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Figure 1.1. Laminar structure of the neocortex. Schematic representation of the
six layers of the neocortex that form during CNS development demonstrating
neuronal aborisation and packing density of cell bodies. The names of each layer
reflect the cell types that predominantly reside in that layer. Precursor neurons
must undergo a highly co-ordinated migratory journey from their birthplace in
order to take up these specific positions (Adapted from Nolte, 2009).
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Figure 1.2 Development of the mammalian neocortex. During embryonic
development the dorsal forebrain creates the neocortex. Neuronal progenitors
destined to differentiate into pyramidal neurons are derived from the ventricular
zone (VZ), whereas progenitors destined to differentiate into cortical interneurons
are predominantly derived from the medial and lateral ganglionic eminences
(MGE and LGE, respectively) in the ventral forebrain.

The neocortex develops in two distinct stages. Firstly post-mitotic neurons migrate
toward the margin of the cerebral wall to form the primordial plexiform layer,

or preplate (A). Secondly new born neurons migrate into the preplate and as they
accumulate, form a new series of layers called the cortical plate, forming the
superficialmarginal zone (layer I) and a deeper layer, the subplate (layers 1I-VI);
The later born post-mitotic neurons that form layers II-VI of the cortical plate are
arranged in an ‘inside-out’ sequence (B) (Adapted Nadarajahand Parnavelas 2002).
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Figure 1.3. The neuronal growth cone. Diagrammatic representation of the
growth cone. The peripheral (P) domain consists of long slender, highly dynamic
filopdial protrusions, which contain F-actin, longitudally arranged in bundles, but
very few microtubules. Lamellipodia are broad, fan shaped structures which consist
of crosslinked F-actin, and microtubules. The central (C-zone) domain contains
F-actin and microtubules. The guidance and growth of growth cones is determined
by the interactions of filapodia with the extrinsic environment (A) through
transmembrane receptors (B). The surface of the filopodium is rich in
transmembrane proteins which act as receptors for cell adhesion molecules.

F-actin forms rod-like parallel bundles within the filopodium (C). Growth cones
extension is enabled by F-actin and microtubule interactions within the peripheral
zone (D). Within the axonal shaft, microtubules form a dense parallel array that
upon entering the growth cone splays apart; the microtubules contained within the
central zone are in a state of dynamic instability, which means they are constantly
undergoing rapid periods of growth and shrinkage (E). Within the axon,
microtubules also participate in the active process of axonal transport (F)

(Adapted from Sanes et al., 20006).
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Figure 1.4 Diagrammatic representation of the neuronal cytoskeleton. The neuronal
cytoskeleton is composed of microfilaments, neuronal intermediate filaments
(neurofilaments) and microtubules. Microtubules are tube-like structures, composed

of tubulin molecules. Neurofilaments, unlike microfilaments and microtubules,

are composed of subunits with a filamentous structure. Microfilaments are the

smallest diameter cytoskeletal component and are composed of helically intertwined
strands of polymerised actin molecules (Adapted from Bear et al., 2001).
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Figure 1.5 Type IV neuronal intermediate filament proteins. Diagrammatic
representation of type IV neuronal intermediate filament proteins (A). Type IV
neuronal intermediate filament proteins comprise the main intermediate filament
component of the cytoskeleton of most mature CNS neurons and include
alpha-internexin and the neurofilament triplet proteins, NF-L, NF-M and NF-H,
commonly referred to as neurofilaments.Neuronal intermediate filaments have a
distinct filamentous structure (B). Neurofilament triplet proteins are polymers of
NF-L, NF-M and NF-H subunits. NF-M and NF-H possess side arms (carboxy
terminal tail domains) that protrude from the core filament, vary in length between
sub-units and undergo phosphorylation to increase inter filament spacing.
(Adapted from Lariviere and Julien, 2004).



Figure 1.6. Glial cells of the CNS. Schematic representation of all the different
types of glial cells and their interactions. Astrocytes are stellate-shaped cells

which play vital roles in formation of the blood brain barrier, maintaining local
ion concentrations and pH homeostasis in the extracellular space, assisting neurons
in the turnover of nutrients and metabolic by-products and neurotransmitters
(glutamate), regulate synapse development and modulate synaptic strength.
Oligodendrocytes are the myelinating cells of the CNS, their arborisations forming
myelin sheaths around the axons belonging to CNS neurons, this sheath broken up
along the axon by nodes of Ranvier. Microglial cells are the primary immune cell
type of the CNS (Taken from Felten and Shetty, 2010).
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Figure 1.7 Axonal injury. Due to their relatively long-distance projection and fragility,
axons are particularly vulnerable to TBI (A). Axonal injury, either as a result of
primary injury or a secondary effect, results in the formation of two axonal segments
Changes in the soma (chromatolysis) may culminate in cell atrophy, death or survival.
Following disconnection the disconnected ends almost immediately seal over and the
proximal and distal sections begin to retract away from each other and enlarge; the
distal segment becomes completely separated from the cell body of origin and
ultimately degenerates by a mechanism that is known as Wallerian degeneration (B).
The degeneration of the distal segment also results in a loss of synaptic input to the
target cells. If the cell body survives the proximal segment of an axon demonstrates

a retained ability to regrow or sprout (C) (Adapted from Notle, 2009).






Figure 3.1 Cytoskeletal profile of cortical neurons during development and
regeneration. (A and B) A neuronal aggregate at (A) 5 DIV and (B) a
transected axon bundle (21 DIV) at 6 hrs Pl immunolabelled for both tau
(green) and MAP-2 (red). Tau was distributed throughout the axon bundles
(arrow) and growth cones (arrowhead) whereas MAP-2 localisation was more
restricted (arrow and arrowhead). (C and D) A typical neuronal aggregate (C) at
5 DIV and (D) a transected axonal bundle at 6hrs Pl immunolabelled for both
RIH-tubulin (green) and NF-M (red). BI1I-tubulin was distributed throughout
axonal bundles (arrows) and extending into growth cones (arrowheads),
however NF-M was restricted to axonal shafts (arrows). (E and F) Tau
labelling, co-localised with MAP-2 which was completely absent, of a growth
cone (E) at 5 DIV and a (F) regenerative sprout at 6 hrs Pl demonstrated that
the growth cones under investigation were axonal of origin. Scale bar A-D =
10um; E, F = 2um






Figure 3.2 The morphology and cytoskeletal profile of growth cones of
developing and regenerating axons at 5 DIV and 6 hrs PI. (A and B) Growth
cones at (A) 5 DIV and (B) 6 hrs Pl immunolabelled for both 311I-tubulin (green) and
ERM (red) demonstrated that BI11-tubulin was confined predominately to the central
domain of the growth cone, while total ERM was confined to the peripheral region.
(C and D) Immunolabelling and staining for both tau (green) and F-actin (red) in
growth cones at (C) 5 DIV and (D) 6 hrs PI indicated a widespread distribution of
both cytoskeletal components throughout the growth cones. Both cytoskeletal dual-
labelling combinations indicated that the 6 hrs Pl growth cones were smaller, simpler

structures than their developmental counterparts. Scale bar = 2um
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Figure 3.3 Axonal motility, extension and retraction in development and
regeneration. (A) X, Y graphs demonstrating growth cone motility in development
(3, 5, 7 DIV) and regeneration (6, 24 hrs PI). Data points illustrate the position of the
centre of the growth cone (um), at two min intervals, over a two hrs imaging period.
(B) Mean axonal extension in development and regeneration (n=25). (C) Mean
axonal retraction in development and regeneration (n=25). *p<0.05. Error bars

represent SEM.






Figure 3.4 Growth cone dynamics in development and regeneration. (A) Live
imaging of a dynamic growth cone (3 DIV) (arrowheads) over a two hrs time period
indicating a range of morphological changes. (B) Live imaging of a growth cone (6
hrs PI) (arrowheads) over a two hrs time period indicating the range of morphological
changes observed in development were not apparent in the regenerating growth
cones. (C) Time-lapse images of an injured immature axon bundle (5 DIV) over a
one hrs time period indicating no net axonal outgrowth in the immature bundles.

Scale bar = 10um, for inset 6.5um
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Figure 3.5 Growth cone dynamics and response to growth factors. (A) The
distribution of time spent extending, retracting and pausing for each imaging time
point in development and regeneration (n=25). (B) The effect of BDNF and GDNF
on developmental neurite outgrowth compared to post-injury regenerative sprouting.

*p<0.05. Error bars represent SEM.






Figure 3.6 BDNF receptor localisation. (A and B) Immunolabelling with antibodies
to both neuron specific gll1-tubulin (green) and the BDNF receptor TrkB (red) at (A)
5 DIV and (B) 21 DIV, indicated a widespread punctate localisation of the
neurotrophin receptor throughout nerve cell bodies and processes at both ages in

culture. Scale bar = 15um, for inset 5um






Figure 4.1 DIC and fluorescent immunolabelled images of neurons at 21 DIV.
(A and B) At 21 DIV neurons formed closely associated cell clusters interconnected
by axon bundles (arrows). (C) At 6 hrs post-injury neurons were still present as
clusters, however, all interconnecting neurites had been stripped. (D) By 24 hrs post-
injury many neurons within the cluster had extended processes, tipped with growth
cone like structures (arrow). (E) Immunolabelling for the axon specific microtubule
associated protein, tau, at 24 hrs post-injury, revealed numerous axonal sprouts
emanating from the cell clusters (arrows). (F) By 7 DPI, single axonal (tau
immunoreactive) sprouts connected with surrounding cell clusters. Scale bar: A =
100pm, B-E =25 pm






Figure 4.2 Confocal microscopy at 24 hrs post-injury. A subset of the sprouts
within the cell cluster were immunopositive for calretinin (red, arrowhead), with a
further larger group of sprouts extending out form the cell cluster that were
immunoreactive for SM312 (green, arrows). No colocalisation between these markers

was evident. Scale bar =15um






Figure 4.3 Confocal microscopy of immunocytochemical labelling for cell-type-
specific proteins and markers of neurogenesis in relatively mature neurons after
structural injury. (A-C) (A) Labelling for the thymidine analogue, BrdU, (B) in
combination with a neuronal marker tau, (C) indicated that the structurally injured
neurons under investigation did not incorporate BrdU (arrow). (D-F) (D) Labelling
with the neural precursor marker nestin, (E) in conjunction with tau, indicated the
presence of precursors cells (nestin immunopositive) present after injury, (F) however
the labelling did not co-localise with tau. (G-I) Colocalisation between (G) nestin and
(H) GFAP immunolabelling, (arrows, (1)) indicated that the precursor cells present
within the cell clusters after injury, were of glial origin. Scale bar: A-C= 15um, D-I

= 20um






Figure 4.4 Tau and MAP-2 expression in cortical neurons at 21 DIV and post-
injury. (A-C) At 21 DIV (A) tau was distributed throughout cell clusters and
neuronal processes, (B) whereas MAP-2 was confined to cell clusters and processes
extending for only a short distance (arrows). (D-F) Similarly, at 24hrs post-injury tau
was distributed throughout cell clusters and (D) newly extending neurites (arrows),
(E) whereas MAP-2 remained in the cell clusters. (F) Confocal microscopy revealed
no colocalisation between the two markers in the sprouting neurites. (G-I) High
power confocal microscopy revealed (G) distinct distal tau immunolabelled axons
and (H and I) single neurons within the clusters with multiple dendrites expressing
only MAP-2. Scale bar: A-C =50 pm, D-1 =25 um
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Figure 4.5 Growth cone area for developing axons at 3 DIV in comparison to
regenerative axons at 24 hrs post-injury. (A) The mean growth cone area was
significantly (*p<0.05) greater in developing neurites at 3 DIV compared to
regenerative neurites at 24 hrs post-injury. (A) There were no significant differences
for mean growth cone area on astrocytes in comparison to poly-L-lysine for
developing and regenerating growth cones. (B and C) Regenerating neurons (24 hrs
post-injury), (C) when plated on to a monolayer of astrocytes, induced an increase in
the fluorescence intensity of GFAP labelling and an alteration in astrocyte
morphology, (B) in comparison to an astrocyte monolayer without injured neurons or

developing neurons. Scale bar = 20um






Figure 4.6 Immunocytochemical profile of growth cones of developing and
regenerating axons at 3 DIV and 24 hrs post-injury. (A-F) Growth cones at 3 DIV
were large and showed extensive labelling (A and C, green) for tau and (D and F,
green) staining for F-actin, using phalloidin that was concentrated in the central
domain (arrow) of the growth cone but crossed into the peripheral domain
(arrowhead). At 24 hrs post-injury the growth cones were smaller and (G,I, green) the
tau and (J,L, green) F-actin expression was concentrated in the central domain
(arrow), with no peripheral domain labelling evident. (B,C and H,I, red) Alpha-
acetylated tubulin was confined predominately to the central domain of the growth
cone and neurite shaft in both (B,C) developmental and (H,I) regenerative growth
cones. (E,F and K,L, red) Similarly, GAP-43 expression was concentrated in the
growth cones central domains in both (E,F) development at 3 DIV and (K,L) 24 hrs

post-injury (arrows). Scale bar =5 um






Figure 4.7 Growth cone dynamics in development and attempted regeneration.
(A) An example of live imaging of a dynamic growth cone (arrow) (24 hrs P1) at 20
min intervals for two hrs. (B) The distribution of time growth cones spent extending,
retracting and pausing (assessed every min for 120 mins) in development and at 24
hrs post-injury (n=30). Growth cones on the tips of regenerating axons spent
significantly (p<0.05) more time extending and less time pausing then developing
growth cones at 3, 5 and 7 DIV. Scale bar = 10um, for inset 6.5 um






Figure 5.1 Immunofluorescent, light and transmission electron microscopy
following focal brain injury. (A and F) Resin sections cut in the horizontal plain
from the control non-injured cortex showed that the neuropil of the somatosensory
cortex of the right hemisphere was dense unbroken structure comprising of cell
bodies and their processes and blood vessels. (B and G) At 1 DPI a discreet, circular
injury site was clearly visible in the horizontal sections. (G) The injury site was filled
with red blood cells indicating there had been bleeding within the injury site. (C) By
7 DPI the injury site (arrow) had dramatically increased in size. (H) The red blood
cells had cleared and the injury site was populated with cells (arrowheads) and
processes, the area innervated with new blood vessels (arrows). (D) The injury site at
14 DPI remained large in comparison to that at 1 DPI and had become more densely
infiltrated with cells and their processes, in comparison to 7 DPI. (1) At 14 DPI blood
vessels permeated the injury tract (arrows). (E) TEM analysis at 7 and 14 DPI
demonstrated that the injury site was infiltrated with activated microglia with
prominent inclusion bodies (arrow). (J) Proliferating cells (arrow denotes a dividing
nuclei) were also present within the lesion site at 7 DPI. (K) Immunofluorescent
labelling of horizontal sections with an antibody to GFAP demonstrated minimal
expression in the uninjured brain. (L) There was little GFAP immunoreactivity
around the injury site at 1 DPI. (M) At 7 DPI there was a localised increased
expression of GFAP around the injury site. (N) By 14 DPI there was substantial
GFAP reactivity around the injury site that extended to 500um away from the injury.
(O) Coronal sections labeled with GFAP demonstrated that by 14 DPI a dense glial
scar had formed within the injury tract. Scale bar: A-D = 250um, F-1 = 100pum, E and
J =2um, K- N = 150um, O = 500um, asterisk in L-N denotes injury site






Figure 5.2 Immunofluorescence labelling for nestin within the cortex at 7 DPI.
Nestin immunoreactive cells were not evident in the grey matter of the neocortex of
control non-injured brains (A), but by 7 DPI, were abundant within the lesioned
tissue (B). Nestin immunoreactive profiles were present in tissue extending from the
SVZ and corpus callosum up to the injury site (C). Double immunofluorescence
labelling for BrdU, administered at 1 DPI, (D) and nestin (E) demonstrated
localisation of these markers to the same cells within peri lesion tissue. Double
labelling for PCNA (F) relative to nestin (G) confirmed the proliferation of nestin-
labelled cells within the SVZ. Scale bar: A and B = 100um, C = 800um, D-G =

50um






Figure 5.3 Double immunofluorescence labelling for BrdU and nestin (green)
relative to astrocyte, microglial/macrophage and neuronal markers (red) in
cortical peri lesion tissue at 7 DP1. Numerous GFAP labelled cells also contained
BrdU immunoreactive nuclei (A), indicating that a proportion of the reactive
astrocyte population proliferates in response to injury. Nestin labelling exclusively
co-localised with GFAP (B) within the peri lesion tissue. Ferritin immunopositive
microglia/macrophages were also mitotically active following injury, with a number
of cells double labelling with BrdU (C). Nestin labelling was not present within the
ferritin positive microglia/macrophages (D). Colocalisation with BrdU or nestin was
not observed for any of the neuronal markers including NF-M, (E and F, double
labeled for BrdU and nestin, respectively), a-internexin (G and H, double labeled for
BrdU and nestin, respectively), calretinin (I and J, double labeled for BrdU and
nestin, respectively) and parvalbumin (K and L, double labeled for BrdU and nestin

respectively). Scale bar = 50um






Figure 5.4 Immunofluorescent microscopy and confocal microscopy on
horizontal sections at 7 DPI. (A, C) Immunolabelling with the pyramidal neuron
markers (A) SMI312 and (C) a-internexin showed an increased immunoreactivity
around the injury site. (B, D) High power confocal images demonstrated that fine
sprouts (arrows), (immunopositive for (B) SMI312 and (D) a-internexin, were
transversing the injury site. However, neurons immunopositive for the interneuronal
marker calretinin did not demonstrate the same response. (E and F) Immunolabelling
for calretinin was confined to the intact tissue. (F) Furthermore high power confocal
images confirmed no sprouting response present beyond the lesion edge. Scale bar:
A, C, E =200um, B, D, F = 50um, dotted line denotes edge injury site






Figure 5.5 Confocal images for calretinin immunolabelling and GFP localisation
at 14 DPI. (A and B) Confocal images for (A) calretinin and (B) GFP horizontal
sections at 14 DPI demonstrated that the injury site had filled, forming a dense tissue
core. (C) Horizontally projecting dendrites (arrows) of calretinin labelled
interneurons can be clearly visualised around the injury site in sham inured control
sections. (A) At 14 DPI the horizontally projecting dendrites of calretinin labeled
interneurons had realigned around the injury site (arrows), as demonstrated with
confocal microscopy. (B, D) Comparison between GFP localisation at (B) 14 DPI and
(D) control sham injured section revealed no detectable differences. Scale bar =
150um, dotted line denotes edge of injury site
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Figure 5.6 Quantitation of horizontally projecting neurites of calretinin-
immunolabelled cells at 14 DPI. Horizontally projecting dendrites were visualised
using flattened z-stacks. (A and B), illustrate representative flattened z-stacks for
calretinin immunolabelled neurons in (A) control sham-injured and (B) injured
horizontal sections. (C and D) Plot distribution for (C) the control sham-injured and
(D) injured populations in relation to the distance of the cell from the injury site
further demonstrated (D) the distinct shift in dendrite angle bias of the injured
neurons, with a trend for this bias to be increased away from the injury site, however
linear regression demonstrated that this trend was not significant (p=0.05). (E) The
mean of dendrite angle bias for each cell was significantly (p<0.01) decreased at 14
DPI in comparison to control. (F) The quantitation of the mean neurite length of
primary secondary and tertiary branches at 14 DPI and in sham injured control
revealed no significant differences between 14 DPI and control. Error bars denote
SEM.
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Figure 5.7 Polarity quantitation of horizontally projecting neurites of calretinin-
immunolabelled cells, at 14 DPI. (A and B inset) A template comprised of four
quadrants was layered over each neuron under investigation and the quadrant in
which each dendrite intersected the 80um line (B, arrow) recorded. (C) The
quantitation of dendrite orientation at 14 days post injury demonstrated a significant
(p<0.01) difference in number of dendrites in the distal quadrant away from the injury
site, in comparison to dendrites on neurons in control sham-injured tissue. Error bars

denote SEM. Scale bar = 200pum, 100um for inset
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Figure 5.8 Horizontally projecting neurites of GFP expressing pyramidal cells
underwent no significant change in dendrite orientation or mean length, at 14
DPI. Horizontally projecting dendrites were visualized using flattened z-stacks. A
and B, illustrate representative flattened z-stacks for GFP expressing neurons in (A)
control sham-injured and (B) injured horizontal sections. (C and D) Plot distribution
for the (C) control populations and (D) injured populations in relation to the distance
from the injury site further demonstrated no distinct shift in dendrite angle bias of the
injured neurons. (E) There was no significant difference in the mean dendrite angle
bias between 14 DPI and sham injured control for this subpopulation of neurons. (F)
The quantitation of the mean neurite length of primary secondary and tertiary
branches at 14 DPI and sham injured control revealed no significant differences
between 14 DPI and control. Error bars denote SEM.






Figure 6.1 Immunocytochemistry of mouse cortical neurons in vitro.
Immmunocytochemistry was performed to investigate the maturation of neurons
derived from wild type mice. (A) Immunocytochemistry at 7 DIV demonstrated
neurons were polarised with MAP-2 positive dendrites (red) and a single tau
immunopositive axon (green). (B) At 15 DIV tau (green) was abundant in axonal
processes and MAP-2 (red) immunoreactivity was increased within dendrites. (C)
GAP-43 (red) was enriched in cell bodies, axons, dendrites and growth cones (inset)
at 7 DIV. (D) By 15 DIV there was minimal immunoreactivity for GAP-43 within
the cortical neurons. (E) At 7 DIV colocalisation of gl11 tubulin (red) and the
synaptic vesicle marker synaptophysin (green) indicated that 111 tubulin was present
throughout cell bodies and processes while synaptophysin (green) was confined to
dendritic shafts (inset). (F) By 15 DIV synaptophysin was located in punctate
positions lateral to the dendrite shaft (inset), indicating that mature synapses were

present. Scale bar = 50um, for inset 20pm
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Figure 6.2 Immunocytochemistry of wildtype and NF-L-/- cortical neurons at 3
DIV. To visualise individual neuronal characteristics, both wildtype and NF-L-/-
dissociated neurons were grown as a monolayer on a poly-L-lysin substrate. (A and
B) DIC images demonstrated that (A) wildtype and (B) NF-L-/- cortical cultures
adhered to the substrate and had extended neurites by 3 DIV, with no distinguishable
differences between the two conditions. (A and B inset) These neurites were tipped
with characteristic growth cones. (C and D) Immunolabelling for the microtubules
associated proteins tau (green) and MAP-2 (red), demonstrated that both (C) wildtype
and (D) NF-L-/- neurons had developed polarised neurites, with clearly defined
dendrites (red) and a single axon (green) at 3 DIV. Scale bar = 50um, for inset 20pm






Figure 6.3 Wildtype and NF-L-/- neurons’ expression of MAP-2 and Tau at 15
DIV. The immunoreactivity profile of 15 DIV NF-L-/- neurons was compared to
wildtype controls. (A) Immunohistochemistry of the antibody direct at NF-L
demonstrated that there was NF-L present in wildtype neurons throughout the cell
bodies and processes. (B) There was no immunoreactivity for NF-L and the NF-L-/-
neurons. (C and D) Immunolabelling for the microtubules associated proteins Tau
(green) and MAP-2 (red), demonstrated that by 15 DIV in both (C) wildtype and (D)
NF-L-/- neurons tau abundant in axonal processes and MAP-2 (red)
immunoreactivity was present throughout all dendrites. Scale bar = 40pum






Figure 6.4 Immunolabelling of a-internexin and NF-M and 7 DIV in wildtype
and NF-L-/- neurons. The immunoreactivity profile of developing NF-L-/- neurons
was compared to wildtype controls. (A and B) Alpha internexin labelling at 7 DIV in
(A) wildtype and (B) NF-L-/- neurons was predominately confined to neurite
processes, with an increase in immunoreactivity for (B) NF-L-/- in comparison to (A)
wildtype. (C and D) NF-M labelling at 7 DIV in (C) wildtype and (D) NF-L-/-
neurons was also confined to neurite processes, however immunoreactivity was
decreased for NF-L-/-. (E and F) Colocalisation investigations of a-internexin (red)
and NF-M (green) in both (E) wildtype and (F) NF-L-/- neurons demonstrated that
there were axons which were immunopositive for exclusively a-internexin (red) or
NF-M (green) (arrows) as well as axons in which a-internexin and NF-M were co-
localised (arrowheads). Scale bar = A-D, 50um, E&F, 20pum
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Figure 6.5 NF-M and a-internexin immunohistochemistry at 15 DIV in wildtype
and NF-L-/- neurons. (A) Colocalisation investigations of a-internexin (red) and
NF-M (green) in wildtype neurons at 15 DIV demonstrated that wildtype axons
demonstrated a distinct expression of NF-M (green) or a-internexin (red) (arrows),
with no colocalisation. (B) 15 DIV NF-L-/- axons demonstrate complete
colocalisation of NF-M (green) and a-internexin (red)(arrowheads). (C) Immunoblot
analysis of 15 DIV cortical neurons demonstrated that in comparison to wildtype,
NF-L-/- neurons had a relatively decreased expression of NF-M (120 Kd) and
increased expression of a-internexin (66kd). (D) Colocalisation
immunohistochemistry within coronal brain sections, in the wildtype cortex also
demonstrated that axons were immunopositive for exclusively a-internexin (red) or
NF-M (green) within the neocortex (arrows). (E) NF-L-/- axons within the neocortex
demonstrated a colocalisation of a-internexin (red) and NF-M (green) (arrowheads).

Scale bar = 20um
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Figure 6.6 Immunohistochemistry of interneuronal markers within the wildtype
and NF-L-/- neocortex. (A) Labelling for MAP-2 in the wildtype neocortex
demonstrated widespread immunoreactivity throughout the cortical layers, with a
marginal decrease in immunoreactivity corresponding to layer IV. (B) There was
also widespread immunoreactivity to MAP-2 within the NF-L-/- neocortex. (C and D)
Immunolabelling for calretinin was throughout the cortical layers within both the (C)
wildtype and (D) NF-L-/- neocortex, with an increase in density of calretinin positive
cells corresponding to layer IV of the neocortex. Furthermore, there was very little
immunoreactivity within layer I in both (C) wildtype and (D) NF-L-/- neocortex. (E
and F) Parvalbumin expression was throughout the neocortex of (E) wildtype and (F)
NF-L-/- mice, with a defined increase in immunoreactivity corresponding to layer V.

Scale bar =100pm






Figure 6.7 Immunohistochemistry of neurofilament markers within the wildtype
and NF-L-/- neocortex. (A) Immunohistochemistry on coronal sections
demonstrated that SM1312 immunoreactivity was predominately confined to layer V
and to a lesser extent layer Il of the neocortex. (B) There was a reduced
immunoreactivity for SMI1312 within the NF-L-/- neocortex with no discernible
cortical layers. (C and D) Additionally NF-M labelling was predominately confined
to layers 11l and V within the (C) wildtype neocortex, (D) with no laminar expression
present within the NF-L-/- neocortex. (E) Alpha internexin immunoreactivity was
predominately confined to layers 111 and V of the wildtype neocortex. (F)
Immunoreactivity for a-internexin was increased within the NF-L-/- neocortex
compared to wildtype however the cortical layers were not distinguishable.

Scale bar =100pm






Figure 6.8 NDell immunoreactivity in mature NF-L-/- neurons and
coimmunoprecipitation with a-internexin. (A-D) Immunolabelling with an
antibody direct at NDell demonstrated immunoreactivity both in vitro and in vivo, in
mature NF-L-/- neurons. (A and B) NDell immunolabelling was present throughout
cell bodies and axons at 15 DIV in both (A) wildtype and (B) NF-L-/- neurons. (C
and D) In vivo brain sections demonstrated immunoreactivity within axon segments
in both (C) wildtype and (D) NF-L-/- brains. (E) An immunoblot of
immunoprecipitation with the polyclonal a-internexin antibody demonstrated that
NDell coimmunoprecipitated with a-internexin exclusively in NF-L-/- neurons at 15
DIV. Both wildtype and NF-L-/- neurons precipitated a-internexin when probed with
a polyclonal a-internexin antibody (column 1 and 2 or the first row respectively).
However, only the NF-L-/- sample precipitated with o-internexin
coimmunoprecipitated NDell on an immunoblot (column 2 row 2). Both control
samples (no antibody control and a control resin, column 3 and 4 respectively) did no
produce any detectable bands for either a-internexin or NDell. Scale bar =50um






Figure 6.9 Time course of GFAP immunoreactivity following focal neocortical
injury. (A and B) GFAP immunoreactivity within non-injured wildtype (A) and NF-
L-/- (B) neocortex demonstrated an increase in GFAP immunopositive astrocytes
within the neocortex of NF-L-/- mice (arrows). (C and D) At 4 DPI there was an
increase in immunoreactivity for GFAP within the injury site in both (C) wildtype
and (D) NF-L-/- neocortices. (E and F) By 7 DPI there was a localised increased
expression of GFAP around the injury site within both (E) wildtype and (F) NF-L-/-
neocortices. (G and H, wildtype and NF-L-/- respectively) Immunoreactivity was
confined to a discreet central core by 14 DPI, demonstrating that an astrocyte

infiltrated glial scar had formed. Scale bar =100um






Figure 6.10 Immunofluorescent labeling a 4 DPI. (A and B)
Coimmunohistochemistry for GFAP (green) and a combination of SMI1312 and
SMI32 (red) demonstrated that fine sprout like structures were transversing the injury
site at 4 DPI (arrows) in both the (A) wildtype and (B) NF-L-/- injury site. Scale bar
=30um
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Figure 6.11 Quantitation of the number and mean length of NF-L-/- sprouts
within the injury site in vitro. The sprouting response was investigated at 24 hrs
post injury in relatively mature (15 DIV) neurons in vitro. (A) Tau labelling of
wildtype neurons at 24 hrs Pl demonstrated that fine sprouts were transversing the
injury site, tipped with characteristic growth cones (arrows). (B) Tau positive
regenerative sprouts, tipped with growth cones (arrows), were also present within the
injury site of NF-L-/- cortical neurons. (C) There was no significant difference
between the mean sprout lengths for NF-L-/- regenerating sprouts in comparison to
wildtype control. (D) However there was a significant reduction in the mean number
of spouts, within each injury site, in NF-L-/ neurons in comparison to wildtype

control. Scale bar =20um
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