Review Article

Plasticity and its Role in Neurological Diseases
of the Adult Nervous System

stroke' (Table 1), is believed to involve reorganisa-

tion of neural circuitry, which enables non-dam-
aged parts of the brain to appropriate new functions. A
pragmatist might reasonably argue that understanding
the mechanisms underpinning plasticity is not necessary;
the goal for physicians is simply to maximise plasticity
and, thereby, speed recovery. However, this simple strate-
gy may not work. Excessive or aberrant plasticity has been
proposed to cause diseases (Table 1). Therefore, harness-
ing plasticity for therapeutic benefit requires an under-
standing of the process of cortical reorganisation and the
underlying cellular mechanisms.

Plasticity is greatest in the CNS during developmental
‘critical periods)* but the capacity for significant plastici-
ty remains in adulthood.” This article focuses on our
understanding of plasticity in adolescent and adult cortex.
We discuss the role of plasticity in disease and consider
approaches that may be used to enhance or reactivate
plasticity.

Recovery after acute neurological damage, e.g.

Table 1: Neurological conditions in which plasticity may

play a role

Recovery or Maladaptive plasticity
amelioration of

CNS disease

Stroke Phantom limb pain

Multiple sclerosis Complex regional pain syndrome type 1
Alzheimer’s disease | Focal dystonia

Huntington’s disease | Tinnitus

Brain tumours Post-traumatic epilepsy

Mechanisms underpinning reorganisation

Cortical reorganisation during learning or as a result of
disease can be best thought of as a process that involves
early functional modifications followed by structural
changes that consolidate functional reorganisation (Table
2). Functional modifications typically comprise alterations
in synaptic strength possibly due to long-term potentia-
tion or long-term depression.*” The ensuing structural
changes have been described on multiple spatial scales.
The most subtle structural changes occur at existing con-
nections between neurons. The shape of dendritic spines,
which form the postsynaptic component of excitatory
synapses, may alter with modifications in synaptic
strength. Strengthening or weakening of connections can
be stored as changes in the number of synapses forming
those connections. In contrast, formation of new connec-
tions may involve axonal growth and/or dendritic remod-
elling, which are commonly subsumed under the title
‘rewiring’® Large-scale rewiring has been described after
damage to the nervous system,’ but there is limited evi-
dence that it occurs to a marked extent when the nervous
system is intact.” The difference in propensity for rewiring

may simply be one of degree, i.e. nervous system damage
induces a more complete alteration in inputs compared
with learning, or damage may enable activation of new
mechanisms. Finally, neural circuits may remodel as a
result of implantation of stem cells into the CNS or incor-
poration of new neurons following adult neurogenesis."

Space restrictions mean that we cannot describe the
role of plasticity in all of the conditions listed in Table 1.
Instead, we briefly discuss stroke as an example of acute
neurological damage and consider how plasticity may
ameliorate symptomatic deterioration in Alzheimer’s dis-
ease (AD).

The role of plasticity in recovery from stroke
Plasticity has been implicated in the recovery from acute
brain damage.' Reorganisation occurs in both the perile-
sional cortex and in cortex distant from the stroke.”
Structural changes provide a substrate for substantial
plasticity. In vivo two-photon imaging of the dendrites of
excitatory neurons reveals a dramatic increase in dendrit-
ic spine formation, which peaks 1-2 weeks after lesion,
and is specific to the peri-infarct region.” Axonal sprout-
ing can occur both within perilesional cortex' and over
greater distances. Following ischaemic injury to the hand
area of primary motor cortex (M1) in squirrel monkeys,
axons originating in ventral premotor cortex that normal-
ly innervate M1 exhibited sharp changes in trajectory near
the lesion site, and formed a novel projection to hand
areas of primary somatosensory cortex.” However, not all
reorganisation is beneficial. For example, persistent reor-
ganisation in contralateral premotor areas following M1
lesions correlates with poor recovery.”

Plasticity and amelioration of Alzheimer’s
disease (AD)
A role for plasticity in neurodegenerative conditions may
not be obvious at first glance. The pathological hallmarks
of AD are amyloid plaques, neurofibrillary tangles and
neuronal loss. However, loss of synapses in the hippocam-
pus and neocortex correlates far better with cognitive
decline than do the appearance of plaques or tangles."
Intriguingly, pathological changes begin in those brain
areas with the greatest capacity for plasticity. These find-
ings suggest that AD is primarily a disorder of synapses."”
There is considerable debate surrounding the molecu-
lar mechanisms underlying synaptic dysfunction in AD.
It is thought that abnormal protein aggregates and/or
their soluble counterparts disrupt plasticity multifari-
ously. Whatever the mechanism(s), the outcome of
synaptic dysfunction is that neurons and the circuits that
they form are unable to respond to environmental
changes or to store new information. Treatment strate-
gies may, therefore, be based on enhancement of plastic-
ity to compensate, at least in part, for the synapses that
have been lost. Alternatively, approaches to reduce
synaptic dysfunction by attacking the disease itself might
be adopted.
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Level of Table 2. Mechanisms involved in adult plasticity
structural
change Presynaptic Postsynaptic Effect
Synaptic function | Altered probability of release Changes in receptor numbers and/or properties | Altered synaptic strength
Synaptic structure | Formation/loss of axonal boutons Formationyloss of dendritic spines Modifies synapse number
Neuronal Wiring | Axonal growth or altered arbourisation Dendritic growth or retraction Rewiring of neuronal connections
Neurogenesis Stemyprogenitor cells e.g. from subventricular zone or hippocampal dentate gyrus Incorporation of new neurons into circuits
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Therapeutic strategies

Experimental studies are now leading to the development of novel thera-
peutic strategies for disorders of the nervous system. For example, stud-
ies on the recovery of motor function following forelimb deafferentation
in monkeys have led to the development of constraint-induced move-
ment therapy. This treatment aims to reverse the phenomenon of ‘learned
non-use’"® and involves restricting movement of the normal limb com-
bined with intensive training of the paretic limb. Similar strategies have
been applied to the chronic motor symptoms of stroke in humans and
have led to significantly increased function of the affected arm that per-
sists for at least two years."

Enhancement of plasticity during recovery periods may be an attainable
goal. Some of the factors involved in closure of developmental critical
periods are known and these may contribute to the lower levels of plastic-
ity exhibited in mature cortex. Formation of the extracellular matrix"” and
myelination® are required for critical period closure in visual cortex.
Enzymatic degradation of chondroitin sulphate proteoglycans in the visu-
al cortex of adult animals results in reactivation of ocular dominance plas-
ticity.” Axonal regeneration following brain damage is restricted by
myelin-associated proteins, which signal via the Nogo-66 receptor (NgR),
thereby reducing functional recovery.” Therefore, temporary inactivation
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