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Parkinson's disease associated with 22q11.2 deletion: Clinical characteristics and response to treatment
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Background. 22q11.2 microdeletions (22q11.2-del) increase the risk of Parkinson's disease (PD) but the characteristics of PD associated to 22q11.2-del have not been specifically explored.

Objective. To assess clinical and treatment-response characteristics, and to describe features that may lead a neurologist to investigate this comorbidity.

Methods. We report and describe 9 PD patients (8 men, 1 woman) followed in 7 centers of the French PD Expert Network (Ns-Park) also presenting the 22q11.2-del.

Results. PD diagnosis was made prior to 22q11.2-del diagnosis in 7 cases, the main characteristics are an early onset (32-48 y), a good initial DOPA-sensitivity but with a severe course characterized by severe and early-onset levodopa-induced motor complications and psychiatric manifestations. Three patients received deep-brain stimulation (DBS) with efficacy.

Conclusions. Searching for 22q11.2-del in PD patients presenting suggestive features is relevant as the clinical presentation is close to idiopathic PD but with associated characteristics including a severe evolution. Results of DBS are similar to those reported in idiopathic PD.

includes particularly moderate intellectual disability, facial dysmorphism, frequent psychotic disorders, conotruncal cardiopathy (77%), velopalatine malformations (>75%), hypocalcaemia and immunodeficiency (75%), concerns around 1/4000 births [START_REF] Man | OMIM Entry-# 188400 -DIGEORGE SYNDROME[END_REF][START_REF] Orphanet | 22q11.2 deletion syndrome[END_REF][START_REF] Genereviews® | 2 Deletion Syndrome[END_REF] and the microdeletion (22q11.2-del) occurs de novo in 90% of cases [START_REF] Orphanet | 22q11.2 deletion syndrome[END_REF]. The 22q11.2DS, usually diagnosed in children, is exceptionally diagnosed in adults where it usually manifests as a long history of psychiatric disorders such as schizophrenia [START_REF] Krahn | Childhood-onset schizophrenia associated with parkinsonism in a patient with a microdeletion of chromosome 22[END_REF][START_REF] Bassett | Schizophrenia and 22q11.2 Deletion Syndrome[END_REF]. Some authors first reported co-occurrences of early onset Parkinson disease (EOPD) and 22q11.2DS [START_REF] Krahn | Childhood-onset schizophrenia associated with parkinsonism in a patient with a microdeletion of chromosome 22[END_REF][START_REF] Booij | Co-occurrence of early-onset Parkinson disease and 22q11.2 deletion syndrome: Potential role for dopamine transporter imaging[END_REF][START_REF] Zaleski | The co-occurrence of early onset Parkinson disease and 22q11.2 deletion syndrome[END_REF][START_REF] Boot | Movement disorders and other motor abnormalities in adults with 22q11.2 deletion syndrome[END_REF] and searched for any molecular links [START_REF] Booij | Co-occurrence of early-onset Parkinson disease and 22q11.2 deletion syndrome: Potential role for dopamine transporter imaging[END_REF][START_REF] Ogaki | Chromosome 22q11.2 deletion may contain a locus for recessive early-onset Parkinson's disease[END_REF]. Based on a few reports, an increased risk of EOPD has recently been suggested in 22q11.2DS [START_REF] Butcher | Association between early-onset Parkinson disease and 22q11.2 deletion syndrome: identification of a novel genetic form of Parkinson disease and its clinical implications[END_REF] and confirmed in a recent article [START_REF] Mok | Deletions at 22q11.2 in idiopathic Parkinson's disease: a combined analysis of genome-wide association data[END_REF] where the authors reported the risk of EOPD conferred by deletions at 22q11.2 was about 20-times increased.

However, the phenotypic features of this association remain to be systematically analyzed to assess clinical and treatment-response characteristics, and to describe features that may lead a neurologist to investigate this comorbidity.

Methods

Subjects

We collected all the established diagnosis of PD associated with 22q11.2-del in the 24 expert centers belonging to the French PD Expert Network (Ns-Park). Nine PD patients were reported (22q11.2-del was molecularly confirmed in all cases).

No systematic screening for the deletion was performed in this retrospective analysis.

Data were collected through a standardized questionnaire and concerned the characteristics R e v i s e d m a n u s c r i p t of PD, the phenotypic pattern of 22q11.DS and the family history/genetics.

Standard protocol approvals, registrations, and patient consents

Informed consent was previously obtained from all patients for the genetic study. This study was approved by the local ethics committee.

Results

Eight men and 1 woman from 7 centers have been diagnosed and were currently followed at the time of the study. Their main characteristics are summarized in table 1. Complications, including severe motor fluctuations and early-onset levodopa-induced peak-ofdose dyskinesia, developed in all patients on average 3.7 years [SD: 2.1] after disease onset.

The PD phenotype

One patient developed a multiple impulse control disorder, 4 developed delusion and hallucinations under dopaminergic treatment that had not been reported before PD onset (DOPA-agonists in 2 cases and L-DOPA in 1 case). Axial involvement was present in 7 cases, with freezing of gait and falls in 4 cases, since 1 to 6 years from PD onset.

Deep brain stimulation (DBS) was performed in 3 cases with a 30 to 70% improvement of the UPDRS-III motor score.

R e v i s e d m a n u s c r i p t

Psychiatric symptoms are detailed below in "Phenotypic pattern of the 22q11.2DS". Two patients had their psychiatric symptoms treated with antipsychotic agents prior to PD onset (1 psychotic disorder and 1 severe social anxiety disorder). In both patients, evidence of dopaminergic denervation on DaTSCAN ® was obtained (see below).

All patients were considered by clinicians presenting with an anterior mild intellectual disability, although only MRI imaging obtained in all patients showed no specific morphologic abnormality. DaTSCAN ® was performed in 5 cases; all showed a presynaptic striatal denervation.

Phenotypic pattern of the 22q11.2DS

Facial dysmorphism was present and typical (figure A) in most patients (8/9), intellectual disability was constant -but mild as 6 patients could work in supported employment. Severe or recurrent respiratory infections in infancy were observed in 3 patients. Psychiatric symptoms preceded onset of PD and administration of levodopa and were constant: R e v i s e d m a n u s c r i p t personality disorders (5/9), anxious symptoms (8/9, including social phobia in 2/9), depressive symptoms (5/9, but none had hypomanic or manic symptoms), irritability-dysphoria (5/9), apathy (6/9). Only 1 showed psychotic symptoms prior to levodopa.

Family history and genetics

The 22q11. 

Discussion

We report herein the characteristics of 9 PD patients suffering from both 22q11.2DS and PD.

Clinical data were obtained from PD Expert Centers, where PD patients were fully explored and cared for.

Mok et al. [START_REF] Mok | Deletions at 22q11.2 in idiopathic Parkinson's disease: a combined analysis of genome-wide association data[END_REF] were not screened. Additionally, the 22q11.2DS can be associated with hypoparathyroidism and calcifications of the basal ganglia, which were not observed in the present population and thus do not give an account of the parkinsonism, and Butcher et al. [START_REF] Butcher | Association between early-onset Parkinson disease and 22q11.2 deletion syndrome: identification of a novel genetic form of Parkinson disease and its clinical implications[END_REF] provided 3 postmortem brain analysis that showed alpha-synuclein positive Lewy bodies (2/3), which is consistent with our findings. We can notice that REM behavior disorder was found in half of the patients. This element, usually encouraging neurologists to evoke a synucleinopathy as it is considered to be correlated with the presence of Lewy bodies, is not a usually reported symptom in other genetic young parkinsonisms and could thus be regarded as evocative of a 22q11.2-del.

Phenotypic pattern of the 22q11.2DS

In contrast, the 22q11.2DS appeared less severe in our series than classically described in children: all patients presented with mild features, especially none had cardiac malformations.

R e v i s e d m a n u s c r i p t

This benign phenotype explains why those patients escaped from the diagnosis, which was delayed after the diagnosis of PD and likely why it is underestimated.

Interestingly, only one patient manifested psychotic symptoms before PD, conversely to the high frequency of schizophrenia (about 30%) reported in literature [START_REF] Bassett | Schizophrenia and 22q11.2 Deletion Syndrome[END_REF].

Patients affected by the two conditions may carry a single, common genetic defect, as previously suggested [START_REF] Booij | Co-occurrence of early-onset Parkinson disease and 22q11.2 deletion syndrome: Potential role for dopamine transporter imaging[END_REF][START_REF] Ogaki | Chromosome 22q11.2 deletion may contain a locus for recessive early-onset Parkinson's disease[END_REF], leading to the consideration of PD as part of the phenotypic spectrum of 22q11.2DS, as suggested by Butcher et al. [START_REF] Butcher | Association between early-onset Parkinson disease and 22q11.2 deletion syndrome: identification of a novel genetic form of Parkinson disease and its clinical implications[END_REF] and more recently by Mok et al. [START_REF] Mok | Deletions at 22q11.2 in idiopathic Parkinson's disease: a combined analysis of genome-wide association data[END_REF].

Management of 22q11.2DS-associated PD patients

As the described patients are DOPA-sensitive, they should be treated and managed as any The clinician needs to be aware of dopaminergic-induced psychiatric complications, as they appear to be quite frequent. They also could lead the neurologist to propose DBS in some cases to reduce dopaminergic treatment.

Conclusion

The neurologist involved in movement disorders would be more and more concerned by 22q11.2-del, as it is probably a new EOPD risk factor. We reported here the main characteristics of the parkinsonian features of such patients. 

  The 22q11.2 deletion syndrome (22q11.2DS) [ICD10: D82.1; OMIM #188400, #192430],
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 41 The PD phenotype PD diagnosis was made prior to 22q11.2DS diagnosis in 7 cases. The observed characteristics are compatible with idiopathic PD (IPD): absence of axial involvement and of significant cognitive deterioration at onset (at most mild and unspecific dysexecutive symptoms), while a mild and stable intellectual disability was present before the onset of the parkinsonian symptoms. The initial response to levodopa was excellent with a quantified DOPA-sensitivity superior to 50%. Nevertheless, the evolution appeared severe with the occurrence of severe motor complications early in the course of the disease. Psychiatric symptoms were also frequent and seemed directly linked to dopaminergic treatment. In the Ns-Park Network, these patients were initially diagnosed as IPD, with an age of diagnosis ranging from 32 to 48 years (diagnosis before 40 years in 7/9), making these cases considered as early-onset PD (EOPD) and not juvenile parkinsonism explaining why genetic mutations such as Parkin or DJ1

  IPD. The stage of motor complication should lead the clinician to adopt a classical strategy of management, i.e. pharmacological treatment adaptations and DBS, often required by the severity of the dopaminergic denervation (mean UPDRS-III OFF score at 46 [SD: 19]).

Figure and

 and Figure and Table legends

Figure 1 .

 1 Figure 1. Typical facial dysmorphism of 3 cases.

  1 patient was specifically tested with an Intellectual Quotient (IQ) test [total IQ: 54, Verbal IQ: 56, performance IQ: 55].

	In 7 cases, a global neuropsychological assessment, realized after the diagnosis of PD and by a
	neuropsychologist, showed attentional and dysexecutive symptoms, but neither memory nor
	instrumental functions impairment.

The routine cognitive scales performed included the MDRS (in 7 cases), the MMSE score (in 5 cases) and the FAB score (in 5 cases). They respectively reached a mean of 128/144 [range: 119-137], 23/30 [21-25] and 11/18

[START_REF] Boot | Movement disorders and other motor abnormalities in adults with 22q11.2 deletion syndrome[END_REF][START_REF] Ogaki | Chromosome 22q11.2 deletion may contain a locus for recessive early-onset Parkinson's disease[END_REF][START_REF] Butcher | Association between early-onset Parkinson disease and 22q11.2 deletion syndrome: identification of a novel genetic form of Parkinson disease and its clinical implications[END_REF][START_REF] Mok | Deletions at 22q11.2 in idiopathic Parkinson's disease: a combined analysis of genome-wide association data[END_REF][12][13]

.

Several non-motor symptoms were present in all cases, including hypersudation (4/9), constipation (6/9), diurnal somnolence (7/9), REM behavior disorder (4/8), urinary dysfunction (4/8), night or function cramps (5/8) and other pain (4/9). Restless leg syndrome was rare (1/9) and anosmia was never noted.

  2-del was molecularly confirmed by fluorescent in situ hybridization (FISH) in all cases. Two patients (cases 3 and 5) had a history of familial PD, with an affected first-degree relative, suggesting autosomal dominant inheritance. Genetic analysis of LRRK2 was negative and family study for the 22q11.2DS wasn't performed, because the affected relatives died prematurely. The father of case 2 presented with tremor and cognitive impairment, but normal DaTSCAN

® excluded PD and, in accordance, LRRK2, SNCA were not mutated and 22q11.2-del was absent.
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