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ABSTRACT

This thesis involved the use of mutant and transgenic I mice to examine the role of

various factors in reparative growth ofthe adult peripheral nervous system. These animals

have genetic defects that could be anticipated to affect reparative growth ofsensory nerves,

and included mice that are transgenic for the heavy chain neurofilament (NFH)lacZ fusion

construct, mice mutant either in the steel or the c-kit locus, and mice with a null mutation in

the gene coding for the low-affinity neurotrophin receptor (p75NGFR).

Both collateral sprouting and regeneration occurred in the NFHlacZ mice at a rate

similar to that observed in control mice. Therefore, overexpression ofthe NFHlacZ construct

had no effect on reparative growth of sensory nerves.

Interestingly, regeneration of aU three fibre types examined was impaired in mice

that have a mutation in the gene coding for Steel or c-Kit, and occured at a rate of 1/2 to 2/3

ofthat observed in control animals. However, the rate ofcollateral sprouting was nonnal.

Although the sensory nerves of p75NGFR mice underwent normal regeneration,

collateral sprouting was completely absent. Interestingly., exogenous NGF induced this form

of growth in these animals.

In addition, there was a significant decrease in the number ofaxons comprising all

1An animal which has foreign DNA inserted into its genome.
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three fibre types in the sensory nerves in both the SIISld, WIW' and p13GFR mice,

suggesting that the molecules involved also playa role in the development of sensory

neurons.

NGF-induced hyPeralgesia was not evident in the control or knockout animals upon

exogenous administration of either 1 or 2.5f.lglg of NGF. However, administration of

2.Sf.lglg ofNGF resulted in a significant mechanical hyperalgesia in both the control and

knockout mice. Thus, it appears that the low-affinity neurotrophin receptor does not playa

role in NGF-induced hyperalgesia.

iv



ACKNOWLEDGEMENTS

I would like to thank Jack Diamond and everyone in his lab for all of their guidance

and support.

I am dedicating this thesis to my mother, who was always there for me.

v



TABLE QF CONTENTS

LIST OF ILLUSTRATIONS ix
LIST OF ABBREVIAnONS xi
INTRODUCTION 13

General Background 13
Reparative Growth Processes 14
Cellular mechanisms of peripheral nerve regeneration 16
Measurement of reparative nerve growth 18
Collateral sprouting: Precocious vs. non-precocious . . . . . . . . . . . . . . . . . . . . . . 19
Use of transgenic mice to study reparative nerve growth 20
NFHlacZ transgenics . 21
Steel/c-kit mutants ........................................•....... 22
p75NGFR mutants 24

Other neuronal functions p75NGFR: apoptosis and cell survival 28
NGF has other functions: hyperalgesia 30
Summary of the relevance of the transgenic mice selected for study to the overall

objectives 32
Hypotheses 33

MATERIALS AND METHODS 34
1.1 Animals used for experimentation . . . . . . . . . 34
2.1 Sensory field mapping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

2.1a Collateral sprouting and regeneration nociceptive Ao and C fibres
................................................... 35

2.1b Regeneration ofthe low-threshold mechanosensory A~ fibres .. 37
3.1 NGF administration 38
4.1 Detection ofprotein 38

4.1a Surgical procedure and tissue preparation 39
4.1b Immunocytochemistry 40
4.1 c Quantitative analysis 41

5.1 Schwann cell proliferation 42
6.1 Analysis of axonal parameters : 43

6.la Determination of axon numbers 44
6.1b Determination ofaxonal areas and myelin thickness 45

7.1 Tests for presence of hyperalgesia 45

vi



RESULTS 000. 0 0.00.0.0 o ••••••••••••••• o ••• 0 0 0.47
I. REPARATIVENERVEGROWTH 0 47

I.i Ao and C nociceptive fibres 0 0.. 00.. 0 47
loii AI} mechanosensory fibres 0 00.. 65
I.iii Effects ofNGF on collateral sprouting 0 65

Table 1. Effect ofexogenous NGF on the rate ofcollateral sprouting of nociceptive
fibres in control and p75NOFR mice 0 0 0 0 73

II CELL BODY RESPONSE TO DAMAGE 74
II.i C-kit expression in nonnal mice during reparative nerve growth

................................................... 74
II.ii trkA protein expression in the DRGs ofp75NOFR mice 79

III EXAMINATION OF THE ENVIRONMENT IN WHICH REPARATIVE
NERVE GROWTH OCCURS 89
UI.i Proliferation of Schwann cells distal to nerve axotomy in Sl/c-kit

mutant mice ~ 89
IILH Upregulation of c-kit expression in nerve segments after damage in

SlIc-kit mutant mice 0. 000. 90
IV AXONAL COUNTS 00 0 0.. 0. 0. 0096
V INDUCTION OF HYPERALGESIA 0.. 0104

DISCUSSION 00.. 00. 0 0. 0 000. 0000. 0 000. 0.. 0 0. . . . . . 114
Summary ofsignificant findings o. 0 0.. 0 0. 0000. 0. 0. 0. 114

I MEASUREMENT OF REPARATIVE NERVE GROWTH 0 0.. 0115
Accuracy of area measurements . 00 0 00. . . . . 00 0. . 115
Initial field areas in p7SNGFR mice 00.. 0 0 0 0. 117
Significance of the density of innervation in the p75NOFR mice 0.. 118
Lack ofcollateral sprouting in p7SNOFR mice 00 119
Reparative growth is normal despite an absence of axonal neurofilaments:

NFHlacZ transgenics 0 0. . . . . 122
Defective regeneration in Steel and c-kit mutant mice 00124
Significance ofresults ofNGF administration 0000.. 0125
Role of p75NGFR in regeneration 0000. 0. 000 0. 00.. 0 00129
Role of p7SNGFR in CNS collateral sprouting . 0.. 0. 0. 00 0. 0 129

II CELL BODY RESPONSE TO DAMAGE 0 0. 0.. 0. 133
C-kit increase in DRO during nerve regeneration 00 133
trkA and IB4 lectin in the DRO ofp7SNGFR mice 00 0. 0. 0 135

III EXAMINATION OF THE ENVIRONMENT IN WHICH REPARATIVE
NERVE GROWTH OCCURS 0 0. 0 0 0. 136
Relevance ofnormal Schwann cell proliferation . . 000 00. 000. . . . 136
Examples of the importance of the envirorunent to the rate of nerve
regeneration 0. . . 0. 0. 0. . . . . . . . . . . 0. . . . . . 0. . 137
C-kit expression in non-neuronal cells 0. . . . . 137

vii



IV AXONAL COUNTS 138
Comparison to DRG neuron counts . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138
Axon counts in steel/c-kit mutant mice . . . . . . . . . . . . . . . . . . . . . 139
Axon counts in p7SNGFR mice 140

V . HyPERALGESIA 142
CONCLUSIONS 146
REFERENCES 147

viii



LIST OF ILLUSTRATIONS

Fig. 1 Rates of regeneration and collateral sprouting in NFHlacZ and control mice.

· ..•......................................................... 54

Fig 2.1 Regeneration ofAo and C fibres in SIISld and W/Wv mutant and control mice

· ..............................................•............. 56

Fig. 2.2 Collateral sprouting of Ao and C fibres in SI/Sld and WIWV mutant and control

mice 58

Fig. 3.1 Collateral sprouting ofcutaneous sensory fibres in p7SNGFR and coritrol mice

· 60

Fig. 3.2 Regeneration ofcutaneous sensory fibres in p7SNGFR and control mice. . ... 62

Fig.3.3 Target areas innervated by Ao and C fibres comprising DCN T13 in p7SNGFR

and control mice. . 64

Fig. 4 Regeneration ofAp mechanosensory fibres in W/Wv and control mice..... 69

Fig. 5 Effect of exogenous NGF on the rate of collateral sprouting in p7SNGFR and

control mice. . 71

Table 1. Effect ofexogenous NGF on the rate of collateral sprouting ofnociceptive fibres

in control and p7SNGFR mice 73

Fig. 6 C-kit protein expression in the DRO of normal mice during reparative nerve

growth " 76

Fig. 7 TrkA protein expression in the DRO ofp7SNGFR and control animals 82

ix




















































































































































































































































































































