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Abstract

Axon stretch growth: Towards functional repair of the
spinal cord — An early translational exercise

Background

Injury to the spinal cord often visually presents as a local injury, damaging
neurons that reside in the spinal cord, their projecting axons and supporting
infrastructure such as oligodendrocytes. However, damage also occurs to
ascending and descending axons that communicate with the brain.
Fundamentally, repair of these injuries requires two distinct restorative
approaches. The local injury will require stabilisation of the local
environment, the rescue of injured neurons and support infrastructure,
replacement of lost cells and restoration of intra-spinal communication. The
latter ascending and descending axon injury will require proximal and distal

axon reunification to restore supra-spinal communication with the brain.

This thesis presents the results of an early translational exercise that takes
a non-linear approach to facilitate investigation into axon stretch growth
(ASG) - an intrinsic mechanism that allows axons to adapt to body height and
size throughout life. Pioneering research has shown that in-vitro exploitation
of ASG has the potential to bridge significant gaps associated with injuries to

long supra-spinal nerve tracts within the spinal cord.

Although translational science can be applied across the research spectrum,
the traditional practice is to intervene once the research has matured. Here,
the intervention occurs early, in an environment of limited funding within a
progressive school of basic sciences. At the time of intervention, no

infrastructure or experience in ASG research was evident within the faculties.

viPage



Preface

Translational Methods

The absence of a robust in-vitro adult motor neuron culture was identified as
a potential barrier in ASG translation. Collaborations in anatomy,
neuroscience, and toxicology were formed. Three separate animal ethics
applications were required. Publication of a protocol followed.

The infrastructure required to conduct necessary in-vitro investigations into
ASG was determined. Multidisciplinary collaborations were formed with
mechanical, electrical and electronics engineers. Design, engineering, and

commissioning of the equipment followed.

The lack of a definitive translational animal model has been previously
identified as a significant barrier to spinal cord injury research. Specifically,
a suitable large animal model has yet to be clearly defined for ASG research.
Collaborations with comparative anatomy, a large animal research centre,
and a senior spinal surgeon progressed development of a sheep model.

Separate multi-institutional animal ethics applications were also required.

Results

A robust peer reviewed method was established to hydraulically extrude the
spinal cord of adult Sprague-Dawley rats in under 60 seconds, and a serum
free culture protocol simplified to maximise the yield of motor neurons and
reduce culture costs. Adult motor neurons harvested and cultured using this

protocol are capable of in-vitro survival for periods exceeding 21 days.

A decommissioned infant humidicrib was successfully converted into a
portable temperature (32 — 39°C % 0.1°C), and carbon dioxide controlled
imaging incubator. Additional modifications incorporating umbilical support
for multiple tailored bioreactors was also developed. A tailored ASG
bioreactor was prototyped, tested, and commissioned. Axon stretch growth

of motor neurons has been initiated in the bioreactor.
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The literature review suggested that non-human primates were the optimal
model for final translational confirmation. However, there was sufficient
evidence to indicate that ungulates (i.e. sheep or pig) may be an alternative
for ASG research. Relevant information on the sheep was collated, and
basic investigation on their anatomy progressed.

Conclusion Early applied translational science (as practised here) is
strategic and cost effective, showing that the overall strategy facilitates
research, while potentially identifying barriers that could delay progress or
cause late translational failure. The introduction of an “off the shelf” early
intervention funding model allocated to translational scientists should be
considered as a mechanism to progress basic science investigations that are

in conceptual stages of development.
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Full Description
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Studies Hybridoma
Bank

EDTA Ethylene Diamine

Tetra Acetic acid
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Glossary of Terms

Primary injury: An event that causes initial damage to the spinal cord

Secondary injury: A series of biochemical events that occur within the spinal

cord consequential to primary injury or repair intervention.

Wallerian Degeneration: A specific form of degeneration that affects neurites
(including axons) when separated from a neurons cell body. This can be further
specified as anterograde or orthograde.

Acute injury: The immediate post-injury phase, where damage to the spinal
cord is continuing consequential to vascular or CSF disruption, and/or secondary

injury biochemical events (generally < 24 hours’ post injury)

Sub-acute injury: The period where optimal neuroprotective interventions are in
place. Importantly, no new damage is being initiated, but secondary biochemical
events are potentially still active, and the fate of existing damaged cells can be

influenced through cell rescue measures (24 hours > 10 days)

Stabilised injury: A point between sub-acute and chronic injury, where the injury
to the spinal cord has not yet reached steady-state but has stabilised.
Biochemical events may be continuing, but the clinical response is reactionary
(10 days > 24 months)

Chronic injury: The stage where the patient has reached steady state, and all
biochemical events have subsided to the extent that the spinal cord is no longer

actively responding to the injury or post injury intervention (>24 months)

Acute Repair: An immediate repair intervention that occurs while the spinal cord

IS in either acute or early subacute phase of injury.

Planned Repair: A planned intervention that occurs during the mid to late sub-
acute or chronic phase of injury. The aim is to restore connections but, the repair

may not improve functional outcome.

Restoration of Function: A planned intervention that occurs during the mid to
late sub-acute or chronic phase of injury and is aimed to deliver specific functional

gain i.e. nerve/muscle transfer surgery.

xvii|Page



Preface

Motto

o 2L ] ey X
-+ 8 péhﬁﬂﬁ_ -E;@

Eﬁmm
-=:::-=._=—’-‘im_

@@m

The Surgical Treatise - Case 31 (Edwin Smith Papyrus)

In 1930, renowned Egyptologist James Henry Breasted completed and published
(now out of print) a comprehensive translation of the “Edwin Smith Papyrus.” The
papyrus has been dated to the sixteenth century B.C and is considered to be the
earliest known health record of the spinal column and spinal cord trauma. Case
31 (hieroglyphs above) old English transliteration: “If thou examines a man having
a dislocation in a vertebra of his neck, shouldst thou finds him unconscious of his
two arms and his two legs on account of it, while his phallus is erected on account
of it and urine drops from his member without his knowing it; his flesh has
received the wind; his two eyes are blood-shot; it is a dislocation of a vertebra of
his neck extending to his backbone which causes him to be unconscious of his

two arms and his two legs’...... "An ailment not to be treated”.

https://oi.uchicago.edu/research/publications/oip/edwin-smith-surgical-papyrus

volume-1-hieroglyphic-transliteration (Accessed: 29/5/2015)
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