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Webinar outline 

Quick 
Overview 

Huntington 
disease (HD) 

Clinics & 
Genetics 
Clinics & 
Genetics 

Future 
perspectives 

Future 
perspectives 

Pediatric  
HD (PHD) 

Pediatric  
HD (PHD) 

 What’s HD 
 Adulthood HD 

 Juvenile onset HD 
 When HD affects a kid 
 Epidemiology 
 Clinical features 
 Genetics implication 

 News from research 
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Learning objectives 

Recognize Understand Understand Take action Take action 

RESEARCH CLINICS GENETICS 
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Participant’s background            
and previous experience            

PARTICIPATNT’S BACKGROUND 
 

a) Adult Neurology? 

b) Child Neurology? 

c) Psychiatry? 

d) Psychology? 

e) Biology? 

f) Family member? 

g) Rehabilitation? 

h) Nursery? 

i) Clinical & Genetic Counseling 

Have you ever met a kid            
(i.e. < 18 years old*) affected     

by Huntington disease? 
 

1) Never 

2) Once, as a professional 

3) A few times, as a 
professional 

4) Several times, as a 
professional 

5) Yes, as a family member 

Q&A 1:  
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 MEDIUM SPINY NEURONS 
 CORTICAL PROJECTION NEURONS 

 

But we have further evidence that other cell 
populations are also involved: 

 

Astrocytes 
Oligodendrocytes 

Microglia 
Endothelial cells 

(BBB) 
Connections 

 

Expanded CAG repeat mutation  Expanded CAG repeat mutation  

Huntingtin gene (HTT) – Chromosome 4p16.3 

[HD Coll Group, Cell 1993 
Kremer et al., NEJM 1994] 

From 36 to > 100 repeats 

• Genetic 
• Dominant 

Transmission 

Normal HTT size 

Mutated HTT gene  

Accumulation Accumulation 

Conformational change Conformational change 

Aberrant Interaction Aberrant Interaction 

Many other abnormal effects Many other abnormal effects 

QQQQQQQQ 
QQQQQQQQQ 

HUNTINGTIN 
Protein 

Jean-Paul Vonsattell work since 80’ 

Cortico-striatal 
projections 

Cortico-striatal 
projections 

Reviewed in Saudou & 
Humbert, Neuron 2016 
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Huntington Disease Paradigm 
symptom heterogeneity usually in adulthood 

PHYSIC 

• Movement 

 

PHYSIC 

• Movement 

 

 

- Energetic 
metabolism 

- Gut absorbtion 

- Dysphagia 

 

- Energetic 
metabolism 

- Gut absorbtion 

- Dysphagia 

MIND 

• Cognitive 

• Psychiatric 

MIND 

• Cognitive 

• Psychiatric 

Executive function failure 
Memory failure 
Dementia 
Personality changes 
Obsessions 
Perseverations 
Aggressiveness 
Apathy 
Depression 
Suicide 

Cachexia in the 
final stage 

Body weight 

Quick overview 

• Coordination 

• Dysarthria 

• Dysphagia 

• Gaze impairment 

• Gait Impairment 

• Balance  

• Chorea 

• Dystonia 

• Parkinsonism 

 

40 – 50 CAG / Usual onset in mid life 

Rachael I Scahill Lancet 

Neurol 2020; 19: 502–12 

CSF-NfL increase 
since 24 years before 
onset 
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- Juvenile-onset (JoHD): ≤ 21 years 
(are often in adulthood at the 
observation time) 

- Pediatric-onset (PHD): ≤ 18 years 
(minors at the observation time) 

Huntington disease can 
manifest at any age: 

L E T T E R S : N E W O B S E R V A T I O N S

Defining Pediatric Huntington
Disease: Time to Abandon the
Term Juvenile Huntington

Disease?

Huntington disease (HD) is a progressive neurodegenerative

disorder for which no disease-modifying treatment is available.

Numerous novel approaches for treatments in HD are in devel-

opment. Several clinical trials have already been conducted,

and further trials are under way.1 Onset may be at almost any

age, but it is most common in mid-life. Traditionally, those

with an onset age ≤20 years are said to have juvenile Hunting-

ton disease (JHD).2 Recently, the European Medicines Agency

(EMA) removed a class waiver that allowed sponsors to exc-

lude children and adolescents from clinical studies for a num-

ber of conditions, including HD (EMA decision CW/0001/

2015).3 The EMA justified its decision as follows: “ According

to recent data (Roos 2011), Huntington disease may occur in

thepaediatric population in a juvenile form. It is reported to be

about 6% of the cases of Huntington disease (which itself has

a prevalenceof 1/10,000) and is characterised in paediatric and

adult populations by a similar molecular aberration in the

HTT (huntingtin) gene.” 3,4

Wewould like to address problems arising from terminology

because JHD more accurately means juvenile-onset HD and

refers to all those who meet the criteria for the onset of signs

and symptoms before the age of 21 years, the majority of

whom are now adults (Fig. 1). The prevalence of those affected

by HD who are still aged younger than 18 years is unknown.

In the context of the removal of the class waiver, the use of the

term JHD and the6% figure ismisleading. Thepoint of remov-

ing thewaiver is to force sponsors to submit a pediatric investi-

gation plan early in the drug development process. This is

meant to make them consider providing data (which could

includemodelling and simulation data) relevant to the pediatric

cohort, although they may still apply for an individual waiver

or deferral. Sponsors and regulatory agencies would benefit

from a more defined terminology to refer specifically to children

and young teenagers with an HD diagnosis. We propose phas-

ing out the term JHD (there may be some studies that report

findings prior to this change) and introducing the term pediatric

HD. This term is simpler to understand and means young peo-

ple affected by HD who are currently aged <18 years.

Although the EMA and U.S. Food and Drug Administration

have similar regulations, there are subtle differences between

them.5 In the case of pediatric waivers, the statutory instru-

ments that established the EMA and U.S. Food and Drug

Administration have slightly different criteria for considering

them. The U.S. Food and Drug Administration continues to

include HD in the list of adult-related conditions that qualify

for a waiver because they never or rarely occur in children.6

We agree with the EMA that those in the pediatric HD

group have unmet needs, but both sponsors and regulators

need to recognize that obtaining observational data following

an intervention for this small, widely dispersed, cohort will be

challenging.

Oliver W. J. Quarrell, MD,1* Martha A. Nance, MD,2

Peg Nopoulos, MD,3 Ralf Reilmann, MD, PhD,4,5

Mayke Oosterloo, MD,6 Sarah J. Tabrizi, MD, PhD,7

Hannah Furby, PhD,7 Carsten Saft, MD,8

Raymund A. C. Roos, MD,9

Ferdinando Squitieri, MD, PhD,10

G. Bernhard Landwehrmeyer, MD,11

and Jean-Marc Burgunder, MD12

on behalf of the Juvenile Huntington Disease Working

Group of the European Huntington Disease Network
1Department of Clinical Genetics, Sheffield Children’s Hospital,

Sheffield, UK
2Struthers Parkinson’s Center, Minneapolis, Minnesota, USA

3Departments of Psychiatry, Pediatrics, & Neurology, University of

Iowa Carver College of Medicine, Iowa City, Iowa, USA
4George-Huntington-Institute & Department of Radiology, University

of Muenster, Muenster, Germany
5Department for Neurodegeneration, Hertie Institute for Clinical

Brain Research, University of Tuebingen, Tuebingen, Germany
6Department of Neurology, Maastricht University Medical Center,

Maastricht, The Netherlands
7Department of Neurodegenerative Disease, University College

London Institute of Neurology, University College London, London, UK

FIG. 1. The rectangle represents all the cases of Huntington disease

(HD) in Europe (EU) and the United States (US). Of these, approximately

6% have an onset ≤20 years and meet the current definition of juvenile-

onset HD (JOHD). Most of these cases are now adults. The number of

patients meeting the definition of pediatric HD (PHD), that is, currently

affected and <18 years of age, is small and unknown.
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Movement Disorders, 2019 1

Quarrell et al., Mov Disord 2019 

PHD JNNP 2020: JoHD 14% of the total HD - 
Squitieri et al 

Frequency of HD 
juveniles  

Over 50-60 CAG  
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• Behavioural abnormalities •  Autism, severe behavioural changes 

• Depression and psychosis • Seizures and myoclonic epilepsy 

• Clumsiness • Predominant cerebellar features 

• Cognitive alteration • Learning problems 

• Eye movement abnormalities • Intellectual developmental delay 

• Chorea and tourettisms • School failure 

• Dysphagia • Spasticity 

• Dysarthria • Muscular pain (due to severe dystonia) 

• Memory loss • EEG abnormalities  

• Gait disturbances  

• Hyperreflexia and Incontinence 

• Bradykinesia 

• Rigidity 

• Dystonia 

Shared neurological symptoms by 
adult and most of JoHD patients’  

Additional neurological symptoms  
manifested by HD kids only 

Roger Barker and Ferdinando Squitieri Oxford University Press Book, 
2009, Chapter 4: ”JHD (and other trinucleotide repeat disorders)”  

SUBTLE 

ATYPICAL 

SOCIALITY 

STIGMA 

Quarrell et al., 
Managing 
juvenile HD - 
Neurodegener Dis 
Manag 2013 Unusual 

neurological 
symptoms 

Undecipherd 
behavioural 
symptoms 

Weight loss 
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Same patient after 2 years 
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• Large repeat expansions 
hard to detect (specialized 

labs needed) 
• Careful genealogical 

analysis is mandatory 
• Parents unprepared to 

accept 
• No genetic test in minors* 

with no suggestive signs 

Diagnostic criteria  
for childhood-onset  
Huntington’s disease (< 10 years) 
 
A FAMILY HISTORY OF HUNTINGTON’S DISEASE  
(USUALLY THE FATHER) AND TWO OR MORE OF: 

 

- Declining school performance 
- Seizures 
- Oral motor dysfunction 
- Rigidity 
- Gait disturbance 

Nance M, Neurology 1997  *Koutsis G et al., Neurology. (2013); Anderson J et al., 
Clin Genet. (2015); Reviewed in Migliore, Jankovic, 
Squitieri. Front Neurol 2019. 

The dx is hard to confirm by a clinical exam and the  
genetic test is always a valuable resource, however: 
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CHALLENGING QUESTION: 

11 

Do long mutations 
always affect kids?  
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Young adults 

Juvenile-onset patients  
with ”adulthood” 

mutation 
Juvenile-onset and 

pediatric-onset patients, 
kids carrying large 

expansions 

Adults Adults 

Squitieri et al., [modified] 2006 

APPARENTLY NOT ALWAYS! 

43 CAG 

43 CAG 
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Genetics Environment 

PLOS Genetics 
2017 – Haplotypes 
may influence 
earlier age at 
onset 

Genetics in Medicine 2020 – Haplotypes influencing earlier 
age at onset are connected with high frequency of juvenile 
onset cases 

Genetics and Age at Onset Anticipation 

Hum Mol Genet 1993 
Aggregation of juvenile cases within HD 
families - Telenius et al. 

Molecular analysis of juvenile 
Huntington disease: the major influence 
on (CAG) repeat length is the sex of the 
affected parent 

Plus a  number of gene 
modifiers and yet unknown 

environmental causes 

IT - Platform 
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What’s the very first and best 
example of pediatric Huntington 
disease? 

R6/2 transgenic mouse model – Gillian Bates 1996 
14 
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Intergenerational CAG 
repeat expansion  

instability 

Long expansions are often a 
consequence of paternal transmissions 
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CAG CAG CAG CAG CAG CAA CAG 
CAG CAG CAG CAG CAG CAA CAG 

CAG CAG CAG CAG CAG CAA CAG 
CAG CAG CAG CAG CAG CAA CAG 

CAG CAG CAG CAG CAG CAA CAG 

44 

45 

43 

Electropherogram 

44 

43 
45 

44 
44 

44 

44 44 
44 

46 
44 44 

44 
44 

Does the mutation show length variability in cells? 

YES! there is variability 

What about brain cells? 

• Wright et al., Am J Hum Genet 2019 
• Findlay Black et al., Genet Med 2020 
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The size of somatic expansion in 

human brain can be staggering 

1000 
CAG 

repeats 

The number of CAG-repeats may 
INCREASE in brain regions 
during life (somatic instability) 
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Psychic and motor developmental delay 
Early and progressive gait disturbance 
Progressive dystonia with no chorea 
Increased frequency of seizures 

HE HE 

Highly expanded 
kids (HE) 
Highly expanded 
kids (HE) 

Low expansion 
kids (LE) 
Low expansion 
kids (LE) 

∼ 200 
CAG 

When HD kids get a Highly Expanded (HE) 
mutation, they manifest differently: 

Fusilli et al., Lancet Neurology Nov;17(11):986-993 2018 

LE LE 

Adults 

TM
S 

= 
m

o
to

r 
sc

o
re

 

Time 
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Kids show severe Huntington disease 
progression severity and reduced lifespan 

Fusilli et al., Lancet Neurology Nov;17(11):986-993 2018 

H
E 

H
E 

LE 
LE 
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Gait 
disturb 

Chorea Devel 
delay 

Obsess 
Behav. 

Seizure 

HE LE HE LE HE 

90% 35% 90% 73% 80% 

Main manifestations occurring  

in JHD-HE or in JHD-LE subjects overtime  

80 
CAG 

HE = symptomatic Kids with very large mutations above 
80 CAG repeats 
 
LE = symptomatic Kids with mutations like in adult 
patients 

87 CAG 

Fusilli et al., Lancet Neurology Nov;17(11):986-993 2018 
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Tracking Pediatric Huntington disease Longitudinally 

Video 3 PHD 

After 1 year 

After 1 year 

84 CAG 
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The mutation length 
affects clinical presentation in 
kids with “other CAG diseases” 

SCA1 

SCA2 

SCA7 

Eur J Neurol 2020 
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Observation is a fundamental starting point 

By playing with them, we may 
perform the same motor exams 
of adults and collect data 
 

[Example of an ongoing UHDRS-
Total Motor Score] 

Combination of neurological, behavioural and non 
neurological symptoms are possible (e.g. weight loss) 

95 CAG 

Abnormal Weight and Body Mass Index in 
Children with Juvenile Huntington’s Disease 
Tereschchenko et al 2015 

J Huntington dis 
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T4501 T4870

Brain changes in kids 

∼200 CAG 

MRS 

MRI 

Fusilli et al., Lancet Neurology Nov;17(11):986-993 2018 

Neuropathology vs Imaging 

Normal 

HD 
Normal 

 N-acetyl aspartate (NAA):creatine and choline:creatine ratios 
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Brain changes in kids 

Lancet Neurology Nov;17(11):986-993 2018 

Correspondence  
Dr Squitieri 
f.squitieri@css-mendel.it 
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Neural 
 

Dysfunction 
+ 

Degeneration 

Concurrent mechanisms  

Neuro 
Developmental 

delay 
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Mislocalization of 
mutant huntingtin 
and junctional 
complex proteins 

Mislocalization of 
mutant huntingtin 
and junctional 
complex proteins 

Defects in 
neuroprogenitor 
cell polarity and 
differentiation 

Defects in 
neuroprogenitor 
cell polarity and 
differentiation 

Changes in 
mitosis and cell 
cycle 
progression 

Changes in 
mitosis and cell 
cycle 
progression 

Same phenomena 
observed in 
several HD mouse 
models.  

Same phenomena 
observed in 
several HD mouse 
models.  

Evidence from human HD tissues from fetuses  
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Final remarks: Having said all this...  
what we can do if we meet a kid with HD? 

Clinical support: 
Multidisciplinary 
management 
according to the 
HD phase 

Clinical support: 
Multidisciplinary 
management 
according to the 
HD phase 

Social support: 
address the 
family to the HD 
organizations 
community  

Social support: 
address the 
family to the HD 
organizations 
community  

Scientific support:  
To enhance knowledge 
by improving and 
supporting observation 
(biomarkers needed) 

Scientific support:  
To enhance knowledge 
by improving and 
supporting observation 
(biomarkers needed) 
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OUR MAIN AIMS: 

To include HD 
kids in clinical 

trials* 

To include HD 
kids in clinical 

trials* 

Look at HD kids as heroes 
that may help us to shed 

light on the mystery of HD  

Look at HD kids as heroes 
that may help us to shed 

light on the mystery of HD  

…and not as just the neglected and rarest 
variant of a rare, still uncurable, disorder 

* EMA - PEDIATRIC 
INVESTIGATION PLAN 
(PIP): Revocation of the 
waiver for all medicines for 
treatment of Huntington 
chorea 

* 
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Conclusions 
HD  

may 
affect  
kids 

HD  
may 

affect  
kids 

Clinical 
presentation 
in kids is very 

different 
from adults 

Clinical 
presentation 
in kids is very 

different 
from adults 

Brain 
pathology in 
kids is also 
different 

from adults 

Brain 
pathology in 
kids is also 
different 

from adults 

Stronger 
research 

efforts on 
PHD are 
needed  

Stronger 
research 

efforts on 
PHD are 
needed  

Cooperation among 
researchers, HD families 

and pharma is crucial 

Cooperation among 
researchers, HD families 

and pharma is crucial 
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Q&A 2: 

If a child with a risk of HD (i.e. with a parent affected by HD) 
shows the autistic spectrum disorder, what is the clinical 
exam you would perform in the first place? 

a)Neurological exam  
b)Cognitive assessment 
c)Magnetic Resonance Imaging 
d)Genetic test 
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Q&A 3: 

Which one/s, among the following, 
is/are the main clinical manifestation of 
PHD? 

a)Declining school performance 
b)Seizures 
c)Choreic movements 
d)Gait impairment 
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THANK YOU 
Next Webinar: ‘How can we develop and implement 

evidence based rehabilitation in rare disorders?‘   

29. September 2020, 15-16h CET 

Joint webinar series This webinar has been supported by ERN-
RND , which is partly co-funded by the 
European Union within the framework of 
the Third Health Programme “ERN-2016 - 
Framework Partnership Agreement 2017-
2021." 

DG ‚Chorea and HD‘       
15. September 2020 
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