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1. INTRODUCTION

1 INTRODUCTION

1.1 NEURODEGENERATION

Neurodegeneration includes diseases, which are able to occur familiar 

or sporadically. The diseases are characterized by a selective progressive 

loss of cells or cell systems in the nervous system. Neurodegeneration is 

to be found in demographic groups all over the world. Different causes 

like toxic substances (favism), autoimmune failure (multiple sclerosis) 

or genetic predisposition (familiar Parkinson’s disease) are responsible 

for the appearance of neurodegeneration in nervous system. Polyge-

netic factors, environment parameters as well as sporadic parameters 

(Alzheimer’s disease) are also causal for appearance of neurodegenera-

tive diseases (Liebau, 2005). Being a heterogeneous group of diseases, 

several different explanatory approaches for causes of disturbance have 

been published.

1.2 NEURODEGENERATION AND STEM CELLS

At the present moment, it is not sure whether neurodegenerative disease 

occur to an abnormal high loss of cells or an imbalance in loss of cells on 

the one hand and in loss of endogenous regeneration on the other hand is 

the cause for appearance of neurodegenerative disease. A possible 

reason for loss of cells could be a toxic damage of cells or a misspro-

gramed cell division. It is also conceivable a suppression of migration or 

differentiation within a population of stem cells, and therefore a missing 

endogenous regeneration (Liebau, 2005). Since discovery of adult stem 

cells, approaches to regenerative therapies of degenerative diseases 

of the nervous system gain importance. 
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1. INTRODUCTION

After fi nding regeneration in damaged or lost tissue in some animal 

experiments after transplantation of autologous, homologous and 

heterologous stem cells in different differentiation stages, an activation 

of existing adult stem cells in the context of stem cell transplantation is 

discussed.

 

1.3 STEM CELLS

Stem cells are defi ned as undifferentiated cells that have the capacity 

both to perpetually self-renew without differentiating and to generate 

multiple types of lineage-restricted progenitors (LRPs). LRPs themselves 

are able to undergo limited self-renewal and ultimately differentiate into 

highly specialized cells. Under certain conditions stem cells are able to 

mature in various cell kinds. Depending on the developement stages one 

is able to divide the cells in embryonic stem cells, embryonic gonad stem 

cells and tissue specifi c fetal and adult stem cells. Embryonic stem cells 

were prepared from undifferentiated cells of fertilised zygote, reaching 

the 8-cell-stadium. Embryonic gonad stem cells are from the progenitors 

of the gametes of embryos. Adult or fetal stem cells are dissected from 

different tissues of adult organism. Feature of all stem cells is their divi-

sion potential and the ability to differentiate to one or more cell types. 

This ability is variable bold in embryonic, fetal and adult stem cells 

(Liebau, 2005).

1.4 CLASSIFICATION OF STEM CELLS

Stem cells are classifi ed due to origin and localization of their different 

types.
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1. INTRODUCTION

1.4.1 TOTIPOTENT AND PLURIPOTENT 
 EMBRYONIC STEM CELL 

The term embryonic stem cell includes each cell of an embryo, which 

has the ability both to undergo self-renew without differentiating and to 

generate highly diverse types of progenitors (= pluripotent cells). There 

are existing totipotent embryonic stem cells, which are able to evolve a 

full-fl edged individual (Nagy, Rossant et al. 1993). Stadium of totipotency 

is probably ending in the eight-cell-stadium of embryogenesis. Pluripo-

tent cells are won from cells which have reached the eight-cell stadium or 

still have to run through this stadium. These cells have still the capacity 

to undergo self-renew and are able to differentiate to all cell types of the 

human species. In contrast to totipotent cells, pluripotent cells are not 

able to evolve a full-fl edged individual (Mountford, Nichols et al. 1998). 

1.4.2 PLURIPOTENT EMBRYONIC GONAD CELLS 

Embryonic gonad stem cells could be won from precursor cells of ovum 

or sperm cells.

1.4.3 PLURIPOTENT FETAL STEM CELLS

During embryogenesis and separation of cells in the cotyledons, stem 

cells generate higher specifi city and lower potential for differentiation. 

However, there were indices that these cells could abandon this commit-

ment and show a higher plasticity (Hermann and Storch 2004). 
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1. INTRODUCTION

1.4.4 MULTIPOTENT ADULT OR TISSUE-SPECIFIC
 STEM CELLS

The neural stem cell was detected in 1992 by Reynolds and Weiss. 

(Reynolds and Weiss 1992). Stem cells which are only in specifi c tissue 

are characterized by the potency of self-renew and progression of speci-

alized cell types in a tissue (Storch, Paul et al. 2001). As cells in organism 

are subordinated to permanent self-renew, the ability to form new cells 

is not only necessary during embryogenesis and evolution. For this inten-

tion tissue and organs like skin, hair, blood or intestine need self-renew 

constantly. Therefore they have regenerative stem cells, so called adult 

stem cells. The same applies to tissue with lower rate of self-renew, like 

the nervous system (Reynolds and Weiss 1992).

1.4.4.1  MESENCHYMAL STEM CELLS

Mesenchymal stem cells have their origin in mesoderm cell populations. 

Mesenchymal stem cells are a heterogeneous population with different 

origin and tasks (Colter, Sekiya et al. 2001). These cells have the ability 

to differentiate in fat, bone or cartilaginous cells. (Friedenstein, Gorskaja 

et al. 1976). 

1.4.4.2  NEURAL STEM CELLS

The cells are also able to fulfi ll conversion to another cotyledon 

(Hermann et al. 2004). Neural stem cells (NSCs) are defi ned as undiffe-

rentiated cells originating from the neuro-ectoderm that have the capaci-

ty both to perpetually self-renew without differentiating and to generate 

multiple types of lineage-restricted progenitors (LRPs). 
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1. INTRODUCTION

LRPs themselves are able to undergo limited self-renewal and ultima-

tely differentiate into highly specialized cells, that make up the nervous

system. Under certain conditions stem cells are able to mature in 

various cell kinds. Adult or fetal neural stem cells could be dissected 

from neural tissues of adult organism (Storch, Lester et al. 2003). 

Feature of all stem cells is their division potential and the ability to 

differentiate to one or more cell types. This ability is variable bold in 

embryonal, fetal and adult stem cells. Neural stem cells have the 

competence to divide and differentiate to neurons, astroglia and 

oligodendroglia in direct differentiation (Yaworsky and Kappen 1999; 

Vogel, Grunebach et al. 2003). As in neurodegenerative diseases

a progressive loss of neurons and loss of regeneration could lead to 

severe consequences (mentioned above), working with these cells 

contains the possibility to research basics of the therapy of neurodegene-

rative and cerebrovascular diseases. 

1.5 THE RELEVANCE OF GABA AND GABA-RECEPTOR
 FAMILY IN THE DEVELOPPING BRAIN

Gamma-aminobutyric-acid (GABA) is the principal inhibitory neurotrans-

mitter in the brain. Apart from an important role in the synaptic trans-

mission, GABA also provides signaling indices in the developing nervous 

system. The GABAA-receptor is crucial participating in regulating the diffe-

rentiation and proliferation of neural progenitor cells (Wegner et al. 2008).

The signaling function of the anion permeable GABAA-receptor is depen-

ding upon the developmental stage (Ben Ari, 2002; Ben Ari et al. 2007). 

Because of higher intracellular chlorid-concentration in the immature neu-

rons the activation of GABA-receptors leads to excitation. In adults one can 

observe the inhibitory function of the receptor. The progressive decrease 

of the intracellular chlorid concentration illustrates the switch in function.
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1. INTRODUCTION

GABAA-receptor mediated events are important to regulate neural stem 

cell proliferation in the developing cortex (Lo Turco et al. 1995; Liu et al. 

2005) and in the adult subventricular zone. This fact supports the hypo-

thesis that GABA regulates the formation of neurons and cortical units 

(Wang et. al. 2008). Neural stem cells often express surface epitopes

characteristic for example differentiation or apoptosis. In the focus of this 

dissertation stands a receptor called GABAA-receptor γ2. To under-

stand the function of the GABAA-receptor γ2, it is necessary to know the 

subtypes of the GABA-receptor family. Therefore we have to range the 

affected receptor.

1.6 THE FAMILY OF GABA-RECEPTORS

1.6.1 DEFINITION OF GABAA-RECEPTORS

GABA is the major inhibitory neurotransmitter in the brain. The recep-

tor subtypes are divided into ionotrop GABAA- and metabotropic GABAB-

receptors. GABAA-receptors represent chloride channels that intercede 

the major form of fast inihibitory transmission in the central nervous 

system (Olson and Sieghart 2008). GABAA-Rs are activated by GABA 

and selective agonist like muscimol. They are blocked by bicuculine and 

modulated by benzodiazepines, barbiturates and other CNS depressants 

(Mac Donald and Olson 1994). GABAB-receptors are activated by GABA, 

but are not sensitive to typical GABAA-R-ligands, such as muscimol. 

GABAB-Rs couple to different effector systems, e.g. G-protein mediated. 

Other effects are the activation of K+ channels, or the inhibition of high 

voltage-activated Ca2+ channels, modulating the regulation of cyclic AMP 

or inositol phosphate (Mac Donald and Olson 1994; Bowery et al. 2002). 

GABAA-Rs are chloride channels that are gated by GABA and mediate 

rapid phasic inhibitory synaptic transmission (Olson and Sieghart 2008). 
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system (Olson and Sieghart 2008). GABAA-Rs are activated by GABA 

and selective agonist like muscimol. They are blocked by bicuculine and 

modulated by benzodiazepines, barbiturates and other CNS depressants 

(Mac Donald and Olson 1994). GABAB-receptors are activated by GABA, 

but are not sensitive to typical GABAA-R-ligands, such as muscimol. 

GABAB-Rs couple to different effector systems, e.g. G-protein mediated. 

Other effects are the activation of K+ channels, or the inhibition of high 

voltage-activated Ca2+ channels, modulating the regulation of cyclic AMP 

or inositol phosphate (Mac Donald and Olson 1994; Bowery et al. 2002). 

GABAA-Rs are chloride channels that are gated by GABA and mediate 

rapid phasic inhibitory synaptic transmission (Olson and Sieghart 2008). 
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1. INTRODUCTION

The receptors are abundant in the nervous system of all organisms with a 

nervous system, also in invertebrates (Buckingham et al. 2005). In view 

of their widespread localization in the nervous system, the GABAA-Rs play 

an important role in the physiological function of the brain and function 

also as a target of certain drugs (Olson and Sieghart 2008). 

1.6.2 IONOTROPIC GABA-GATED ANION CHANNELS

GABAA-receptors in the mammalian species are all anion-selective chan-

nels. As the chlorid equilibrium potential in most neurons is near the 

resting membrane potential and the concentration of chloride within 

the neurons is lower than in the extracellular space, increased chlori-

de permeability reduces neuronal excitability (Martin and Olson 2000). 

Depending on the expression of chlorid transporters, intracellular chlorid

concentration can increase. This is leading to a chlorid equilibrium 

potential that is less negative than the resting membran potential. 

Therefore, an activation of the GABAA-Rs can lead to a membrane depo-

larization, possibly suffi cient to excitation (Olson and Sieghart 2008).

 
1.6.3 CYS-LOOP PENTAMERIC LIGAND-GATED ION   
 CHANNEL SUPERFAMILY 

Like the nicotinic aectylcholine receptors, GABAA-Rs are part of the 

Cys-loop penatameric ligand-gated ion channel superfamily (Corringer et 

al. 2000). Whereas the nicotinic acetylcholin receptor is a cation-selective 

channel and thus excitatory, the GABAA-R is an anione channel and thus, 

with the exceptions noted above, mediates inhibiton (Olson and Sieg-

hart 2008). This receptor family is constructed as pentameric membrane-

spanning proteins with a central pore forging the ion channel through the 

cell membrane (Figure 1). 
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1. INTRODUCTION

Each subunit is composed of a long N-terminal extracellular hydrophilic 

region, ensued by four transmembrane alpha-helices (M1-M4). Between 

the transmembrane domain M3 and M4 are to be found a large intracel-

lular loop. The subunit ends with a short extracellular C-terminal domain. 

M2 is building the coating of the ion channel. It is possible that M1 is 

involved in the lining of the ion channel (Olson and Sieghart 2008; Cor-

ringer et al. 2000).

 

 FIGURE 1:
 Schematic drawing of a Cystein-loop pentameric ligand-gated ion channel. The different 
 colours (green, red, and blue) show different subunits of gamma-aminobutyric-acid-
 receptors. The fi gure was adapted to the individual needs. (Olson and Sieghart, International 
 Union of Pharmacology. LXX. Subtypes of y-Aminobutyric AcidA Receptors: Classifi cation on
 the Basis of Subunit Composition, Pharmacology, and Function. Update, Pharmacological 
 Reviews 60, 2008, p. 245)
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1. INTRODUCTION

1.6.4 THE GABAA-RECEPTOR FAMILY OF 19 GENES

After sequencing of the human genome, it was shown, that there

exist 19 genes for GABAA-Rs (Simon et al. 2004) (Figure 2). Including 

sixteen subunits (α1-6, β1-3, γ1-3, δ, ε, θ, τ), taken together as GABAA

and 3 ρ subunits. Some sequences of the GABAA-Rs are resembling, 

for example ε to γ. This circumstance implies an evolutionary relationship 

(Olson and Sieghart 2008).
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 FIGURE 2:
 The known 19 genes for human gamma-aminobutyric-acid-A receptors portrayed in a 
 dendrogramm. The distances are proportional to the degree of sequence identity between 
 different homologous subunits. Greek letters show families of high identity. Subunits with 
 different Greek letters show also homology but lower sequence identity (Adapted to 
 individual needs; Reproduced from Simon, J., Wakimoto, H., Fujita, N., Lalande, M.; 
 and Barnard, E., A., Analysis of the set of gamma-aminobutyric-acid-A receptor genes
 in the human genome, J Biol Chem 279, 2004, pp. 41422-41435).
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1. INTRODUCTION

1.6.5 THE ρ SUBUNITS AND GABAC-RECEPTORS

The previous so called “GABAC-receptors”. This based on a distincti-

ble pharmacology. While GABAA-Rs could be blocked by bicuculline and 

GABAB-Rs could be activated by baclofen, the “GABAC-receptors” did not 

appropriate in these categories (Olson and Sieghart 2008). The cloning 

of some GABA-Rs showed that the 3 ρ subunits are closely related in 

their characteristics to the GABAA subunit family. Because of having close 

structural similarities to other GABAA-receptor subunits the ρ receptors 

were ranged in the GABAA-R family (Olsen and Sieghart 2008).

1.7 BASIS OF RECEPTOR CLASSIFICATION

In this chapter a graduation of the receptor subtypes in structure and 

function is discussed.

1.7.1 GABAA-RECEPTOR FAMILY 
 (HOMOLOGY OF STRUCTURE AND FUNCTION)

The members of the family are homologous in the specifying membrane 

domains and at the functionional domain level (Sigel and Buhr, 1997; 

Corringer et al., 2000; Olsen and Sawyer, 2004; Sine and Engel, 2006; 

Olson and Sieghart, 2008). The GABAA-receptor subunit genes consist of 

a family of 19 subtypes. In some GABAA-receptor subunits splice variants 

have been found, primarily γ2 (Whiting et al., 1990;). The γ2 splice vari-

ants show a differential abundance in different brain regions (Guitterrez 

et al., 1994; Meier and Grantyn, 2004). Furthermore the variants show 

differential aging-related changes in their level of expression (Guitterrez 

et al., 1996).
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1. INTRODUCTION

1.7.2 HETEROPENTAMERIC ARRANGEMENT 
 LEAD TO HIGH SUBTYPE HETEROGENEITY

The determining factor of the wide pharmacological profi le of GABAA-

receptor is the arrangement as a heteropentameric formation. 

Most GABAA-receptor subtypes are pieced together from copies of

a single α, two single β and one copy of another subunit, e.g. θ or γ

(Sieghart and Sperk 2002; Olsen and Sawyer, 2004). Up to now few 

combinations could be identifi ed in situ (Olsen and Sieghart 2008). 

1.7.3 EVIDENCE FOR SUBTYPES

It was found, that combinations with α and β subunits, and with α, β, 

and γ subunits, are the prevalent native combinations in the CNS 

(Barnard et al. 1998).

1.7.3.1 THE ALPHA SUBUNITS

Often binding to its partners β2 and χ2, the α1 subunit is the most 

common of the α-subunits (Sieghart and Sperk, 2002). The α2 and α3

subunits show moderate distribution in the CNS. The subunit α5 is

rarely expressed in the hippocampus (Pirker et al., 2000; Sieghart 

and Sperk, 2002). The subunit α4 and α6 show high expression in the 

forebrain and the cerebellum (Olson and Sieghart, 2008). 

1.7.3.2 THE BETA SUBUNITS

Among these subunit, β2 is most abundant and β1 is least common.

It is to be found a high expression of β3, but more discrete 

(Sur et al., 2001).
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1. INTRODUCTION

1.7.3.3 THE GAMMA SUBUNITS

The major incidence of GABAA-Rs in the CNS include the γ2 subunit. In 

rat brain this is the most common subunit (Wisden et al.,1992; Laurie et 

al., 1992; Persohn et al. 1991,1992). The γ2 subunit maintains 75-80 % 

of GABAA-Rs (Whiting et al., 2000; Sieghart and Ernst, 2005). For only a 

few GABAA-Rs subunits splice vaiants have been described, primarily γ2 

(Whiting et al. 1990). The splice variants of this receptor differ only in an 

eight-amino acid stretch of the large intracellular loop, that is missing in 

γ2S and present γ2L subunit. Nevertheless, no functional consequences 

has been demonstrated. Both γ2 splice variants have been proven. They 

show different spreading in different brain regions (Gutierrez et al, 1994; 

Meier and Grantyn, 2004). The γ1 and χ3 subunits are rare, still roles in 

discrete brain regions have been described (Olsen and Sieghart, 2008).

1.7.3.4 THE OTHER “MINOR” SUBUNITS

The “minor” subunits e.g. δ-subunit are thought to replace δ in the 

pentamer. For example the δ-unit is combined with an α6 subunit 

in the cerebellar granule cells. The ε-subunit is also able to substute 

γ- or δ-subunits. The θ- and π-subunits are sparsely characterized 

(Olsen and Sieghart, 2008).

1.8 OBJECT OF THE DISSERTATION

Investigations of neural stem cells involves working with a heterogeneous 

culture. This dissertation tempts to establish a method for cell separation 

of neural stem cells using magnetic activated cell sorting (MACS). It is 

now the task to work out, whether MACS of neural stem cells is a possible 

method to separate and generate multiple types of LRPs and NSCs. 
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1. INTRODUCTION

Furthermore we aimed to work out incidental problems and benefi ts of 

using magnetic cell sorting. Based on the importance of the GABAA-recep-

tor in the maturation, differentiation and proliferation of the developping 

brain, the dissertation focussed on a GABAA-receptor subtype, namely 

GABAA-receptor gamma 2. Being the most common subunit in rat brain 

(Wisden et al., 1992; Laurie et al., 1992; Persohn et al. 1991, 1992) we 

tried to isolate fetal neural rat stem cells expressing the GABAA-receptor 

gamma 2 from different types of LRPs with the method called magnetic 

activated cell sorting (MACS). 
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2. MATERIAL UND METHODS



 

2 MATERIAL UND METHODS

2.1 MATERIAL

2.1.1 SUBSTANCES

Used substances  Company

• DAPI  AppliChem GmbH, 
   Darmstadt, Germany

• Paraformaldehyd (PFA)  BASF-group, 
   Ludwigshafen, Germany

• EDTA  Biomol GmbH, 
   Hamburg, Germany

• Antibiotic-antimycotic  Invitrogen GmbH, 
• B27 without vitamin A  Karlsruhe, Germany
• DMEM-F12, 
 (Low-Osmolality) Medium
• Dulbecco’s modifi ed 
 eagle medium (DMEM)
• EGF-human
• EGF-mouse
• Glutamax
• Goat-serum
• Heparin
• Natriumhydroxid (NaOH)
• Non-essential amino acid

• AutoMACS rinsing solution  Milteny Biotec GmbH, 
• MACS BSA stock solution  Bergisch Gladbach, Germany

• Phosphat buffered saline (++)  PAA laboratories GmbH, 
• Phosphat buffered saline (--)  Pasching, Austria

• HBSS-Puffer  PAA, 
   Cölbe, Germany

• Triton X  Santa Biotechnology, 
   Santa Cruz, USA

 

 TABLE 1: 
 On the left side of the table the ready made substances are listed, on the right side   
 one can see the company.
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2. MATERIAL UND METHODS



 

 

2.1.2 ACCESSORIES

 
Used substances  Company

• Picture frame glasses   BioRad, 
   München, Germany

• Syringe 10 ml  Codan Medical, 
   Rödby, Germany

• Lens paper  Mel Sobel Microscopes, 
   New York, USA

• Menzel glasses  Menzel GmbH, 
   Braunschweig, Germany

• MS Columns   Miltenyi Biotec, 
• Pre- Separation Filters  Bergisch Gladbach, Germany

• Bottle for cell culture   Nunc, Wiesbaden, Germany
• Pasteur Pipette 
• Steril fi lters

 TABLE 2: 
 On the left side of the table used accessories are listed, on the right side the company.

All cell culture tubes were acquired from NUNC™ (Wiesbaden, Germany). 

The plastic material, like tubes, pipettes and boxes were produced by 

EPPENDORF™ (Eppendorf, Germany).

Used substances  Company

• D-Glucose solution  Sigma-Aldrich,
• Poly-L-Lysin  Taufkirchen, Germany

• Vecta mount  Vector laboratories,
   Burlingame, Canada

• Bovine serum albumin (BSA)  Witeg Labortechnik GmbH, 
   Wertheim, Germany
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2.1.3 APPARATURES

Used apparatures  Company

• Glas coverslips  BioRad, 
   München, Germany

• Neubauer counting chamber  Brand, 
   Wertheim, Germany

• Pipettes   Eppendorf, 
 P10; P20; P100; P200; P1000  Hamburg, Germany

• Gas incubator   Heraeus, 
   Osterode, Germany

• Centrifuge Biofuge pico  Heraeus-Kendro, 
• Heraeus- Zentrifuge  Hanau, Germany

• Pipettboy   Hirschmann,
   Eberstadt, Germany

• OctoMACS Separator   Miltenyi Biotec, 
   Bergisch Gladbach, Germany

• Sterile bench   Nunc, 
   Wiesbaden, Germany

• Compressor  Remeza, 
   Essen, Germany

• Beakers   Schott,
 50; 100; 500; 1000 ml  Mainz, Germany

• Microscope   Zeiss, 
   Oberkochen, Germany

 TABLE 3: 
  On the left side of the table used apparatures are listed, on the right side the company.
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2.1.4  ELECTRONIC DATA PROCESSING

2.1.5 ANTIBODIES AND MICROBEADS

  
Used electronic software   Company

• Adobe Photoshop CS2   Adobe Systems,
• Adobe InDesign CS2  Inc., United States
• Adobe Illustrator CS2

• AxioVision Rel. 4.6  Zeiss, 
   Oberkochen, Germany

 TABLE 4: 
 On the left side of the table used computer and data processing software is listed,
 on the right side the company.

  
Used antibodies   Company

• Polyclonal antibody rabbit to   Abcam, 
 GABAA-receptor gamma 2  Cambridge, United Kingdom
 -extracellular domain 
 (ab49961)

• Goat Anti-Rabbit  Miltenyi Biotec,
 IgG MicroBeads  Bergisch Gladbach, Germany

 TABLE 5: 
 On the left side of the table used antibodies for magnetic cell sorting are listed, 
 on the right side the company.
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• GFAP polyclonal antibody  Millipore GmbH,
 Rabbit (ab 5804)  Schwalbach, Germany

• Nestin mouse monoclonal   Millipore GmbH, 
 antibody (MAB 353)  Schwalbach, Germany

Secondary antibodies:

• Alexa fl uor 568 anti-mouse  Invitrogen,
   Karlsruhe, Germany

• Alexa fl uor 488 anti-rabbit  Invitrogen,
    Karlsruhe, Germany

• DAPI  Polysciences,
   Europe

 

 

 TABLE 7: 
  On the left side of the table the used antibodies for immunostaining are listed, 
 on the right side the used concentrations.

Used antibodies   Concentration

Primary antibodies:

• Polyclonal antibody rabbit to  1:100
 GABAA-receptor gamma 2    
 (ab 49961)

• GABA antibody mouse  1:500
 (A 0310)  

• GFAP polyclonal antibody  1:1250 
 Rabbit (ab 5804)

• Nestin mouse monoclonal   1:200 
 antibody (MAB 353) 

Secondary antibodies:

• Alexa fl uor 568 anti-mouse   1:500

• Alexa fl uor 488 anti-rabbit  1:500
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2. MATERIAL UND METHODS

2.2 METHODS

2.2.1 CELL CULTURE, TISSUE PREPARATION
 AND CELL ISOLATION

To isolate rat cells, tisssue is obtained from rat mesencephalon. 

The cell aggregates are given in 500 ml HBSS-puffer containing

one percent glucose solution. After centrifugating with 1500 Units for 

2 minutes the supernatant is rejected. 2 ml substitute of trypsin is 

given onto the tissue. After 20 minutes the trypsin reaction is stopped by 

adding dissection solution. The solution is centrifugated with 1500 U for 

2 minutes and the supernatant is aspirated completely. In the next step 

1 μl DNAse per 2 ml HBSS is given to the cell pellet. After 10 minutes 

the pellet is centrifugated for 2 minutes at 1500 U. The supernatant is 

aspirated and CM is given to the cells.

2.2.2  PRINCIPLE OF MAGNETIC 
 ACTIVATED CELL SORTING

2.2.2.1 GENERAL INFORMATION

Magnetic activated cell sorting (MACS) is a method to separate cells of 

interest from other cells. MACS is based on MACSTM Separator, MACSTM 

Columns and MACSTM MicroBeads. A MACSTM Separator is a strong per-

manent magnetic fi eld. The MACSTM columns are placed on the separator. 

A high-gradient magnetic fi eld is induced on the columns. The cells of 

interest are labeled by MACSTM MicroBeads. MicroBeads are magnetic 

particles coupled to specifi c antibodies, that are binding to antigens on 

the cell surface. The cell solution is incubated with the beads and then 

given onto the colums. The magnetic fi eld is strong enough to retain cells 

of interest labeled with MACSTM MicroBeads. These cells can be used for 

further experiments.
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2.2.2.2 DIRECT MAGNETIC CELL LABELING

Direct magnetic cell labeling includes only one labeling step. The cells of 

interest are labeleld by a specifi c antibody, which is directly coupled to 

a magnetic particle (MACSTM MicroBeads). These MicroBeads are targe-

ted against surface epitopes of cells from different species, such as rat, 

human and mouse (Figure 3; Figure 4). 

 FIGURE 3:
 Schematic drawing of the composition of a magnetic activated cell sorting MicroBead. 
 A specifi c antibody (in black) is directly coupled to a magnetic particle (in blue).

 FIGURE 4:
 Cells of interest (blue) are expressing specifi c extracellular receptors (gray triangles). 
 The cells are directly labeled by magnetic activated cell sorting MicroBeads. Cells not having 
 this specifi c surface properties (cells in red, yellow and green) are not labeled by the beads.
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2.2.2.3  INDIRECT MAGNETIC CELL LABELING

MicroBeads are not available for all cell surface markers. Therefore it is 

not possible to the cells of interest directly. The cells are labeled with a 

monoclonal or polyclonal primary antibody. The primary antibody could 

be unconjugated, biotinylated, fl ourochrome-conjugated or conjugated to 

streptavidin. Secondly, the cells are labeled by using Anti-Immunglobulin, 

Anti-biotin, Anti-Streptavidin or Anti-Fluorochrome MicroBeads (Figure 5).

 FIGURE 5:
 Schematic drawing of potential antibodies for indirect magnetic cell sorting. 
 Cell of interest (blue) can be coupled to different primary antibodies (on the left side of
 the drawing). After incubating the cells with primary antibody the cells are labeled 
 with different MicroBeads using the primary antibody as target (right side of the drawing).
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2. MATERIAL UND METHODS

2.2.3 MEDIUM AND BUFFER PREPARATION

2.2.3.1 PLATE MEDIUM (50 ML):

For preparing 50 ml plate medium a 50 ml tube is used. In this tube are 

given 500 μl antibiotic antimycotic, 500 μl Glutamax, 500 μl non-essen-

tial amino acids (NEAA), 1000 μl B27 without Vitamin A, 15.5 ml DMEM, 

32 ml DMEM-F12 (LowOsmolality)-Medium.   

PM (50 ml):

500 μl Anitbiotic antimycotic 

500 μl  Glutamax

500 μl  NEAA

1000 μl  B27 ohne Vitamin A

15.5 ml  DMEM

32 ml  DMEM-F12, (Low Osmolality)
  Medium

2.2.3.2 MEDIUM FOR CELL CULTURE (CM)

To the compounded plate medium EGF-Mouse is added in a concentrati-

on 1:50. EGF-Human is added 1:500. To fi nish the CM, Heparin is added 

1:1000. The prepared cells are diluted with 5 ml medium for cell culture 

(CM) in a 15 ml tube. 

CM (50 ml):

Platemedium (50 ml)

+  EGF-Mouse 1:50

+  EGF-Human  1:500

+  Heparin  1:1000
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2. MATERIAL UND METHODS

2.2.3.3 SELFMADE-MACS BUFFER (50 ML)

Prepare 50 ml solution containing phosphate-buffered salin (PBS) pH 7.2, 

0.5 percent bovine serum albumin (BSA) and 2 mm EDTA. Degas buffer by 

applying vacuum with buffer at room temperature.

2.2.3.4 MACS BUFFER FROM THE FABRICATOR

Prepare also a buffer solution by diluting MACS BSA Stock Solution 1:20 

with autoMACS Rinsing solution (2.5 ml MACS BSA Stock Solution and 

47.5 ml autoMACS Rinsing Solution) from the fabricator. Degas buffer by 

applying vacuum with buffer at room temperature (Figure 6; Figure 7). 

After that keep the buffer cold (2-8°C).

MACS buffer (50 ml):

2.5 ml MACS BSA Stock Solution

47.5 ml autoMACS Rinsing Solution

  ratio 1:20

  steril fi ltered and degassed 

  keep buffer cold (2-8°C) 
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2. MATERIAL UND METHODS

 FIGURE 7:
 Schematic drawing of a apparature to degas buffer by applying vakuum with a high 
 pressure compressor (in blue). The compressor induces a suction necessary to degas buffer
 (left side of the drawing). 

 FIGURE 6:
 Photo of apparature to degas buffer by applying vacuum with a high pressure compressor   
 (in blue). 

buffer air bubbles 
dissolved in buffer

air bubbles

Degassed buffer

tube

compressor

electricity

- 24 - 

2. MATERIAL UND METHODS

 FIGURE 7:
 Schematic drawing of a apparature to degas buffer by applying vakuum with a high 
 pressure compressor (in blue). The compressor induces a suction necessary to degas buffer
 (left side of the drawing). 

 FIGURE 6:
 Photo of apparature to degas buffer by applying vacuum with a high pressure compressor   
 (in blue). 

buffer air bubbles 
dissolved in buffer

air bubbles

Degassed buffer

tube

compressor

electricity

- 24 - 
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2.2.4  SAMPLE PREPARATION

The diluted cells are centrifuged for 2 minutes with 1500 U at 4°C 

in a Heraeus-centrifuge (Heraeus-Kendro, Hanau). The supernatant is 

aspirated completely with a pipette. The cell peletts were diluted with 

2 ml CM. For sample preparation, cell peletts were isolated by using a 

pasteur pipette (Figure 8). To obtain a single cell suspension the MACS 

pre-separation fi lter is placed on a suitable 15 ml tube. The pre-separati-

on fi lter is humidifi ed by pipetting 500 μl of MACS buffer in the reservoir. 

The cell suspension is pipetted into the reservoir of the pre-separation 

fi lter. The fi lters can be directly placed on the tubes (Figure 9). The cells 

were caught in this 15 ml tube. Allow the cell suspension to run through 

and wash three times with 500 μl MACS buffer. Then centrifuge the cell 

sample at 4°C and 1500 U for 2 minutes. The cell pelett is resuspended 

with 500 μl CM. The temperature of the solution should be 2-8°C.

 FIGURE 8: 
 Schematic drawing of a pasteur pipette. 
 Correct handling is essential for suffi cient 
 sample preparation.

Rubber bulb

Reservoir

Membrane

Funnel

 FIGURE 9: 
 Schematic drawing of a pre-separation fi lter
 consisting of reservoir, membrane and funnel. 
 The fi lters are placed directly on the tubes.
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2.2.5  MAGNETIC ACTIVATED CELL SORTING 
  LABELING PROCESS

2.2.5.1  GENERAL INFORMATION

After preparation of this single-cell suspension it is necessary to count the 

cells with a Neubauer counting chamber. To prepare the counting chamber 

the surface is cleaned with lens paper. The coverslip is also cleaned. The 

coverslip is placed over the counting surface prior to application of cell 

suspension. Only a small, defi ned proportion of the suspension is introdu-

ced into one of the V-shaped wells with a pasteur or other type of pipette.

The area under the coverslip fi lls by capillary action (Figure 10).

 FIGURE 10:
 Schematic drawing of a Neubauer counting chamber.

ground plate

title block

grid

middle bridge

interference line

coverslip

An appropriate amount of liquid is applied, so that the mirrored surface 

is just covered. The prepared counting chamber is then given on the 

microscope stage and the counting grid is brought into focus at low power 

(Figure 11; Figure 12). The volumes for magnetic labeling cited 

below are for 107 total cells. All reagent volumes must be scaled up 

when working with higher cell numbers. For example, when working with 

3*107 cells use three times as much. Then centrifuge the cell sample at 

4°C and 1500 U for 2 minutes. The cell pelett is resuspended with 

500 ml CM. The temperature of the solution should be 2-8°C. 
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 FIGURE 11:
 Counting of cells with a counting chamber. Only cells in red run into the result.

 FIGURE 12:
 Counting of cells with a counting chamber. 
 To make counting easier the sight should be structured.
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2.2.5.2  LABELING CELLS WITH A PRIMARY ANTIBODY
 FOR INDIRECT MAGNETIC CELL LABELING

First the single cell solution (cf. 2.2.2.2) is labeled with a primary 

antibody, directed against (Figure 13) a syntetic peptide with 

the sequenze “QKSDDDYEDYASNKT(C)” corresponding to N-terminal 

amino acids 40-54 of rat GABAA-receptor gamma 2 (ab 499961, Abcam,

Cambridge), produced in rabbit. This polyclonal antibody reacts with 

mouse, rat, cow and human species. For direct cell surface staining the

company Abcam (Cambridge) recommends 1:100-1:10000. In this case

antibody is used in a concentration 1:100. The cells are labeled for

5 minutes at 4-8°C. To remove the unbound primary antibody, cells are

washed by adding 1-2 ml of MACS buffer. After that the cells are

centrifuged at 1500 pm for 10 minutes at 4°C and the supernatant

is aspirated with a pipette and discarded. 

 FIGURE 13:
 Cells of interest (in blue) are labeled with a polyclonal primary antibody (black narrow) 
 having gamma-aminobutyric-acid-A receptor gamma 2 as target (gray triangles). Cells not 
 exprimating this receptor were not labeled by this antibody (in green, red and yellow).
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receptor gamma 2 

Cells exprimating 
GABAA-receptor 
gamma 2
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2.2.5.3  INDIRECT MAGNETIC CELL LABELING WITH
 MACS MICROBEADS

The resulting cell pellet is diluted with 80 μl MACS buffer. 20 μl Goat Anti-

Rabbit IgG MicroBeads (Miltenyi Biotec, Bergisch Gladbach, Germany) is 

added to this solution. It is necessary to thoroughly mix the solution well 

and incubate for 15 minutes 4-8°C. After incubation the cells should be 

washed by adding 1-2 ml MACS buffer. Then the cells are centrifuged at 

300*g for 10 minutes at 4°C. The supernatant is pipetted off complete-

ly and the cells were resuspended with 500 μl buffer per tube. Now it is 

possible to proceed to magnetic separation. 

 
2.2.5.4 MAGNETIC SEPARATION

Using a OctoMACS separator, cells labeled with Goat Anti-Rabbit IgG 

MicroBeads (Figure 14) can be enriched by making use of MS Columns 

(Miltenyi Biotec, Bergisch Gladbach, Germany) (Figure 15). 

 FIGURE 14:
 After cells have been incubated with primary antibody against gamma-aminobutyric-
 acid-receptor (rabbit species), the cells were incubated with Goat Anti-Rabbit 
 Immunoglobulin G MicroBeads. Cells of interest (in blue) are consequently labeled indirectly.  
 Cells not exprimating the receptor were not labeled (in red, green and yellow). 
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2. MATERIAL UND METHODS

 FIGURE 15:
 Schematic drawing of a magnetic sorting column. Permeability is tested by rinsing magnetic  
 activated cell sorting buffer (blue). 

 FIGURE 16:
 Schematic drawing of a magnetic sorting column which is put in a magnetic fi eld 
 (black quadrilateral). 

The MS Column is placed in the magnetic fi eld of a OcotoMACS 

separator (Figure 16). The permeability of the columns is tested by 

rinsing 500 μl MACS buffer. 

A 15 ml tube is placed below the column to collect the cells running 

through the column. Then the cell suspension is applied onto the column. 

The unlabeled cells pass through and are collected (Figure 17). 
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2. MATERIAL UND METHODS

 FIGURE 17:
 Prepared cells were given onto the magnetic sorting columns in the magnetic fi eld. Cells indi- 
 rectly labeled by Immunoglobulin G MicroBeads were held back in the magnetic fi eld (in blue). 
 Unlabeled cells (in green, red and yellow) pass through and were collected in tubes.

 FIGURE 18:
 Photograph of a OctoMacs Separator. Prepared cells were given onto the magnetic sorting 
 columns in the magnetic fi eld. Cells indirectly labeled by Immunoglobulin G MicroBeads 
 were held back in the magnetic fi eld. Unlabeled cells pass through and were collected in tubes
 containing medium.
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2. MATERIAL UND METHODS

 FIGURE 19:
 Magnetic sorting column containing the cells of interest (in blue) is removed from the 
 magnetic fi eld (left side of the drawing). After giving buffer to the target cells the positive 
 labeled cells were squeezed out by using a dasher (middle and right side of the drawing). 

The column is washed for three times by adding 3*500 μl buffer, each time 

once the column reservoir is empty. The total collected effl uent conforms 

the unlabeled cell fraction (Figure 18). The column is removed from the se-

parator and placed on a suitable 15 ml tube. 1 ml buffer is pipetted onto the 

column. Immediately, fraction with the magnetically labeled cells fl ush out, 

by applying the dasher supplied with the columns (Figure 19; Figure 20).
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2. MATERIAL UND METHODS

 FIGURE 20:
 Photograph showing the work step to get the positive labeled fraction. After removing the
 columns from the magnetic fi eld cells were squeezed out by using a dasher.

The collected cells are the labeled fraction (Figure 21).

 FIGURE 21:
 The schematic drawing shows the positive labeled fraction (in blue) which was incubated 
 with gamma-aminobutyric-acid-receptor gamma 2 antibody (rabbit-species) and 
 Goat anti-rabbit Immunoglobulin G MicroBeads. The collected cells correspond to the 
 gamma-aminobutyric-acid-receptor positive fraction. 

- 33 - 

2. MATERIAL UND METHODS

 FIGURE 20:
 Photograph showing the work step to get the positive labeled fraction. After removing the
 columns from the magnetic fi eld cells were squeezed out by using a dasher.

The collected cells are the labeled fraction (Figure 21).

 FIGURE 21:
 The schematic drawing shows the positive labeled fraction (in blue) which was incubated 
 with gamma-aminobutyric-acid-receptor gamma 2 antibody (rabbit-species) and 
 Goat anti-rabbit Immunoglobulin G MicroBeads. The collected cells correspond to the 
 gamma-aminobutyric-acid-receptor positive fraction. 

- 33 - 



2. MATERIAL UND METHODS

2.2.6 PRESERVATION AND PREARRANGEMENT 
 OF THE HARVESTED CELL FRACTIONS
 IN CELL CULTURE

2.2.6.1  CULTIVATION IN CELL CULTURE

The labeled and the unlabeled cell fraction are centrifuged for 3 minutes 

at 300*g and at of 4°C. The supernatant is aspirated completely and 

discarded. Both cell pellets are diluted with 1.5 ml plate medium (PM). 

0.5 ml with the labeled cells is given into a bottle of cell culture, the 

same proceed with the unlabeled cells. Under these rules one bottle with 

labeled and one bottle with unlabeled cells are coming up. Both bottles 

of cell culture are fi lled up to 10 ml with culture medium (CM). The cul-

tivation is made under steril condition at 37°C and fumigation with 5 % 

C02. The cells are fed under sterile conditions with EGF-mouse and EGF-

human. Therefore EGF-mouse (1:50) and EGF-human (1:500) are given 

into the fl usk every third day. 

2.2.6.2  APPLYING GAINED CELLS
 ON 24-WELL-PLATES

The remaining tubes contain one tube with labeled and one tube with 

unlabeled cells diluted in 1 ml PM per tube. Both tubes are divided equal-

ly into two halfs. Consequently two tubes with labeled and two tubes 

with unlabeled cells accrue. All tubes are fi lled up with 11.5 ml PM. 

Under sterile conditions four 24-well-cell-plates are laminated with 13 mm 

picture frame glasses and 500 μl Poly-L-Lysin per well. Poly-L-Lysin is 

composed of 5 mg Poly-L-Lysin and 100 ml HBSS-buffer. After incubation 

of the plates for one hour at 37°C, Poly-L-Lysin is aspirated. The plates 

are washed three times with Aqua dest. Until usage the four plates are 

stored sterile.
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2. MATERIAL UND METHODS

The labeled and unlabeled cells in the four tubes were spread out on the 

24-well-plates. 500 μl per well were given on the plates, resulting in two 

24-well-plates with labeled and two 24-well-plates with unlabeld cells. 

The plates were stored in the incubator for short (3 days) and long term 

differentiation (14 days). 

2.2.7 IMMUNOFLUORESCENCE STAINING

2.2.7.1 GENERAL INFORMATION

The staining of the prepared plates took place on the third and forteenth 

day after after magnetic cell sorting. For the short and long term differen-

tiation we used in each case one plate with labeled and one plate with un-

labeled cells. The prepared cells were stained with two different antibody 

solutions mentioned in 2.2.7.3 and 2.2.7.4 at the third day after magne-

tic cell sorting to analyse the short time differentiation of the sorted cells. 

Another part of the sorted cells was processed forteen days after the cells 

had been sorted to analyse the long time differentiation of the cells.

2.2.7.2  WAY OF PROCEEDING

After aspirating the medium, glass coverslips with the labeled and the 

unlabeled fraction were washed separately with PBS (++) and fi xed 

with 500 μl 4 % PFA per well for 20 minutes. To get a solution of PFA 

4 g Paraformaldehyd (PFA) were heated with 45 ml Aqua dest. to 60°C. 

To reach solubility of the composite it is necessary to titrate 5 N NaOH. 

The clear solution was fi lled up to 50 ml with Aqua dest. This solution 

was mixed with 50 ml 2xPB-buffer. To prepare 2xPB-buffer mix 5.7 g 

NaH2PO4 and 9.3 g Na2HPO4 and add 500 ml Aqua dest. After incubation 

with PFA at room temperature the two fractions were washed two times 

with 500 μl PBS (++). 
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After aspirating PBS 0.2 % Triton X is given on the plates for 5 minutes. 

Then the cells were incubated with a blocker solution, consisting of 5 % 

goat-serum diluted with PBS (++). To reach a blocker solution 750 μl 

goat-serum 14.25 ml PBS (++) were put together. 500 μl of this blocker 

were added on each well for 30 minutes.

2.2.7.3  IMMUNOSTAINING OF SORTED CELLS 
 WITH GABAA-RECEPTOR GAMMA 2 ANTIBODY
 AND GABA ANTIBODY

Subsequently the cells were incubated with the primary antibodies 

(Table 8), which were diluted with blocker solution. Therefore the co-

verslips were put in a moist chamber for one hour. The labeled and the 

unlabeled fractions were incubated in two different experiments with two 

different solutions of primary antibodies. In the fi rst experiment the two 

fractions were incubated with a solution of primary antibodies against 

the extracellular domain of GABAA-receptor gamma 2, the same antibo-

dy the cells had been sorted with. The primary antibody solution con-

tains also an antibody against GABA. This antibody is produced in mouse. 

Accordingly, the cells were washed with PBS (++). The incubation with 

the a solution of secondary antibodies (Table 9), which is also diluted

with blocker solution, ensued in the moist chamber at the dark 

for 30 minutes. After repeating the washing step with PBS (++) 

the coverslips were given into a bath with DAPI for staining of 

the DNA (nucleus). The cells were washed again and capped 

with Vecta Mount. The slides were stored at darkness 

until analysis. 
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2. MATERIAL UND METHODS

 

 TABLE 8: 
 Table with primary antibodies for immunostaining.

  
Used antibodies  Company

• Alexa fl uor 568 anti-mouse   Invitrogen,
    Karlsruhe, Germany 

• Alexa fl uor 488 anti-rabbit  Invitrogen,
    Karlsruhe, Germany 

 TABLE 9:
 Table with secondary antibodies for immunostaining.

2.2.7.4  IMMUNOSTAINING OF SORTED CELLS
 WITH PRIMARY NESTIN-ANTIBODY 
 AND GFAP-ANTIBODY

After working steps mentioned above 2.2.7.2 the labeled and unlabeled 

fraction are incubated with primary antibodies diluted with blocker so-

lution. The solution of primary antibodies contained a mouse antibody 

against Nestin and a rabbit antibody against GFAP. The solution of se-

condary antibodies is composed of antibodies against rabbit species and 

mouse species (Table 8; Table 9).

Used antibodies  Company

• Polyclonal antibody rabbit to  Abcam, Cambridge,
 GABAA-receptor gamma 2  United Kingdom  
 (ab 49961)       

• GABA antibody mouse   Sigma-Aldrich,
 (A 0310)  Taufkirchen, Germany

• GFAP polyclonal antibody  Invitrogen, 
 Rabbit (ab 5804)  Karlsruhe, Germany  

• Nestin mouse monoclonal   Invitrogen, 
 antibody (MAB 353)  Karlsruhe, Germany 
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2. MATERIAL UND METHODS

The incubation of the cells takes place at the same conditions mentioned 

in 2.2.7.3.. After incubation with primary and secondary antibodies the 

cells were washed with PBS (++) and incubated with DAPI for nuclear

staining. After repeating washing step with PBS (++) the cells were

fi xed with Vecta mount and stored in darkness until analysis.
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3. RESULTS

3 RESULTS

3.1 SAMPLE PREPARATION, 
 SINGLE CELL SUSPENSION

When working with tissues, it is relevant to prepare a single-cell 

suspension. To get an adequate single cell suspension the cell aggre-

gates were broken off by using a pasteur pipette. The cell suspension is 

aspirated by the pasteur pipette and given back to the tube alternately 

for about 5 minutes, allowing the larger cell clumps to subside. Only the 

supernatant is taken for work. For correct handling of the pasteur pipette 

it is important to use the thumb and index fi nger to squeeze the bulb. 

With the middle fi ngers it is possible to support the pipette (Figure 8). 

Finally to separate the single cell suspension from remaining clumps, 

which may clog the column, the supernatant is passed through a

30 μm nylon mesh (Figure 9; Figure 22).

 FIGURE 22:
 Photograph of a pre-separation fi lter (in yellow) placed on a 15 ml tube.
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The pre-separation fi lter is wetted by pipetting 500 μl of MACS buffer 

in the reservoir. The membrane of the fi lter is slightly hydrophobic and 

needs to be moistened before the fi ltering process. Without moistening 

the membrane the fi lter is useless. Pre-separation fi lters are designed 

to remove cell agreggates or other large particles from cell samples to 

assure single cell suspension. The fi lter holds a porous mesh made of po-

lyamide. The reservoir and the funnel are made of polyethylene to avoid 

sticking of cells. The typical capacity of the fi lters is 108-2*109 total cells. 

The recommended sample size ranges from 500 μl to 5 ml. As cell aggre-

gates in cell suspensions can lead to non-specifi c enrichment of undesired 

cell or to insuffi cient labeling, steps to get a single cell suspension have 

been documented by taking photographs. The photos show the original 

cell population which is building aggregates. The second photo shows the 

cell population after treatment with pasteur principle. The third photo one 

can see the single cell suspension after treatment with pasteur principle 

and using a pre-separtation fi lter (Figure 23 - 25).

 FIGURE 23:
 Photograph of the original cell population building cell aggregates.
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 FIGURE 24:
 Photograph of exemplary cells after treating with pasteur principle.

 FIGURE 25:
 Photograph of exemplary cells after treatment with a combination of pasteur principle and
 pre-separation fi lter.
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3. RESULTS

 FIGURE 26:
 Photograph of used cell population. On the fi gure one can see the original cell population. 
 Cells were prepared from the mesencephalon of rats and sorted at day 21 after preparing.

3.2 THE CHOICE OF THE MACS BUFFER

The manufacture of MACS-technology offers a MACS BSA Stock Solution 

and an autoMACS Rinsing Solution to prepare the buffer used for magnetic 

cell sorting. The stock solution and the rinsing solution were diluted 1:20. 

We also prepared a self-made solution containing PBS ph 7,2; 0,5 percent 

BSA and 2 mm EDTA. We wanted to test whether there is an infl uence of 

the two different buffers on the subsequent development of cells which 

had been sorted by magnetic cell sorting. The cells were sorted by the 

principle of indirect magnetic cell sorting. The target of the primary rabbit 

antibody was the GABAA-R gamma 2. The antibody was coupled to rabbit 

immunoglobulin MicroBeads. The worksteps and the laboratory condi-

tions were equal and as described above, two different buffers were used. 

It was worked with 21 days old mesencephal neural stem cells (Figure 26).

After magnetic cell sorting with the bought (Figure 27; Figure 28) and 

the selfmade buffer (Figure 29; Figure 30) photos have been taken of the 

labeled and unlabeled fraction. 

- 42 - 

3. RESULTS

 FIGURE 26:
 Photograph of used cell population. On the fi gure one can see the original cell population. 
 Cells were prepared from the mesencephalon of rats and sorted at day 21 after preparing.

3.2 THE CHOICE OF THE MACS BUFFER

The manufacture of MACS-technology offers a MACS BSA Stock Solution 

and an autoMACS Rinsing Solution to prepare the buffer used for magnetic 

cell sorting. The stock solution and the rinsing solution were diluted 1:20. 

We also prepared a self-made solution containing PBS ph 7,2; 0,5 percent 

BSA and 2 mm EDTA. We wanted to test whether there is an infl uence of 

the two different buffers on the subsequent development of cells which 

had been sorted by magnetic cell sorting. The cells were sorted by the 

principle of indirect magnetic cell sorting. The target of the primary rabbit 

antibody was the GABAA-R gamma 2. The antibody was coupled to rabbit 

immunoglobulin MicroBeads. The worksteps and the laboratory condi-

tions were equal and as described above, two different buffers were used. 

It was worked with 21 days old mesencephal neural stem cells (Figure 26).

After magnetic cell sorting with the bought (Figure 27; Figure 28) and 

the selfmade buffer (Figure 29; Figure 30) photos have been taken of the 

labeled and unlabeled fraction. 

- 42 - 



3. RESULTS

 FIGURE 27:
 Unlabeled cell fraction after magnetic cell sorting with the buffer from the fabricator. 

 FIGURE 28:
 Labeled cell fraction after magnetic cell sorting with the buffer from the fabricator. 
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 FIGURE 29:
 Unlabeled cell fraction after magnetic cell sorting with the selfmade buffer.

 FIGURE 30:
 Labeled cell fraction after magnetic cell sorting with the selfmade buffer.

One gets four tubes, two with a labeled and an unlabeled fraction sorted 

with the MACS original buffer and two with a labeled and a unlabeled 

fraction sorted with the selfmade buffer. The cells were cultivated in the 

incubator at the same conditions mentioned above. After 14 days photo-

graphs of the cells were taken (Figure 31 - 34).
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 FIGURE 31:
 Photograph of the unlabeled cell fraction after magnetic cell sorting with the buffer from the 
 fabricator. The cells were cultivated for forteen days in the incubator before documenting.  

 FIGURE 32:
 Photograph of the labeled cell fraction after magnetic cell sorting with the buffer from the
 fabricator. The cells were cultivated for forteen days in the incubator before documenting. 
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 FIGURE 33:
 Photograph of the unlabeled cell fraction after magnetic cell sorting with the selfmade buffer. 
 The cells were cultivated for forteen days in the incubator before documenting.

 FIGURE 34:
 Photograph of the labeled cell fraction after magnetic cell sorting with the selfmade buffer. 
 The cells were cultivated for forteen days in the incubator before documenting.
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 FIGURE 33:
 Photograph of the unlabeled cell fraction after magnetic cell sorting with the selfmade buffer. 
 The cells were cultivated for forteen days in the incubator before documenting.

 FIGURE 34:
 Photograph of the labeled cell fraction after magnetic cell sorting with the selfmade buffer. 
 The cells were cultivated for forteen days in the incubator before documenting.
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The photos show no difference in the shape, size and morphology of the 

cells sorted with MACS buffer or with selfmade buffer. The question if the 

selfmade buffer has negative effects to the labeling process of magne-

tic cell sorting could not be answered simply by photo documentation. 

However, it is possible that using the selfmade buffer in comparison with 

MACS original buffer seems to have no negative effects on the survival 

and morphology of the treated cells. Apart from that, it is necessary to 

use degassed buffer only to increase the quality of magnetic separation. 

Therefore we constructed an apparature to degas the buffer (Figure 6; 

Figure 7). 

 FIGURE 35:
 Buffer in a bulb beginning 
 applying vakuum.

 FIGURE 36:
 Excessive gas running in the buffer while 
 applying vakuum. Without degasing buffer
 bubbles may clog the column and lead to
 insuffi cient sorting process.
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and morphology of the treated cells. Apart from that, it is necessary to 

use degassed buffer only to increase the quality of magnetic separation. 

Therefore we constructed an apparature to degas the buffer (Figure 6; 

Figure 7). 

 FIGURE 35:
 Buffer in a bulb beginning 
 applying vakuum.

 FIGURE 36:
 Excessive gas running in the buffer while 
 applying vakuum. Without degasing buffer
 bubbles may clog the column and lead to
 insuffi cient sorting process.
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3. RESULTS

 FIGURE 37:
 Schematic drawing: Excessive gas running
 in the buffer may clog the column and 
 decrease the quality of sorting process.
 Unlabeled cells (in green, yellow and red)
 are not able to pass the column.

 FIGURE 38:
 Schematic drawing: Consequence of 
 excessive gas running in the buffer.
 Unlabeled cells (in green, yellow 
 and red) remain in the labeled fraction 
 (in blue). This leads to a contamination 
 of the labeled fraction and insuffi cient 
 sorting process.

air bubbles 
(in blue)

Degasing is achieved by applying vacuum at room temperature. 

Excessive gas in running buffers will form bubbles in the matrix during 

separation (Figure 35; Figure 36). This may lead to clogging of the column 

and decrease qualitiy of separation (Figure 37; Figure 38). 
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3. RESULTS

3.3 LABELING STEPS

3.3.1 CAPPING OF ANTIBODIES

The choice of the antibody assumes that the antibody is functioning. There-

fore it is necessary to evaluate the function of the antibody. We performed 

with indirect magnetic cell labeling, as this ensures that the GABA- recep-

tor rabbit antibody is binding to the extracellular GABA-receptor γ2. The 

used rabbit immunoglobulin MicroBead is binding to the primary antibody 

(Figure 39). Only this combination should be labeled with indirect ma-

gnetic cell sorting. To rule the possibility out that only the GABA-receptor 

antibody is responsible for the binding of cells in the labeled fraction, cells 

are only incubated with primary antibody with MicroBeads are missing (Fi-

gure 40). In a second tube the cells are incubated with the beads, with the 

GABA antibody missing (Figure 41). It is expected that there are no cells 

found in the labeled fraction (Figure 42), the cells should pass through the 

magnetic fi eld and should be found in the unlabeled fraction.

 FIGURE 39:
 Only combination of primary antibody and bead should label the target cell.
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3. RESULTS

 FIGURE 40:
 Incubation with primary antibody, 
 beads are missing.

 FIGURE 41:
 Incubation only with beads, 
 primary antibody is missing.

 FIGURE 42:
 It is expected that there are no cells found in the label fraction. 
 Renunciation of suffi cient antibody combination should lead to a empty labeled fraction.
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 FIGURE 40:
 Incubation with primary antibody, 
 beads are missing.

 FIGURE 41:
 Incubation only with beads, 
 primary antibody is missing.

 FIGURE 42:
 It is expected that there are no cells found in the label fraction. 
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3. RESULTS

The results have been documented with photos. Like expected the un-

labeled fraction was fi lled with cells (Figure 43; Figure 44). The labeled 

fractions were empty. The tubes incubated with the combination of 

primary antibody and MicroBeads show multiple cells in both, the labeled 

and the unlabeled fraction (Figure 45; Figure 46).

 FIGURE 43:
 Cells only incubated with primary antibody (gamma-aminobutyric-acid-A receptor gamma 2), 
 MicroBeads are missing. Like suspected unlabeled fraction is full of cells. Labeled fraction 
 was empty (not seen on fi gure).

 FIGURE 44:
 Cells only incubated with Goat antirabbit Immunoglobulin G-MicroBeads.Primary antibody 
 is missing. Like suspected unlabeled fraction is full of cells. Labeled fraction was empty 
 (not seen on fi gure). 
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3. RESULTS

 FIGURE 45:
 Unlabeled fraction of cells incubated with a combination of primary antibody 
 (rabbit antibody against gamma-aminobutyric-acid-A receptor gamma 2) and Goat 
 antirabbit Immunoglobulin G MicroBeads.

 FIGURE 46:
 Labeled fraction of cells incubated with a combination of primary antibody (rabbit antibody   
 against gamma-aminobutyric-acid-A receptor gamma 2) and Goat antirabbit Immunoglobulin G  
 MicroBeads. Figure indicates that only combination of primary antibody and MicroBeads 
 is working for labeling cells.
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3. RESULTS

The photos indicate that only a combination of receptor antibody and 

MicroBeads leads to a positive result in the labeled fraction and shows 

that combination of primary antibody and MicroBeads is working. 

 
3.3.2  TEMPERATURE / INFLUENCE ON
 THE LABELING STEP

To prevent capping of antibodies on the cell surface and non-specifi c la-

beling of the cells , it is inevitable to use pre-cooled solution, to work fast 

and to keep the cells cold. The temperature should be 2-8°C. Labeling with 

the primary antibody for 5 minutes at 4-8°C is adaquate, incubating the 

cells on ice may increase the incubation time. It is necessary to incubate 

the cells longer when incubating on ice (Figure 47). It is essential to pre-

vent higher temperatures, as this may lead to non-specifi c cell labeling.

 FIGURE 47:
 Figure shows cells incubated on ice. To prevent insuffi cient labeling it’s necessary to keep
 cells cold, howewer incubating cells on ice may lead to longer incubation time.

3.4 IMMUNOFLOURESCENCE 

In 3.3.1 it was shown that a combination of primary antibody against 

GABA-receptor and MicroBeads gives a positive result of cells in the 

labeled fraction. To investigate whether there are differences between 

labeled and unlabeled cells for example in expression of GABA-receptor 

gamma 2 or different contents of GABA-ertic cells, the cells have been 

examined by immunostaining.
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3. RESULTS

3.4.1 IMMUNOSTAINING OF THE SORTED 
 CELLS AGAINST GABAA-RECEPTOR 
 GAMMA 2 (EXTRACELLULAR DOMAIN) 
 AND AGAINST FREE GABA 

The cells which were sorted by indirect magnetic cell sorting by using 

a primary antibody against GABA-receptor gamma 2 (rabbit species) 

in combination with anti-IgG MicroBeads (rabbit species) were now 

analysed in immunostaining. The immunostaining of the labeled and 

the unlabeled fraction of sorted cells with a antibody solution containing 

primary antibodies against GABA-receptor gamma 2 (rabbit species) 

and against GABA (species mouse) aims to achieve differences in the

expression of the GABA-receptor pre-differentiation into GABA-ertic cells. 

As magnetic cell sorting should target cells exprimating in high numbers 

active extracellular GABA-receptors it is expected that the labeled fraction 

of sorted cells show high expression of extracellular GABA-receptor in the 

immunostaining. On the other side, in the unlabeled fraction of sorted 

cells the GABA-receptor exprimation should be lower in immunostaining. 

As secondary antibodies were used a rabbit 488 antibody and a mouse 

568 antibody. The nucleus was stained by DAPI.

3.4.1.1  SHORT TERM DIFFERENTIATION (3 DAYS) 

The labeled and the unlabeled fraction were cultivated in the incubator 

for three days. After immunostaining with the method mentioned above

photos were taken with the fl uorescence microscope. The photographs of

the labeled and the unlabeled fraction, show the following results 

(Figure 48; Figure 49).
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3. RESULTS

 FIGURE 48:
 Labeled fraction which has been cultivated for three days in the incubator. Photo shows cells  
 after immunostaining. Cell core is shininig in blue. Gamma-aminobutyric-acid-receptor expres- 
 sion is marked in green. Gamma-aminobutyric-acid-expression is shown in the red channel. 

 FIGURE 49:
 Unabeled fraction which has been cultivated for three days in the incubator. Photo shows cells 
 after immunostaining. Cell core is shininig in blue. Gamma-aminobutyric-acid-receptor expres-
 sion is marked in green. Gamma-aminobutyric-acid-expression is shown in the red channel. 
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3. RESULTS

In summary the photos of the labeled and unlabeled cells show only 

insuffi cient differences in expression of the GABA-receptor in the labeled 

and unlabeled fraction after three days of differentiation in the incubator.

Also the GABA expression in the cells is in both fractions similar. 

This result has been reproduced for several times. To exclude that the

primary antibody is not working another primary antibody

from another species (mouse) with the same target the GABA-receptor 

gamma 2 was used for Magnetic cell sorting and immunostaining,

showing the same results.

In the context a difference in exprimation of the GABA-receptor and GABA 

in the cells of the labeled and the unlabeled fraction with immunostaining 

after three days of differentation could not be shown. 

3.4.1.2  LONG TERM DIFFERENTIATION (14 DAYS)

Another part of the sorted cells was cultivated in the incubator at equal 

conditions for 14 days. After that, the labeled and the unlabeled cells were 

prepared for immunostaining. The cells were incubated with the same 

solution containing a primary rabbit antibody against the GABA-receptor 

gamma 2 and a mouse antibody against GABA. As solution for secondary

antibodies the same antibodies have been used mentioned in 3.4.1, 

namely rabbit 488 antibody and mouse 568 antibody. The photographs of 

both fractions are shown in the following (Figure 50; Figure 51). 
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3. RESULTS

 FIGURE 50:
 Labeled fraction which has been cultivated for forteen days in the incubator. Photo shows cells   
 after immunostaining. Cell core is shininig in blue. Gamma-aminobutyric-acid-receptor expression 
 is marked in green. Gamma-aminobutyric-acid-expression is shown in the red channel. 

 FIGURE 51:
 Unlabeled fraction which has been cultivated for forteen days in the incubator. Photo shows cells
 after immunostaining. Cell core is shininig in blue. Gamma-aminobutyric-acid-receptor expression 
 is marked in green. Gamma-aminobutyric-acid-expression is shown in the red channel. 
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3. RESULTS

In summary it seems that fourteen days after being sorted the positive

labeled cells show higher GABA-receptor expression and GABA expri-

mation in immunostaining than the unlabeled fraction. This result was 

reproduced for several times. This suggested that the sorting process 

was working correctly.

3.4.2 IMMUNOSTAINING OF SORTED CELLS USING
 A SOLUTION CONTAINING NESTIN-
 MOUSE AND GFAP-RABBIT-ANTIBODIES

The cells which were sorted by indirect magnetic cell sorting by using 

a primary antibody against GABA-receptor gamma 2 (rabbit species) 

in combination with IgG MicroBeads (rabbit species) were now analy-

sed in immunostainings. In this case the cells were stained by using a 

solution of primary antibodies containing a Nestin-antibody (mouse 

species) and a GFAP-antibody (rabbit species). As secondary antibodies 

were used a IgG-rabbit antibody 488 and a IgG-mouse antibody 568.

Nestin appears red on the photographs, GFAP is green. The nucleaur 

staining presents in blue. 

3.4.2.1  SHORT TERM DIFFERENTIATION (3 DAYS)

The cells of the labeled and the unlabeled fraction, which were cultivated 

in the incubator for three days were now analysed with the fl ourescence 

microscope and documented by taking photos. It was now to analyze 

whether the labeled and unlabeled fraction show a different expression 

or localization of Nestin. Nestin is an intermediate fi lament protein that is 

expressed predominantly in stem cells of the central nervous system in 

the neural tubes. Nestin was used as a predominent marker for stem cells 

in the labeled and unlabeled fraction of the sorted cells.
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3. RESULTS

The nestin expression in short term differentiation of labeled and 

unlabeled fraction can be found on the following fi gures (Figure 52; 

Figure 53). There seemed to be no difference in the expression of Nestin 

in the cells of labeled and unlabeled fraction after three days of differen-

tiation. Neither in the localization of Nestin nor in the amount of nestin 

positive cells we found any differences. This result has been reproduced for 

several times with the same conclusion.

3.4.2.2 LONG TERM DIFFERENTIATION (14 DAYS)

After beeing cultivated in the incubator for fourteen days another part 

of the sorted cells was taken for immunostaining. The labeled and 

unlabeled cells were prepared for immunofl ourescence microscopy at 

the same conditions mentioned in 3.4.1.2.. It was now the task to regard

the nestin expression in the labeled fraction and unlabeled fraction by 

using the fl uorescence microscope. The results are held on the following 

photos (Figure 54; Figure 55). The GFAP-expression in the la-

beled and unlabeled fraction seems to be equal. The nestin ex-

pression is also not varying. The positive labeled cells with an an-

tibody against GABA-receptor gamma 2 seem to show no different 

nestin expression in long time differentiation then cells which were not 

labeled by GABA-receptor antibody. It should be function of the 

discussion to get to the bottom of this result. 
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3. RESULTS

 FIGURE 53:
 Unlabeled fraction sorted against gamma-aminobutyric-acid-receptor gamma 2 which has 
 been cultivated for three days in the incubator. Photo shows cells after immunostaining.
 Cell core is shininig in blue. Nestin expression is shown in red. Glial fi brillary acidic 
 protein-expression is the powerfull green channel.

 FIGURE 52:
 Labeled fraction sorted against gamma-aminobutyric-acid-receptor gamma 2 which has 
 been cultivated for three days in the incubator. Photo shows cells after immunostaining. 
 Cell core is shininig in blue. Nestin expression is shown in red. Glial fi brillary acidic 
 protein-expression is the powerfull green channel.
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3. RESULTS

 FIGURE 55:
 Unlabeled fraction sorted against gamma-aminobutyric-acid-receptor gamma 2 which has 
 been cultivated for forteen days in the incubator. Photo shows cells after immunostaining. 
 Cell core is shininig in blue. Nestin expression is shown in red. Glial fi brillary acidic 
 protein-expression is the powerfull green channel.

 FIGURE 54:
 Labeled fraction sorted against gamma-aminobutyric-acid-receptor gamma 2 which has 
 been cultivated for forteen days in the incubator. Photo shows cells after immunostaining. 
 Cell core is shininig in blue. Nestin expression is shown in red. Glial fi brillary acidic  
 protein-expression is the powerfull green channel.
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3. RESULTS

 FIGURE 55:
 Unlabeled fraction sorted against gamma-aminobutyric-acid-receptor gamma 2 which has 
 been cultivated for forteen days in the incubator. Photo shows cells after immunostaining. 
 Cell core is shininig in blue. Nestin expression is shown in red. Glial fi brillary acidic 
 protein-expression is the powerfull green channel.

 FIGURE 54:
 Labeled fraction sorted against gamma-aminobutyric-acid-receptor gamma 2 which has 
 been cultivated for forteen days in the incubator. Photo shows cells after immunostaining. 
 Cell core is shininig in blue. Nestin expression is shown in red. Glial fi brillary acidic  
 protein-expression is the powerfull green channel.
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4. DISCUSSION

4 DISCUSSION

It should now be part of the discussion to judge the results mentioned 

above. To draw attention to the results it is also necessary to compare 

the results of the dissertation with literature. A main focus of the discus-

sion should be, how practible the method magnetic cell sorting is. The 

technical problems having found when working with magnetic cell sorting 

needed to be discussed. As no one is resistant to mistakes it is important 

to talk about possible errors.

4.1 TECHNICAL PROBLEMS AND BENEFITS

4.1.1 THE CHOICE OF THE BUFFER

In the dissertation were used two different buffers for magnetic cell 

sorting. Both, the selfmade buffer and the original MACS buffer from 

the mancufactory, showed no differences with regard to the differentia-

tion of the cell population. As the morphology of the treated cells is only 

assessed by photos an infl uence on the labeling steps by using selfmade 

buffer could not be exluded. On the other side, in immunofl uorescence 

photography we did not fi nd a higher exprimation of GABA-receptor 

in the cells being treated with buffer from the company. In cells tre-

ated with selfmade buffer we found the same expression of GABA-re-

ceptor in immunofl ourescence as in cells treated with buffer from the 

company. In conclusion we found no advantages at the level of labe-

ling steps by using buffer from the company. Further negative effects on 

the cell sorting of viability by using different buffer could not been shown 

nor excluded by the methods used in dissertation.
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4. DISCUSSION

4.1.2 SINGLE CELL PREPARATION

Working with magnetic cell sorting takes preparing single cell suspension 

for granted. The single cell preparation is a important step in magnetic 

cell sorting, which can not be circumvented. Cell aggregates as shown 

above, can lead to insuffi cent labeling and may clog the columns. Additi-

onally in cell culture experiments, cell aggregates may lead to suboptimal 

culture conditions and thereby infl uence the experimental outcome. The 

sample preparation of cell aggregates by using pasteur principle in com-

bination with using separation fi lters constitutes a good possibility to get 

a single cell suspension. In addition the production of single cell suspen-

sion by the methods mentioned above could also be helpful to reprocess 

older cell populations which have been for longer times in cell culture.

4.1.3 THE CHOICE OF THE ANTIBODY

When we began to work with the method called magnetic cell sorting 

there had been no experiences with this method in our laboratory. A gre-

at number of different antibodies with different receptors as target are 

found on the market. A future goal is to establish the sorting of neural 

stem cells with antibodies against the extracellular domain of the GABA-

receptor as well as antibodies against the EGF-receptor. Furthermore we 

want to test antibodies against ion-channels. There is also the possibili-

ty to label substances, which have receptors or pore proteins as target. 

The high number of different possibilities show how complex the method 

is. It was now on me to fi nd out the antibody expecting the best starting

point. After testing several antibodies against different extracellular 

receptors I focussed on the GABAA-receptor gamma 2. I expected to fi nd 

out a method to separate neural stem cells exprimating GABA-Rs from 

cells not exprimating GABA-Rs. 
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4. DISCUSSION

The sometimes rare information about antibodies by companies, for exa-

mple, which concentration in magnetic cell sorting to be used didn’t make 

the things easier. So it was now to test and titrate concentration of the 

antibody to fi nd the perfect conditions the best for magnetic cell sorting. 

Several concentrations have been tested. To have equal assumptions for 

all experiments mentioned we used the same concentration of antibody. 

Tests have been made at the lower and upper end of the range. To avoid 

insuffi cient labeling or unspecifi c labeling we choosed a concentration in 

the lower period of the range. The missing of reports on neural cells se-

perated by with MACS increased the diffi culty of the situation. 

 

4.1.4  MORTALITY OF CELLS 

The cultivation of cells sorted by magnetic cell sorting raises some 

problems. Labeled and unlabeled fractions showed a high mortality rate 

in comparison to the original population. This could be explained by two 

reasons. The fi rst reason could be that the preparation with magne-

tic cell sorting is toxic to the cells leading to a higher mortality rate.

For example, MicroBeads reagents contain sodium azide and sodium 

acid yields hydrozoic acid under acidic conditions which is extremely 

toxic. A second problem could be that magnetic labeling is only working 

by cold temperature. This could have negative infl uence on the survival 

rate of the treated cells.

4.1.5 THE DIFFICULTY TO CONTROLL 
 SORTING PROCESS

The documentation of the sorted cells was made by taking conventional 

photos and by immunostaining. As conventional photos give no informa-

tion about the expression of the GABA-receptor in cells, the cells were 

stained and documented with immunostaining. 
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4. DISCUSSION

The moment the photos were taken, was the third and the fortheenth day 

after magnetic cell sorting. The period of time until the third day after 

MACS was intended for regeneration of cells after the sorting process. This 

may lead to an expression of GABA-receptor in the labeled and unlabeled 

fraction, which doesn’t correspond to the GABA-receptor expression 

straight after magnetic cell sorting. As the task was to document how 

GABA-Rs expression is changing in a peroid of time this circumstance was 

accepted. 

4.2 IMMUNOSTAINING

4.2.1  IMMUNOSTAINING OF SORTED CELLS AGAINST 
 GABA-RECEPTOR AND AGAINST GABA
 (THIRD DAY AND FORTEENTH DAY)

On the assumption that the combination of primary antibody and Micro-

Beads is working (compare 3.3.1), it is expected that the labeled fraction 

of sorted cells show higher levels of GABA-receptors in the immunostai-

ning. On the other hand in the unlabeled fraction of sorted cells the GA-

BA-receptor expression should be lower in immunostaining. After three 

days of differentiation there could not be shown a difference between the 

labeled and the unlabeled fraction. There are several possible reasons for 

this result. The fi rst reason is that the sorting is not working and there 

is no specifi c binding of primary antibody in combination with the beads.

As this result was found for times with two different primary antibodies and 

with several new charges of MicroBeads a loss of function of the sorting

process could more or less be excluded. A second possibilty could be that 

a higher expression could not be detected with immunostaining becau-

se sensitivity is lower than for example with western blot. Therefore the 

antigen expression of the cells should be controlled by western blotting. 

Another reason could be that after sorting GABA-receptor positive 

fraction, the cells react with down-regulation of the GABA-receptor. 
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4. DISCUSSION

The labeled cells which have been incubated for forteen days show high-

er GABA-receptor exprimation than the unlabeled cells incubated for the 

same time. This result is a clue that the sorting process was successful. 

Nevertheless, it is suprising that labeled fractions after three days show 

nearly the same expression than unlabeled fraction, while labeled cells 

after forteen days incubation show higher expression of GABA-receptor 

than unlabeled cells. Nevertheless, this underlines a possible separation 

of neural cell population by our method.

4.2.2  IMMUNOSTAINING OF SORTED CELLS USING
 A SOLUTION CONTAINING NESTIN(MOUSE)-,
 GFAP(RABBIT)-ANTIBODIES IN SHORT AND
 LONG TERM DIFFERENTIATION 

A task of the dissertation was to generate GABA-receptor positive neural 

stem cells by using magnetic cell sorting. Therefore GABA-receptor posi-

tive cells (labeled fraction) and GABA-receptor negative cells (unlabeled 

fraction) were prepared for immunostaining. As nestin is an intermedi-

ate fi lament protein that is expressed predominantly in stem cells of the 

nervous system an anti-nestin antibody was used. Nestin is thought to 

be a reasonable neural stem cell marker however, though it is found 

in other tissues too (Mokry and Nemecek, 1998). After three days 

of differentiation the labeled and unlabeled fraction seem to show 

no difference in the level and localication of nestin expression. 

As nestin expression is restricted and dissapearing in development 

(Mokry and Nemecek, 1998), a second immunostaining of the cells after

forteen days was made. In the long term differentiation (14 days) of 

labeled and unlabeled cells we could show no difference in expression 

patterns of nestin. 
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4. DISCUSSION

Still we have the impression, that in the labeled fraction (GABA-receptor 

positive cells) the nestin expression is restricted earlier than in the unla-

beled fraction (GABA-receptor negative cells). A reason therefore could 

be that, aside from neurotransmission, GABA via GABAA-receptors ne-

gatively regulates proliferation and differentaion of neural stem cells in 

tissue. This could be interpreted as a indirect sign for correct sorting pro-

cess. There were no indices that positive labeled fraction expresses more 

nestin than the unlabeled fraction. 

4.3  CONCLUSION

Magnetic activated cell sorting is a practicable method to separate cell 

populations by differing expression of receptors. However, technical

problems like the choice of the buffer and the antibody lead to a long

time for settling in. Preparing single cell suspension with pasteur

principle and separation fi lter is leading to a suffi cient labeling

and is also a possible method to reprocess older cell populations.

A high mortality rate of treated cells is a important disadvantage

of this method. As GABA-Rs positive cells in the labeled fraction

show only insuffi cient differences to the unlabeled fraction in GABA-

receptor exprimation one should think about a combination of magnetic

activated cell sorting and fl uorescence-activated cell sorting (FACS).

Cells sorted by magnetic activated cell sorting and fl uorescence 

activated cell sorting may be a solution to obtain better enrichment 

of positive labeled cells. Geens et al. (2006) describe for example a 

higher correctness for cancer cell depletion of spermatogonial cells 

in combination of MACS and FACS than using magnetic activated cell 

sorting alone. For continuing working a combination of both methods 

should be focussed. It could be also a possibility to evaluate the cells 

sorted with MACS by using fl uorescence activated analysis. 
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4. DISCUSSION

The hope to isolate fetal neural rat stem cells expressing the GABAA-

receptor gamma 2 from different types of LRPs with the method called 

magnetic activated cell sorting (MACS) was not fullfi lled. Admittedly the 

GABA-receptor positive labeled cells seem to show a different expression

of potential stem cell marker such as nestin than the unlabeled fraction,

but a higher number of GABA-receptor positve stem cells expressing 

nestin in the labeled fraction could not be found. From this point of view 

it could not be shown that with magnetic cell sorting it is possible to ge-

nerate GABA-receptor positive stem cells.
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5. SUMMARY

5 SUMMARY

In the fi rst part of the dissertation the method of magnetic cell sorting 

was opened up and proved for practice. For repetition it should be re-

ported that one must distinguish between direct and indirect magnetic cell 

sorting. This process, called indirect magnetic cell sorting, was used in 

this study. As there were no experiences with magnetic cell sorting in our 

laboratory it was my topic to learn this method and to identify possible 

technical problems of the process. The high number of possible antibodies 

and the low information of companies concerning using these antibodies 

for magnetic cell sorting led to several problems. After testing several 

antibodies against different extracellular receptors we focussed on the 

gamma-aminobutyric-acid-receptor gamma 2 in exception having found 

a good starting point. Gamma-aminobutyric-acid is the principal inhibi-

tory neurotransmitter in the brain. Apart from the important role in the 

synaptic transmission, gamma-aminobutyric-acid also provides signalling 

indices in the developing nervous system. After solving some technical 

problems mentioned above it could be shown that using selfmade buffer 

in comparison to the manufactores has no negative effects on viability of 

the treated cells. A positive effect on the labeling steps by using buffer 

from the companies could neither been shown nor excluded. Of equal 

value which of both buffers we used it is necessary to use degassed buffer

only to increase the quality of magnetic separation.

Furthermore it was shown that a combination of the pasteur principle plus 

sample separation fi lters is an excellent method to get a single cell sus-

pension necessary for correct labeling. It could also be helpful to repro-

cess older cell populations. To exclude unspecifi c labeling and dysfunction 

of the antibodies several controlls have been made, showing that only 

a combination of primary antibody and secondary antibody is working. 
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5. SUMMARY

Furthermore there were indices that cells treated with magnetic cell sor-

ting have a higher mortality rate than original population in cell culture. 

A reason therefore could be the toxicity of magnetic activated cell 

sorting-solutions containing sodium acid. Another reason could be lower 

temperatures needed for successful separation.

As the gamma-aminobutyric-acid-A receptor is crurically participating in 

regulation of differentiation and proliferation of neural progenitor cells we 

aimed to isolate gamma-aminobutyric-acid-receptor positive stem cells. 

Therefore the treated cells were documented by immunostaining. Only 

in long term differentiation we observed a higher expression of gamma-

aminobutyric-acid-receptor in the labeled fraction than in the unlabeled 

fraction. Admittedly the labeled fraction seem to show a different nestin 

expression than the unlabeled fraction after forteen days of differentia-

tion, but a higher nestin exprimation in the gamma-aminobutyric-acid-

receptor positive fraction which points at a higher stem cell rate in the 

labeled fraction, could not be shown. Consequently, a separation of fetal 

neural rat stem cells expressing the gamma-aminobutyric-acid-A recep-

tor gamma 2 from different types of LRPs with the method called magne-

tic activated cell sorting could not be established with the antigens used 

in dissertation. 
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