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Abstract
Background—In Huntington’s disease (HD), the cerebral cortex is involved early in the disease
process. The study of cortical excitability can therefore contribute to understanding HD
pathophysiology.

Methods—Using transcranial magnetic stimulation (TMS) we examined motor cortex
excitability in 8 premanifest HD gene carriers, 8 very early symptomatic HD patients and 22
healthy controls. Electrophysiological measures were correlated with the clinical stage of HD to
identify motor cortical dysfunction prior to overt clinical disease onset.

Results—Premanifest and early manifest HD patients had higher resting and active motor cortex
thresholds than controls (p=0.024). At rest, recruitment of motor evoked potentials was more
gradual in both patient groups than in controls (p=0.001). When active, recruitment and the
duration of the cortical silent period were similar in all groups. There was a tendency for short
latency intra-cortical inhibition (SICI) to have a higher threshold in all patients taken together but
not in each group separately. Short latency afferent inhibition (SAI) was reduced in early manifest
patients compared with controls and premanifest patients (p<0.001) and in contrast to all other
measures was inversely associated with predicted years to onset of HD signs (p=0.013, adjusted
R2=0.32) and the UHDRS motor score (p=0.001, adjusted R2=0.5). A combination of age, CAG
repeat length, and SAI strongly predicted the UHDRS motor score (p=0.001, adjusted R2=0.68).

Conclusions—Since reduced excitatory and inhibitory corticospinal thresholds and MEP
recruitment in patients at rest do not correlate with symptom severity, they may be a consequence
of carrying the HD mutation. In contrast, SAI correlated with the severity of motor signs and may
reflect the disease state.
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Introduction
Huntington’s disease (HD), a movement disorder with neuropsychiatric symptoms and
cognitive impairment, is caused by a CAG repeat expansion in the IT15 gene. HD is
inevitably fatal with a mean age of onset of 40 years and a mean survival of 15 to 20 years
and has no currently effective treatment. In recent years, yeast, fly, worm and mouse models
of HD have substantially advanced our understanding of disease mechanisms at the
molecular level (1). Transcranial magnetic stimulation (TMS) is a safe, non-invasive and
painless tool to examine the excitability of the motor cortex in vivo. This provides insight
into the electrophysiological properties of corticospinal neurones and the trans-synaptic
regulation of inhibitory and facilitatory circuits within the motor cortex. In HD, the study of
cortical excitability is important since there is no doubt that the cerebral cortex is involved in
the disease process. Structural imaging studies indicate cortical degeneration occurs early (2,
3), and microarray analysis of human HD revealed more pronounced changes in HD motor
cortex compared to the pre-frontal cortex and cerebellum (4). In the disease process cortical
dysfunction may precede striatal abnormalities since depletion of cortical BDNF results in
striatal degeneration in a pattern closely similar to human HD (5).

To date, the assessment of cortical function using TMS in manifest HD patients has not been
able to delineate a clear picture of what is normal or abnormal in HD (6-11). Various
different abnormalities have been reported in heterogeneous mainly manifest patient
populations including prolonged cortical silent periods (CSP), reduced short interval intra-
cortical inhibition (SICI), enhanced or normal intra-cortical facilitation. The first aim of the
present study was therefore to investigate whether methodological reasons may account for
some of the discrepancies. For instance, SICI was measured using a paired-pulse TMS
paradigm with only one intensity of conditioning stimulus (8, 11). This could produce
misleading results since the amount of SICI depends on the intensity of the conditioning
stimulus (12-14). If the relationship between intensity and amount of SICI differs in patients
and controls, a single measure can give an erroneous estimate of the maximum sensitivity of
SICI. Therefore, in this study, we measured SICI at a range of conditioning intensities.
Another measure of intra-cortical inhibition, the CSP, can also be difficult to interpret if it is
not corrected for the size of the preceding motor evoked potential (MEP) (15). The second
aim of this study was to extend the measures to another form of cortical inhibition. It is well
known that somatosensory evoked potentials become abnormal as HD progresses (16). This
may reflect a disease related influence on the sensory input part of sensory-motor integration
pathways. One such pathway that can be tested easily in humans is short latency afferent
inhibition (SAI (17)) in which a transient sensory input leads to a rapid and short lasting
inhibition of the motor cortex.

The third aim of the study was to test whether any electrophysiological measures were
associated with the clinical stage of HD and whether we could detect cortical dysfunction
prior to overt clinical disease onset.
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Material and methods
Patients and control subjects

Sixteen patients (13 women, mean age 41.6 years, range 28-64) with a molecular genetic
diagnosis of HD (for CAG repeat length see table 1) and 22 control subjects (9 women,
mean age 36.1 years, range 28-58) were recruited. The same clinician (SJT) with long
standing experience in HD examined patients clinically; the Unified Huntington’s Disease
Rating Scale (UHDRS) motor scale was used to score motor signs (18). 8 patients were
clinically premanifest according to the UHDRS (diagnostic confidence score of less than 4),
and 8 patients were early manifest (Clinical stage 1 (19)). The time to symptom onset was
estimated according to Langbehn et al (20). Patients and controls were unmedicated at the
time of the study.Subjects gave informed written consent according to the Declaration of
Helsinki, and the local ethics board approved the study protocol.

Electromyography recordings
Surface electromyograms (EMG) were recorded from the right first dorsal interossoeus
(FDI) muscle using silver/silver-chloride disc surface electrodes (1 cm diameter) in a belly
tendon montage. The EMG signal was amplified and analogue filtered (30Hz to 1kHz) with
a Digitimer D150 amplifier (Digitimer Ltd., Welwyn Garden City, UK). Data (sampling rate
4kHz) was digitised for off-line analysis using Signal software (Cambridge Electronic
Devices, Cambridge, UK).

Transcranial Magnetic Stimulation
Patients and controls were seated in a comfortable chair. They were asked to relax as much
as possible. Magnetic stimuli were given with a hand-held figure-of-eight coil (outer
winding diameter 9cm) connected to a High Power Magstim 200 stimulator (Magstim Co.,
Whitland, Dyfed, UK). This stimulator generates a magnetic pulse with monophasic
waveform and induces a current in the brain with posterior-anterior flow when the coil
handle is positioned at an angle of 45° pointing backwards. The optimal spot for right FDI
stimulation was marked with a felt pen.

Motor thresholds, input-output (I/O) curves at rest
Resting motor threshold (RMT) was defined as the minimum intensity needed to evoke an
MEP of >50μV in 5 out of 10 consecutive trials in the relaxed FDI. Active motor threshold
(AMT) was defined as the minimum intensity (in % of maximum stimulator output) needed
to evoke a MEP of >200μV in 5 out of 10 trials in the tonically active FDI (~20% of
maximal contraction as assessed visually on an oscilloscope). Thresholds were approached
from above threshold in steps of 1% stimulator output. Once no MEPs could be elicited the
intensity was increased in steps of 1% stimulator output until a minimal MEP was observed.
This intensity was taken as motor threshold.

Input-output (I/O) curves were examined by measuring MEP size of MEPs elicited at
stimulus intensities of 110, 125 and 150%RMT. Ten trials were recorded, and the average
MEP area was taken as MEP size.

Cortical silent periods (CSP)
CSPs were recorded from the tonically active right FDI with the subjects squeezing an
object between the thumb and index finger at around 20-30% of maximum force output. Ten
trials at fixed test stimulus intensities of 130, 150 and 175% AMT were collected in each
subject with an interval of 4 seconds between trials. In each individual trial the duration of
the silent period was measured from the visually identified beginning of the MEP evoked by
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the test stimulus to the resumption of (any level of) sustained EMG activity. In addition, the
area under the MEP was determined and a ratio of silent period duration/MEP area
calculated because silent period duration and the size of the preceding MEP correlate so that
a ratio represents an additional measure of the inhibitory circuits underlying the CSP (15).
The gain of the recordings was set to 1mV/V in order to measure the end of the silent period,
and in a second channel was set to 10mV/V in order to measure the size of the MEP. Gain
settings were the same for all experiments.

Paired pulse paradigm
In each individual, an intensity of the unconditioned TMS pulse was chosen that elicited a
MEP of 0.5 to 1.5mV amplitude. The conditioning pulse intensity was varied (60, 70, 80, 90
or 100% of AMT) resulting in 5 different experimental blocks. With each conditioning pulse
intensity, and in a randomised order, the 2 and 3ms interstimulus intervals (ISI) were
examined. This examines short interval intra-cortical inhibition (SICI). With an interval of 4
seconds between trials, 10 conditioned MEPs were collected for each ISI, and in each
experimental block a total of 20 unconditioned test stimulus MEPs were recorded. The order
of data collection for each conditioning pulse intensity was randomised between subjects.
Trials recorded while the patients contracted the hand muscles were excluded on-line. No
trials were excluded in the off-line analysis. The average of the amplitudes of each
conditioned MEP was expressed as a percentage of the average test stimulus MEP amplitude
in the same session. SICI thresholds were determined as described previously (13). In brief,
in each subject the %SICI was plotted against the absolute intensity of the conditioning
stimulus and the data was fitted with a second order polynomial function. The theoretical
threshold was defined as the value where the function crossed the x axis, thus the
conditioning stimulus intensity where the net amount of inhibition was zero. This
conditioning stimulus intensity was then related to AMT in each individual.

Short latency afferent inhibition (SAI) by somatosensory input from the median nerve
SAI of the motor cortex was examined as previously described (17). In brief, a MEP of
~1mV peak-to-peak amplitude was elicited in the FDI by TMS. A paired pulse paradigm
examined the influence on MEP size of a supra-threshold electrical stimulus given to the
median nerve through bipolar electrodes. The electrical stimulus to the median nerve was
delivered at an intensity just above the threshold to elicit a visible contraction in the thenar
muscles and preceded the TMS pulse to the FDI hot spot by 14, 18, 20, 22, 24, 26 or 29ms.
Twenty trials of the MEP elicited by TMS alone and 10 trials of conditioned MEPs for each
ISI were collected. The amplitude of the MEP in the FDI was measured with in-house
software. The average amplitude of the conditioned MEP was expressed in percent of the
average amplitude of the test MEP alone. Trials recorded while the patients contracted the
hand muscles were excluded on-line. No trials were excluded in the off-line analysis.

Data analysis
Data were collected without knowledge about the clinical assessment of patients. Peak to
peak amplitude of MEP, the area under the curve of the MEP and the silent period duration
were measured with in-house software. We have previously shown that under normal
conditions MEP area and amplitude give equivalent results (Orth et al, 2003), but since
some patients had polyphasic EMG responses to some of the stimuli, we employed MEP
area in the correlation analyses. The slopes of the silent period recruitment, SICI recruitment
and I/O curves at rest and during activity were fitted with linear regression in each subject.
We examined whether there was a main effect of ‘intensity’ (130, 150 or 175% AMT for
CSP, and 110, 125 or 150% RMT for MEP recruitment, respectively) on CSP duration,
MEP area with pre-activation or MEP area at rest. Similarly, in the paired pulse paradigms
we investigated whether there was a main effect of ISI on MEP size or conditioning stimulus
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intensity (60, 70, 80, 90, 100%AMT) on the amount of SICI; or an effect of ISI on MEP size
in the short-latency afferent inhibition paradigm. This was tested using analysis of variance
(repeated measures ANOVA) statistically. To test whether patients, either premanifest or
early manifest, differed from controls or from each other we introduced ‘group’ as between-
subjects factor. In addition, we tested whether the slopes of the recruitment curves differed
between patients and controls (interaction of ‘intensity’ and ‘group’ in the repeated
measures ANOVAs).

In order to assess how TMS parameters (RMT, SICI threshold, slopes of the I/O curve for
MEP size at rest, maximum SAI) were associated with the estimate of time to onset of
symptoms, or the UHDRS motor score, we used backward stepwise regression analysis with
‘years to onset’ or ‘UHDRS motor score’ as the dependent variable. In a second model, we
entered ‘maximum SAI’, ‘CAG repeat length’ and ‘age’ as independent parameters. A
parameter was removed from the model if the probability of its contribution was less then
0.1.

A statistical difference in the ANOVAs was followed by a post-hoc paired t-test analysis.
Mauchly’s test was used to test for sphericity in the repeated measures ANOVAs, and the
Greenhouse-Geisser correction was applied to the DFs if necessary. Statistical significance
levels were set to p=0.05. All statistical analyses were performed using SPSS 11 for
Windows software package.

Results
Motor thresholds and motor cortex excitability at rest

Resting motor thresholds of all patients taken together (mean 43.4, SE 1.7, 95%CI 40-46.8)
were higher than in controls (mean 38, SE 1.4, 95%CI 35.5-41) (ANOVA, main effect of
‘group’, F1,36=5.57, p=0.024). Dividing patients into the subgroups of premanifest (mean
42.6, SE 2.4, 95%CI 37.8-47.5) and early manifest patients (mean 44.1, SE 2.4, 95%CI
39.3-49) there was still a trend towards higher RMT in patients than in controls (ANOVA,
main effect of ‘subgroup’, p=0.07). Thresholds with pre-activation were also higher in
patients (mean 33.2, SE 1.5 95%CI 30.1-36.2) than in controls (mean 28, SE 1.2, 95%CI
25.5-30.5) (ANOVA, main effect of ‘group’, F1,36=7.04 p=0.012) even if dividing patients
into premanifest (mean 32.8, SE 2.2, 95%CI 28.4-37.1) and early manifest (mean 33.6, SE
2.2, 95%CI 29.3-38) (ANOVA, main effect of ‘subgroup’, F2,36=4.74, p=0.042). Pairwise
comparison revealed that the main difference was between controls and early manifest
patients (p=0.03) with a trend comparing controls and premanifest patients (p=0.065).

Above RMT, MEP size (area) increased with increasing stimulation intensity (repeated
measures ANOVA, main effect of ‘stimulation intensity’, F2,72=55.4, p<0.0001). However,
patients recruitment slopes were flatter than those of controls (repeated measures ANOVA,
interaction ‘intensity*group’, F2,72=7.9, p=0.001) even with two patients subgroups
(repeated measures ANOVA, interaction ‘intensity*group’, F2,72=3.9, p=0.006, Figure 1A).
Post-hoc pairwise comparisons showed that the slope of both premanifest (p=0.013) and
early manifest patients (p=0.017) was flatter than in controls (Figure 1A) whereas the slopes
of both patient subgroups were similar.

Motor cortex excitability with pre-activation and cortical silent periods
MEP size (area) increased significantly with increasing stimulation intensity in both the
controls and the patients (repeated measures ANOVA, F2,70=97.76, p<0.001, Figure 1B).
This increase in MEP size was similar in patients and controls. Cortical silent period
duration also increased with increasing stimulation intensity (repeated measures ANOVA,
main effect of ‘stimulation intensity’, F2, 70=136.3, p<0.001, Figure 1C) without major
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differences between patients and controls. The same was true for the ratios of cortical silent
period duration and MEP area (Figure 1D).

Short interval intra-cortical inhibition
First we determined the threshold for SICI as described previously (13). For technical
reasons this was not possible in one control and in two premanifest patients. SICI thresholds
were lower in controls (mean 17.9%, SE 0.79, 95%CI 16.25-19.49) than in patients (mean
20.8, SE 1, 95%CI 18.7-22.9) (ANOVA, main effect of ‘group’, F2,34=5, p=0.032). This
effect was lost when patients were divided into the premanifest and early manifest
subgroups.

Above threshold increasing the conditioning stimulus intensities reduced conditioned MEP
amplitude size (repeated measures ANOVA, main effect of ‘conditioning stimulus
intensity’, F2.56, 95.8=90.15, p<0.001, Figure 2). The recruitment slope was similar in
patients and controls.

Short latency afferent inhibition
In controls and patients, a supra-threshold electrical stimulus to the median nerve at the wrist
before the TMS pulse to the FDI hot-spot reduced the mean amplitude of the test stimulus
predominantly at ISIs of 20, 22 and 24ms (repeated measures ANOVA, main effect of ‘ISI’,
F2.34,84.31=17.28, p<0.001, Figure 3A). Since the early period of inhibition is more likely
to have a partly cortical origin than later timings (17) we assessed the maximum amount of
afferent inhibition in each individual. Maximal SAI was greatest in controls followed by
premanifest patients and early manifest patients (ANOVA, main effect of ‘group’,
F2,35=19.7, p<0.001, Figure 3B). Post-hoc pairwise comparisons revealed that early
manifest patients (mean 68.8, SE 5.5, 95%CI 57.6-80) differed from controls (mean 28.5,
SE 3.3, 95%CI 21.8-35.3, p<0.001) and premanifest patients (mean 37.15, SE 5.5, 95%CI
26-48.3, p<0.001, Figure 3B). Premanifest patients and controls were similar.

Correlation of electrophysiological parameters and clinical measures
We examined whether any of the electrophysiological parameters were associated with the
presumed disease state. Only maximum SAI served as a predictor for estimated years to
motor onset (backward stepwise regression analysis with ‘estimated years to onset’ as
dependent variable, ANOVA, F1,13=8.2, p=0.013, R=0.61, R2=0.37, adjusted R2=0.32,
Figure 4A).

We then correlated clinical severity (UHDRS motor score) with electrophysiological
parameters. Again, maximum SAI was the only predictor of UHDRS motor score (backward
stepwise regression analysis with ‘UHDRS motor score’ as dependent variable, ANOVA,
F1,13=15.63, p=0.001, R=0.73, R2=0.53, adjusted R2=0.5, Figure 4B). Next, we examined
for correlations of clinical severity with CAG repeat length, age and maximum SAI. This
model strongly predicted the UHDRS motor score (ANOVA, F3,12=11.4, p=0.001, R=0.86,
R2=0.74, adjusted R2=0.68).

Discussion
In the present study we show that patients with HD, both premanifest and early manifest,
have higher motor cortex thresholds both at rest and in a pre-activated state. Recruitment of
MEPs above threshold in the resting state is more gradual in both patient groups than in
controls. In contrast, when subjects actively contract the target muscle recruitment is similar
in controls and patients as is the duration of the cortical silent period. There was a tendency
for SICI to have a higher threshold in all patients taken together but not in each group
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separately. SAI, a measure of sensory-motor integration, is reduced in early manifest
patients compared with controls and premanifest patients. In addition, SAI is inversely
associated with predicted years to onset of HD signs and the UHDRS motor score, and a
combination of age, CAG repeat length, and SAI strongly predicted the UHDRS motor
score.

The electrophysiology of Huntington’s disease
At threshold intensities, TMS to the motor cortex activates axons of cortical neurones that
synaptically excite pyramidal tract neurones (I-wave inputs). These conduct impulses to
spinal cord where they synaptically activate alpha motoneurones in the ventral horn.
Threshold thus depends on the excitability of axon membranes at the site of stimulation and
the membrane potential of postsynaptic neurones in motor cortex and spinal cord. If the
latter is depolarised then excitatory inputs are more likely to cause the postsynaptic cell to
discharge than if the membrane potential is hyperpolarised. During active contraction,
synaptic excitability is high so that changes in threshold usually are thought to reflect
changes in axonal excitability. The fact that active threshold was higher in HD thus suggests
that axonal excitability was reduced. At rest, threshold will also depend on postsynaptic
membrane potential. Whether this additionally contributes to reduced resting thresholds in
HD is uncertain, although the reduced slope of the resting recruitment curve would be
compatible with additional synaptic effects (see below).

Above threshold, recruitment of MEPs depends on the distribution of excitability (both
axonal and postsynaptic) in the corticospinal system. If there were little difference between
the excitability of the most and least excitable members of this population of corticospinal
neurones, then a small increase in stimulus intensity would recruit many additional
connections and create a large MEP: the gain of the input-output relation would be steep. In
contrast, if the distribution were more widespread, then the same change in intensity would
recruit only a small number of extra connections and the MEP would be small: the input-
output relation would be shallow. Since HD patients recruited MEPs similarly to normal
when active, we conclude that the distribution of axonal thresholds was similar to normal. In
contrast, the recruitment curve was more gradual than normal in patients at rest. This
suggests that in the resting state, the distribution of post-synaptic excitability was more
widespread than normal, but that it can be normalised by voluntary contraction.

SICI experiments examined the excitability of intra-cortical inter-neurones. We
distinguished between the threshold intensity needed to produce SICI and the amount of
SICI at suprathreshold intensities of conditioning shock (13). Threshold of SICI was higher
in patients whereas the above threshold I/O curves were the same as in controls. It is thought
that at threshold TMS pulses recruit SICI by exciting axons leading to secondary synaptic
release of inhibitory neurotransmitters. Thus, as with MEP threshold, changes in SICI
thresholds could be due to axonal or synaptic effects. Although we cannot distinguish which
of these may be more important, the similarity in recruitment slopes suggests that the
distribution of excitability in the SICI system is the same as normal. If so, it would be
compatible with the idea, that like MEP thresholds, much of the increase of SICI thresholds
in HD was due to changes in axonal threshold.

The silent period had the same duration as normal whether measured in terms of absolute
duration or when normalised to MEP amplitude. This contrasts with the reports of prolonged
CSP in many previous papers (e.g. Tegentoff et al, 1996; Cantello, 2002), and could
conceivably be due to the fact that we elicited CSP with a lower intensity of stimulation than
used by some other groups. However, as noted by Modugno et al (2001), the increased
duration of the CSP is likely caused by the difficulty that patients have in maintaining a
constant contraction and resuming if after a period of silence. It therefore seems more likely
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that the normal CSP seen here is due to the fact that our patients were relatively mild and
could maintain a constant level of muscle contraction without difficulty. As with SICI, the
intensity of stimulation used to evoke the CSP was measured relative to active motor
threshold. Since AMT was raised, the implication is that the absolute threshold of the axons
activated by silent period stimulation has risen in parallel with that of the excitatory I-wave
inputs to corticospinal neurones. Indeed as suggested by Orth and Rothwell (15) this would
be the expected outcome if the CSP were caused by activity in the recurrent collaterals of
corticospinal neurones.

We conclude that there is good evidence that the threshold for stimulation of intra-cortical
axons in the I-wave circuit, axons of neurones involved in the CSP and probably also in
axons of the GABAergic neurones of the SICI circuit is higher than normal in HD patients.
In addition, the resting distribution of corticospinal excitability is lower than normal, but can
be normalised during active contraction. However, none of these electrophysiological
parameters was associated with the severity of patients’ motor signs. This suggests that
motoneurones and their modulation by inhibitory inter-neurones, i.e. the quality and shaping
of the motor command, may not necessarily change as HD advances from the premanifest to
the early manifest stage.

In contrast to these threshold changes, the electrophysiological measure of inhibitory
interactions of sensory input and motor output, SAI, was related to clinical signs. It was
reduced in early manifest patients but not in premanifest patients and showed an inverse
relationship to UHDRS motor scores. These abnormalities may well be associated with the
known reduction in amplitude of somatosensory evoked potentials (SEP) in manifesting
individuals (16). The advantage of SAI compared with SEPs is that it examines a complete
circuit linking sensory input and motor output. Since we were interested in the sensory-
motor integration part of the circuit we adjusted the intensity of the unconditioned TMS
shock to account for any differences in motor cortex excitability. Thus reduced SAI, just like
reduced SEP amplitudes, probably reflects changes within the somatosensory-motor
pathways including the somatosensory cortex of HD patients. However, one limitation of
our study is that we did not correlate SAI with changes in SEPs. We therefore cannot say
whether SAI is a more reliable measure than SEPs to detect change in HD. This, and the
changes in both SEP and SAI over time, needs to be the subject of future studies.

Implications for the pathophysiology of Huntington’s disease
Our results suggest a general theme of increased axonal thresholds in HD patients together
with a reduced excitability of the corticospinal output at rest. However, there was no
difference between early manifest and premanifest patients. Changes in the basal ganglia
and various cortical areas occur before symptom onset. These include the formation of
neuropil aggregates (21), oligodendrocytes (22), focal cortical thinning and pyramidal tract
white matter abnormalities (2, 23). Increases in axonal thresholds can therefore be added to
this list, and may also be an intrinsic reaction of the brain to the presence of the mutated
huntingtin protein. Mutated huntingtin probably confers not only a toxic gain of function but
also a loss of function (1). Huntingtin plays an important role in neuronal development
(24-26). Thus life-long expression of mutant huntingtin may give rise to inherent
abnormalities in the development of the HD brain including, as our data and imaging data
suggest, inputs to the corticospinal axons (27, 28).

In contrast, our measure of sensory-motor integration, SAI, was normal until patients
developed symptoms. It evolved relative to the severity of motor signs such that together
with the patient’s age and CAG repeat length the level of SAI predicted symptom severity.
Pharmacological studies suggest that the SAI paradigm used in our study, and the cortical
component of SEPs, to some extent involves cholinergic trans-synaptic pathways (17, 29,
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30). Cholinergic abnormalities have been described in post-mortem striatal tissue in HD (31)
and transgenic mice (32). The striatum and cortex degenerate most in the course of HD (33,
34). Recent evidence indicates cortical cholinergic changes precede those in the striatum
(35). In premanifest patients this includes the pre-frontal cortex, an area relevant for
sensory-motor integration (36). Thus our data would be compatible with a continuous
decline of cholinergic function in sensory inputs as the disease progresses similar to
Alzheimer’s disease (37). A functional decline in cortical cholinergic function may be due to
a loss of cholinergic synapses without neuronal cell loss (35, 38) and contribute to cognitive
symptoms in HD patients and animals before motor onset (35). Cholinergic changes may be
restricted to the cortex because the nucleus basalis of Meynert as the provider of most of the
cholinergic cortical input does not degenerate in HD (39).

Taken together, we have shown abnormalities in corticospinal output and intra-cortical
pathways in HD patients. Reduced corticospinal excitability differentiated HD patients from
controls but not premanifest from early manifest patients. Further study with larger patient
numbers (and in several different centres) needs to clarify whether this is a result of being an
HD mutation carrier per se rather than relating to the clinical disease stage. These studies
should also control more rigorously for other potential confounding factors such as gender
and levels of education. In contrast, our electrophysiological marker of sensory-motor
integration, SAI, changed in association with the severity of motor signs. As SAI relies in
part on cholinergic trans-synaptic cortical pathways we provide further evidence for cortical
abnormalities in very early manifest HD. Longitudinal studies will be helpful to determine
when and how SAI changes in the transition from premanifest to various manifest disease
stages.
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FDI first dorsal interosseus muscle
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I/O input output

MEP motor evoked potential

RMT resting motor threshold

SAI short interval afferent inhibition

SICI short interval intra-cortical inhibition

TMS transcranial magnetic stimulation

UHDRS Unified Huntington’s Disease Rating Scale
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Figure 1.
cortico-spinal system excitability. A. MEP size (area) recorded from relaxed FDI after TMS
shock to the M1 hand area with 110%, 125% or 150% of RMT. Patients recruitment slopes
were flatter than those of controls (repeated measures ANOVA, interaction
‘intensity*group’, F2,72=3.9, p=0.006). Post-hoc pairwise comparisons showed that the slope
of both premanifest (0=0.013) and early manifest patients (p=0.017) was flatter than in
controls whereas the slopes of both patient subgroups were similar. B-D. MEP size and CSP
duration recorded from active FDI after TMS shock to the M1 hand area with 130%, 150%
or 175% of AMT. MEP area (B), CSP duration (C) and the ratio of CSP duration and MEP
area (D) are similar in controls and HD patients. Values are means ±SEM, n=16 for HD
patients (n=8 premanifest, n=8 early manifest), n=22 for controls.
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Figure 2.
short intra-cortical inhibition. In controls and patients increasing intensity of the
conditioning stimulus reduced the size of the conditioned MEP (amplitude) in a similar way.
Values are means ±SEM, n=14 for HD patients, n=22 for controls.
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Figure 3.
short latency afferent inhibition. A. The SAI curve was flatter for manifest HD patients
compared with controls or premanifest patients. B. Maximal SAI was greatest in controls
followed by premanifest patients and early manifest patients (ANOVA, main effect of
‘group’, F2,35=19.7, p<0.001,). Post-hoc pairwise comparisons revealed that controls and
premanifest patients had more SAI than early manifest patients (*p<0.001). Values are
means ±SEM, n=16 for HD patients (n=8 premanifest, n=8 early manifest), n=22 for
controls.
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Figure 4.
backward stepwise regression analysis. There was a significant correlation of max SAI with
predicted years to onset of symptoms (A) and with the UHDRS motor score (B). Data are
from 16 Huntington patients.
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