
I

                                           CONTENTS

1. Abstract 1

2. Introduction 3

     2.1.   Cellular function of the Ras-MAPK signalling pathway 3
2.2. Members of the raf gene family and their role in intracellular signal

transduction 4
     2.3.   Raf protein structure and expression 5
     2.4.   Mechanisms of Raf activation 6

2.5. Raf-MAPK signalling pathway in the CNS 7
     2.6.   Expression of members of the raf family in the CNS 8
     2.7.   Raf kinases and apoptosis 9
              2.7.1.   General factors of apoptosis 9
              2.7.2.   Mechanisms of apoptosis 11
                          2.7.2.1.   Mitochondria and apoptosis 11
                          2.7.2.2.   A trigger in apoptosis: Cytochrome c release from
                                         mitochondria 14
                          2.7.2.3.   The Bcl-2 protein family and apoptosis 15

2.7.2.4. The downstream mediators of apoptosis: Caspases
                                         and their inhibitors 17

2.7.3. Activation of Raf kinases and apoptosis 19
     2.8.   The objective of this study 21
     2.9.   Brief summary of the results 22

3. Materials and Methods 24

     3.1.   Experimental animals and tissue preparation 24
 3.2.   Antibodies 25
3.3. Western blotting 26
3.4. Raf single, Raf and mitochondrial marker double immunofluorescence

              in vivo and immunofluorescence confocal microscopy 27
     3.5.   Cytochrome c immunofluorescence 28
     3.6.   Preadsorption controls for immunofluorescence staining 29
     3.7.   Mouse motoneuron cultures and induction of Raf activation in mouse
              embryonic motoneurons in vitro 29

3.8. Immunostaining of cultured motoneurons: Detection of members of
              the Raf family 31

3.9. Determination of mouse motoneuron survival in wild-type and E13
              B-raf+/+ and B-raf-/- mice 32
     3.10.   Immunodoublelabelling of cultured E12.5 B-raf mutant motoneurons



II

  with B-Raf and neurofilament 32
     3.11.   Immunohistofluorescence for Rafs, P75NTR and Islet-1 in E13
                B-raf and E14 c-raf-1 mutant mouse spinal cords in vivo 33
     3.12.   Calculation and statistics 34
     3.13.   Genotyping of p75NTR-/-, B-raf-/- and c-raf-1-/- mice 34

3.14. Transection of the facial nerve and determination of facial
                motoneuron numbers in brainstem serial sections 36
     3.15.   Vector construction 37
      3.16.   Primary neuronal culture 38
      3.17.   Transfection by trituration 39
     3.18.   Staining for LacZ expression 39
     3.19.   Immunostaining and fluorescence microscopy of cultured sensory neurons 40
     3.20.   Western blot analysis and semiquantitative analysis of ITA expression 41
     3.21.   RT-PCR analysis 42

4. Results 43

     4.1.   Effects of neurotrophic factors on isolated motoneurons 43
              4.1.1.   Isolation of motoneurons from embryonic mice 43

4.1.2.   The effect of BDNF on cultured motoneurons from control and
                           p75NTR-/- mice 46
              4.1.3.   Characterization of the neurotrophin effects in cultured p75NTR-
                          deficient motoneurons 47

4.1.4.   NGF reduces facial motoneuron survival afte axotomy: Role of
                          p75NTR in vivo 53

4.2. The role of Bcl-2 for mediation of neurotrophic factor signals on
              motoneuron  survival 54

4.2.1. Expression and cellular localization of Raf kinases in bcl-2
deficient motoneurons 54

     4.3.   The role of cytochrome c: Developmental expression in mouse spinal
              cord and immunolocalization in motoneurons in the presence and
              absence of bcl-2 gene 55

4.3.1. Developmental expression of cytochrome c in normal mouse
                          spinal cord and its expression in bcl-2+/+ and bcl-2-/- mouse
                          spinal cords by Western blot analysis 55

4.3.2. Cytochrome c immunostaining in bcl-2+/+ and bcl-2-/- mouse
                          spinal and facial motoneurons 57
     4.4.   Expression and localization of Rafs in the developing spinal cord and in
              motoneurons

58
              4.4.1.   Development of techniques for immunolocalization of Rafs in

                        motoneurons: Specificity of Raf antibodies for their corresponding
                        Raf isoforms 58
            4.4.2.   Expression of A-Raf, B-Raf and c-Raf-1 proteins in mouse spinal



III

                          cord at different embryonic and postnatal stages 61           
4.4.3.   Detection of the distribution of A-Raf, B-Raf and c-Raf-1 protein

                          kinases in mouse motoneurons within the ventral horn of the
                          spinal cord and the facial nucleus 63

4.4.4. B-Raf and c-Raf-1 are colocalized with A-6403 mitochondrial
                          marker cytochrome c oxidase subunit Ι in mouse motoneurons 66
              4.4.5.   Redistribution of Raf protein kinases to the perinuclear space and
                          to the nucleus of motoneurons after addition of neurotrophic
                          factors in vitro 69
              4.4.6.   Intracellular involvement of B-Raf kinase signalling in anti-apoptotic
                          effects via neurotrophic factors in motoneurons 71

4.4.6.1. Immunohistochemical detection of A-Raf, B-Raf and
                                         c-Raf-1 protein kinases in E13 B-raf+/+ and B-raf-/-   
                                         mouse spinal motoneurons, and in E14 c-raf-1+/+ and
                                         c-raf-1-/- mouse spinal motoneurons 71
                          4.4.6.1.1.   Expression in E13 B-raf+/+ and B-raf-/- mouse spinal
                                            motoneurons 71
                          4.4.6.1.2.   Expression in E14 c-raf-1+/+ and c-raf-1-/- mouse
                                            spinal motoneurons 72

4.4.6.2.   Islet-1 and p75NTR immunoreactivities in motoneurons
                                         are decreased in B-raf-/- mouse but no differences are
                                         detectable between c-raf-1+/+ and c-raf-1-/- mice

75
                          4.4.6.2.1.   Expression in E13 B-raf+/+ and B-raf-/- mouse spinal
                                            motoneurons 75
                          4.4.6.2.2.   Expression in E14 c-raf-1+/+ and c-raf-1-/- mouse
                                            spinal motoneurons 75

4.4.6.3. Absence of B-raf gene but not c-raf-1 leads to loss of
                                         viability of mouse motoneurons in vitro 78
                          4.4.6.4.   Transfection of B-raf expression plasmids to B-raf-/-

                                         motoneurons and sensory neurons rescues neurotrophic
                                         factor-mediated survival 83

4.4.6.4.1. Development of techniques for plasmid transfection
of primary sensory and sympathetic neurons 83
A.   NGF upregulates ITA expression via PI-3
       pathways in cultured neurons 83

                                            B.   Overexpression of ITA promotes neuronal
                                                   survival in primary sensory and sympathetic
                                                   neurons 87
                                            C.   Ita antisense expression abolishes NGF-mediated
                                                   survival in primary sensory and sympathetic
                                                   neurons 93
                          4.4.6.4.2.   Transfection of B-raf expression plasmids to B-raf-/-

                                            motoneurons and sensory neurons rescues neurotrophic
                                            factor-mediated survival 95   



IV

5. Discussion 99

5.1. Expression of Raf protein kinases during embryonic and postnatal
development 99

     5.2.   Immunohistochemical distribution of three Raf protein kinases in mouse
              motoneurons within the spinal ventral horn and the facial nucleus 101

5.3. Subcellular localization of Raf protein kinases: colocalization with
the A-6403 mitochondrial marker in mouse motoneurons 102

5.4. Intracellullar redistribution of Raf protein kinases in motoneurons
         after activation by neurotrophic factors in vitro 104

     5.5.   B-Raf kinase and apoptosis in motoneurons 106

6. References 113

7. Abbreviations 136

8. Zusammenfassung 139



V


