will be conducted. If significant group differences appear, further tests using post hoc- analyses will be conducted. 

- Will the medical confidentiality and privacy provisions be respected? 
The medical confidentiality and privacy provisions are respected. 

- Will the trial participants get a fee (expenses paid, etc.)? How much? 
No. 

- Will the participating investigator get a fee? How much? 
No. 

- Number of participants (in case of comparative studies please name the number of patients in each groups sharing) 
A total of up to 40 subjects should be included, 20 in each of the two groups. 

- Age and Gender of participants (please indicate the age of the participant and the upper and lower limits of the exclusion criteria) 
Only subjects who suffer from amyotrophic lateral sclerosis will be included. There is not an age limit. 

- Status: Are the participants 

a) healthy persons? No. 


b) pregnant or breastfeeding women? No. 


c) relevant sufferers? (Please specify the disease and the state) 

Patients with definite amyotrophic lateral sclerosis. 


d) Inpatient or outpatient? Outpatients 


e) Persons suffering from other diseases? (In particular mental illness, 
and are there doubts about the business or legally competence?) No 

- What are other inclusion criteria (for example: allowed concomitant medications)? 
No further inclusion criteria.

- What other exclusion criteria (such as advanced kidney or liver failure, etc. prohibited concomitant medications) are provided? 
Subjects with a WBC> 10000/μl (normal range: 4000-10000/μl be), a hematocrit> 48% or a platelet count <150000/μl (normal range: 150000-450000/μl) at initial blood tests will be excluded. Furthermore, a known allergy to substances used in this study, a congenital neutropenia, an alcohol dependence, and in women of childbearing age, a positive pregnancy test will lead to exclusion. Conditions leading to exclusion are severe rheumatoid arthritis, severe liver and kidney disease, recurrent venous thrombosis, recurrent pulmonary embolism, a refractory arterial hypertension, severe blood disease and myocardial infarction. 

- The risk-benefit ratio: What benefits are expected from the results of the study 


a) for the participants? The trial participants may benefit from a 
possible improvement of the cognitive and motor deficits. 


b) for medicine? The long-term benefit is to improve the 
pharmacological treatment of neurodegenerative diseases with limited 
therapeutic options like ALS.


c) for science? The direct benefit for science is a betterunderstanding 
of the function of neurogenesis and neuroprotection in the adult human 
brain and its pharmacological interference. The results could likely 
transferred to other neurodegenerative disease with cognitive and 
motor deficits.

- Risks of the study: What kind of risks? 
Common side effects (> 10%) of G-CSF are headache, musculoskeletal pain, fatigue, leukocytosis and thrombocytopenia. Both head and bone pain can be successfully treated with paracetamol. Less frequent (<10%) side effects that might occur are elevated alkaline phosphatase and increased lactate dehydrogenase. Rare (<1%) side effects are allergic reactions, a ruptured spleen, increased SGOT, hyperuricaemia or worsening of rheumatoid arthritis. The side effects are related to the administered dose and the time of application. 

- Have criteria been defined which lead to an interruption of the whole trial? If so, what criteria?
The study will be terminated as soon as indicated by the occurrence of serious adverse events described above. These include in particular a splenic rupture, thromboembolic events and severe allergic reactions.

- How are the trial participants be informed about the nature, significance and scope of the study? 
The trial participants are informed about the nature, significance and scope of the study in person and on the basis of standardized consent forms by the investigator.

- How will the trial participants declare their consent to participate in the study?
The consent will be carried out by signature on the patient's consent form.
- What kind of drugs are tested? (Please include the following: name, description, chemistry of the substance, pharmacology, toxicology, pharmacokinetics)
The Granulocyte - Colony Stimulating Factor (G-CSF) is tested. It is a naturally occurring glycoprotein that is produced artificially by recombinant DNA technology. There is a glycosylated (Lenograstim) and a non-glycosylated (filgrastim) form. Lenograstim is produced in ovary cells from Chinese hamsters and Filagrastim in the bacterium Escherichia coli. In our study Filgrastim (r-= metHuG-CSF) is used. The clearance of filgrastim follows a first-order kinetics. The half-life in serum is about 3-4h with a clearance of about 0.6 ml per minute and kg. The maximum serum concentration after subcutaneous administration is achieved after 2-8h. In healthy blood donors a dose of 10 or 2x5 g / kg KG / day is given to mobilize peripheral blood stem cells from bone marrow. The “peak number" of the CD34 + - cells can be detected 5 days after leukapheresis.

A saline solution will be used as placebo substance.

- Is the used substance approved by the Federal Institute for Drugs and Medical Devices? 
The test substance is already used as a drug for different indications. It is also used in healthy people. 
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