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• Neurodegenerative diseases share the 
common property of neuronal loss of specific 
populations of neurons, encapsulating the  
concept of selective vulnerability. 

• The clinical presentation depends on the 
particular system affected, not the molecular 
nature of the pathology 

• The major goal for research is to determine 
the molecular basis for selective vulnerability 



• Not only neurons are involved in NDDs, but it 
is emerging a role for glia, and microglia. 

• Neuroinflammation has been studied in AD 
and PD, but is common to virtually all NDDs. 

• The increase in glia and astrocytes may be in 
response to cells elimination  

• NDDs can lead to movement disorders or to 
dementias , usually overlapping 

 



• The most common of the NDDs is Alzheimer 
Disease, where mutations in the amyloid 
precursor protein (APP) gene, or genes related 
to APP metabolism strongly implicate amyloid 
in AD pathogenesis. Beta-amyloid is the main 
component of senile plaques.  AD is also 
associated  with neurofibrillary degeneration 
characterized by accumulation of aggregates 
of the microtubule-associated protein tau 
within vulnerable neurons. 



• Neurofibrillary pathology is present in a range 
of disorders. Mutation in the tau gene MAPT 
cause frontotemporal dementia and 
parkinsonism (linked to chr 17) -tauopaties 



• The second most common NDD is PD, which is 
associated with Lewy bodies in vulnerable 
neurons. In fact, the main component of Lewy 
bodies in alpha-synuclein, and mutations in its 
gene (SNCA) are associated to PD and other 
disorders. 



• Huntington disease is a hereditary NDD 
caused by mutations in the gene encoding 
huntingtin (HTT). The mutation consists in and 
expansion of the trinucleotide repeat CAG, in  
the coding region of HTT.  



• In many NDDs there is the formation of 
abnormal conformers of normal cellular 
proteins that have an increased tendency to 
aggregate and to be transmitted from cell to 
cell.   

• Direct correlation between the magnitude of 
protein aggregation and the symptoms 



• There are some common molecular 
mechanisms across different disorders, for 
example, both in frontotemporal lobar 
degenerations (FTLD) and amyotrophic lateral 
sclerosis (ALS) the major proteins that 
accumulates is the RNA/DNA binding protein 
TDP-43. This protein has also been detected in 
other disorders. 



• Many of the NDDs share certain fundamental 
disease processes, including oxidative stress and 
programmed cell death, as well as disorders of 
protein aggregation, or protein degradation, or 
both. 

• One consequence of cellular oxidative stress is 
post-translational modification (e.g. nitration) of 
proteins. These proteins take on abnormal 
properties that may lead to changes in their 
solubility and promote aggregation. 



• NDDs are often associated to neuronal loss in 
specific brain areas. One way in which neurons 
die is via apoptosis. Apoptosis may not be the 
only mechanism of death, but there are sign 
of apoptosis in several NDDs.  



• Note that before cell death there is cell 
degeneration with the consequence of 
abnormal functioning, disruption of synapses 
and circuits 

• Co-morbidities may influence the symptoms 
(ie vascularization) and there can be 
compensatory mechanisms. 



In tauopaties there is the abnormal phosphorylation of Tau. 

In PD, aggregation of alpha-synuclein form the Lewy ‘s bodies.  

Protein aggregation is common in several NDDs.  
 



The exact mechanism of neurotoxicity caused by protein aggregation are not  

Known. Experiments that decrease the results of protein aggregation fail to  

produce an improvement of the symptoms. 

 

A number of intracellular proteins, which are known to be involved in protein  

aggregation disease seem to be able to infect other cells.   

 

 



Oxidative stress and defects in protein 
elimination are mechanisms involved in NDDs 



Oxidative stress in NDDs 

The exact mechanism of neurotoxicity caused by protein aggregation are not known 
Experiments that decrease the results of protein aggregation fail to produce an  
improvement of the symptoms. 



Oxidative stress-Mitochondrial dysfunction 

• The most common form of cell death in neurodegeneration is through the 
intrinsic mitochondrial apoptotic pathway. This pathway controls the 
activation of caspase-9 by regulating the release of cytochrome c from the 
mitochondrial intermembrane space (IMS).  

• Reactive oxygen species(ROS) are normal byproducts of mitochondrial 
respiratory chain activity. ROS concentration is mediated by mitochondrial 
antioxidants such as manganese superoxide dismutase (SOD2) 
and glutathione peroxidase.  

• Over production of ROS (oxidative stress) is a central feature of all 
neurodegenerative disorders. Mitochondrial disease leading to 
neurodegeneration is likely, at least on some level, to involve all of these 
functions. 

• There is strong evidence that mitochondrial dysfunction and oxidative 
stress play a causal role in neurodegenerative disease pathogenesis, 
including in four of the more well known 
diseases Alzheimer's, Parkinson's, and Huntington's. 
 



• Ubiquitin-proteasome:  

protein ubiquitin along with enzymes is key for 
the degradation of many proteins that cause 
proteinopaties including polyQ expansions and 
alpha-synucleins. Decreased proteasome activity 
is consistent with models in which intracellular 
protein aggregates form. It is still unknown 
whether or not these aggregates are a cause or 
a result of neurodegeneration. 

 



Alzheimer disease 

Alzheimer disease (AD) is a neurodegenerative disease that represents 60-70% of dementias. 

Although AD counts for 60-70% cases of dementia, non all dementias are AD.  
There is vascular dementia, dementia from PD, from accumulation of Lewis bodies. 
Dementia is a brain disorder that affects communication and performance of daily  
activities and Alzheimer’s disease is a form of dementia that specifically affects parts  
of the brain that control thought, memory and language. 
 
What is dementia? 
Progressive decline of ability to carry on daily task, executive function, social cognition,  
visuo-spatial function 
Dementia is an umbrella term for a set of symptoms including impaired thinking and memory.  
It is a term that is often associated with the cognitive decline of aging. However, issues other  
than Alzheimer’s can cause dementia. Other common causes of dementia are Huntington’s  
Disease and Parkinson’s Disease . 
One of the symptom of dementia is repetitive speech and inability to carry on daily tasks. 
 



Diagnostic criteria for Alzheimer: 
 
Medical history. 
Physical examination: should include evaluations of hearing and sight, heart and lungs,  
as well as temperature, blood pressure and pulse readings, diet and nutrition and use  
of alcohol and tobacco products. 
Standard laboratory tests: might include blood and urine tests designed to help  
eliminate other possible conditions. These will measure things like blood count, thyroid  
and liver function, and levels of glucose and other blood-based indicators of illness.  
Neuropsychological testing: Doctors use a variety of tools to assess memory,  
problem-solving, attention, vision-motor coordination and abstract thinking, such as  
performing simple calculations in your head. The goal is to better characterize the types  
of cognitive symptoms present, which might provide clues to the underlying cause. The  
most commonly used test is called a mini-mental state exam, or MMSE. During the  
MMSE, the doctor or health professional will ask a number of questions which test a 
 variety of common mental skills. Some examples of questions on the MMSE will ask  
about the date or the person’s location and also ask the person to count backward or 
 copy a drawn figure. 
Brain-imaging scan: MRI and CT scans look at the structure of the brain and are used to 
 rule out brain tumors or blood clots in the brain as the reason for symptoms.  PET  
scans can look at how certain parts of the brain are working or how active they are.  
 







                Alzheimer is preceded by milder symptoms 
 
MCI= Mild Cognitive Impairment- not specific to AD. About 50% of patients  
with MCI will develop AD. 
Then the patients start to not been able to recall, but they still remain function.  
There is a progressive worsening of the symptoms until they meet the criteria for  
dementia. Dementia, therefore, is the end of the disease. There are people with AD  
symptoms with NO dementia (predementia form). The current extimate are only  
about the dementia bit of patients. All the current therapies are approved for the stage  
of dementia, but not earlier states (lack of reimbursement). 
 
 
 



      Biomarkers are present if there are no symptoms 
Biomarkers: biomarkers (imaging) – decrease of amyloid or its length.  

Neurodegeneration biomarkers – mean neuronal injury (atrophy with MRI) 
 



There is also an impaired accumulation of amyloid  in CSF. Decrease in CSF, increased  
amyloid accumulation in brain. The amyloid accumulation coincides with the  
appearance of cognitive symptoms 

Hypoperfusion, decrease in metabolism (PET) 
Increased tau/ptau in CSF 
 

Beta-amyloid in aging (top) and AD (down) 
 



Brain markers (post-mortem) of Alzheimer Disease 



The perforant path, which connects the enthorinal cortex to  
hippocampus, is particularly vulnerable in AD 

The areas of the brain most afftected by neuronal loss are: hippocampus, amygdala,  
nucleus basalis, and enthorinal cortex 



 
 
The main markers of AD are amyloid plaques (extracellular) and neurofibrillary  
Tangles (intracellular). 
Acute immune response is usually found next to plaques: causes or consequences? 
 
 
Neurofibrillary tangles are aggregates of microtubules due to dysfunction of tau. 
Tau works as a microtubule stabilizer. In AD an abnormal number of  
phosphorylated molecules bind to tau  and as a consequence, it detaches  
from the microtubules and they collapse forming tangles.  
Tauopaties are present also in other disorders, not only in AD. 
 



                                   Genetic risk factors in AD 
 
Genes for AD: risk factors and deterministic factors: 
APO-e4 is a risk factor 
·  APOE-e4  (apolipoprotein E) is one of three common forms of the APOE gene; the others  
are APOE-e2 and APOE-e3.  
Apolipoprotein e is one of very low-density lipoproteins (VLDLs). VLDLs remove excess  
cholesterol from the blood and carry it to the liver for processing. 
Everyone inherits a copy of some form of APOE from each parent. Those who inherit  
APOE-e4 from one parent have an increased risk of Alzheimer’s. Those who inherit  
APOE-e4 from both parents have an even higher risk, but not a certainty. Scientists are  
not yet certain how APOE-e4 increases risk. In addition to raising risk, APOE-e4 may tend  
to make Alzheimer's symptoms appear at a younger age than usual.  
  



Deterministic genes  
 
Deterministic genes directly cause a disease, guaranteeing that anyone who inherits  
them will develop the disorder. Scientists have discovered variations that directly cause  
Alzheimer’s disease in the genes coding three proteins: amyloid precursor protein (APP),  
presenilin-1 (PS-1) and presenilin-2 (PS-2). 
(PSEN1; PSEN2) or in the amyloid precursor protein (APP). These disease-linked mutations  
result in increased production of the longer form of amyloid-beta (main component of  
amyloid deposits found in AD brains). Presenilins are postulated to regulate APP processing  
through their effects on gamma-secretase, an enzyme that cleaves APP. Also, it is thought 
 that the presenilins are involved in the cleavage of the Notch receptor, such that they either  
directly regulate gamma-secretase activity or themselves are protease enzymes. Several  
alternatively spliced transcript variants encoding different isoforms have been identified for  
this gene, the full-length nature of only some have been determined. 
 



“Shaking palsy” – described by James Parkinson in 1817. 

Parkinsonism: differing combinations of slowness of movement 

(bradykinesia), increased tone/stiffness (rigidity), tremor & loss of 

postural reflexes(akinetic-rigid syndromes).  

 

The most common cause of parkinsonism is idiopathic (no known 

cause) Parkinson's disease. In most-may be combination of factors: 

 

Environmental toxins (MPTP, occasionally pesticides): the discovery 

that methyl-phenyl-tetrahydropyridine (MPTP; A contaminant in 

methylenedioxymethamphetamine ("ecstasy“)) caused severe 

parkinsonism in young drug users suggests that the idiopathic disease 

might be due to an environmental toxin. 

 

Parkinson disease 



Parkinson’s Disease-Clinical features:  

The classical syndrome:  

 Tremors 

 Rigidity 

 Bradykinesia 
These may be absent initially, when non-specific 

symptoms of tiredness, aching limbs, mental 
slowness, depression & small handwriting 
(micrographia) may be noticed.  

Although parkinsonian features are initially 
unilateral, gradual bilateral involvement is the 
rule. A resting tremor in an upper limb being a 
common presenting feature.  
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Parkinson’s Disease-Clinical features: Rigidity  

  
Cogwheel type, mostly upper limbs -

Rigidity with superimposed tremor, felt 
as tigthness/stiffness of muscles, 
Ratchet-like (catch-release-catch 
release like movement. 

 
 Plastic (leadpipe) type, mostly 

legs  
 Stiffness 

 Neck 
 Trunk 
 Shoulders 

 Posture 
 Head bowed 
 Body bent forward 
 Arms flexed 
 Thumbs turned into palms 
 Knees bent (slightly) 

 



 Bradykinesia may develop gradually.  

 Bradykinesia: Slowed ability to start and continue 
movements, and impaired ability to adjust the body's 
position. 

 

 The word bradikinesia is logically derived from two Greek 
roots: bradys, slow + kinesis, movement = slow movement, 
slow motion, slow moving  

 Slow movement 

 Akinesia 

 Loss of movement 

 Esp face  Expressionless face(poker/masked-face) 

 Slow speech-softer & indistinct 

 Dysphonia 

 Dysphagia 

 Drooling 
Slowness in initiating or repeating movements -Most have 
difficulty with rapid fine movements, as slowness of gait 
&difficulty with tasks as fastening buttons, shaving or writing 
(micrograpia). 
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Parkinson’s Disease-Clinical features: Bradikinesia 
 

 



 Asymmetrical Gait 
Slow to start walking  
Shortened stride 
Stiff legged gait-rigidity comes 
through on one side, therefore 
difficult clearing swinging on one 
side   
Rapid, small steps, tendency to run 
(festination)  
Reduced arm swing (usually 
unilateral)  
Impaired balance on turning  
Leads with head and shoulders 

 Fall forward down turned 
posture-Postural righting 

reflexes are impaired early, but 
falls tend not to occur until later.  
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Parkinson’s Disease-Clinical features: Abnormal Gait/posture 

 



Additional information : 
There are a number of abnormalities on neurological examination: 

 Muscle strength / reflexes remain normal, plantar responses are flexor.  

 

 There is a paucity of facial expression (hypomimia) & the blink reflex may be exaggerated & 
fail to habituate (glabellar tap sign).  

 

 Eye movements are normal to standard clinical testing, provided allowance is made for the 
normal limitation of upward gaze with age.  

 

 Sensation is normal & intellectual abilities are not affected initially.  

 

 As the disease progresses, 1/3 develop cognitive impairment. 

 

 PD commonly associated with other features; loss of smell, depression, dementia, autonomic 
dysfunction, sleep disturbance- due to involvement of other non-dopaminergic structures as 
disease progresses.  
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Viral infections (encephalitis lethargica) 

 

No strong genetic factors, but genetic influence may be greater  

than previously thought.  

Genetic mutations 1-2%; alpha-synuclein gene, Parkin gene, 

Ubiquitin gene mutations. 

 

Protective factors-Both smoking and coffee drinking have been  

associated with a lower risk for PD (counteract the accumulation of 

iron observed in the brain of PD patients as disease progresses) 

 



Annual incidence 0.2/1000 & prevalence of 1.5/1000.  

 

Prevalence rates are similar throughout the world, except lower rates in  

China /West Africa.  

 

Affects 1% of those over 55 years, 1.5% of people 70-79 years of age 

 

 Generally occurs between 50-80 years 

 

Sex incidence is about equal.  

 

 

 



Genes for PD 
in 1997, researchers at the National Institutes of Health discovered that mutations  
in a gene called SNCA (which encodes alpha-synuclein) were common in several  
families with a high prevalence of Parkinson’s. Since then they have identified a  
handful of other genes that are associated with Parkinson’s. 
Another gene that plays a role in some people’s Parkinson’s is LRRK2. In 2004,  
scientists discovered a mutation in the LRRK2 gene that caused parkinsonism in  
several families in North America and Europe. LRRK2 has emerged as the most  
common, known genetic contributor to Parkinson’s, accounting for one to two  
percent of all cases. For people of particular ethnic backgrounds — Ashkenazi  
(Eastern European) Jewish, North African Arab Berber and Basque — mutations in 
 the LRRK2 gene account for a much greater number of Parkinson’s disease cases than 
 in the general populations. Researchers don’t know why this is yet, but they are trying  
to find out. 
 



Starting with the genetic information it has been proposed a mechanism that 
Explain synuclein precipitation. The system has been tested in yeast. 
Some genes are associated to synuclein abnormal folding. These abnormal proteins 
Form aggregates that are originally are soluble but the accumulate becoming 
Unsoluble. 
 
All the enzymes associated with the abnormal folding are potentially involved in PD. 
Also, defects in the ubiquitination system, which eliminates proteins, are responsible  
Of the accumulation of synuclein and the formation of the Lewy’s bodies.  
 
In addition, the generation of the misfolded aggregates triggers the formation of   
ROS  (Reactive Oxygen species) that in turn increase the formation of new aggregates. 



 

 There is depletion of the pigmented dopaminergic neurons in the 
substantia nigra, atrophic changes in the substantia nigra& 
depletion of neurons in the locus coeruleus.  

 Clinical features don’t emerge until >60-80% dopamine lost.  

 Compensatory changes include hyperactivity in remaining neurons 
(increased transmitter turnover), increase in dopamine receptors; 
receptor supersensitivity 

 Other pigmented nuclei also affected (locus ceruleus and raphe). 
Also cortex and other structures affected. 

 Characteristic histological inclusion in affected neurons are 
eosinophilic cytoplasmic inclusions in nigral cells called the Lewy 
Bodies. 

 

Pathology 



 

 Depletion of dopaminergic neurons in substantia nigra 

 Basal Ganglia 

 Controls movement 

 Dopamine 

 Inhibitory neurotransmitter in the basal ganglia 

 Acetylcholine 

 Excitatory neurotransmitter in the basal ganglia 

 Without dopamine, inhibitory influences are lost and excitatory 

mechanisms are unopposed   

 Neurons of basal ganglia are over stimulated   

 Excess muscle tone, tremors & rigidity 

 

 



Schematic of the neurotransmitters involved in parkinsonian symptoms 



Investigations: 
 The diagnosis is made clinically, as there is no diagnostic test for Parkinson's 

disease.  

 Imaging (CT or MRI) of the head may be needed if there are any features 
suggestive of pyramidal, cerebellar or autonomic involvement, or the 
diagnosis is otherwise in doubt (e.g to exclude stroke).  
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[18F]dopa PET and β-CIT SPECT images. 
[18F]dopa PET uptake in the putamen 
is reduced in PD. 



Investigations: 
Causes of parkinsonism: 
 Toxins (manganese, CO poisoning), CNS infs, structural lesions, 

metabolic disorders, other neurologic disorders.  
 Most are rare & suggested by atypical features, history or exam. 
Routinely needed to consider 2 alternative diagnoses:  
 Drug-induced parkinsonism 
 “Parkinsonism-plus” syndromes: parkinsonian features with other 

neurological signs atypical of parkinson disease. 
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Drug-induced parkinsonism: 

 Important because it is reversible, although may require weeks or 
months after discontinuation.  

 

 Dopamine antagonists; neuroleptic agents (HALPERIDOL), atypical 
neuroleptic agents, antiemetic drugs, CCB (flunarizine ,cinnarizine).  

 

 Amiodarone, valproic acid,lithium,by uncertain mechanisms.  

 

 Dopamine antagonists also exacerbate Parkinson’s disease& should 
be avoided, if possible, in the treatment of patients with the 
disease. 
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Prognosis: 
Variable& depends partly on the age of onset. 
  
If symptoms start in middle life, the disease is 

usually slowly progressive & likely to shorten 
lifespan because of the complications of 
immobility & tendency to fall. 

 
 Onset after 70 is unlikely to shorten life or 

become severe. 
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Current pharmacological therapies – symptomatic 
treatment 
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 Levodopa to replace dopamine L-DOPA + peripheral-acting dopa-
decarboxylase inhibitor to improve L-dopa availability in the CNS, 
e.g. benserazide, entacapone. 

 

 D1 and D2 receptor agonists e.g. Apomorphine, bromocriptine, 
pergolide - favoured early in L-dopa-sparing pharmacotherapeutic 
approaches 

 

 Anticholinergic drugs (Muscarinic receptor antagonists) e.g. 
benzatropine 



L-DOPA (LEVODOPA) 
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 L-3,4-hydroxyphenylalaninine (L-DOPA) a precursor of dopamine. 
Although the number of dopamine-releasing terminals in the striatum 
is diminished in Parkinson's disease, remaining neurons can be driven 
to produce more dopamine by administering its precursor, L-DOPA. D-
DOPA is not active as a pro-drug. 

 Well absorbed from gut, but > 90% is decarboxylated to dopamine 
peripherally in GIT& blood vessels & only a small proportion reaches 
the brain (dopamine does not readily cross BBB).  

L-DOPA 



 The initiation of levodopa should be delayed until there is significant 
disability, since there is concern regarding long-term side-effects.  

 
 Some suggest to initiate treatment with a dopamine agonist or a slow-

release levodopa to minimise or delay the onset of long-term side-effects. 
 

 90% of patients show improvement of rigidity and bradykinesia and (to a 
lesser extent) tremor. 20% restored to normal motor function 
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L-DOPA (LEVODOPA): dose/therapeutic 
effects 



Anticholinergic therapy 
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Redressing the balance between dopaminergic and cholinergic neurons 
appears to be some compensation for the overall deficit in dopamine 
function 

 Highest content of brain ACh is in the striatum 

 ACh release is strongly inhibited by dopamine (D2 receptors) 

 Cholinergic hyperactivity due to lack of dopamine contributes to hypokinesia, 
rigidity and tremor (mainly via over-stimulation of the indirect pathway) 

 

 



Huntington disease 



Genetic Mechanism of HD:  
Unstable Trinucleotide repeat 

• The gene responsible for causing HD is located on 
chromosome 4. The gene regulates the production of 
huntingtin protein. 

 

• Huntingtin protein contains within it the amino acid 
glutamine. DNA sequence C-A-G (cytosine-adenine-guanine) 
codes for glutamine.  In people with HD, however, there is 
an excess number of glutamine. 

 

• People with HD have too many copies of C-A-G in the DNA 
that codes for huntingtin protein. That is why HD is often 
referred to as a trinucleotide repeat disorder 

 

 

http://www.stanford.edu/group/hopes/sttools/gloss/g.html
http://www3.ncbi.nlm.nih.gov/htbin-post/Entrez/query?uid=663286&form=6&db=n&Dopt=g


Examples of Triplet (or 
Trinucleotide) Repeat 

Diseases 



Huntingtin Protein 

Huntingtin is normally involved in endocytosis and transport along microtubules. 

 

Cytoplasmic function found in all the tissues of the body and in brain. 

 

Function unknown, but suggested to be involved in membrane recycling 

 

Altered form of Huntingtin protein induce nerve cell death in brain 







How much CAG expansion is too 
much? 

• People with 6 to about 35 copies 
of CAG have a normally functioning 
form of the huntingtin protein.  

 

• Expansion of 40 or more CAG 
repeats is often full penetrance 
and the person will develop HD. 

 

• For people who have 36 to 39 
copies of CAG, the outcome is less 
clear. Some will develop the 
symptoms of Huntington's disease 
and some will not. 

 





Clinical Features of Huntington’s 
Disease 

• Progressive neurodegenerative disorder characterized 
by atrophy of basal ganglia causing triad of cognitive, 
motor and psychiatric impairments. There is no cure for 
HD.   

 
• Inherited autosomal dominant disorder with 50% 

chance of inheriting mutant gene from affected parent. 
 
• In western European and USA prevalence higher at 

about 7-10 per 100, 000) affected with >150,000 at risk. 
Lower in Asian and African populations. 

 



Circuits disruption in Huntington 



Brain MRI examination of four Huntington's disease cases from the identified Huntington's disease family.  
(A, B) III5 (proband). Arrows indicate bilateral cerebral cortex and caudate nucleus atrophy, with lenticular  
nucleus signal abnormalities (A). Sagittal image showing cerebellar atrophy (B). (C) III9. Arrows indicate  
abnormal signal in the left lateral caudate nucleus head. (D, E) II2. Arrows indicate widened brain fissures  
and enlarged ventricles, suggesting brain atrophy (D). Sagittal image showing cerebellar atrophy (E). (F) II6.  
Arrows indicate lateral ventricular expansion, suggesting caudate nucleus atrophy. 



Diffusion tensor functional anisotropy group statistical maps.  
(A) Pre-Huntington's disease. (B) Huntington's disease. Exploratory whole-brain analyses  
(B) demonstrated significant reductions in functional anisotropy in the internal capsule,  
(C) frontal subcortical WM and portions of the thalamus, and increases in functional  
(D) anisotropy in the putamen in the group of presymptomatic individuals known to  
(E) carry the genetic mutation that causes Huntington's disease (pre-Huntington's disease),  
(F) paralleling the results of the region of interest analysis. In the early-stage Huntington's  
(G) disease group, significant increases in the putamen and globus pallidus were observed;  
(H) reductions in functional anisotropy included the internal capsule, corpus callosum,  
(I) external/extreme capsule, cerebral peduncles, brainstem and WM underlying brain  
(J) regions, including sensorimotor cortex, frontal, parietal and parieto-occipital areas.  
(K) Blue areas show areas of statistically significant increases in functional anisotropy; yellow  
(L) areas show areas of statistically significant reductions in functional anisotropy. 



Clinical Features 

• Typically adult onset disorder with mean age onset 35-
44 years (range 2 to 80 years).  

 
• <20% first display symptoms of the disease after age 50 

and have a slower progression. 
 
• <10% cases are juvenile HD with onset before age 20 

years. 
 
• Median survival after onset is 15-18 years (range 5-25 

years) with average age at death 54 years. 
 



Cognitive Impairments  

• Visuospatial (scanning and perceptual skills)  

 

• Executive Function: cognitive planning and sequencing, spatial working 
memory, cognitive flexibility and shifting set 

 

• Memory: slowed learning rates, impaired delayed free recall which improves 
significantly with cued recall/recognition, preserved retention rates 

 

• Language: Word finding deficits, decreased phrase length and syntactic 
complexity, decreased comprehension of complex information 

 

• Cognitive-communication impairments vary in onset and severity in early-mid 
disease and progresses to dementia in advanced HD 

 

 



Psychiatric Manifestations 
 

• Depression  

 

• Apathy  

 

• Irritability/Outbursts 

 

• Anxiety 

 

• Impulsivity 

 

• Obsessive-compulsive disorder 
(26-52%)  

 

• Aggressive Behavior 

 

• Disinhibition 

 

• Psychosis (3-12%)  

 

• Suicide (5.7 to 13% higher than 
general population)  

 

 



Treatment: Supportive 

PHARMACOLOGIC 

• Choreic movements may be partially suppressed by 
neuroleptics (Tetrabenazine, Respirdal, Seroquel, Zyprexa, 
Haldol) or benzodiapines (Valium, Ativan, Klonopin). 

 

 

• Anti-parkinsonian agents may ameliorate rigidity, however, L-
dopa compounds (Sinemet) can increase chorea. 

 

 

• Psychiatric disturbances such as depression, aggression, OCD, 
psychotic symptoms respond well to psychotropic drugs (SSRIs 
Prozac, Paxil, Celexa) or anti-epileptic medications (Valproic 
acid). 

 

 

 

 


