
FEATURE ARTICLE
Justo García de Yébenes, Ramón y Cajal Hospital, Madrid, Spain

Pridopidine shows beneficial effects in a  
Huntington’s disease clinical trial

Background
For many years we have known that Huntington’s disease (HD) is character-
ised by a mixture of clinical findings in the motor domain, including positive 
signs such as dyskinesias (mostly chorea and dystonia) and negative signs 
such as Parkinsonism, rigidity and akinesia. We also knew that the dyski-
nesias could be treated effectively by several drugs that impair dopamine 
neurotransmission, such as neuroleptics and dopamine depletors, but that 
these compounds worsen negative signs. In contrast, dopamine-stimulating 
agents improve negative signs, but there has always been the concern that 
they may aggravate dyskinesias.

Pridopidine (Huntexil®, ACR16) is a compound synthesised by Prof. Arvid 
Carlsson (Nobel laureate in Medicine, 2000) and his colleagues. It belongs 
to a new class of compounds named ‘dopamine stabilisers’. These com-
pounds do not change baseline activity at the dopamine receptor. Rather, 
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The EHDN Plenary 
Meeting 2010 in Prague

The 6th Plenary Meeting of the European 
Huntington’s Disease Network (EHDN) 
will be held in Prague (Czech Republic) 
from 3rd to the 5th September, in conjunc-
tion with the Bi-annual Meeting of the 
European Huntington Association (EHA).
All sessions of the EHDN Meeting are 
open to clinicians, scientists, representa-
tives of the EHA and members of families 
affected by Huntington’s disease. Simul-

taneous translation of the sessions into Czech and Polish will be provided.

To attend the EHDN Meeting, you must register by July 31st 2010. 
• Registration costs € 85 and can be performed online at  

www.euro-hd.net/html/ehdn2010/registration
• The deadline for abstract submission is May 31st 2010. Please submit 

abstracts online at www.euro-hd.net/html/ehdn2010/abstracts
• Please book your accommodation following the instructions at www.

euro-hd.net/html/network/events/ehdn2010/location/accommodation 
• For more information on the EHDN Meeting, please visit  

www.euro-hd.net/html/network/events/ehdn2010
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they stimulate the dopamine 
receptor when it is hypoac-
tive and antagonise dopamine 
effects when there is excessive 
stimulation.

There are also some indica-
tions for a regulatory role of 
pridopidine in the extrasynaptic 
regulation of glutamate. Since 
the cortico-striatal glutamater-
gic pathway is so important 
for the function of the striatal 
projection neurones that are so heavily involved in HD, 
it is hoped that pridopidine may have disease-modifying 
effects on HD by regulating this function. 

The clinical trial
After promising results were obtained in small phase II  
clinical trials performed in Scandinavia, the EHDN 
endorsed a European pridopidine trial to be performed 
by Neurosearch (http://www.euro-hd.net/html/projects/
acr16). This phase III, double-blind, placebo-controlled 
study in 8 European countries (MermaiHD) screened 499 
potential participants of which 437 were randomised 
into one of three groups to receive either placebo, or 
45 mg pridopidine once per day, or 45 mg pridopidine 
twice per day. The three treatment groups were compa-
rable in terms of age, CAG repeat length, duration of 
disease and other baseline characteristics.

After randomisation, patients received treatment with 
placebo or 45 mg pridopidine once per day. They were 
evaluated for safety one week after dose-escalation, and 
after four weeks of treatment once per day, the patients 
in the high-dose group increased their medication to 45 
mg pridopidine twice per day. They were evaluated for 
safety one week after escalation of the dose, and at that 
time de-escalation could take place if the patient com-
plained of adverse events. Two more visits took place at 
weeks 8 and 12 and the final visit at week 26. After the 
double-blind phase of the study was completed, patients 
were given the option of taking pridopidine in the context 
of an open-phase study for an additional six months. 
There was no difference in adverse events or discontinua-
tions of the trial between the three treatment groups. 

The primary endpoint of the study was defined as a  
significant change in the modified UHDRS1-Motor  
(m-UHDRS-M) scale. In other words, the study would be 
considered a success if the difference in the m-UHDRS-M 

1 Unified Huntington’s Disease Rating Scale

from baseline to week 26 was 
smaller in the groups of pa-
tients treated with pridopidine 
than in that treated with pla-
cebo. Secondary endpoints 
included other assessments 
such as a change in the total 
UHDRS-M scores, in eye move-
ments, chorea and dystonia 
scores, as well as cognitive 
and behavioural parameters. 

Application of the high dose 
of Pridopidine (90 mg/day) resulted in an improvement 
of 1 point in the m-UHDRS-M score which represents 
nearly 10% of the baseline score. This change did not 
reach the prespecified level of statistical significance. The 
analysis of the data so far showed a statistically signifi-
cant improvement, such as the scores for total UHDRS-
M score, dystonia and eye movements. The scores for 
chorea were unchanged. 

In summary, the results of the study showed that pridopi-
dine has a unique effect on global motor function in HD 
patients without significant adverse effects and without 
associated worsening of other clinical deficits. The mag-
nitude of change was not dramatic, but it was compara-
ble with those of other medications used for the treatment 
of other neurodegenerative disorders. 

The future
It is important to complete and analyse the results of the 
open-phase study that may provide additional clues as to 
the long-term effects of pridopidine. In addition, we are 
looking forward to the results of an ongoing study (HD 
ACR16 Randomized Trial, known as HART) performed 
with pridopidine in the USA. The HART study is not iden-
tical to the investigation performed in Europe (since it will 
only last for three months, uses daily doses of 22.5, 45 
and 90 mg of pridopidine, and the number of patients 
included in each experimental branch is smaller). Never-
theless, if significant improvements are observed in the 
HART study, these will reinforce the results of the com-
pleted European trial. 

Additional specific studies should include those aimed 
to investigate the effects of pridopidine on dystonia and 
ocular movements. Approval from the regulatory authori-
ties to use pridopidine for the treatment of HD will be 
sought. 
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Horizon Trial

A randomised, placebo-controlled, 
double-blind safety and efficacy 
trial of dimebon (latrepirdine) in 
patients with HD
Jenny Naji, EHDN Lanco Manager and Horizon Trial  
Liaison, Cardiff, UK

Horizon is a phase 3 clinical research trial aimed 
at testing whether or not latrepirdine (trade name 
dimebon) can safely improve cognition (thinking and 
reasoning) in patients with Huntington’s disease (HD). 
The trial is being conducted as a collaborative study 
between the European Huntington’s Disease Network 
(EHDN) and the Huntington Study Group (HSG) under 
the sponsorship of Medivation and Pfizer. We look for-
ward to exploring similar partnerships in the future.

Background 
Dimebon was originally developed in Russia during 
the 1970s as an antihistamine. Scientists discovered it 
had some interesting effects on brain cells around 20 
years later. This eventually led to Medivation acquiring 
the drug in 2003, and initiating trials to investigate the 
therapeutic potential for dimebon in Alzheimer’s disease 
and HD.

Dimebon has a novel mechanism of action compared 
to other drugs that have been assessed for the treatment 
of HD. In preclinical (animal) studies, it has been shown 
to protect brain cells from damage and enhance brain 
cell survival, potentially by stabilising and improving 
the function of mitochondria (the intracellular structures 
that provide cells with energy). Rats treated with dime-
bon showed improvements in learning and memory. A 
phase 2 trial of dimebon in HD, known as DIMOND, 
that involved 91 participants in the UK and the US, has 
been completed. It tested the safety and tolerability of 
dimebon, as well as the effect of dimebon on cognitive 
performance, motor function, and overall function in 
patients with HD. Dimebon was shown to improve sig-
nificantly the scores obtained on a measure of general 
cognitive function. Based on the promising results of this 
study, the Horizon Trial was initiated. 

The Horizon Trial
The trial will run for six months. The plan is to enroll 
around 350 individuals from approximately 50 re-
search centres in North America, Europe and Australia. 
In Europe, the trial will run in approximately 22 EHDN 
study sites across 8 countries (Denmark, Sweden, 
Germany, Switzerland, UK, Italy, Poland and the Neth-
erlands). The main objectives of the trial are to see if 
dimebon improves cognition, and if it has a beneficial 
impact on general functioning. Other outcomes such 
as motor function, behaviour and self-care will also be 
examined. 

The trial is open to participants with manifest HD (over 
30 years old) who suffer from some degree of cognitive 
impairment. They must also have a caregiver who can 
accompany them to the appointments, and who spends 
enough time with the participant that they can provide 
additional information to the study team about how the 
participant is getting on. Patients and their caregiver 
will visit their trial clinician’s office about eight times 
and will receive trial-related medical care throughout 
the six month duration of the trial. 

Recruitment is now well underway. For more informa-
tion about Horizon, including the trial inclusion/ex-
clusion criteria, and a list of participating sites, visit 
http://www.horizontrial.com/ or contact Jenny Naji 
(NAJIJJ@cf.ac.uk). 

nEwS

Elections for the EHDN Executive Committee 
and the EHDN Scientific and Bioethical  
Advisory Committee

In 2010, one member of the EHDN Executive 
Committee (EC), Arvid Heiberg (Norway), will rotate 
out of office. Stephen Dunnett (UK) is standing for 
re-election to the EC. Three members of the EHDN 
Scientific and Bioethical Advisory Committee (SBAC) 
will also rotate out of office. All regular EHDN 
members can nominate candidates for election to the 
EC and SBAC committees. To nominate please visit 
http://www.euro-hd.net/html/network/project/voting 
before May 31st.

http://www.horizontrial.com/
mailto:NAJIJJ@cf.ac.uk
http://www.euro-hd.net/html/network/project/voting
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REGISTRY

REGISTRY 3.0 and Juvenile 
Huntington’s disease
Olivia Handley, REGISTRY Project  
Manager, London, UK

Juvenile-onset Huntington’s disease 
(JHD), in which the onset of  
symptoms occurs before the 
age of 20 years, accounts 
for approximately 5%  
of the HD population.  
The clinical presentation  
of JHD can be strikingly  
different from that of adult-
onset HD. In young people 
affected by JHD, and particularly 
in those with onset before the age of 
ten years, there is a dominant clinical 
picture of bradykinesia1, rigidity and  
dystonia2. These individuals are also more 
likely to develop epilepsy. This distinct JHD 
phenotype is not captured completely by the  
items of the current version of UHDRS3, which was 
originally developed to assess the most prevalent  
HD phenotype (the adult-onset form of the disease).  

In REGISTRY version 3.0, the JHD sub-study has been 
developed and coordinated by the EHDN JHD Working 
Group. It will pilot a modified assessment scale in an 
attempt to characterise this rare phenotype better and 
to track its course. The JHD assessment, which is ac-
companied by a training video, takes approximately 30 
minutes to complete. It includes a modified motor section 
of the UHDRS with additional items to assess bradyki-
nesia (hand-tapping, drinking), maximal tremor and 
global chorea, while still retaining the complete original 
motor assessment. The UHDRS Functional component 
(Functional Assessment Scale, Independence Scale, and 
Total Functional Capacity) has been adapted to mea-
sure functional abilities more relevant to young persons 
with JHD by including questions about schooling, play 
and epileptic seizures. For instance, the JHD TFC scale 
replaces ‘occupation’ with ‘school attendance’, and 
‘finances’ with ‘academic/developmental performance’. 
In addition, parents/guardians of those affected by JHD 
will be invited to record symptoms, as well as details 
of any symptomatic treatments being used, in a diary. 
This additional information will allow a more in-depth 
1 slowing of voluntary movements
2 sustained muscle contractions that cause abnormal postures and torsions
3 Unified Huntington’s Disease Rating Scale

monitoring of the progression of symptoms in JHD and 
hopefully enable a better understanding of the usefulness 
of different treatments in managing these symptoms in 
young HD patients.

Historically, scale development and evaluation have 
involved large samples of individuals. This approach is 
costly, time consuming and, in the case of JHD, where 
incidence is very rare, not easy. Instead, for this study, 
a statistical approach known as Rasch analysis will be 
used, which lends itself to studies restricted by small 
sample sizes. In the first instance, data will be collected 
from 30 JHD REGISTRY participants* and subjected to 
statistical analysis. The outcome of these analyses will 
provide evidence of which specific items are the most 
useful for assessing signs and symptoms in JHD and will 
therefore generate a crucial first step towards develop-
ing this scale for wider clinical use. 

*In an attempt to maximise the inclusion of all JHD REGISTRY 
participants, the JHD Assessment Scale has been translated 
into all languages used in REGISTRY.
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We then distilled this interview material into a list of 
questions that we could take back to people living 
with HD, to see if the questions were relevant and 
adequately represented their everyday experience. 
We then put this long list of questions to the interna-
tional community, to get feedback from a large number 
of other people living with HD across Europe, and 
beyond. The responses and feedback obtained from 
this long list prompted a further reduction and rephras-
ing of the questions in order to arrive (without losing 
important information) at a better, shorter and easier-
to-complete questionnaire. We have now reached 
a critical and exciting stage where we have a short 
prototype of the patient questionnaire that we are in 
the process of validating. 

The group is also in the midst of developing a suitable 
instrument for gauging QoL of carers and is at the 
stage in this process where pilot data from the revised 
carer questionnaire is being analysed in order to 
inform subsequent modifications.

Group membership and meetings
The QoL Working Group has continued to grow 
steadily with representation from across Europe and 
beyond. Our next general working group meeting is 
planned for the EHDN Plenary Meeting in Prague. 
Core members will also participate in a meeting in  
the summer. For more information, please contact 
Christiane Lohkamp (chris.lohkamp@dhh-ev.de) or 
Aileen Ho (a.k.ho@reading.ac.uk).

Quality of Life  
Working Group
Christiane Lohkamp (DHH, Stuttgart, 
Germany) and  
Aileen Ho (Reading, UK) 
 
What is quality of life?
Health-related Quality of Life (QoL) 
encompasses all aspects of well-being, 
from physical status to social function-
ing. In recent years, health-related 
QoL instruments have gained a wide 
application in assessing the efficacy of 
treatments targeted at specific patient 
populations. In Huntington’s disease 
(HD) trials, they are a valuable complement to more 
objective clinical outcome measures, and reflect the 
perspective of people living with HD. 

Rationale and Aim
A key objective of the EHDN’s QoL Working Group 
is the creation of an HD-specific QoL questionnaire. 
We believe that this work is fundamentally important 
because robust patient- and carer-reported outcome 
measures will be invaluable in future drug trials and 
non-drug interventions. They will assist in the evalua-
tion of whether or not, from the patients’ and carers’ 
points of view, meaningful improvements have been 
achieved. 

Update on activities
The group has developed a questionnaire that will 
capture health-related QoL in patients with HD. The 
scientific process of developing a robust and finely-
tuned disease-specific questionnaire can be likened to 
that of creating a finely-chiselled sculpture. It involves 
the step-by-step transformation of an abstract concept 
into a solid and tangible object. 

We started out with a series of interviews in the U.K., 
visiting people living with HD and their partners. We 
listened to their first-hand experience, in order to 
understand the many and sometimes subtle ways in 
which HD affected their everyday lives. Like the mas-
ter sculptor starting out with a roughly hewn chunk of 
marble, we used these hours of recorded conversa-
tions about people’s personal experience as the basic 
matter from which we could develop a questionnaire. 

Sculpting
Process

Raw
Material

Refined 
Product

mailto:chris.lohkamp@dhh-ev.de
mailto:a.k.ho@reading.ac.uk
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Advanced HD Working Group
Nicholas Stoy and Sophie Duport  
(The Royal Hospital for Neuro-disability, London, UK)

Why advanced HD? 
While the EHDN is making strenuous efforts towards 
finding disease-modifying or symptomatic treatments for 
Huntington’s disease (HD), the harsh reality for people 
affected by the disease is the inevitable progression 
through the different stages. The Advanced HD Working 
Group (WG), from its inception, is resolutely pragmatic. 
The advanced stage of the illness is not “like the previous 
ones, just worse”. There are ways to improve not only 
practice and care but also quality of life for people with 
advanced HD. There is much support, advice and guid-
ance that can be offered to families, carers and profes-
sionals.

What is advanced HD? 
This is an important topic for discussion, not least be-
cause it is the name of our new group! More substantive-
ly, a working definition of advanced HD was required for 
validation of the novel late-stage UHDRS1, first presented 
at the inaugural meeting of our group by Anne-Catherine 
Bachoud-Lévi and Katia Youssov. The question of defin-
ing advanced HD also sparked a lively e-mail discussion 
amongst group members. Patients with the most severe 
disabilities are readily identified, but it was the transition 
between the ‘middle‘ and ‘later‘ stages that proved most 
difficult to define. There are three established descriptive 
scales of disease progression: The total functional capac-
ity (TFC) developed by Shoulson et al., and the more 
loosely-defined Three Clinical Stage Scale and the Five 
Clinical Stage Scale. The final consensus was that a TFC 
score of 5 or below should be used to define ‘advanced’ 
HD. In a practical sense, this usually means that the per-
son is significantly dependent on somebody else for his 
or her personal care. 

Aims
The Advanced HD WG aims to map the provision of 
care for advanced HD patients. This embraces health-
care settings, standards of care, therapies and support 
provided for those affected by HD (family, carers and 
professionals). It will support and enable participation of 
people with advanced HD in REGISTRY, as well as other 
research projects of the network.

Current projects
1. To design questionnaires for clinicians/organisations 

to gather information about the provision of care for 
1 Unified Huntington’s Disease Rating Scale

people with advanced HD, distribute the question-
naires to the network, collect the data and produce a 
report on the findings.

2. To provide training in the novel ‘Late Stage UHDRS’ in 
its current version, and facilitate its implementation.

3. To support the REGISTRY v.3 advanced HD sub-study.

Group membership and meetings
The inaugural meeting of the WG was organised in June 
2009 at the Royal Hospital for Neuro-disability, London, 
UK. The programme included a tour of facilities, with 
demonstrations (gardening, computer access, music 
therapy). This was found to be a practical way of sharing 
good practice and innovative approaches. Future meet-
ings will include, where possible, a tour of the local facili-
ties/installations and demonstrations. The group aims to 
meet twice a year.
 The membership reflects the multidisciplinary ap-
proach necessary to care for those with advanced HD. It 
spans Europe (UK, France, Netherlands, Germany, Italy 
and Spain are represented at present), and has links to 
associated members of the Network (USA). The WG is 
actively seeking scientists and clinicians from all Euro-
pean countries (and worldwide) who share an interest in 
the advanced stages of HD to join us.
 The WG has converging aims and is develop-
ing links with other WGs such as Standard of Care, 
Physiotherapy, Quality of Life and Cognitive Phenotype, 
amongst others. The 2010 spring meeting of the group 
takes place in Leiden, Netherlands.
 For more information, please contact  
Nicholas Stoy (nicholasstoy@yahoo.co.uk) or  
Sophie Duport (sduport@rhn.org.uk).

Striving towards quality of life in advanced HD

mailto:nicholasstoy@yahoo.co.uk
mailto:sduport@rhn.org.uk
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Irritability in pre-clinical 
Huntington’s disease
Stefan Klöppel et al., Neuropsychologia (2010),  
48: 549-557

Neuronal circuits involved in processing irritation are 
impaired in pre-symptomatic Huntington’s disease.

Background
Irritability, one of the main psychiatric features of 
Huntington’s disease (HD), is related to impulsivity and 
aggression and involves both the amygdala and the me-
dial orbitofrontal cortex (OFC). The OFC has an inhibi-
tory effect on the amygdala. Put simply, the stronger the 
activation in the OFC, the weaker the activation in the 
amygdala, and consequently, the better the control of 
impulsive aggression and irritability.

Study design
Aiming to study the neuronal circuitry associated with 
irritability in pre-symptomatic HD, Klöppel el al. devel-
oped a task to induce irritation in subjects while measur-
ing their brain activity by functional magnetic resonance 
imaging (fMRI). They enrolled 16 pre-symptomatic HD 
mutation carriers (pre-HD) and their companions (con-
trols) into the study.

Two squares on a screen were shown to participants 
and they were asked to identify the larger one (see 
figure). They were told that their computer was con-
nected to their partner’s computer and that both players 
had to answer correctly to win the round. Although they 
had given a correct answer, they were sometimes told 
that they or their partner had given the wrong answer 
in order to induce irritation. After the task, participants 
were examined with different questionnaires to assess 
irritability, anger, tension and impulsivity. 

Results
In summary, the study revealed the following findings:
Behavioural data
Both groups performed the task equally well and aver-
age scores were in the normal range. No significant 
differences between the groups were found in any of  
the questionnaires, including those testing irritability  
and impulsivity.
Imaging data
In controls, the OFC and amygdala were negatively 
coupled to each other, i.e. the stronger the activation 
in the OFC, the weaker the activation in the amygdala. 

Surprisingly, in the pre-HD group this correlation was posi-
tive, i.e. both OFC and amygdala were activated. The 
difference between the two correlations was statistically 
significant (p = 0.05).
Correlational analysis
In controls, stronger negative emotions caused by nega-
tive feedback resulted in greater neuronal activations 
of the amygdala, a pattern not observed in the pre-HD 
group (p = 0.05 for the interaction). Controls with lower 
levels of irritation showed higher activations in the OFC. 
No correlations between the level of irritation and OFC 
activity were found in pre-HD.
In all three analyses, outcome measures for the pre-HD 
group did not correlate with estimated years to clinical 
onset.

Conclusions
Despite similar baseline levels of irritability and task- 
induced irritation, fMRI analysis detected altered neuronal 
processing of irritation in pre-HD individuals. Only the 
control group showed the expected inverse correlation 
between activation in the amygdala and OFC. These 
data suggest that the mechanism of controlling impulsive 
aggression is disrupted in HD mutation carriers and could 
make them more prone to psychiatric symptoms such as 
irritability.

S. Klöppel et al. / Neuropsychologia 48 (2010) 549–557 551

Fig. 1. Overview of task. Subjects had to identify the larger of two squares shown
sequentially. This was followed by feedback on the correctness of the answer of the
first and second player. A separate screen indicated if the round was won (when
both players answered correctly) or lost. Timing intervals between screens were
randomised (jittered) where indicated.

less emotionally involving in our pilot studywhichmirrors results of others (Rilling,
Sanfey, Aronson, Nystrom, & Cohen, 2004).

After a brief training period with correct feedback, each subject performed four
runs of 50 trials. Two runs (one with a partner and the other with a computer) were
performed in the MRI scanner. The other two were performed in a testing room
using a standard PC. Participants swapped rooms after two runs. The order of runs
and whether PSCs or controls started in the MRI scanner was randomised over the
study.

2.2.3. Ratings and questionnaires
After training, subjects were asked to indicate on a visual analogue scale (VAS),

ranging from−100 (indicatingworst performance) to +100, howwell they expected
they and their partnerwould do. Using a similar VAS after every twoor three rounds,
subjects were asked how confident they were with their performance in the task.
After the experiment, subjects completed the Snaith irritability self-assessment
scale (Snaith et al., 1978), Beck Depression Inventory (BDI; Beck, Ward, Mendelson,
Mock, & Erbaugh, 1961), Barratt’s Impulsivity Scale (BIS-11; Barratt & Patton, 1983)
and Spielberger State-Trait Anxiety Inventory (STAI; Spielberger, 1988). As PSC
might be reluctant to admit their true level of irritability we adopted the approach
of Chatterjee, Anderson, Moskowitz, Hauser, and Marder (2005) by evaluating dis-
crepancies between PSC’s self rating and that of their companions using the Johns
Hopkins irritability questionnaire. Results between the two groups on the 14 item
questionnaire were compared using two-tailed paired t-tests.We refer to this ques-
tionnaire as the Johns Hopkins irritability questionnaire. All items are listen in the

study by Chatterjee et al. (2005). In addition, they completed a questionnaire of
how they felt when receiving feedback. We assumed that each subject would have
a different understanding of ‘irritation’. We therefore asked them to rate three neg-
ative emotions (irritation, anger, tension) ranging from zero (emotion not felt) to
three (emotion strongly felt). Similarly, subjects were asked to report, using the
same scale, their positive emotions (happy and relieved) on receiving positive feed-
back. We tested for a positive correlation of negative emotions (composite score
of irritability, anger, and tension) induced by the task, with Snaith’s score and the
irritability subscore (summation of inward and outward irritability sub-scores) to
identify a relation of the task to our concept of irritability. Similarly, since irritability
is closely connected to problemswith impulse control (Craufurd et al., 2001) scoring
on the BIS-11 and task-induced negative emotions were also expected to be posi-
tively correlated. Significancewas testedwithnon-parametric testswhensignificant
Kolmogorov–Smirnov tests indicated a violation of assumptions for parametric test-
ing.

Before detailed debriefing, all participants took part in a semi-structured inter-
view, one purpose of which was to verify that they had believed in the integrity of
the task, the link with the other player and the correctness of feedback.

2.3. MRI-scanning

Weused an echo planar imaging sequence optimised for sensitivity in amygdala
and OFC (Deichmann, Gottfried, Hutton, & Turner, 2003) scanned on a 1.5 Tesla MRI
system (Sonata; Siemens, Erlangen, Germany) at a single centre. Scanning param-
eters included: repetition time 3600ms; echo time 50ms; field of view 192mm;
distance factor 50%; flip angle 90◦ . We used 40 slices with a thickness of 3mm
angled at 30◦ . We sought to measure the individual distortions in OFC and amyg-
dala due to the close proximity of air-filled cavities by acquiring field maps (Hutton
et al., 2002). Total scanning time for the fMRI task was around 30min per subject
dependingon speedof responses. An additional T1-weighted sequence (Deichmann,
Schwarzbauer, & Turner, 2004) was acquired to exclude structural abnormalities
and to evaluate structural differences using voxel-based morphometry (Ashburner
& Friston, 2000) (see supplementary material).

2.4. Image data analysis

Pre-processing and statistical analysis of fMRI datawere carried out using SPM5
software (www.fil.ion.ucl.ac.uk/spm/). Before smoothing with an 8mm Gaussian
kernel, volumes were realigned and spatially normalised to a standard echo planar
imaging template in Montreal Neurological Institute (MNI) space. Field maps were
included in the realignment step. A first-level analysis based on the general linear
model (Friston, Frith, Turner, & Frackowiak, 1995) was performed for each subject.
A 128 s high-pass filter was applied. Task-related changes in fMRI signal were esti-
mated at each voxel by modelling the onsets and length of each event type as a
separate regressor convolved with a haemodynamic response function. For our pri-
mary analysis, we used four regressors to model the onset of positive and negative
feedback, for the first and second player respectively. They were modelled as mini-
blocks with a length of 3–5 s, depending on the onset of the next screen (see Fig. 1).
Since we were interested in the effect of repeated negative feedback, we entered a
separate parametricmodulator to both regressors of negative feedback, coding how
often subjects had received negative feedback in the last three trials. As illustrated
in Fig. 2 the modulator thus contains values of either 100 when positive feedback
was received for all three previous trials 66 or 33 when only one trials of the last
three returned positive feedback.We did not aim to evenly distribute these percent-
ages as including toomany trials with false negative feedbackwould havemade the
task less believable. All four feedback conditions had separate parametric modula-
tors assigned to model linear effects of time (e.g., due to fatigue). Error rates were
low and for a subject not making a real mistake 36 correct trials were contrasted
with 14 trials in which false allegations of erroneous performance was reported. An
illustration of the design matrix is provided as supplementary material. As shown,
the parametric modulator coding past negative feedback is assigned to the nega-

Fig. 2. Left: The graph displays the changing percentage of positive feedback in the last three trials for each run given that a subject’s true answer was always correct. Right:
Bilaterally the amygdala showed significantly greater activations in controls compared to PSCswhen subjectswere repeatedly given feedback that they had chosen thewrong
square.
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Overview of the task: Subjects had to identify the larger of 
two squares shown sequentially and received feedback on 
the correctness of the answer of the first and second player. 
A separate screen indicated if the round was won (when both 
players answered correctly) or lost.
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An ovine transgenic Huntington’s 
disease model
Jessie C. Jacobsen et al., Human Molecular Genetics 
(2010), 19: 1873-1882

This work describes the development of the first trans-
genic ovine (sheep) model of Huntington’s disease.

Background
Several mouse models have been developed to study 
Huntington’s disease (HD) and to test candidate drugs be-
fore they can advance to clinical trials in humans. How-
ever, for some applications, rodent models of HD have 
disadvantages, such as a short life span (< 3 years) and 
anatomical differences in the rodent brain compared to 
the human brain. Such differences inevitably set experi-
mental and therapeutic barriers, and hence, researchers 
have been looking for other animals that could be used 
for modelling HD. Sheep are a good alternative because 
they can live for more than 10 years and their brain 
anatomy is comparable to that seen in the human brain. 
Sheep also have large brains that will allow surgical in-
terventions such as cell replacement and gene therapies 
to be tested.

Methods and Results
Jacobsen et al. created HD transgenic sheep that carry 
the full-length human HTT gene encoding the huntingtin 
protein with an expanded polyglutamine tract of 73 
residues. The transgene DNA was microinjected into pro-
nuclei of single-cell zygotes, and the resulting embryos 
were transferred into recipient ewes. Of the 150 live 
births, six lambs were transgenic (designated as animals 
G0/1-6). Fluorescent in situ hybridisation and Southern 
blot analysis revealed that in five of the six animals, the 
transgene had integrated at a unique site, and in those 
animals there were between 2 and 14 copies of the 
transgene at each site. The animals with the lowest copy 
numbers (G0/5 and G0/6) were shown to have the high-
est levels of transgene expression. These two ewes were 
initially selected for breeding via in vitro fertilisation, 
resulting in the birth of 14 lambs.

The human huntingtin protein could be detected in two 
of the G0/5 offspring at one and seven months of age 
respectively in both central nervous system (CNS) and 
non-CNS tissues arising from the three primary germ lay-
ers. The basal ganglia of wild-type sheep were confirmed 
to be anatomically and biochemically similar to the 
human basal ganglia as judged by immunolabelling with 

calbindin-D28k, substance P and enkephalin antibodies. 
A first immunohistochemical study of two G0/5 offspring 
using the antibodies listed above did not reveal any cell 
loss or macro/microscopic changes in the basal ganglia 
of one- and seven-month old animals. However, further 
analysis of structures known to be vulnerable in HD 
showed some changes in the CB1 receptor1 (a presynap-
tic receptor which mediates reduction in GABA2 release) 
and DARPP-323 (a marker of medium spiny neurones). 
The density of CB1 labelling in neurones of the caudate 
nucleus and globus pallidus was significantly decreased, 
indicating a reduced or dysfunctional expression of CB1 
receptors in these regions. The most striking neuropatho-
logical change observed was a significant reduction of 
DARPP-32 immunoreactivity in the globus pallidus and 
putamen of the seven-month old G1/5 transgenic sheep 
(see figure), which was not observed in a transgenic 
sheep sacrificed at one month of age. This finding is 
consistent with the pre-symptomatic striatal D1 dopamine 
receptor loss observed in humans.

Conclusions
The HD transgenic sheep described here represent a 
promising animal model for testing candidate drugs and 
surgical approaches aimed at preventing or delaying the 
onset and progression of HD.

1 cannabinoid receptor type 1
2 gamma-aminobutyric acid (an inhibitory neurotransmitter)
3 dopamine- and cyclic AMP-regulated phosphoprotein

Figure 5 

Page 37 of 37

©
 2

01
0,

 w
ith

 p
er

m
is

si
on

 fr
om

 th
e 

O
xf

or
d 

U
ni

ve
rs

ity
 P

re
ss

CN

GPe→ 

Put

CN = caudate nucleus; Put = putamen;  
GPe = external globus pallidus

DARPP-32 immunolabelling in the control (WT) and trans-
genic (TG) animals at 7 months of age showing the loss of 
immunoreactivity in the transgenic sheep (arrow heads). 
Photomicrographs of the globus pallidus (d and c) and puta-
men (d’ and c’) demonstrate loss of immunoreactivity in the 
absence of significant cell loss in the transgenic animal (D) 
compared to the control (C). 
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Serines 13 and 16 are critical 
determinants of full-length human 
mutant huntingtin induced disease 
pathogenesis in HD mice
Xiaofeng Gu et al., Neuron (2009), 64: 828-840

Changing only two amino acids in the N terminus of 
huntingtin can significantly reduce the pathogenic 
potential of the mutant protein in vivo.

Background
Huntington’s disease (HD) is caused by a mutant form 
of the protein huntingtin (HTT) that carries an expanded 
polyglutamine tract that begins at amino acid 18. There 
is evidence to suggest that domains of HTT other than 
the polyglutamine tract may modulate its toxicity and 
therefore HD pathogenesis. Posttranslational modifica-
tions, i.e. biochemical changes that occur after the 
protein has been made, have been also implicated in 
the disease process.

Aims
This study aimed to test whether or not mutation of two 
amino acids in the N terminus of HTT could influence 
the toxicity of the expanded protein in BAC1 transgenic 
mice expressing full-length human mutant huntingtin with 
97 glutamines. The N-terminal 17-amino acid domain 
of HTT can be phosphorylated on two serines located at 
positions 13 and 16. These amino acids were mutated 
to either aspartate (SD), which has a similar structure to 
a phosphorylated serine, or alanine (SA), which cannot 
be phosphorylated (see figure). Both mutations were 
tested in various in vitro and in vivo assays.

Results
Both the SD and SA mutant proteins retained the func-
tion of wild-type HTT, as they were able to rescue Htt 
knockout mice during development and in adult cortical 
neurones. BACHD transgenic mice with 97 polygluta-
mines exhibit motor deficits and behavioural impair-
ments in comparison to wild type (WT) mice, and a 
similar phenotype was observed in mice carrying the 
SA mutant protein. In contrast, mice with the SD protein 
did not show any motor deficits in rotarod performance 
at 2, 6 and 12 months of age. This means that the 
mutation serine to aspartate abolished the motor pheno-
type in the BACHD mouse model. A comparable pattern 
was observed in tests of anxiety and depression, with 
1 bacterial artificial chromosome

BACHD and SA mice showing an enhanced anxiety-like 
behaviour, and SD mice behaving like WT mice.

Striatal and cortical volumes at 12 months of age were 
reduced in SA mice (as in BACHD mice), but not in SD 
or WT mice. This means that the SD protein does not 
cause degeneration of the brain, i.e. it is not pathogenic 
in vivo. Protein aggregates were detected in the cortex 
and striatum of both BACHD and SA mice, but not in 
SD or WT mice. In an assay to test protein aggregation 
in vitro, an SA containing fragment of mutant HTT was 
shown to aggregate more rapidly, whereas the SD con-
taining fragment aggregated more slowly. Mutation at 
both serines 13 and 16 altered protein aggregation in a 
cumulative manner by either slowing down the process 
or by redirecting it to a different pathway (reduced fibril 
formation). 

Conclusions
SD but not SA mutations in the context of full-length 
mutant HTT can prevent motor and behavioural deficits, 
selective neurodegeneration and the accumulation of 
protein aggregates in BACHD transgenic mice. The 
authors concluded that the two serines may act as a 
molecular switch to regulate disease pathogenesis and 
that targeting this pathogenic mechanism may have a 
dramatic therapeutic impact.

from BACHD and BACHD-L heterozygotes, SA heterozygotes,

SD-B line homozygotes, and SD-C line homozygotes and

heterozygotes [SD-C (het)] (n = 3 per genotype). Using one-

way ANOVA with post hoc analysis, we determined that there

are no significant differences in fl-mhtt expression levels

between the SA, SD-B, and SD-Cmice, whereas all of these lines

express fl-mhtt-[97Q] protein at significantly higher levels than

the BACHD-L line but at lower levels than the BACHD line, sug-

gesting that the SA, SD-B, and SD-C mice express sufficient

levels of fl-mhtt-[97Q] to elicit a disease phenotype.

To assess whether the SD or SA mutations affect the subcel-

lular distribution and/or the steady-state level of fl-mhtt, we per-

formed a series of western blot analyses. First, subcellular frac-

tionation of cytosolic, nuclear, microsomal, and mitochondrial

fractions of the BACHD, SA, and SD-C mice at 2 months of

age (n = 3 per genotype) was performed and followed by western

analysis using the 1C2 antibody. At our level of detection in the

mouse brain extracts, we do not observe any major shifts of

the subcellular localization of fl-mhtt or its detectable fragments

in SD or SA mutant mice compared to BACHD mice (Figure S4).

Next, we sought to determine the steady-state levels of soluble

fl-mhtt protein during the aging process to assess whether there

is any notable shift in fl-mhtt protein levels or increase in the

production of soluble mhtt fragments over time. In each of the

three mutant HD mouse lines we have examined, the levels of

soluble fl-mhtt are comparable between 2 and 12 months

(Figure S5). Moreover, in SD and SA mice, we do not detect

any aberrant increase of soluble mhtt polyQ fragments at

12 months, suggesting that age-dependent differences in the

abundance of soluble full-length and fragmented mhtt cannot

account for any phenotypic changes.

In summary, our biochemical analyses demonstrate that SA,

SD-B, and SD-C mice express fl-mhtt-[97Q] at levels well above

the range expected to elicit disease pathogenesis in vivo.

Furthermore, we cannot detect marked differences in S13 and

S16 modified fl-mhtt and its polyQ fragments in their subcellular

localization or their steady-state, soluble levels over time.

Full-Length Mutant Huntingtin with S13 and S16
Mutations Preserves Normal Htt Function during
Development and in Adult Cortical Neurons
We next asked whether S13 and S16 mutated fl-mhtt could still

exhibit the essential functions of htt in vivo. We evaluated

whether cis-modified htt can rescue the phenotypes of htt

knockout mice, including embryonic lethality in the complete

null mutant mice (Zeitlin et al., 1995; White et al., 1997) and

late-onset cortical neuron degeneration in the forebrain-specific

deletion of the htt gene (Dragatsis et al., 2000). We previously

demonstrated that fl-mhtt-[97Q] in BACHD mice can rescue

the embryonic lethality of htt knockout mice, confirming that

fl-mhtt retains the essential developmental function of htt (Gray

et al., 2008). To assess whether fl-mhtt-[97Q] with SD or SA

mutations retain the function of htt, we crossed SA, SD-B, and

SD-C heterozygous alleles onto the htt knockout background

and scored for the number of the rescued mice born (Gray

et al., 2008). In all three lines, the rescued mice were born in

Figure 1. Generation and Biochemical

Characterization of the Phosphomimetic

(SD) and Phosphoresistant (SA) BACHD

Transgenic Mice

(A) A schematic representation of the S13,16A and

S13,16D mutations within the NT17 domain in the

BACHD construct (Gray et al., 2008).

(B) A representative western blot of cortical protein

extracts made from 1-month-old BACHD,

BACHD-L, SA, SD-B, SD-C, and SD-C heterozy-

gous (het) mice. The blot was probed with

polyQ-specific 1C2 antibody followed by anti-

tubulin antibody for loading controls.

(C) Quantification of the fl-mhtt expression levels in

various HD transgenic mouse lines. Densitometry

values of individual bands are based on three

1C2 western blots using independent cortical

extracts. The input in each lane is normalized using

the anti-a-tubulin control. The results of three inde-

pendent experiments are expressed as means ±

SEM. One-way ANOVA analysis reveals that there

are significant differences between the fl-mhtt

expression levels in BACHD, BACHD-L, SA, SD-

C, SD-B, and SD-C (het) mice (F(4,11) = 22.090,

p < 0.001). The post hoc test (LSD) indicates that

the BACHD-L fl-mhtt expression level is signifi-

cantly lower than the fl-mhtt expression level in

the BACHD (p < 0.001), SA (p = 0.001), SD-C (p =

0.017), and SD-B (p = 0.01) mice, but does not

differ from the SD-C (het) mice (p = 0.34).

Error bars indicate mean ± SEM.

Neuron

Htt Serines 13 and 16 Modify HD Pathogenesis

830 Neuron 64, 828–840, December 24, 2009 ª2009 Elsevier Inc.
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Representation of the mutations serine to alanine (S13,16A) 
and serine to aspartate (S13,16D) within the N terminus of 
the BACHD construct.



HD CALEnDAR
By Diana Raffelsbauer on behalf of the EHDN Central Coordination, Ulm, Germany

Upcoming Meetings 2010

June 8-13 19th Annual Meeting of the International  
Behavioral Neuroscience Society, Sardinia, 
Italy

 http://www.ibnshomepage.org/annualmtg10.
htm

June 10-11 EHDN Cognitive Phenotype Working Group 
Meeting, Manchester, UK

 http://www.euro-hd.net/edit/network/news

June 13-17 14th International Congress of Parkinson’s  
Disease and Movement Disorders,  
Buenos Aires, Argentina

 http://www.movementdisorders.org/con-
gress/congress10/

June 19-23 20th Meeting of the European Neurological 
Society, Berlin, Germany

 http://www.congrex.ch/ens2010/

June 24 EHDN Biomarkers Working Group Meeting, 
Lund, Sweden

 https://www.euro-hd.net/html/network/news

June 25-27 25th  National Convention of the Huntington’s  
Disease Society of America, Raleigh, NC, USA

 http://www.hdsa.org/events/index.
html?month=6&year=2010

July 3-7 7th Forum of the Federation of European Neuro-
science Societies, Amsterdam, The Netherlands

 http://fens2010.neurosciences.asso.fr/

July 8 EHDN UK Investigator‘s Meeting, Birmingham, 
UK

 http://www.euro-hd.net/edit/network/news

July 8 Meeting of the UK and Ireland Huntington‘s  
Alliance (HDA, SHA, HDAI and HDANI), 
Dublin, Ireland

 http://www.hda.org.uk/hda/events.php

July 10-15 International Conference on Alzheimer’s  
Disease 2010, Honolulu, HI, USA

 http://www.alz.org/icad/

Aug 4 EHDN Biological Modifiers Working Group 
Meeting, Boston, MA, USA

 https://www.euro-hd.net/html/network/news

Aug 4-7 HD2010: “The Milton Wexler Celebration of 
Life“, Cambridge, MA, USA 

 http://www.regonline.com/HD2010

Aug 28-Sept 1 23rd Congress of the European College of 
Neuropsychopharmacology, Amsterdam, The 
Netherlands

 http://www.ecnp.eu/emc.asp?pageId=1516

Sept 3-5 6th Bi-Annual Plenary Meeting of the European 
Huntington’s Disease Network, Prague,  
Czech Republic 
https://www.euro-hd.net/html/ehdn2010

EHDN 2010 Additional Meetings, Prague, Czech Republic
https://www.euro-hd.net/html/ehdn2010/meetings
 Meetings of EHDN Working Groups:
Sept 1 Motor Phenotype
Sept 2 Quality of Life
 Young Adults
 Genetic Testing and Counselling
 Symptomatic Research and Therapy
 Cognitive Phenotype
 Neuroprotective Therapy
 Advanced HD
Sept 3 Environmental Modifiers
Sept 4 Physiotherapy
Sept 5-6 Behavioural Phenotype
Sept 7 Genetic Modifiers

Sept 5-6 13th Bi-Annual Meeting of the European  
Huntington Association, Prague,  
Czech Republic

Sept 25-28  14th Congress of the European Federation of 
Neurological Societies, Geneva, Switzerland

 http://efns2010.efns.org/

Sept 30 Annual General Meeting and Carer‘s Meeting 
of the Huntington‘s Disease Association North-
ern Ireland, Newtownards, Northern Ireland

 http://www.hdani.org.uk/

Oct 1-3 Family Conference of the UK Huntington‘s 
Disease Association, Telford, UK

 http://www.hda.org.uk/hda/events.php

Oct 16 4th Annual Huntington Disease Clinical  
Research Symposium, La Jolla, CA, USA

 http://www.huntington-study-group.org/
NewsEvents/EventsUpcomingMeetings/Hun-
tingtonDiseaseClinicalResearchSymposium/
tabid/62/Default.aspx

Oct 23-24  Convention of the German Huntington Help, 
40th Anniversary of the German Huntington 
Self-Support Group, Duderstadt, Germany

 http://www.huntington-hilfe.de/index.php/
deutsch/Start/Termine

Oct 28-31 4th World Congress on Controversies in  
Neurology, Barcelona, Spain

 http://comtecmed.com/cony/2010/

Oct 30-31 Meeting of the Danish Huntington Association, 
Fredericia, Jutland, Denmark

 http://www.lhc.dk/

Nov 12-13 1st National Congress on Huntington’s Disease, 
Madrid, Spain

Nov 13-17  40th Annual Meeting of the Society for  
Neuroscience, San Diego, CA, USA

 http://www.sfn.org/am2010/
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