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Abstract
Background and purpose: The monogenic forms of Parkinson's disease represent <10% 
of familial cases and a still lower frequency of sporadic cases. However, guidelines to ori-
ent genetic testing are lacking. The aim was to establish the interest of multiplex ligation-
dependent probe amplification (MLPA) as a primary screening test and to propose 
clinical criteria to guide genetic diagnostic tests for patients with suspected Mendelian 
Parkinson's disease.
Methods: In all, 567 patients with parkinsonism from 547 unrelated families were re-
cruited and two MLPAs were performed for each. All pathogenic G2019S variants in the 
LRRK2 gene were confirmed by Sanger sequencing and the PRKN gene was screened for 
a second mutation in the cases of one heterozygous structural variant in the PRKN gene.
Results: The performance of MLPA was 51/567 (9%) for the entire cohort and included 
27 (4.8%) LRRK2 G2019S mutations, 19 (3.4%) PRKN mutations and five (0.9%) SNCA 
locus duplications. The variables significantly associated with a positive test in the total 
cohort were North African ancestry (p < 0.0001), female sex (p = 0.004) and younger age 
at onset (p < 0.0008).
Conclusions: Retrospective analysis allowed us to refine our indication criteria: (i) North 
African ancestry, (ii) an age at onset <40 years or (iii) a familial history of parkinsonism 
with at least one affected first-degree relative. Our study highlights the interest of MLPA 
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INTRODUC TION

Parkinson's disease (PD) is the second most common neurodegen-
erative disorder and involves multiple environmental and genetic 
factors. The monogenic forms of PD represent <10% of familial 
cases and a still lower frequency of sporadic cases  [1]. The most 
frequently involved genes in Mendelian PD are leucine-rich repeat 
kinase 2 (LRRK2) [2, 3], parkin RBR E3 ubiquitin protein ligase or 
parkin (PRKN) [4, 5] and synuclein alpha (SNCA) [6]. LRRK2 patho-
genic variants are the most frequent cause of autosomal domi-
nant PD (Parkinson disease 8, OMIM #607060). To date, only nine 
pathogenic variants have been reported and all consist of missense 
variants [7, 8]. The recurrent pathogenic variant G2019S is by far 
the most common, causing 4% of familial PD and 1% of sporadic 
PD cases worldwide and up to 29% in Ashkenazi Jewish and 37% 
in North African Berber populations [7]. Pathogenic SNCA variants 
are the second most frequent cause of autosomal dominant forms 
of PD (PARK1 and PARK4, OMIM #168601 and #605543) and other 
dominant parkinsonisms, which include dementia with Lewy bod-
ies (DLB) (OMIM #127750). Most pathogenic variants in SNCA are 
genomic duplications and triplications, but five rare missense vari-
ants (Ala30Pro, Glu46Lys, Gly51Asp, Ala53Glu and Ala53Thr) have 
also been reported to be pathogenic [9]. Pathogenic PRKN variants 
are involved in the most frequent autosomal recessive form of PD 
(PARK2, OMIM #600116), accounting for 27.6% of autosomal re-
cessive families [10]. The most frequent pathogenic variants are 
structural variants with exon deletion or multiplication (43.2%) 
or missense (22.3%) or frameshift (16.5%) variants [11]. Other 
less frequently involved genes have been reported, such as PINK1 
(PARK6), DJ1 (PARK7), VPS35 (PARK17), TAF1, ATP13A2 (PARK9), 
DCTN1, DNAJC6 (PARK19), FBXO7 (PARK15), PLA2G6 (PARK14), 
SYNJ1 (PARK20), CHCHD2, LRP10, TMEM230, UQCRC1 and VPS13C 
[12, 13].

There has been a recent increase in the availability of genetic 
testing, mostly next-generation sequencing (NGS) or targeted anal-
yses using multiplex ligation-dependent probe amplification (MLPA). 
However, there are few official guidelines for genetic testing in PD. 
Currently, the only European recommendations for genetic mutation 
testing in PD patients, but not applied in practice, date from 2009 [14].

Given the large number of structural variants and recurrent 
pathogenic variants in Mendelian PD, the aim was to establish the 
cost-effectiveness of MLPA for PD patients as a primary screening 
test. Secondary objectives were to establish genotype–phenotype 
correlations and to propose clinical criteria to guide genetic diagnos-
tic tests for patients with Mendelian PD.

PATIENTS AND METHODS

Patients

Since 2007, the Laboratory of Neurobiology of Lille University 
Hospital has been one of the two laboratories performing the 
molecular diagnosis of inherited PD in France. The patients 
came from French university hospitals (Lille, Amiens, Bordeaux, 
Besançon, Caen, Dijon, Lyon, Marseille, Montpellier, Nancy, Nice, 
Poitiers, Reims, Rennes, Saint-Etienne, Toulouse), French regional 
hospitals (Béthune, Chambéry, Épinal, Lens, Libourne, Millau, 
Nîmes, Orléans, Tourcoing, Troyes and Valenciennes) and one 
Belgian regional hospital (Fleurus). The request for genetic analy-
sis was at the discretion of the clinician. However, the following 
criteria have been proposed previously for MLPA testing of inher-
ited PD: (i) PD in a proband with an age at onset ≤45 years and/
or (ii) PD patients with a family history defined by at least two 
relatives with a parkinsonism, all of them being related in the first 
degree. All samples were retrospectively tested independently of 
the proposed criteria.

Between June 2007 and December 2020, peripheral blood 
was collected in ethylenediaminetetraacetic acid (EDTA) tubes 
from 567 individuals with PD or atypical parkinsonism referred 
by neurologists or geneticists for a molecular diagnosis. The med-
ical records of all patients for whom an analysis by MLPA was 
carried out between June 2007 and December 2020 were retro-
spectively examined. The data collected consisted of the sex, age 
at onset, number of first-degree and further relatives affected by 
parkinsonism, and geographical origin. Moreover, the clinical di-
agnosis of all patients followed in the Lille University Hospital or 
regional hospitals related to the Lille expert center for PD during 
the same period were reviewed. Clinical diagnoses of the patients 
and their affected relatives were reviewed according to the di-
agnostic criteria for PD [15], progressive supranuclear palsy [16], 
corticobasal degeneration [17], multiple system atrophy (MSA) 
[18] and DLB [19].

Molecular genetics

Multiplex ligation-dependent probe amplification

Genomic DNA was isolated from peripheral blood according to stand-
ard procedures. MLPA was performed on all patients using SALSA 
MLPA Probe mixes P051 and P052 for the molecular diagnosis of 

testing for other parkinsonism cases with a family history, especially for patients with 
dementia with Lewy bodies or a multiple-system-atrophy-like phenotype.

K E Y W O R D S
dementia with Lewy bodies, genetic testing, Mendelian transmission, multiple system atrophy, 
Parkinson's disease
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Mendelian PD (MRC Holland, Amsterdam, The Netherlands) accord-
ing to the manufacturer's instructions. Both kits contain 50 MLPA 
probes for the detection of structural variants in the ATP13A2, 
LRRK2, PARK7, PINK1, PRKN (PARK2), SNCA, UCHL1 and GCH1 genes. 
They also include two probes specific for (i) the rare pathogenic 
variant NM_000345.3(SNCA):c.88G>C, p.(Ala30Pro) and (ii) the 
recurrent pathogenic variant NM_198578.3(LRRK2):c.6055G>A, 
p.(Gly2019Ser). Electrophoresis of the MLPA products was per-
formed on an ABI 3730 DNA analyzer (Applied Biosystems, Foster 
City, CA, USA). The MLPA data were analyzed using GeneMapper® 
2.5 (Applied Biosystems) and COFFALYSER (MRC Holland) software. 
Structural variants detected by only a single probe were confirmed 
both by qPCR SYBR® Green (Applied Biosystems) and Sanger se-
quencing to detect putative variations located in the probe hybridi-
zation site.

Sanger sequencing

All pathogenic G2019S variants in the LRRK2 gene detected by 
MLPA were confirmed by Sanger sequencing. In the cases of a het-
erozygous structural variant in the PRKN gene, the 12 coding exons 
and flanking introns were screened for a second mutation by poly-
merase chain reaction followed by direct Sanger sequencing on an 
ABI 3730 XL sequencer. All primers are listed in Table S1.

Statistical analysis

Categorical variables are expressed as number (percentage). 
Continuous variables are expressed as mean (standard deviation) in 
cases of a normal distribution or median (interquartile range) other-
wise. Normality of the distribution was assessed using histograms 
and the Shapiro–Wilk test. Comparisons of baseline patient char-
acteristics between the two groups of MLPA were performed using 
chi-squared tests (or Fisher exact tests when the expected cell fre-
quency was <5) for categorical variables and the Mann–Whitney U 
or Student t tests (depending on the normality of the distributions) 
for continuous variables.

Statistical testing was performed at the two-tailed α level of 0.05. 
Data were analyzed using SAS software, release 9.4 (SAS Institute, 
Cary, NC, USA).

Ethical standards

Written informed consent for genetic testing for diagnosis, research 
and publication of relevant findings was obtained from all the study 
participants according to the local ethics committee (CNIL registra-
tion number 726/2020 and 1418/2022). The study was conducted 
in accordance with the World Medical Association Declaration of 
Helsinki.

RESULTS

Description of the cohort

In all, 567 patients were recruited from 547 unrelated families. The 
sex ratio was 1.28 (319/248). The median age at onset was 47 (40–
57) years (range 5–87; n = 535). Details of the cohort are provided in 
Table 1 and in Data S1.

Performance of MPLA testing

Amongst the 567 patients, the MLPA was positive (MLPA+) for the 
LRRK2 G2019S pathogenic variant in a heterozygous state for 27 
(4.8%) patients from 26 unrelated families. Two structural variants 
in the PRKN gene were observed for eight patients and one struc-
tural variant for 12 patients. Sanger sequencing of the entire cod-
ing sequence of PRKN for these 12 patients showed conventional 
variants for 11. There were 19 (3.4%) patients from 19 families with 
two genetic variants in the PRKN gene and after segregation analysis 
these two variants were observed to be in trans for eight patients. 
A duplication of the entire SNCA gene for five (0.9%) patients from 
four families was observed. No other pathogenic variants tested by 
the MLPA kit were identified.

Mendelian PD was diagnosed in 40/567 (7%) patients from 49 un-
related families with one or two “pathogenic” or “likely pathogenic” 
variants according to the American College of Medical Genetics 
and Genomics criteria for the classification of genetic variants [20]. 
Eleven patients were highly suspected to have autosomal recessive 
Mendelian PD but other samples from family members were not 
available to demonstrate that the variants were in trans. The perfor-
mance of MLPA was 51/567 (9%) for the entire cohort. Examination 
of the patients from the Lille expert center for PD (n = 422), disre-
garding the prescriptions that did not fulfill our indication criteria 
(n = 181), showed the performance of MLPA to be 31/241 (12.9%). 
However, 3/31 (9.7%) patients from the Lille expert center for PD 
were MLPA+ but did not respect our indication criteria. These re-
sults show that our previous indication criteria were too stringent. 
These three patients all had a pathogenic LRRK2 G2019S variant in 
the heterozygous state. One had an age at onset of 63 years and no 
family history, another had an age at onset of 47 years and only one 
affected sister, and the age at onset and family history were missing 
for the third patient. All variants obtained during this study are listed 
in Table 2.

Patient phenotypes associated with being MLPA+

Amongst the 51 patients who were MLPA+, the clinical diagnosis 
was available for 34 and encompassed 30 clinically established or 
probable cases of PD (88.2%). The characteristics of the Mendelian 
PD patients are summarized in Tables 3 and S2.
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Four patients were observed with a parkinsonism correspond-
ing to two MSA-like cases (patients with one LRRK2 G2019S or one 
SNCA duplication), one probable case of DLB (in a patient with SNCA 
duplication) and one case of atypical parkinsonism with an age at 
onset of 41 and early cognitive impairment for a patient with chronic 
psychosis (LRRK2 G2019S).

The patient with the SNCA duplication initially fulfilled the criteria 
for clinically probable MSA as she presented dysautonomic dysfunc-
tion with severe neurogenic orthostatic hypotension, rapid progres-
sion of parkinsonism, and an unexplained pyramidal syndrome at her 
first evaluation at age 64. The follow-up was then marked by dopa-
responsive parkinsonism with motor fluctuations and late dementia. 
She died at 74. The other patient carrying a G2019S LRRK2 mutation 
fulfilled the clinically established criteria for MSA, as he developed 
a severe dopa-resistant parkinsonism at 51 with cerebellar ataxia 
and severe dysautonomic dysfunction, with neurogenic hypoten-
sion and urogenital failure. Genetic testing for spinocerebellar ataxia 
was negative. Cerebral magnetic resonance imaging showed marked 

pontocerebellar atrophy. The disease duration at death was 5 years 
but no pathological confirmation was obtained. The second patient 
with SNCA duplication fulfilled the criteria for probable DLB, as she 
presented with parkinsonism with early cognitive impairment that 
interfered with daily activities, visual hallucinations, rapid eye move-
ment sleep behavior disorder and fluctuating cognition at age 65. All 
four patients had a family history of parkinsonism with one to four 
affected relatives and at least one affected first-degree relative.

Definition of indication criteria

First, the variables that were significantly associated with an MLPA+ 
test in the total cohort and, more specifically, in the various groups 
of patients, depending on the inheritance pattern of their genetic 
disorder (autosomal dominant for LRRK2 and SNCA patients, au-
tosomal recessive for PRKN patients), were individually assessed. 
Amongst the entire cohort, the MLPA test was more frequently 
positive for (i) patients with North African ancestry, with 24/52 
(46.2%) positive tests versus 27/515 (5.2%) in the remaining cohort 
(p < 0.0001), (ii) women, with 32/248 (12.9%) positive tests versus 
19/316 (6%) for men (p = 0.004), and (iii) patients who were younger 
at onset. The age at onset in the MLPA+ group was 41 (31–51) years 
(range 10–73, n = 46) versus 47 (40–57) years (range 5–87, n = 489) 
(p < 0.0008). As expected, the significant variables for the patients 
with autosomal dominant forms of PD were (i) North African ances-
try (p < 0.0001), (ii) a family history of parkinsonism with at least one 
affected first-degree relative (p = 0.023), (iii) a higher number of af-
fected first-degree relatives (p  =  0.003) and (iv) the total number 
of affected relatives (p = 0.01). Unexpectedly, it was observed that 
(v) sex was also a significant variable, with 21/237 (8.9%) positive 
tests for women versus 11/311 (3.5%) for men (p = 0.009). For the 
patients with autosomal recessive forms of PD (PRKN patients), only 
a younger age at onset was significantly associated with a more fre-
quent MLPA+ test (p < 0.0001). The significant variables associated 
with an MLPA+ test are summarized in Table 4. There was no dif-
ference in the age at onset between men and women amongst the 
LRRK2 (p = 0.99) or PRKN patients (p = 0.26).

Secondly, a retrospective decision-tree based approach was 
developed and the combination of variables and the most discrim-
inating cut-off for MLPA testing were defined (Data S1, Figure S1). 
Thirdly, the significant variables to define the most relevant indica-
tion criteria were retrospectively applied. When consideration was 
given to (i) North African ancestry, (ii) an age at onset <40 years, 
(iii) or a family history of parkinsonism with at least one affected 
first-degree relative, 48/51 MLPA+ patients within the total cohort 
and 30/31 MLPA+ patients from the Lille expert center for PD were 
found. The three missed PD patients using these criteria were one 
Caucasian woman with two PRKN mutations and an age at onset of 
56 without a family history and two Caucasian men with an LRRK2 
G2019S mutation. One LRRK2 patient had no data about the age at 
onset but a family history, whereas the other had an age at onset of 
41 but no family history.

TA B L E  1  Details of the cohort

Sex ratio 1.28 (319/248)

Criteria for MLPA testing

Early onset 216

Family historya 82

Both 31

None 171

Missing data 67

Median age at onset (years) 47 (40–57) (range 5–87, 
n = 535)

Median number of affected relatives 1 (0–2) (range 0–11, 
n = 461)

Sporadic cases 226

Ancestry

Caucasian 516

North African 51

Patients from Lille University Hospital 422

PD 313/422 (73.9%)

Probable MSA 19/422 (4.5%)

Possible or probable DLB 14/422 (3.3%)

Atypical parkinsonism 5/422 (1.2%)

Possible or probable PSP 3/422 (0.7%)

Possible or probable CBD 3/422 (0.7%)

Not defined degenerative atypical 
parkinsonism

5/422 (1.2%)

Nondegenerative movement 
disorders

64/422 (15.2%)

Abbreviations: CBD, corticobasal degeneration; DLB, dementia with 
Lewy bodies; MLPA, multiplex ligation-dependent probe amplification; 
MSA, multiple system atrophy; PD, Parkinson's disease; PSP, 
progressive supranuclear palsy.
aFamily history defined by at least two relatives suffering from a 
parkinsonism, all of them being related in the first degree.
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DISCUSSION

Good performance of MLPA was obtained in our cohort (9% posi-
tivity in the entire cohort). Other studies enriched for early onset 
and/or familial cases have reported positivity from 1.4% to 3.5% [21, 
22], but the methodologies used in these studies differed from ours, 
making comparisons difficult.

Multiplex ligation-dependent probe amplification cannot detect 
all the conventional variants, especially in the PRKN gene or in other 
rarely implicated parkinsonism genes. However, MLPA tests the main 
pathogenic variants in Mendelian PD which are located in LRRK2, 
PRKN or SNCA genes [12]. The LRRK2 G2019S pathogenic variant is 
by far the most frequent known cause of familial and sporadic PD 
with a worldwide distribution [23], whereas the other eight variants 
have been reported only in a few families. Pathogenic missenses, 
including A30P, in the SNCA gene are thought to be extremely rare, 
whereas the frequency of whole SNCA gene duplication/triplica-
tion in familial PD is ≈2% [24]. Structural variants in PRKN account 
for 43.2% of mutations [11], although this frequency is probably 
underestimated because structural variants were not assessed in 
all previous studies. Considering a systematic search for a second 
pathogenic variant in PRKN when only one structural variant was 
found, it can be estimated that PRKN variants could be evidenced in 
more than two-thirds of cases.

Our criteria would not account for late-onset and sporadic PD 
patients with LRRK2 G2019S, but considering the variable distribu-
tion and penetrance of this variant across populations [25] it is very 
difficult to estimate the proportion of missed mutations. It should be 
noted, however, that such patients with no family history and late 
onset generally have fewer questions about the genetic origin of 
their disease. The interest of evidencing an LRRK2 G2019S variant, 
known for its reduced penetrance, is also very debatable in patients 
with no family history and no specific treatment.

Next-generation sequencing analyses (panel genes, whole exome 
or whole genome sequencing) would detect conventional mutations, 
be more exhaustive and can include deletion/duplication analysis, 
especially the whole genome sequencing. MLPA has a low cost per 
patient of ≈$20, which is approximately 15, 25 and 35 times less 
than a gene panel, an exome or a genome sequencing. NGS requires 
significant investment (sequencers and computer servers), needs 
bioinformaticians and its analysis time is much longer. Other studies 
used different NGS methods in PD [21, 26] or early-onset PD [22, ID
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TA B L E  3  Characteristics of the Mendelian PD patients

Clinical diagnosis 34/51

PD 30/34 (88.2%)

Other parkinsonism 4/34 (11.8%)

MSA-like 2/34 (5.9%)

DLB 1/34 (2,9%)

Atypical parkinsonism 1/34 (2.9%)

Abbreviations: DLB, dementia with Lewy bodies; MSA, multiple system 
atrophy; PD, Parkinson's disease.

 14681331, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.15788 by C

hru D
e L

ille D
rci, W

iley O
nline L

ibrary on [06/12/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    | 1673GENETIC TESTING IN PD USING MLPA

27]. All pathogenic variants (excluding GBA variants that are risk fac-
tors for PD) described in Illés et al. [21] and Kovanda et al. [26] could 
be observed using MLPA ± Sanger sequencing to look for a second 
mutation. Tan et al. [20] reported 15 pathogenic variants in 1725 PD 
patients and MLPA would have missed two LRRK2 patients and five 
PRKN patients. Bentley et al. [25] reported 13 pathogenic variants 
in 2206 PD patients but only one PRKN patient would have been 
missed using MLPA. Considering the low cost, simplicity and perfor-
mance of MLPA compared to NGS, it is proposed that it is used as a 
first-line screening test.

The review of clinical diagnoses of patients from Lille University 
Hospital limited missing data. However, our study still suffered from 
missing data and further replication in other cohorts or during a 
prospective study is warranted. A limitation of our study was the 
composition of our cohort, corresponding to all patients referred 
to our laboratory by neurologists or geneticists for a molecular di-
agnosis of PD. There was a selection bias, as mostly patients with 
characteristics suggestive of Mendelian PD were referred to our 
laboratory for molecular testing. As a consequence, our cohort is 
enriched for early-onset PD and patients with a family history of PD 
and is not representative of the entire PD population. Our results 
cannot be applied for the whole PD population. However, all PD pa-
tients should not be tested, as Mendelian PD concerns only <10% 

of all PD patients [1]. In addition, genetic screening is generally time 
consuming and can be expensive. Previous studies on large cohorts 
used various methods (including MLPA) to grossly assess the same 
mutations and genes in all PD patients with little selection bias [21, 
26, 28]. They identified 0.6%–1.4% pathogenic variants for PD. Our 
retrospective study had the advantage of more faithfully reproduc-
ing the conditions of real life in neurology departments and directly 
addressing the prescriber's questions: when to think and test for a 
genetic cause in patients with PD or parkinsonism?

Retrospective analysis of the MLPA results allowed us to refine 
our indication criteria: (i) North African ancestry or (ii) an age at 
onset <40 years or (iii) a family history of parkinsonism with at least 
one affected first-degree relative. The prevalence of the LRRK2 
G2019S mutation (up to 41% of familial PD in the North African 
Berber population [29]) justifies the use of MLPA for PD patients of 
North African ancestry, but other populations should also be con-
sidered. For example, Orr-Urtreger et al. reported a rate of PD of 
≈15% amongst Ashkenazi Jews [30]. French laws prohibit collect-
ing data on ethnicity or religious origin. No information on religion 
could therefore be retrieved, which could have been particularly 
interesting, considering the high prevalence of the G2019S muta-
tion in Ashkenazi Jews, estimated to be 18.3%–28% [31]. That is 
why the prescription of MLPA for PD patients from Israel and/or of 

Total cohort

Ancestry North African Other

24/52 (46.2%) 27/515 (5.2%) p < 0.0001

Sex Women Men

32/248 (12.9%) 19/316 (6%) p = 0.004

Age at onset 
(years)

MLPA+ MLPA−

41 (31–51) (range 10–73, 
n = 46)

47 (40–57) (range 5–87, 
n = 489)

p < 0.0008

Autosomal dominant inheritance (LRRK2 and SNCA)

Ancestry North African Other

23/51 (45.1%) 9/497 (1.8%) p < 0.0001

Sex Women Men

21/237 (8.9%) 11/311 (3.5%) p = 0.009

>1 affected 
first-degree 
relative

MLPA+ MLPA−

19/228 (8.3%) 7/215 (3.3%) p = 0.023

Number of 
affected 
first-degree 
relatives

MLPA+ MLPA−

1 ± 0.8 (n = 21) 0.7 ± 0.8 (n = 417) p = 0.003

Number of 
affected 
relatives

MLPA+ MLPA−

1.5 ± 1.3 (n = 21) 1.2 ± 1.5 (n = 417) p = 0.01

Autosomal dominant inheritance (PRKN)

Age at onset 
(years)

MLPA+ MLPA−

28 (26–35) (range 10–56, 
n = 19)

47 (40–57) (range 5–87, 
n = 489)

p < 0.0001

Abbreviation: MLPA, multiplex ligation-dependent probe amplification.

TA B L E  4  Significant variables 
associated with a positive MLPA test
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Ashkenazi Jewish origin should also be considered. The early onset 
of PD in our population (≤39 years old) is similar to the findings of 
the Movement Disorder Society Genetic mutation database that 
led to recommending testing for PRKN mutations for patients with 
PD onset before the age of 40 years [11]. The association of the sex 
ratio for positive MLPA tests is more puzzling. It was observed that 
women had a higher probability of being positive. This may reflect 
that women have a higher risk of developing Mendelian PD. Such a 
gender effect has previously been observed for PD patients with 
LRRK2 mutations, especially those carrying the G2019S mutation 
[32]. However, it cannot be excluded that men may be less willing 
to consult a neurologist and/or a medical geneticist, or that men 
develop a disease with a more marked environmental origin, such 
as pesticide exposure [33].

Our study highlights the interest of MLPA testing for other par-
kinsonisms with a family history, especially for patients with DLB 
or an MSA-like phenotype. SNCA duplication has been previously 
shown to be associated with a rare Mendelian cause of DLB (OMIM 
#127750) [34]. However, the involvement of pathogenic SNCA vari-
ants in MSA is still debated [35]. Similarly, only one rare variant of 
uncertain significance in the LRRK2 gene has been previously shown 
to be associated with clinically diagnosed and pathologically proven 
MSA [36]. However, it is commonly accepted that LRRK2 G2019S 
and SNCA mutations are not Mendelian causes of MSA [37, 38]. Our 
patient with the G2019S LRRK2 mutation fulfilled the diagnostic 
criteria of clinically established MSA but no neuropathological ex-
amination was carried out. The other patient with the MSA-like phe-
notype carrying the SNCA duplication only fulfilled the criteria of 
clinically probable MSA at first evaluation, but the slow evolution of 
her disease excludes a posteriori the diagnosis of MSA. However, it 
is argued that at the time of their first consultation the existence of a 
family history of parkinsonisms in a patient with a diagnosis compat-
ible with MSA should direct the prescriber towards a genetic form 
and MLPA testing.

In conclusion, good performance of MLPA in Mendelian PD with 
our indication criteria is reported. It is proposed that patients with 
a negative MLPA result who fulfill the above-mentioned criteria are 
also good candidates for complementary analysis by NGS.
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