
FEATURE ARTICLE
By Charles Sabine 

A day in the life of a human guinea pig

The best view of London’s Mecklenburgh Square comes from the Wolfson 
Centre, in its middle. Because it is the only view without the Wolfson Cen-
tre in it.

The TRACK-HD office’s concrete walls may match the drabness of the cor-
ridors inside, but both are lit up by the occupants’ sense of purpose. It is 
difficult to overstate the importance of the work that is conducted here and in 
sister clinics in Paris, Vancouver and Leiden. Because Huntington’s disease 
(HD) holds the answers to so many questions for the future of all diseases, 
HD research is vastly magnified in significance, despite it being a relatively 
rare disorder. And whatever treatments or cure might be developed in the 
future for HD, they will never reach the homes of victims like me without bio-
markers to measure their effect in clinical trials. All of which is a very good 
thing, because it is a long day for us 360 Guinea Pigs who have signed up 
for the three annual tests.

Immediately following registration and a cup of tea comes the worst bit – a 
blood test. For a late-rising trypanophobic� like me, the injury of having 
metal stuck in your arm is compounded by the insult of it happening at 9:30 
in the morning, necessitating a 6:00 am departure from home. Even the 
dogs wouldn’t get up to say goodbye. (TRACK-HD, in fact, offers a night in a 
hotel as well as the transport costs – in my case 50 pence a mile for the 200 
mile round trip.)

I always hated blood tests, even before I took the one that told me I would 
get HD. But this is the mother of all blood tests: NINE vials! NINE! 50 mil-
lilitres! “That’s a glass of wine”, I whine. The pain is not even relieved by 
the feeling that it is for a good cause, since its purpose – unlike most of the 
other tests – isn’t obvious to the layman. I feel that I shouldn’t ask. There’s an 
unspoken code in the room, as if asking questions might break some sort of 
spell. Like asking if Santa is real.            >>

�Trypanophobia means needle phobia.
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‘homework’ to take away. A request too far, I think.

Another task: tapping in time to a rhythmic beat. My 
first thought is that surely some people just have bad 
rhythm. But the second guessing that lurks all day in my 
‘guinea-pig subconscious’ reminds me that, of course, it 
is not about comparisons with other people, but rather 
with myself, year on year. A small sigh accompanies this 
depressing reminder of why I am here.

A one-hour lunch break flies by (food courtesy of TRACK-
HD ), and it’s back into the fray. Joy Read, an oncology 
nurse from Oxfordshire, has drawn the short straw of 
supervising the more tedious section of my day – two 
hours of questioning about mood and depression (which 
feels a bit intrusive), and then conducting the eye move-
ment tests – a really boring process of following dots 
illuminated on a wall. But despite the boring bits, there 
has been no difficulty finding recruits. “People with the 
HD gene seem really motivated”, says Nayana. 

By 3 o’clock I am nearing the ‘had enough’ stage.  It 
is a bad time to start on my second worst bit - the MRI 
scan. There are two reasons why this is bad for me. 
First, I really hate the feeling of having your head ham-
mered by a pneumatic drill, and second, I have mild 
claustrophobia. By 4 pm, it’s back to Nayana for a half 
an hour of the standard scale of rating HD symptoms. 
Now I really feel we are in overtime and sure that my 
eyes are crossed. Luckily there are good pubs nearby!

So in the end, if like me you get bored easily, or hate 
syringes, or are claustrophobic, this may not seem like 
your perfect day. But if you want to contribute to a more 
hopeful future for your children, then who cares about a 
bit of discomfort?

In fact, while access to the 
rationale of the tests may 
be ambiguous, the results of 
the tests are definitely out of 
bounds. I, for one, would like 
to know mine. But Nayana 
Lahiri, a 30 year old Clinical 
Registrar from London who is 
completing a PhD in HD, and 
currently inspecting a syringe 
full of my blood, says that it 
is not a common request. “I 

think over time, people will want to know”, she says. “But 
right now, even we won’t know the meaning of the tests 
until the three years are over and the data are analysed.”

It’s a long day – eight and 
a half hours – but softened 
by the pleasant nature of the 
site staff. They say they are 
inspired by the spirit in the 
HD community. “Seeing the 
motivation of the gene car-
riers and their families, and 
hearing their stories, I feel 
honoured to have a common 
purpose with them”, says 
Miranda Say, a 28-year-old 
clinical neuro-psychologist 
from Sydney. Miranda gets 
to preside over the fun part 
of the day - two hours of 
puzzles and parlour games 
that include lifting blocks, 
making a meter move with 
your tongue (always a source 
of innuendo), drawing circles 
blindfold, and so on. Some 
are surprising in their nature 
– like a smelling test - others 
amusing in their technol-
ogy. When set the task of 
identifying the emotion of 
faces shown on a screen, the 
biggest difficulty comes from 
the pictures appearing to be 
from a �950s American col-
lege yearbook, making the 
hairstyles mightily distract-
ing. At one point, Miranda 
brings up the suggestion of 

EUROPEAN HUNTINGTON’S DISEASE  NET WORK�NewsEHDnFEATURE ARTICLE
By Charles Sabine March · Issue 05

TRACK-HD is a three year initiative led by Dr. Sarah 
Tabrizi and funded by the CHDI Foundation. It com-
menced in 2007 and aims to identify and compare 
head-to-head clinical, imaging and molecular bio-
marker assessment tools to track the emergence of 
HD in premanifest gene carriers and its progression 
in early stage disease. A total of �20 people with 
premanifest HD, �20 with early stage HD and �20 
controls have been recruited from clinics in London, 
Paris, Leiden and Vancouver.
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REGISTRy Data Collection and  
Retention
By Olivia Handley, REGISTRY Project Manager, London 
(United Kingdom)

The rate of enrolment into REGISTRy over the past year 
has increased by one third, with a total of 4,282 par-
ticipants registered on the web portal. As the REGISTRy 
cohort continues to expand, study sites are encouraged 
to balance their efforts between recruitment and reten-
tion to ensure that the collection of high-quality data is 
sustained at its current volume.

REGISTRY is an open-ended study inviting participants to 
attend prospective annual visits. The assessment protocol 
is designed to promote the collection of clinical data 
and biological specimens that will allow us to study the 
natural history and clinical care of individuals affected 
by and at risk of developing Huntington’s disease 
(HD). A minimum core assessment is administered to all 
REGISTRY participants. Depending on the participants’ 
wishes and the level of resources available at the study 
site, additional assessments and procedures may also be 
completed (see table). Here, we present figures for the 
total number of participants 
with complete datasets for 
core, extended and full 
assessments. Core data are 
available for 2,403 (56%) 
participants for a total of 
4,8�9 visits. The extended 
REGISTRY assessment has 
been carried out on 87� 
(20%) participants across 
�,�6� visits. The full REGIS-
TRY assessment (excluding 
optional components) has 
been obtained for 4�5 
(�0%) participants over 
57� visits. Of the 4,282 
REGISTRY participants 
currently enrolled, 3,047 
are already eligible for fol-
low-up visits (i.e. enrolled 
before 0� January 2008). 
To date, 2,�30 (70%) par-
ticipants have attended at 
least one follow-up visit.
 

Whilst the data collected represent an impressive and in-
valuable resource, a significant volume of core information 
remains to be entered onto the web portal. This presents a 
challenge for the EHDN Monitors whose task is to control 
the evaluation of plausibility and completeness of the  
REGISTRY database. EHDN Monitors maintain frequent 
contact with study site staff and complete on-site and 
online monitoring on a regular basis. This has, without 
doubt, improved the quality and volume of data entered 
into REGISTRY, and with additional monitoring visits  
already in place for 2009, the proportion of complete 
data will continue to increase. 

Continued enrolment of new participants and sustained 
annual follow-up visits is central to the success of REG-
ISTRY’s aim to prospectively track the onset, nature and 
progression of HD. The contribution of sites and partici-
pants involved in REGISTRY continues to be remarkable, 
and provides EHDN with a robust clinical and biological 
repository that will serve to expedite our understanding 
of this disease. We would like to take this opportunity 
to encourage EHDN members to apply for access to the 
REGISTRY database for research proposals. Please visit 
http://www.euro-hd.net/html/projects/proposals for 
further information.

REGISTRy assessment protocol Core Extended Full

General

Medical History (medical, HD, psychiatric) ✔ ✔ ✔

Demographics (Fixed & Variable) ✔ ✔ ✔

Co-morbid conditions ✔ ✔ ✔

Medication log ✔ ✔ ✔

CAG result from local laboratory
End of Study

✔

(✔)*
✔ ✔

Clinical History UHDRS ‘99 Motor
UHDRS ‘99 Function

✔

✔

✔

✔

✔

✔

Neuropsychiatric 

UHDRS ‘99 Behaviour ✔ ✔

Becks Depression Inventory (self-report) ✔

Hamilton Depression Rating Scale ✔ ✔

Cognitive UHDRS ‘99 Cognitive ✔ ✔

Quality of Life SF-36 (self-report)
Caregiver Burden Inventory (self-report) ✔

Health economics Client Service Receipt Inventory ✔ ✔

Optional  
components

Biosample collection 
Family History questionnaire

*End of Study is included in the core assessment of the battery, but has not been included in 
the figures presented because it applies only to participants withdrawn from the study.

http://www.euro-hd.net/html/projects/proposals
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Physiotherapy 
Working Group
By Monica Busse and Lori 
Quinn, Cardiff University, 
Cardiff (United Kingdom)

Rationale and Aims
The progressive motor 
impairment in Huntington’s 
disease (HD) leads to a loss 
of mobility with individuals 
eventually requiring assis-
tance with all activities of 
daily living. There is some 
evidence to suggest that 
physiotherapy can play a 
role in helping people with 
HD to maintain their inde-
pendence. However, well-
controlled trials have yet to 
be conducted to establish 
whether or not physiother-
apy makes a measurable 
difference to the lives of HD 
patients. Designing a system-
atic and well controlled trial 
of physiotherapy is difficult. 
The interpretation of studies 

that have been completed to date has been confounded 
by the small numbers of patients used, inconsistency 
of intervention content and a lack of sensitive outcome 
measures. Clinical judgement, personal experience, and 
‘trial and error’ remain the major mechanisms through 
which interventions are currently justified. Therefore, to 
investigate whether or not physiotherapy is ben-
eficial in HD, there is a need for evidence-based 
development and evaluation of complex physio-
therapy interventions. 

The Physiotherapy Working Group is developing 
guidelines for physiotherapy evaluations and inter-
ventions by describing current and best practice, 
and evaluating appropriate, standardised outcome 
measures relevant to physiotherapy and to the 
needs of patients. These are the important first 
steps in developing clinical intervention trials. 

Activities
1. Guidance for Physiotherapy interventions
The first major project undertaken by the Physio-

therapy Working Group was the development of a 
physiotherapy guidance document devised through a 
combination of the available scientific evidence and 
expert consensus. The first draft was disseminated for 
review at the 2008 EHDN Plenary Meeting. Planning 
for the development and publication of the final ver-
sion of the guidance and also of associated patient 
education materials is now underway.

2. Seed funded Outcome Measures Project 
One of the first steps in developing clinical interven-
tion trials is to choose appropriate outcome measures 
that are both reliable and valid when applied to 
individuals with HD. It is essential that they are sensi-
tive, so that changes attributed to an intervention can 
be measured above the background of natural vari-
ability and/or measurement error. The purpose of this 
planned multicentre study is to determine the reliability 
and minimal detectable difference of various outcome 
measures that are potentially suitable for use in HD. 
These outcome measures will be tested as part of  
REGISTRY Version 3. 

Meetings and Membership
The Physiotherapy Working Group has active members 
based in the UK, Sweden, Norway, Germany, Italy 
and USA. Our long-term goal is to develop high-qual-
ity multi-site randomised controlled trials of physio-
therapy. Any clinician with an interest or expertise in 
HD, as well as in rehabilitation or physiotherapy, is 
welcome to join the group and should contact Monica 
Busse at busseme@cardiff.ac.uk or Lori Quinn at 
quinnl�@Cardiff.ac.uk.
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Juvenile Huntington’s  
Disease Working Group
By Oliver Quarrell, Sheffield Children’s Hospital,  
Sheffield (United Kingdom)

Why study juvenile Huntington‘s Disease?
The percentage of patients with juvenile Huntington’s 
disease (JHD), in whom disease onset occurs before the 
age of 20, varies between studies, but 5% is a reason-
able working figure. Patients with JHD often have a 
larger CAG repeat and more widespread pathology 
than those with adult onset HD. The median CAG repeat 
size that can cause JHD is approximately 60. Therefore, 
most individuals with more than 60 CAG repeats have 
JHD, and those with more than 80 repeats typically have 
disease onset before the age of �0. It also follows that 
half of the JHD cases have a repeat size of less than 60 
repeats. Indeed, in some cases the length of the CAG 
repeat is in the range between 40 and 50. All mouse 
models carry CAG repeats that would cause an early 
childhood form of HD in humans, and therefore, may be 
models of JHD rather than of adult onset disease. 

Objectives
The JHD Working Group has a number of aims. The first 
has been to summarize what is currently known about 
this group of patients. This will be the starting point for 
developing further studies. We were originally supported 
in this aim by EHDN and the Novartis Foundation, 
which together helped arrange an international confer-
ence in London (UK) in November 2006. Subsequent 
support has come from Oxford University Press, which 
has just published a book based on the proceedings of 
that meeting (see figure). The book begins with a num-
ber of accounts from carers and from a patient, some of 
which is understandably difficult to read without feeling 
upset. In addition, there are chapters on the genetic, 
pathological, and molecular mechanisms of JHD, the 
current therapies available for treating the condition, as 
well as the challenges posed in diagnosing and assess-
ing patients. Some sections of the book will be available 
on the EHDN website.

The current rating scales used both for monitoring HD 
and as outcome measures in treatment trials cannot be 
applied easily to juvenile patients. The typical symptoms 
of JHD are slow movements (bradykinesia), tremor, 
seizures and complex behavioural problems. Therefore, 
new rating scales need to be designed and tested. A 
JHD-specific rating scale is important, since treatments 

aimed at altering the natural history of HD, particularly if 
useful in the early stages of the condition, may show an 
effect more quickly in patients with greater pathological 
changes.

The current evidence base for treating patients with JHD 
is limited to case reports at best. Developing new rating 
scales will involve a dialogue with families, and will 
hopefully lead to a greater understanding of the condi-
tion. This will result in an improved evidence base for 
producing a new standard of care document for juvenile 
patients.

Next steps
The REGISTRY project is essential for identifying large 
numbers of JHD patients willing to participate in re-
search projects. Qualitative studies need to be under-
taken to inform those designing the new rating scales, 
which will need to be tested on a group of JHD patients. 
Their usefulness will need to be assessed formally, us-
ing both “traditional” and the “new” methods of psy-
chometric analysis. Given the relative rarity of JHD, a 
worldwide collaboration is required so that this group of 
patients can be included in future clinical trials. We are 
now in a position to capitalise on collaborations within 
Europe, North America and Australia.
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The new book on juvenile HD was published in 
January 2009 (ISBN-13: 978-0199236121).



Weight loss in Huntington disease 
increases with higher CAG repeat 
number
N. Ahmad Aziz et al., Neurology (2008),  
7�:�506–�5�3

This study shows that the rate of weight loss in Hun-
tington’s disease is directly proportional to the length 
of the CAG repeat in the HD gene, and is likely to 
result from a hypermetabolic state.

Background
Huntington’s disease (HD) is a genetic neurodegenera-
tive disorder caused by the expansion of the CAG 
repeat in the HD gene. It is characterised by a clinical 
triad of motor, behavioural and cognitive disturbances. 
Weight loss is also a hallmark of HD, and has been ob-
served both in humans and HD transgenic mice. Interest-
ingly, in HD, a lower body mass index (BMI) has been 
associated with a higher rate of disease progression.

The cause of weight loss has been attributed to the fol-
lowing:
•	 Difficulties with swallowing that might lead to a 

decreased intake of calories. Note however that 
weight loss is already seen in pre-manifest HD 
individuals, and previous studies have shown that, 
at early stages, caloric intake is increased both in 
HD patients and HD transgenic mice.

•	 Increased motor activity caused by chorea (involun-
tary movements) that might lead to higher energy ex-
penditure. However, the severity of choreic symptoms 
does not correlate with weight loss.

•	 An increased metabolic rate. Mutant huntingtin (Htt) 
has been shown to perturb a number of molecular 
and cellular systems that could impact on energy 
homeostasis. This effect could vary with the length of 
the polyglutamine tract in mutant Htt.

Methods
The aims of this study were:
•	 To investigate weight loss in early stage HD over 

three years 
•	 To assess whether there is a correlation between 

weight loss and clinical symptoms
•	 To determine whether CAG repeat length is directly 

related to the rate of weight loss and caloric intake.

Participants (5�7 early stage HD patients) were recruit-
ed from the European Huntington’s Disease Initiative, a 

phase III interventional clinical trial. Riluzole, the drug 
tested in this trial, does not affect body weight. Patients 
taking neuroleptic drugs were excluded. Clinical symp-
toms were assessed with the Unified Huntington’s Dis-
ease Rating Scale (UHDRS) subscales for motor, behav-
ioural, cognition and functional capacity. Data analysis 
was performed using linear mixed-effects models. The 
relationship between CAG repeat length, body weight 
and caloric intake was also studied in the R6/2 mouse 
model of HD.

Results
In HD patients, BMI significantly decreased by 0.�5 
units per year on average (normal BMI lies between 
�8–25). The rate of weight loss was greater in patients 
with a longer CAG repeat (see figure), although none 
of the symptoms assessed by the UHDRS correlated with 
weight loss. A correlation between weight loss and CAG 
repeat length was also observed in HD mice, despite the 
fact that mice with longer CAG repeats had increased 
caloric intake. 

Conclusion
Weight loss in HD is directly correlated to CAG repeat 
length and likely to result from a hypermetabolic state. 
This correlation suggests that mutant Htt interferes 
directly with cellular energy homeostasis. Hypothalamic 
pathology, changes in the innate immune response and 
mitochondrial disturbances have all been described in 
HD, and could contribute to this process.
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Detection of Huntington’s disease 
decades before diagnosis:  
the Predict-HD study
Jane S. Paulsen et al., J. Neurol. Neurosurg. Psychiatry 
(2008), 79:874–880

This study shows that small changes in clinical and 
neuroimaging parameters are detectable long be-
fore the predicted onset of Huntington’s disease, and 
proposes a model establishing the relationship be-
tween different clinical outcomes and estimated age at 
diagnosis. 

Background
Predict-HD is an international, multi-site, observational 
study aimed at identifying predictors of Huntington’s 
disease (HD) onset in asymptomatic gene carriers. Given 
that the CAG repeat length determines only 50–70% of 
the variation in age of onset, there must be other modify-
ing factors that influence the onset and progression of 
HD. Predict-HD investigates the nature and pattern of 
neurobiological and neurobehavioural changes (includ-
ing cognition, emotion regulation, brain structure and 
function) that might occur prior to clinical diagnosis of 
HD. The study objectives are to identify ‘state’ markers 
of disease onset and early disease progression, and to 
develop sensitive tools both to track these changes and 
to detect putative modifiers of age of onset. 

Methods
438 asymptomatic HD gene carriers were examined. 
Estimated time to clinical diagnosis was calculated 
based on the individual’s CAG repeat length and current 
age. The features of HD that were assessed included 
striatal volume changes (using MRI�), motor ability (using 
UHDRS2 and finger tapping tests), cognitive performance  
and odour recognition. The outcomes were used to 
develop a model aiming to examine the relationship be-
tween estimated time until clinical diagnosis and motor, 
cognitive, psychiatric and brain volumetric measures. 
The patients in the study had a mean estimated time to 
diagnosis of �3.9 years.

Results
Small changes in clinical outcomes were detectable 
�5–20 years prior to diagnosis. Estimated time to 
diagnosis was related to most of the clinical and neuro-
imaging markers. For all variables, the relationship was 

� Magnetic Resonance Imaging
2  Unified Huntington’s Disease Rating scale

consistently non-linear, with the rate of decline increasing 
exponentially as the predicted time of symptom onset ap-
proaches (see figure for examples).

Conclusion
The relationships between estimated years to diagnosis 
and motor scores, striatal volume, odour retention and 
cognitive measures were strikingly consistent. Under-
standing the initial steps in HD pathogenesis could 
facilitate early clinical diagnosis, and improve trials of 
candidate drugs aimed at delaying disease onset or 
slowing the rate of disease progression. The authors 
propose a time scale model of disease onset and sug-
gest candidate markers for use in therapeutic trials. The 
functional significance of these findings requires valida-
tion. This will be attempted with a Predict-HD longitudi-
nal follow-up study.
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(variance explained) estimate. All models were adjusted for
participant age, gender and, in the case of cognitive outcomes,
years of education and estimated premorbid IQ (as reflected by
Anart test scores). We made these adjustments by including the
additional terms as conventional multiple regression covariates.
As a secondary analysis, clinical motor score was also controlled
in order to better interpret the results of psychomotor test
analyses.
We performed residual diagnostics on all models. We found

no need to remove more than one outlier in any instance. Such

outliers had small effects on details of the curve fit, but there
was no occasion where they would have changed the statistical
significance of the models.
Spline model results are not readily interpreted in terms of

traditional regression coefficients. Instead, we present graphs of
the fitted curves, along with partial adjusted R square
(‘‘variance explained’’) contributed by the expected time to
diagnosis and the p values for both the total and non-linear
contributions of expected time to diagnosis. Statistical signifi-
cance attached to the non-linear contribution reflects the

Table 1 Non-linear model fits for associations with estimated age at diagnosis

Variable n
Adj
R2 p Value

Non-linear
df

Non-linear
p value

Motor examination score 438 0.15 ,0.0001 3 ,0.0001

Striatal volume 261 0.23 ,0.0001 1 ,0.001

Speeded finger tapping rate (mean) 408 0.14 ,0.0001 3 ,0.0001

Consistency in self-timed finger tapping 410 0.20 ,0.0001 3 ,0.0001

Word list learning (HVLT) 425 0.09 ,0.0001 1 ,0.01

Odour identification 424 0.10 ,0.0001 1 ,0.0001

Adj R2= partial adjusted variance accounted for by estimated years to diagnosis to Huntington’s disease (HD) after accounting for
covariates (see statistical methods section) and degrees of freedom used for non-linear fit.
HVLT, Hopkins Verbal Learning Test; Non-linear df, degrees of freedom for non-linear fit; non-linear p value, p value for non-linear
element of estimated years to HD diagnosis fit.

Figure 3 Relationship between
estimated years to diagnosis of
Huntington’s disease (HD) and various
other measures. Solid line plots the
predicted response; broken lines are 95%
confidence limits for the estimated mean
response. All relationships are adjusted to
a female with mean levels of the other
variables for which we adjusted our
models (age=41.2 years,
education= 14 years, premorbid IQ).

Research paper
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(variance explained) estimate. All models were adjusted for
participant age, gender and, in the case of cognitive outcomes,
years of education and estimated premorbid IQ (as reflected by
Anart test scores). We made these adjustments by including the
additional terms as conventional multiple regression covariates.
As a secondary analysis, clinical motor score was also controlled
in order to better interpret the results of psychomotor test
analyses.
We performed residual diagnostics on all models. We found

no need to remove more than one outlier in any instance. Such

outliers had small effects on details of the curve fit, but there
was no occasion where they would have changed the statistical
significance of the models.
Spline model results are not readily interpreted in terms of

traditional regression coefficients. Instead, we present graphs of
the fitted curves, along with partial adjusted R square
(‘‘variance explained’’) contributed by the expected time to
diagnosis and the p values for both the total and non-linear
contributions of expected time to diagnosis. Statistical signifi-
cance attached to the non-linear contribution reflects the

Table 1 Non-linear model fits for associations with estimated age at diagnosis

Variable n
Adj
R2 p Value

Non-linear
df

Non-linear
p value

Motor examination score 438 0.15 ,0.0001 3 ,0.0001

Striatal volume 261 0.23 ,0.0001 1 ,0.001

Speeded finger tapping rate (mean) 408 0.14 ,0.0001 3 ,0.0001

Consistency in self-timed finger tapping 410 0.20 ,0.0001 3 ,0.0001

Word list learning (HVLT) 425 0.09 ,0.0001 1 ,0.01

Odour identification 424 0.10 ,0.0001 1 ,0.0001

Adj R2= partial adjusted variance accounted for by estimated years to diagnosis to Huntington’s disease (HD) after accounting for
covariates (see statistical methods section) and degrees of freedom used for non-linear fit.
HVLT, Hopkins Verbal Learning Test; Non-linear df, degrees of freedom for non-linear fit; non-linear p value, p value for non-linear
element of estimated years to HD diagnosis fit.

Figure 3 Relationship between
estimated years to diagnosis of
Huntington’s disease (HD) and various
other measures. Solid line plots the
predicted response; broken lines are 95%
confidence limits for the estimated mean
response. All relationships are adjusted to
a female with mean levels of the other
variables for which we adjusted our
models (age=41.2 years,
education= 14 years, premorbid IQ).
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Relationship between estimated years to diagnosis of 
Huntington’s disease (HD) and various other measures. 
Solid line plots the predicted response; broken lines are 
95% confidence limits for the estimated mean response. 
All relationships are adjusted to a female with mean levels 
of the other variables for which we adjusted our models 
(age = 41.2 years, education = 14 years, premorbid IQ).
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A comparison of Huntington  
disease and Huntington disease-
like 2 neuropathology

Dobrila D. Rudnicki et al., J. Neuropathol. Exp. Neurol. 
(2008), 67:366–374

This study compared post mortem brains from Hunting-
ton’s disease and Huntington’s disease-like 2 patients. 
Neuropathological features of both diseases were very 
similar, suggesting that the pathogenic mechanisms 
underlying the two diseases might overlap.  

Background
In recent years, a number of neurological disorders have 
been identified where patients present with a clinical pic-
ture similar to that seen in Huntington’s disease (HD). To 
date, four “Huntington’s disease-like” (HDL) syndromes 
have been recognised. One of these, HDL2, was identi-
fied in 200� and accounts for approximately �% of all 
cases referred for HD genetic testing in the USA. The 
prevalence is highest among black South Africans and 
African Americans. With the exception of a few cases 
in Brazil, HDL2 has not been reported in Caucasian or 
Asian individuals.

HD and HDL2 have several genetic and clinical features 
in common. In both
• inheritance is autosomal dominant 
• the mutation is a trinucleotide repeat expansion (CAG 

located in exon � of the HD gene in HD, and CTG 
located in a variably spliced exon of the junctophilin-3 
gene in HDL2)

• age of onset correlates inversely with repeat length
• disease typically appears in adults 
• the course is relentless, with death about 20 years 

after onset
• pathology shown by MRI brain scans is similar
• symptoms include movement disorders (chorea, slow-

ing of voluntary movements, rigidity, tremor, dystonia 
and parkinsonism), behavioural symptoms (depres-
sion), cognitive impairment (dementia) and weight 
loss.

Results
Five HD and five HDL2 post mortem brains were ex-
amined using gross morphological parameters, im-
munohistochemistry, immunofluorescence and electron 
microscopy. The HD and HDL2 brains were indistinguish-
able upon gross examination. A remarkable similarity 

between the neuropathology of HD and HDL2 was also 
observed. In both diseases there was
• reduced brain weight
• marked volume loss (atrophy) of the striatum and 

cortex
• loss of neurones and proliferation of astrocytes in the 

striatum
• protein aggregates that were indistinguishable by 

immunostaining with anti-polyglutamine and anti-
 ubiquitin antibodies, and by electron microscopy. 

However, these were present in both the cell nucleus 
and cytoplasm in HD, but only in the nucleus in HDL2.

• a similar distribution and number of nuclear aggre-
gates in the motor cortex and amygdala. However, 
nuclear aggregates were present in the pons and 
medulla of HD patients, but absent in all HDL2 cases.

• staining of nuclear aggregates with antibodies to the 
TATA-binding protein.

Conclusion
The neuropathological features of HD and HDL2 are 
extremely similar, with the only consistent differences be-
ing in the content and distribution of protein aggregates. 
The pathogenic mechanisms underlying HD and HDL2 
may thus converge. Identifying the points of conver-
gence should uncover useful therapeutic targets for both 
diseases.
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reaction was performed using Vectastain avidin-biotin-
peroxidase complex as previously described.

Immunofluorescence and Immunofluorescence
Combined With In Situ

Immunofluorescence was performed on paraffin-
embedded tissue using 1C2 (1:10000) and anti-TBP anti-
bodies (N-12, dilution 1:2000, and Sl-1, 1:500; Santa Cruz
Biotechnology, Santa Cruz, CA). After overnight incubations
at 4-C, slides were incubated with Cy2- and Cy3-linked
secondary antibodies (1:200; Jackson Immunoresearch Labo-
ratories, West Grove, PA), stained with Hoechst (Molecular
probes, Eugene, OR), and coverslipped. For immunofluo-
rescence, in situ frozen frontal cortex tissue was used as
previously described (13).

Electron Microscopy
Brain tissue was cut into 1-mm pieces and fixed in 2%

glutaraldehyde/4% paraformaldehyde for at least 2 hours,
washed in PBS, treated with 1% osmium tetroxide for 1 hour
at 4-C, and washed in PBS. The tissue was then treated with
2% uranyl acetate for 1 to 2 hours, washed in PBS,
dehydrated through a graded series of ethanol and propylene
oxide solvents, embedded in a plastic resin, and cured at
68-C overnight. Sections of 1 to 3 Km were cut from the
plastic resin blocks and stained with toluidine blue. Relevant
areas of the thick sections were cut at 70 nm and placed on
copper mesh grids, stained with uranyl acetate and lead
citrate, washed in buffer, and viewed on a transmission
electron microscope (TEM 7600; Hitachi, Tokyo, Japan).

RESULTS

HDL2: Gross Pathology
The critical parameters of the 5 HDL2 brains available

for neuropathologic examination are listed in Table 1. The
HDL2 brains showed atrophy that ranged from mild (brain
weight, 1,210 g) to severe (brain weight, 840 g). The atrophy
was predominantly cerebral, with sparing of the brainstem
and cerebellum. There was no significant atherosclerosis of

the circle of Willis. In coronal sections, cortical atrophy
ranged from mild to severe, with up to 50% reduction in the
thickness of the cortical mantle in the brains with extremely
low weight (HDL2-2261 and HDL2-2267; Table 1). Most of
the brains showed marked atrophy of the striatum comparable
to HD Vonsattel Grades 3 to 4 (Table 1). The ventricular
system revealed moderate hydrocephalus ex vacuo, and the
white matter was reduced in volume but well myelinated. The
thalamus, hypothalamus, amygdala, hippocampus, and ento-
rhinal cortex were normal. The substantia nigra and locus
ceruleus seemed normally pigmented. The pons, medulla,
and the folia and deep cerebellar nuclei were normal. No
vascular lesions were present. Overall, on gross examination
(Fig. 1), the HDL2 brains were indistinguishable from HD
brains of comparable Vonsattel stage.

HDL2: Microscopic Pathology
On microscopic examination, all of the HDL2 brains

showed degeneration of the striatum characterized by marked
loss of neurons detected by staining with DARPP-32, a
specific marker of striatal projection neurons (Fig. 2).
Astrocytic gliosis of the putamen and caudate, with a dorsal
to ventral gradient, and relative sparing of the nucleus
accumbens were observed in all HDL2 cases. The globus
pallidus showed slightly milder degenerative changes com-
pared with the striatum. In most cases, the cerebral cortex
showed normal cytoarchitecture and preserved neuronal
density. In some brains, changes of acute hypoxic ischemia
were present. In Case 2267, there was marked loss of cortical
neurons and gliosis, most severe in the visual cortex. This
brain showed moderate numbers of neuritic senile plaques
(CERAD B) (15) and abundant neurofibrillary tangles in the
entorhinal cortex (Braak and Braak Neurofibrillary Tangle
Score 1) (16). In the remainder of the cases, the hippo-
campus, entorhinal cortex, and amygdala were normal. No
significant histologic changes were present in white matter,
basal forebrain, thalamus, or subthalamic nucleus. Substantia
nigra showed minimal pigment incontinence but was free of
Lewy bodies and neurofibrillary tangles. The locus ceruleus,
tegmentum and basis pontis, medulla, and cerebellum were

FIGURE 1. Gross comparison of Huntington disease-like 2
(HDL2), Huntington disease (HD), and control brain. Sub-
stantial reduction in the volume of the caudate and putamen
and cortical thinning are present in both an HDL2 (Case 2261)
and an HD case compared with a control.

FIGURE 2. Striatal neuronal loss in Huntington disease (HD)
and Huntington disease-like 2 (HDL2). DARPP-32 staining of
striatum is markedly reduced in HD (Case 1247) and HDL2
(Case 2244) (both Vonsattel Grade IV) compared with a
normal control.
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Gross comparison of HDL2 and HD brains showing marked 
atrophy of the striatum and thinning of the cortex compared 
with a control brain. 

A submodule of EHDN provides information on and 
assessment tools for non-HD, hereditary choreatic 
syndromes under the heading “Neuroacanthocytosis“, 
including HDL-2:
www.euro-hd.net/html/na/submodule
www.euro-hd.net/html/na/diseases/hdl2
A login can be requested for clinicians interested in 
contributing to this prospective cohort study
(see website). 
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HD CALEnDAR
By Katrin Barth, EHDN Central Coordination, Ulm (Germany)

Upcoming Meetings 2009

Mar 07-11 40th Annual Meeting of the American Society 
for Neurochemistry, Charleston, SC, USA

 http://asneurochem.org/2009meeting/
ASN2009.htm

Mar 09-13 Neurological Restoration 2009, Havana, Cuba
 http://www.ciren.cu/paginas/ 

GRUPO_MENU_ DERECHA/EVENTOS/ 
Evento�.htm

Mar 11-15 9th International Conference on Alzheimer’s 
and Parkinson’s Diseases: Advances, Concepts 
and New Challenges, Prague, Czech Republic

 http://www.kenes.com/adpd/

Mar 25 Annual Neuroscience Day 2009, University of 
Edinburgh, UK

Mar 26-28 24th Conference of Alzheimer‘s Disease  
International, Singapore

 http://www.adi2009.org/

Apr 2-4 2nd International Conference on Psychogenic 
Movement Disorders and Other Conversion 
Disorders, Washington, DC, USA

 http://www.movementdisorders.org/educa-
tion/pmd/

Apr 25-May 2 2009 Annual Meeting of the American  
Academy of Neurology, Seattle, WA, USA

 http://www.aan.com/go/am

Apr 27-30 4th Annual CHDI Huntington‘s Disease  
Therapeutics Conference, Cannes, France

 http://www.chdifoundation.org/news/event.
php?neid=49

May 31-Jun 5 Gordon Research Conference on CAG Triplet 
Repeat Disorders, Waterville Valley, NH, USA

 http://www.grc.org/programs.aspx?year=20
09&program=cag

Jun 5-7 Huntington’s Disease Society of America 
(HDSA) 24th Annual Convention, Phoenix, AZ, 
USA

 http://www.hdsa.org/index/convention.html

Jun 7-11 �3th Movement Disorder Society (MDS), Paris, 
France

 International Congress of PD and Movement 
Disorders

 http://www.movementdisorders.org/con-
gress/congress09/

Jun 20-24 �9th European Neurological Society (ENS), 
Milan, Italy

 http://www.akm.ch/ens2009/

Jun 22-26 Spanish Society of Neurology (SEN) and  
Association of British Neurologists (ABN), 
Liverpool, UK

 http://www.theabn.org/meetings/annual-
meeting.php

Jul 11-16 Alzheimer‘s Association International Confer-
ence on Alzheimer’s Disease, Vienna, Austria

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

Aug 27-30 �st International Congress on Clinical Neuro-
 epidemiology, Munich, Germany
 http://www.neuro2009.com/

Aug 31-Sep 2 British Society for Human Genetics Conference, 
University of Warwick, UK

 www.bshg.org.uk/2009BSHG.htm

Sep 12-15 World Congress on Huntington‘s Disease, 
Vancouver, BC, Canada

 http://www.worldcongress-hd.net

Sep 12-15 �3th European Federation of Neurological 
Societies (EFNS) Congress, Florence, Italy

 http://efns2009.efns.org/

Sep 12-16 22nd European College of Neuropsychophar-
macology (ECNP), Istanbul, Turkey

 http://www.ecnp.eu/emc.asp?pageId=��96

Sep 23-26 82nd Congress of the German Society for Neu-
rology (DGN), Nuremberg, Germany

 http://www.akmcongress.com/dgn2009/

Oct 11 23rd Annual Symposium on Etiology, Pathogen-
esis, and Treatment of Parkinson‘s Disease and 
Other Movement Disorders

 (HSG/PSG/MDS) Baltimore, MD, USA
 http://www.parkinson-study-group.org/PS-

G23rdAnnlSymposia.asp

Oct 17-21 Neuroscience 2009 - 39th Annual Meeting of 
the Society for Neuroscience, Chicago, IL, USA

 http://www.sfn.org/index.cfm?pagename=an
nualMeeting

Oct 20-24 American Society of Human Genetics (ASHG), 
Honolulu, HI, USA

 http://www.ashg.org/2009meeting/

Oct 24-30 �9th World Congress on Neurology, Bangkok, 
Thailand

 http://www.wcn2009bangkok.com/

Nov 21 3rd Huntington Disease Clinical Research Sym-
posium (venue to be confirmed)

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

Dec 13-16 XVII World Federation of Neurology Congress 
on Parkinson’s Disease and Related Disorders, 
Miami Beach, FL, USA

 http://www2.kenes.com/parkinson/Pages/
Home.aspx
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