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AAV-vector Mediated Gene Delivery for Huntington’s Disease: An Investigative Therapeutic Study

Abstract

Progressive degeneration in the central nervous system (CNS) of Huntington's disease (HD) patientsis
arelentless debilitating process, resulting from the inheritance of a single gene mutation. With limited
knowledge of the underlying pathological molecular mechanisms, pharmaceutical intervention has to-
date not provided any effective clinical treatment strategies to attenuate or compensate the neuronal
cell death. Attention has therefore turned to biotherapeutic molecules and novel treatment approaches
to promote restoration and protection of selectively vulnerable populations of neurons in the HD brain.

Rapid advances in vectorology and gene-based medicine over the past decade have opened the way for
safe and efficient delivery of biotherapeutics to the CNS. With numerous factors known to regulate
the development, plasticity and maintenance of the mammalian nervous system many proteins have
emerged as potential therapeutic agents to alleviate HD progression. This investigative study utilised
gene delivery vectors derived from the non-pathogenic adeno-associated virus (AAV) to direct high-
level expression of brain-derived neurotrophic factor (BDNF), glial cell-line derived neurotrophic
factor (GDNF), Bcl-x_ or X-linked inhibitor of apoptosis protein (XIAP) within the rodent striatum.
Maintenance of the basal ganglia and functional behaviour deficits were assessed following excitotoxic

insult of the striatum by quinolinic acid (QA), a neurotoxic model of HD pathology.

Enhanced striatal expression of BDNF prior to QA-induced lesioning provided maintenance of the
striosome-matrix organisation of the striatum, attenuating impairments of sensorimotor behaviour with
a 36-38% increase in the maintenance of DARPP-32 / krox-24 expressing striatal neurons, reduced
striatal atrophy and increased maintenance of striatonigral projections. Higher levels of BDNF
however induced seizures and weight-loss highlighting the need to provide regulatable control over
biotherapeutic protein expression. Continuous high-expression of BDNF or GDNF resulted in a
downregulation of intracellular signal mediating proteins including DARPP-32, with AAV-GDNF not
found to enhance the overall maintenance of striatal neurons. Neither of the anti-apoptotic factors
provided significant protection of transduced striatal neurons but tended towards ameliorating QA-
induced behavioural deficits, displaying behaviour — pathology correlations with the survival of
parvalbumin-expressing neurons in the globus pallidus. The results of this thesis suggest BDNF as a
promising putative biotherapeutic for HD, but emphasises the requirement to control expression
following gene delivery, and for further elucidation of the physiological impact that enhanced
expression of endogenous factors has on the host cells. Additionally the maintenance of neural
networks beyond the caudate-putamen will be vital to ensuring efficient clinical outcomes for HD.
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