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1. Abbreviations

CP ceruloplasmin

FTL ferritin light chain

GBA glucosecerebrosidase

HARP hypoprebetalipoproteinemia acanthocytosis retini-

tis pigmentosa and pallidal degeneration

INAD infantile neuroaxonal dystrophy
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a b s t r a c t

There is no unique way to define Parkinson’s disease (PD) clinically. ‘‘Classical parkinsonian

features’’ can be found not only in sporadic idiopathic PD patients, but also in other

parkinsonian disorders, such as genetic forms associated with mutations in PARK or in

other genes. The present review will describe the parkinsonian phenotypes emerging from

the new Mendelian genes which have been linked to PD (such as PARK9 and PARK14), the

associated dystonia-parkinsonism disorders (such as the syndromes of neurodegeneration

with brain iron accumulation) and the emerging data on heterozygous variants of genes

which could influence the risk to develop PD and the PD phenotypes (like PD associated with

glucosecerebrosidase mutations).

# 2010 Elsevier Masson SAS. All rights reserved.

r é s u m é

Il n’existe pas de définition clinique univoque de la malade de Parkinson (MP). Si les patients

atteints de la MP idiopathique sporadique peuvent présenter des « signes classiques » de

parkinsonisme, ceux-ci s’observent également dans d’autres contextes cliniques dont

certaines maladies associées aux mutations génétiques (PARK ou autres gènes). Cet article

est une mise au point des phénotypes parkinsoniens émergents associés aux nouveaux

gènes mendéliens liés à la MP (PARK9, PARK14. . .), des syndromes dystonie-parkinson

(syndromes neurodégénératifs associés à une surcharge cérébrale en fer) et des données

nouvelles sur les variantes hétérozygotes de gènes ayant une influence potentielle sur le

risque de MP et les phénotypes MP comme la MP associée aux mutations de la glucosecéré-

brosidase.

# 2010 Elsevier Masson SAS. Tous droits réservés.
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KRD Kufor-Rakeb disease

NAD neuroaxonal dystrophy

NBIA neurodegeneration with brain iron accumulation

PANK2 pantothenate kinase 2

PD Parkinson’s disease

PKAN pantothenate kinase-associated neurodegeneration

PLA2G6 phospholipase A2 group VI

PLAN PLA2G6 gene associated neurodegeneration

DLB dementia with Lewy bodies

ACP aceruloplasminemia

2. Introduction

PD is typically characterized by ‘‘classical parkinsonian

features’’, that are phenomenologically defined as the presence

of akinetic-rigid syndrome with bradykinesia (slowness of

movement), hypokinesia (poverty of movement, and move-

ments that are smaller than intended), progressive fatiguing

and decrement of repetitive alternating movements, increased

muscle tone across a joint due to rigidity, resting tremor and

postural instability (Abdo et al., 2010). Not all these features are

considered mandatory. Despite existing diagnostic criteria

(Gelb et al., 1999; Hughes et al., 1992), there is no unique way

to define PD clinically. Furthermore, there is consensus that

clinical syndromes dominated by levodopa-responsive parkin-

sonism without addition of uncommon features and with the

frequent development of motor complications after several

years of levodopa therapy should be considered typical.

‘‘Classical parkinsonian features’’ can be found not only in

sporadic idiopathic PD patients, but also in other parkinsonian

disorders, such as genetic forms associated with mutations in

PARK or in ‘‘other-than-PARK’’ (e.g. DYT) genes (Klein et al.,

2009). Table 1 lists PARK and DYT1 monogenic forms

associated with prominent parkinsonian features. Typical or

atypical parkinsonian features can also be observed in genetic

disorders usually characterized by prominent nonparkinso-

nian phenotypes, such as Gaucher’s disease, Wilson’s disease

or pantothenate kinase-associated neurodegeneration. In

addition to these, polymorphic variants in several suscepti-

bility genes are considered to influence the development of PD

features in patients who do not carry mutations in major PD

genes. Thus, it is possible that PD is determined by the effects

of genetic variants that are also common in the population.

Indeed, it has been repeatedly observed that PD patients may

carry single heterozygous variants in autosomal recessive PD

genes, suggesting that these variants may constitute a risk

factor for PD (Marongiu et al., 2008). The pathogenic role of

heterozygous variants in autosomal recessive PD genes is

currently debated, as these variants are occasionally found also

in healthy controls. While the existence of a second, unidenti-

fied pathogenic variant in the same or in a distinct gene cannot

be excluded, it remains possible that heterozygous variants

could influence the risk to develop PD or the PD phenotype

within a complex genetic and environmental background

determining variable expressivity (Klein et al., 2007).

The present review will describe the phenotype emerging

from the new Mendelian genes which have been linked to

PD (the PARK loci: OMIM entry #168600), the associated

dystonia-parkinsonism disorders and the emerging data on

heterozygous variants of genes which could influence the

risk to develop PD and the PD phenotypes.

3. New phenotypes

3.1. Parkinson’s disease associated with
glucosecerebrosidase mutations

The GBA gene is known to be deficient in patients with

Gaucher’s disease. This is a rare recessive disorder (GBA:

OMIM #230800, *606463) resulting in a broad spectrum of

neurological and nonneurological manifestations, including

hepatosplenomegaly, anemia, thrombocytopenia, bone

disease (Martins et al., 2009). Neurological manifestations

affect only approximately 5% of patients with the homozy-

gous form of Gaucher’s disease (Martins et al., 2009), whereas

parkinsonism affects only 2% of patients (Kraoua et al., 2009).

The phenotype of parkinsonism in Gaucher’s disease is that

of an early-onset motor disorder, with inadequate response

to levodopa and signs of cortical dysfunction (Kraoua et al.,

2009). Furthermore, patients with Gaucher’s disease display

alpha-synuclein immunoreactive Lewy bodies resembling

the pathological features observed in idiopathic PD

(Wong et al., 2004).

A recent finding is that carriers of a single heterozygous

GBA mutation, who are not affected by Gaucher’s disease,

present significantly increased risk of developing PD

(Sidransky et al., 2009). GBA mutations have also been

associated with a spectrum of parkinsonian phenotypes

ranging from a classical PD phenotype to a DLB phenotype

(Goker-Alpan et al., 2008). Indeed, a high prevalence of GBA

mutations was reported among pathologically defined DLB

patients (Goker-Alpan et al., 2006). In addition, GBA mutations

have been proposed as a useful marker for Lewy body

disorders (Clark et al., 2009). This has generated a considerable

interest leading to further explore the relationship between

the GBA gene and the associated phenotype in parkinsonian

syndromes.

Clinical data of PD patients who carry GBA mutations are

scarce. Among Ashkenazi patients, the symptom profile has

been described to be similar to that of noncarriers although in

mutation carriers, a younger age at onset (Aharon-Peretz et

al., 2004), a lower frequency of symptoms asymmetry and of

tremor has been described (Aharon-Peretz et al., 2005). In the

largest series, mostly consisting non-Ashkenazi patients,

mutation carriers have a lower frequency of asymmetric

onset, resting tremor, bradykinesia, and rigidity (Sidransky et

al., 2009). Analysis of nonmotor features revealed a possible

higher frequency of cognitive changes in carriers (Sidransky et

al., 2009), which are detected in about half of the patients

(Neumann et al., 2009). Apart from a brief mention that

orthostatic hypotension has the same frequency in carriers

and noncarriers, autonomic features have not been investi-

gated in detail.

Notwithstanding these pioneering insights into the role of

GBA heterozygosity for apparently sporadic PD cases, many

aspects remain to be addressed. First, it is not clear which is

the phenotype of PD patients who carry GBA mutations. Some

relevant clinical issues remain to be understood, such as
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dopaminergic responsiveness, the occurrence and phenome-

nology of motor complications, the frequency and severity of

nonmotor symptoms. Another unaddressed issue is the long-

term efficacy and safety of medical and surgical treatment of

GBA carriers, their best medical management, their response

to continuous infusion of dopaminergic agents and to deep

brain stimulation. Finally, it remains unclear whether there is

a common phenotype associated with GBA mutation carriers

or if different mutations can lead to different phenotypes.

3.2. Neurodegeneration with brain iron accumulation

NBIA encompasses a group of progressive movement dis-

orders characterized by iron accumulation in the brain. The

term NBIA, now widely used, is sufficiently broad to

encompass the spectrum of disorders previously called

Hallervorden-Spatz syndrome as well as additional disorders

with high brain iron content. The term NBIA is now favored as

an overarching term for the growing number of disorders

contained therein, which encompass both typical phenotypes

with infantile onset, and atypical phenotypes with adult onset.

Fig. 1 summarizes the variety of disorders associated with

NBIA.

3.2.1. Pantothenate kinase-associated neurodegeneration

PKAN is a rare autosomal recessive disease caused by

mutations in the PANK2 gene on chromosome 20p13 (OMIM

234200), which encodes pantothenate kinase, an essential

regulatory step in coenzyme-A biosynthesis (Leonardi et al.,

2007). Patients with PKAN have dystonia, dysarthria, rigidity,

pigmentary retinopathy and iron accumulation in the brain

( [TD$INLINE]Gregory et al., 2009). Atypical or uncommon phenotypes have

been described (Marelli et al., 2005; Pellecchia et al., 2005).

Brain MRI shows iron deposits (visible as pallidal hypointen-

sity), best detected using T2*-weighted MRI. The combination

of such hypointensity with a central hyperintensity (probably

Table 1 – PARK, DYT and other main genotypes associated with prominent parkinsonism.
PARK DYT et autres génotypes principaux associés au parkinsonisme.

Disease (OMIM) Map position Gene Transmission PD phenotype Main associated movement disorder

PARK coding

PARK1/4 (163890) 4p21 SNCA AD Common Typical PD with prominent non

motor syndrome

PARK2 (600116) 6q25-q27 Parkin AR Common Early onset parkinsonism, dystonia

PARK3 (602404) 2p13 Unknown AD Common Typical PD

PARK5 (191342) 4p14 UCHL1 AD Common Typical PD

PARK6 (605909) 1p35-p36 Pink1 AR Common Typical PD

PARK7 (606324) 1p36 DJ1 AR Common Early onset parkinsonism, psychosis

PARK8 (607060) 12q12 LRRK2 AD Common Typical PD, benign course

PARK9 (606693) 1p36 ATP13A2 AR Common Kufor-Rakeb disease

PARK10 (606852) 1p32 Unknown AD Common Variable

PARK11 (607688) 2q37 GIGYF2 AD Common Typical PD

PARK12 (300557) Xq21-q25 Unknown X-linked Common Variable

PARK13 (610297) 2p12 Omi/HTRA2 ? Common Typical PD?

PARK14 (256600) 22q13 PLA2G6 AR Common Early onset dystonia-parkinsonism,

myoclonus, epileply

PARK15 (605648) 22q12 FBXO7 AR Common Early-onset parkinsonism and

pyramidal tract signs

PARK16 (613164) 1q32 Unknown ? Common Typical PD?

DYT coding

DYT3 (314250) Xq13 TAF1 X-linked Common Dystonia-parkinsonism

DYT5 (128230) 14q22 GCH1 AD Common Dopa-responsive dystonia

DYT12 (128235) 19q12-q13.2 ATP1A3 AD Common Rapid onset dystonia parkinsonism

DYT16 (612067) 2q31.3 PRKRA AR Common Dystonia-parkinsonism

Other coding

CHAC (200150) 9q21 VPS13A AR Common Chorea, orofacial dyskinesias,

parkinsonism

GD (606463) 1q21 GBA AR Exceptional Both typical PD or atypical

parkinsonism

HD (143100) 4p16.3 IT-15 AD Common Chorea, parkinsonism

PKAN (234200) 20p13 PANK2 AR Uncommon Dystonia

SCA2 (183090) 12q24 ATXN2 AD Uncommon Progressive cerebellar ataxia,

dopamine-responsive parkinsonism

SCA3 (109150) 14q24.3-q31 ATXN3 AD Uncommon Progressive cerebellar ataxia,

dystonia

SCA17 (607136) 6q27 TBP AD Uncommon Progressive cerebellar ataxia,

chorea, dystonia

WD (277900) 13q14.3-q21.1 ATP7B AR Uncommon Tremor, dystonia

AD: autosomal dominant; AR: autosomal recessive; CHAC: choreoacanthocytosis; HD: Huntington’s disease; PD: Parkinson’s disease; PKAN:

pantothenate kinase-associated neurodegeneration; SCA: spinocerebellar ataxia; WD: Wilson’s disease.
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representing fluid accumulation or edema) is referred to as

‘‘eye of the tiger’’ sign (Sethi et al., 1988) which is highly

correlated with the genetic status and the presence of PANK2

mutations (McNeill et al., 2008). Concentration of striatal

dopamine reuptake transporters, as measured by dopamine

transporter SPECT scan, have been reported to be normal in

patients with PKAN (Cossu et al., 2005).

Classic PKAN is characterized by early onset and rapid

progression (Gregory et al., 2009). The mean age of onset is

around 3 to 4 years; in almost 90% of cases, onset occurs before

age 6 (Schneider et al., 2009). Affected children often are

considered ‘‘clumsy’’ before onset of frank symptoms, which

usually encompass gait or postural difficulties, with lower

limb dystonia in about three quarters of patients (Hayflick et

al., 2003; Schneider et al., 2009). Affected children usually lose

the ability to ambulate by 10 to 15 years after disease onset.

The patients tend to experience episodes of rapid decline

interspersed with longer periods of relative stability. Some

children have developmental delay, which is primarily motor,

but sometimes global. The phenotype is nearly always

characterized by generalized dystonia with often prominent

oromandibular involvement (Schneider et al., 2006) dysar-

thria, akinetic-rigid parkinsonism and chorea may be present

(Hayflick et al., 2003; Schneider et al., 2009). Pyramidal signs

(spasticity, hyperreflexia, extensor toes) develop in about a

quarter of patients (Hayflick et al., 2003). Corticospinal tract

involvement leads to spasticity, hyperreflexia, and extensor

toe signs. Cognitive features with behavioral changes, e.g.

obsessive compulsive behavior, aggression, or depression,

followed by dementia are seen in a third of patients (Marelli et

al., 2005). In the later disease stages, patients frequently

require tube feeding due to dysphagia. Gastroesophageal

reflux and constipation can become chronic problems in

advanced disease. Death typically occurs from secondary

complications, including aspiration pneumonia and malnu-

trition. More rarely, patients die during uncontrollable

episodes of status dystonicus (Gregory et al., 2009). Acan-

thocytes may be observed (Hayflick et al., 2003). Since the

discovery of PANK2, it has been established that the associa-

tion of HARP falls within the PKAN spectrum (Ching et al.,

2002). Pigmentary retinal degeneration has long been reco-

gnized as a prominent symptom and clinical or electro-

retinographic evidence of retinopathy was present in two third

of patients with classic PKAN (Hayflick et al., 2003).

Less typical, later onset (in the 20 s or 30 s) has also been

reported in PKAN patients. Speech difficulty is a frequent

presenting sign in such cases (Gregory et al., 2009; Hayflick et

al., 2003). Other presenting symptoms include mild gait

abnormalities and prominent psychiatric symptoms, includ-

ing depression, emotional lability, impulsivity, obsessive

compulsive disorder, and tourettism. Less common presenta-

tions of motor signs in genetically identified PKAN patients

include bulbar amyotrophic lateral sclerosis-like symptoma-

tology (Vasconcelos et al., 2003), focal upper limb dystonia

(Chung et al., 2008; Marelli et al., 2005) or pure akinesia

(Molinuevo et al., 2003). Motor involvement is generally less

severe than in typical cases and has a slower rate of

progression with loss of ambulation occurring within 15 to

40 years of onset (Gregory et al., 2009). Retinopathy as

demonstrated by electroretinography has been reported less

commonly in atypical patients (Hayflick et al., 2003).

3.2.2. Infantile neuroaxonal dystrophy and atypical
neuroaxonal dystrophy
INAD is characterized by axonal degeneration with distended

axons (spheroid bodies) throughout the central nervous

system, with spheroids also found in peripheral nerves

(Aicardi and Castelein, 1979). INAD is inherited in an auto-

somal recessive trait and some individuals with INAD show

high brain iron and are classified as NBIA type 2 (Morgan et al.,

[(Fig._1)TD$FIG]

Fig. 1 – Neurodegeneration with brain iron accumulation

(NBIA) encompasses several nosologic forms: ‘‘NBIA type

1’’, also called pantothenate kinase-associated

neurodegeneration (PKAN), is related to the presence of

PANK2 gene mutations and associated with the ‘‘eye of the

tiger’’ sign; ‘‘NBIA type 2’’ refers to PLA2G6 gene associated

neurodegeneration (PLAN), which have been associated

with infantile neuroaxonal dystrophy (INAD). The term

‘‘NBIA type 3’’ was recently introduced to indicate patients

affected by Kufor-Rakeb disease (KRD) who also present

brain iron accumulation. NBIA encompass other rare

genetic disorders, such as aceruloplasminemia (ACP) and

neuroferritinopathy (NFP). Finally, idiopathic forms (I-

NBIA), likely caused by as yet undiscovered genes, have

been described. PLAN and KRD are only partially included

into the NBIA set, because these disorders can also

present without evidence of iron accumulation in the

brain.

La neurodégénérescence avec accumulation de fer dans le

cerveau (NBIA) correspond à plusieurs formes nosologiques : la

NBIA de type 1, également appelée la neurodégénérescence

associée à la pantothénate kinase (PKAN), est liée à la présence

de mutations du gène PANK2 et associée au signe d’œil de

tigre ; la NBIA de type 2 se réfère à la neurodégénérescence liée

au gène PLA2G6 (PLAN), que l’on a associé à la dystrophie

axonale infantile (INAD). La NBIA de type 3 d’introduction

récente correspond au syndrome de Kufor-Rakeb (KRS) où l’on

trouve aussi une surcharge en fer dans le cerveau. La NBIA

englobe d’autres troubles génétiques comme

l’acéruloplasminémie (ACP) et la neuroferritinopathie (NFP).

Enfin, des formes idiopathiques (I-NBIA), dont l’origine

génétique probable n’est pas démontrée, sont décrites. La

PLAN et le KRS peuvent se présenter sans accumulation de fer

dans le cerveau et donc ne sont pas toujours des NBIA.
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2006). Until 2006, the diagnosis of INAD was established by

clinical and pathologic findings alone, independently of the

patient’s genetic status. Since the discovery of the PLA2G6

gene on chromosome 22q13 (OMIM 256600, PARK14), which is

now known to be associated with INAD, molecular genetic

testing has been used to confirm the diagnosis and the term

PLAN was introduced to indicate coincidence between genetic

status and clinical diagnosis.

INAD encompasses classic and atypical forms. PLA2G6-

encoded INAD provides the typical presentation: onset is in

infancy and death occurs within a few years. The disease is

characterized by progressive motor and mental retardation,

cerebellar ataxia, marked truncal hypotonia, pyramidal signs

and early visual disturbances with strabismus, nystagmus,

and optic atrophy. Disease progression is rapid. Many affected

children never learn to walk or lose this ability shortly after

attaining it. Severe spasticity, progressive cognitive decline

and visual impairment typically result in death during the first

decade. Brain MRI shows iron accumulation in the medial and

lateral portions of the pallidum, without an ‘‘eye of the tiger’’

sign. Another additional feature is early cerebellar atrophy on

brain MRI (Gregory et al., 2008,2009).

Atypical NAD can present with a phenotype that differs

quite significantly from the infantile cases (Gregory et al.,

2008), because of later onset (2–7 years) with ataxia and gait

instability as the most frequent presentation, and milder

progression. The course is fairly stable during early childhood

and resembles static encephalopathy but is followed by

neurologic deterioration between 7 and 12 years of age.

Patients develop progressive dystonia, dysarthria and neuro-

behavioral disturbances with impulsivity, poor attention, and

emotional lability. Optic atrophy, nystagmus, tetraparesis,

and seizures occur similarly to typical INAD. Karak syndrome

has also been shown to be caused by mutations in the PLA2G6

gene and falls into the spectrum of atypical NAD (Mubaidin

et al., 2003).

In addition to NAD, adult-onset cases of PLAN without

brain iron on MRI were recently reported (Paisan-Ruiz et al.,

2009). This syndrome is characterized by age at onset of 21 to

34 years, subacute onset of dystonia-parkinsonism, pyramidal

signs, eye movement abnormalities, cognitive decline, and

psychiatric features, whereas cerebellar features were absent.

Patients presented good response to dopaminergic treatment,

with early development of levodopa-induced dyskinesias.

Brain MRI shows some cortical atrophy and white matter

changes with absence of iron deposition.

3.2.3. Neuroferritinopathy
Neuroferritinopathy usually presents with progressive adult-

onset chorea or dystonia and subtle cognitive deficits. The

movement disorder involves additional limbs within 5 to

10 years and becomes more generalized within 20 years

(Crompton et al., 2005). Parkinsonian features, such as rigidity

or bradykinesia, are usually not prominent, although an

akineto-rigid syndrome can predominate (Crompton et al.,

2005) and parkinsonism is the presenting feature in 7.5% of

patients (Chinnery et al., 2007). Concentration of striatal

dopamine reuptake transporters, as measured by SPECT, has

never been investigated. The majority of individuals develop

orofacial action-specific dystonia related to speech. Frontalis

overactivity and orolingual dyskinesia are common. Cognitive

deficits, behavioral issues, and dysphagia become major

problems with time. The diagnosis of neuroferritinopathy is

based on clinical findings including adult-onset chorea or

dystonia and MRI or CT showing excess iron storage or cystic

degeneration. Neuroferritinopathy is inherited in an auto-

somal dominant manner. FTL gene on chromosome 19q13

(OMIM 606159) is the only gene currently known to be

associated with neuroferritinopathy (Curtis et al., 2001).

3.2.4. Aceruloplasminemia
ACP is characterized by iron accumulation in the brain and

viscera. The clinical triad of retinal degeneration, diabetes

mellitus, and neurologic disease is seen in individuals ranging

from 25 years to ages older than 60. The neurologic findings of

movement disorder (blepharospasm, grimacing, facial and

neck dystonia, tremors, chorea) and ataxia (gait ataxia,

dysarthria) correspond to regions of iron deposition in the

brain. Individuals with ACP often present with anemia prior to

onset of diabetes or obvious neurologic problems. Psychiatric

disturbance includes depression and cognitive dysfunction in

individuals older than 50 years (Miyajima, 2008). The disorder

can display a marked intrafamilial phenotypic variability and

parkinsonian features, mainly characterised by bradykinesia,

may be present (Fasano et al., 2008). Characteristic MRI

findings are abnormal low intensities reflecting iron accumu-

lation in the brain (striatum, thalamus, dentate nucleus) and

liver on both T1- and T2-weighted images.

ACP is caused by the absence of serum CP, a copper-

containing ferroxidase, which catalyzes the oxidation of

ferrous to ferric iron, a change required for the normal

transportation of iron by plasma transferring (Yoshida et al.,

1995). ACP is inherited in an autosomal recessive manner. It is

caused by mutations in the CP gene on chromosome 3q23

(OMIM 604290), which encodes CP. The diagnosis of ACP in a

symptomatic individual is based on the absence of serum CP,

low serum copper concentration, low serum iron concentra-

tion, high serum ferritin concentration, and increased hepatic

iron concentration (Miyajima, 2008).

3.3. PARK9: Kufor Rakeb disease

A syndrome characterized by clinical signs and symptoms of

severe parkinsonism, as well as evidence of cortico-spinal

tract disease, was first described in a Jordanian kindred in the

village of Kufor-Rakeb (Najim al-Din et al., 1994), from which it

was termed KRD. Supranuclear upgaze paresis, and dementia

were additional features seen in these individuals, similar to

Davison’s pallido-pyramidal syndrome. The clinical picture

was further characterized and several new features were

identified, including facial-faucial-finger mini-myoclonus,

visual hallucinations, and oculogyric dystonic spasms (Wil-

liams et al., 2005). Treatment with levodopa provided

symptomatic improvement, with the emergence of peak-dose

dyskinesias along progression of the disease. Initial MRI

reports of a significant atrophy of the globus pallidus and the

pyramids were not fully confirmed in later study which

observed widespread atrophy equally involving the cortex,

subcortex, and cerebellum (Williams et al., 2005). KRD is

inherited in an autosomal recessive manner and caused by
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mutations in ATP13A2 gene on chromosome 1p36 (OMIM

606693), which encodes a lysosomal five P-type ATPase

(Ramirez et al., 2006). After the discovery of the gene, new

studies have further characterized the phenotype of KRD. One

sporadic case from Brazil had juvenile parkinsonism with no

pyramidal signs or dementia (Di Fonzo et al., 2007).

Furthermore, two patients carrying a missense mutation in

single heterozygous state had young onset PD without atypical

features, suggesting that heterozygosity may cause a milder

typical phenotype. However, in contrast to this observation,

heterozygous variants were not found to be significantly more

frequent in PD patients compared to controls (Djarmati et al.,

2009). Furthermore, neither ATP13A2 genetic variability nor

quantitative gene expression in brain appeared to contribute

to familial parkinsonism or sporadic PD (Vilarino-Guell et al.,

2009). Recently, a patient, affected by KRD was described, who

presented putaminal and caudate iron accumulation bilate-

rally in the brain (Schneider et al., 2010), suggesting that KRD

could be included in the NBIA group of syndromes.

3.4. PARK15: FBXO7

A new syndrome characterized by early-onset, progressive

parkinsonism and pyramidal tract signs, was first described in

a large Iranian family (Shojaee et al., 2008). All patients

exhibited pyramidal features (extensor toes, hyperreflexia,

and spasticity) mainly restricted to lower limbs. Parkinsonism

became evident 5 to 20 years after appearance of pyramidal

signs. Inheritance is autosomal recessive, due to mutations in

the FBXO7 gene on chromosome 22q12 (OMIM 605648). Two

unrelated families, of Italian and Dutch descent, with PARK15

were recently reported (Di Fonzo et al., 2009). The phenotype

consisted of early-onset, progressive parkinsonism and

pyramidal tract signs. The parkinsonism exhibited varying

degrees of levodopa responsiveness in different patients.

Disease progression was slow, and all patients were still alive

decades after symptom onset.

4. Conclusions

Monogenic parkinsonian syndromes provide a unique oppor-

tunity to review the parkinsonian phenotype, either in its

classical appearance outside the typical sporadic idiopathic

PD, or in its combination to other neurologic features to

constitute complex phenotypes. These complex phenotypes

display a limited variability, whereby parkinsonian features

are mainly combined with dystonia, pyramidal or cerebellar

signs. We have highlighted a number of clinical features that

can be helpful to guide genetic testing leading to a molecular

diagnosis. Beside these, an increasing number of genes

involved in the classic PD phenotype have been identified.

In the near future, a substantial number of studies will be

dedicated to these genetic disorders and new phenotypes will

be described, particularly for NBIA syndromes.
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