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Abstract: BackgroundBackground: Leucine-rich repeat kinase 2 (LRRK2) p.L1795F variant was proposed as a genetic risk
factor for Parkinson’s disease (PD). However, its prevalence, phenotype, and origin remain unknown.
ObjectiveObjective: The aim was to evaluate the frequency and phenotype of p.L1795F in early-onset PD (EOPD) and
familial PD compared to healthy controls (HC) in Central Europe.
MethodsMethods: Whole-exome sequencing was used to screen 219 EOPD and familial PD patients of Central
Europeans compared to HC. Sanger sequencing assessed segregation. Detailed clinical phenotype was
evaluated for all positive carriers.
ResultsResults: p.L1795F was identified in 1.37% (3/219) and 3.23% of familial cases (3/93), with no carriers among
HCs (0/303). Segregation analysis confirmed association with PD. Carriers were traced to the eastern
Slovak–Hungarian region. It also appears to be associated with a more aggressive phenotype.
ConclusionConclusion: Our data indicate that p.L1795F contributes to PD in Central Europe. Further exploration in larger
cohorts is warranted to establish its contribution to global PD risk.
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Recently, the p.L1795F (rs111910483, c.5385G>T) variant was
proposed as a genetic risk factor for Parkinson’s disease (PD).1

It was also previously shown to exert a functional effect via
enhanced kinase activity, providing more evidence for its
pathogenicity.2 The p.L1795F variant was previously identi-
fied in 2 PD patients—siblings within a family with several
family members affected. No segregation was shown due to
the unavailability of additional family members.3 It was also
reported in a single PD case (1/478) of European-American
ancestry.4 However, further reports are currently lacking in
the literature.

We previously reported that the globally observed leucine-
rich repeat kinase 2 (LRRK2) pathogenic variants, such as
p.G2019S, are infrequent in PD patients of Central European
ancestries.5 This study seeks to build upon our prior discover-
ies by examining the newly suggested p.L1795F variant and
its related clinical phenotype in early-onset PD (EOPD) and
(or) familial cases versus healthy controls (HC) in Central
Europeans.

Patients and Methods
Patients with EOPD and/or familial PD (n = 219) and geo-
graphically matched HCs (n = 303) were recruited from 9 move-
ment disorder centers in the Czech Republic, Hungary, Poland,
and Slovakia within the CEGEMOD consortium as described
previously.6 The research protocol was approved by the ethics
committees from all participating centers. All patients provided
informed consent. Each individual with PD was diagnosed in
accordance with the Movement Disorder Society (MDS) clinical
diagnostic criteria.7 Recruitment and clinical assessments are
presented in the Supplementary Materials. The genetic analysis
included DNA extraction and whole-exome sequencing (WES)
of PD cases, whereas the Competitive Allele Specific PCR
(KASP) assay screened geographically matched HCs. Segregation
analysis was performed using Sanger sequencing in identified
families. For all 4 index PD patients, genotyping data were
obtained for haplotype analysis and mutation dating. Structural
modeling was derived from Protein Data Bank 7LHT structure
(PDB 7LHT).8 Detailed methodology of all genetic studies is
presented the Supplementary Materials and in Table S1.

Results
Our study included 219 patients with EOPD and/or family
history of PD from 4 Central European countries of the
Visegrad group: the Czech Republic, Hungary, Poland, and
Slovakia. A positive family history was reported in 93 patients
(42%), and 117 patients (53%) developed PD before the
age of 40 years. The average age of PD patients was
53.5 � 12.9 years, with 136 (62%) being men. In addition,
303 geographically matched HCs were screened in this study
to assess the p.L1795F variant’s frequency within the studied

population. The demographic characteristics of the cohort are
provided in Tables S2 and S3.

We identified 4 PD cases carrying the heterozygous
LRRK2 p.L1795F variant. Three carriers (F1-III-1, previously
reported elsewhere9; F3-III-6 and F4-III-2) were discovered
through the original WES study group, and 1 additional car-
rier (F2-II-1) was later included based on positive clinical
genetic report (Table S4). No other pathogenic variants
in PD-related genes were identified in the 3 PD cases with
WES data available (Table S4). Similarly, genotyping data of
all 4 index PD patients excluded pathogenic copy number
variants in PD-related genes (Fig. S1). The age of onset
(AAO) was 25, 45, 55, and 69, with a mean AAO of
48.5 � 18.5 years. Interestingly, the patient with the youngest
AAO at 25 years (F1-III-1) also carried rare heterozygous
MAPT p.R538P (c.1613G>C) variant with unknown clinical
significance (CADD score 25.1; polyphen: probably damaging;
SIFT: deleterious, carol: deleterious) as no reports are available
in the literature. Three cases had a positive family history
(75%), with several family members affected (Table 1). Sanger
sequencing was used in all relatives with DNA available for
the segregation analysis, showing that p.L1795F variant segre-
gated with PD phenotype (Fig. 1; Fig. S2). Interestingly, all
patients were from the same region close to the east Slovak–
Hungarian border (Tokaj region) (Table 1). None of the
4 index cases were distant relatives (Table S5). The estimated
frequency of the p.L1795F variant in the original EOPD and
familial PD cohort is 1.37% (3/219) and 3.23% (3/93) in the
familial cases. Of note, no other LRRK2 variants’ carriers
were identified in this cohort except for a single EOPD case
with the heterozygous p.N1437S variant. All geographically
matched HCs were negative for p.L1795F variant.

Clinical features of PD patients (n = 6) carrying the p.L1795F
variant are presented in Table 1 and Table S6. Of all identified
cases, 5 were characterized as akinetic-rigid PD subtype, responsive
to levodopa treatment in early stages. One PD case presented as
mixed PD phenotype with mild resting tremor, bradykinesia, and
rigidity. Postural instability later developed in 5 cases (84%), with
freezing being present in 2 cases (34%). Detailed clinical pheno-
type is described in the Supplementary Materials.

Identity by Descent (IBD) analyses in patients F1-III-1, F3-
III-6, and F4-III-2 first identified a shared segment of a median
size of ≈10 cM (Table S7). Additionally, the IBD analysis of the
array dataset available from the fourth patient (F2-II-1) in combi-
nation with 3 other patients revealed a 2-cM shared segment,
consistently detected by both Hap-IBD and Germline2. All 4 car-
riers shared core haplotype spanning ≈2 kbp at this locus
(Table S8), suggesting that the p.L1795F variant originated from
a common ancestor. We estimated the age of the p.L1795F vari-
ant in our cohort to be between 285 and 2369 years, with a 95%
confidence interval. The CryoEM structure revealed that
p.L1795F residue is situated near pathogenic mutations in the
Ras of complex proteins (ROC) and the C-terminal of ROC
(COR) domains (Fig. S3). Previous biochemical studies of
p.L1795F variant indicated an approximately 5-fold increase in
Rab10 phosphorylation at p.T73, well-established LRRK2
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substrate, compared to the wild-type protein.2 Additionally,
there was an approximate 2-fold increase in autophosphorylation
at p.S1292 and a reduction by half in phosphorylation at
p.S935.2

Discussion
Recently, the LRRK2 p.L1795F variant has been suggested as a pos-
sible genetic risk factor for PD.1 This study evaluated the potential
contribution of the p.L1795F variant to PD in the Central European
countries of the Visegrad group, a region with a largely uncharted
PD genetic landscape compared to other European populations due
to limited genetic studies. Our analysis concentrated on a cohort of
PD patients with EOPD and/or positive family history (Table S2).

We initially identified 3 p.L1795F heterozygous PD carriers out of
219 EOPD and/or familial PD cases (Table 1). One PD case was addi-
tionally identified via a clinical genetic report of PD panel testing con-
ducted previously (Table S4). The frequency of the p.L1795F variant
was 1.37% (3/219) and 3.23% (3/93) in familial PD cases, significantly
higher than the reported prevalence of the known pathogenic
LRRK2 variants like p.G2019S, which is estimated to have a preva-
lence of about 0.33%.5 It is well recognized that LRRK2 variants
show population diversity, with prevalence differing across regions
and ancestries.10 Interestingly, all identified PDp.L1795F carriers were
unrelated (Table S5) but could be traced back to the same east
Slovak–Hungarian (Tokaj) region. In addition, they shared common

haplotype segment, suggesting common ancestor (Tables S7 and S8).
We estimated that the founding event of this variant occurred �285
to 2369 years ago. Several observations support pathogenicity of
p.L1795F in Europeans: the p.L1795F variant is extremely rare in
population databases and appears to be confined to individuals of
European ancestry. In the gnomAD, version 4.1, database, only 2 of
1,613,650 individuals were identified as carriers.11 In the PD variant
browser, only 4 PD patients of 5811 cases were identified, with no
carriers found among the 6207 HCs.12 Similarly, none of the geo-
graphically matchedHCswithin our study carried the variant (0/303).
Additionally, p.L1795F was identified in several unrelated individuals
with the same phenotype, both within our cohort and prior studies.13

The LRRK2 p.L1795F variant co-segregated with PD in families
where several members could be examined (Families 1, 2, and 3:
Fig. 1; Fig. S2). Although parents and additional relatives were not
available for genetic testing, a positive family history of PD across at
least 2 generations in these carriers (see pedigrees: Fig. 1) suggests
Mendelian inheritance. Previous in vitro functional analyses demon-
strated that p.L1795F can enhance LRRK2 kinase activity and was
computationally predicted as likely pathogenic or damaging
(AlphaMissense: likely pathogenic with a score of 0.744,14 REVEL
score = 0.638, conservation score = 9).2 These data, along with our
in silico modeling (Fig. S3), suggest that p.L1795F has a functional
impact similar to that observed in pathogenic mutations in the ROC
and COR domains. The p.L1795F phenotype appears to consist of
LRRK2-associated PD, resembling idiopathic PD.15 The AAO varies
from early (25 years) to late (69 years) age (Table 1), as in the first fam-
ily reported previously with 2 siblings diagnosed as late-onset PD

FIG. 1. Pedigrees of LRRK2 (leucine-rich repeat kinase 2) p.L1795F-positive PD patients. AAO, age at onset; CP, cerebral palsy; G/G,
homozygous for the wild-type G allele; G/T, heterozygous p.L1795F variant carrier; y, years.
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(60 and 66 years).3 The patient with the AAO at 25 years also carried
a rare heterozygous MAPT p.R538P (c.1613G>C; p.Arg538Pro).
Several polymorphic MAPT variations in the MAPT gene have
already been shown to possibly influence the AAO in
LRRK2-associated PD,16,17 though results are inconclusive and
mechanism remains unknown. Interestingly, the majority (83%) of
the identified cases in our study lack tremor in clinical presentation, as
well as have very early onset of severe dyskinesia and motor fluctua-
tions, with a narrow therapeutic window and unsatisfactory response
to advanced treatment options (levodopa–carbidopa intestinal gel or
deep brain stimulation) in 4 cases. Only 1 PD case reported mild rest-
ing tremor and did not report any motor fluctuations, though the dis-
ease duration was only 1 year. Orthostatic hypotension (83%) and
urinary dysfunction (83%) were reported as the most common non-
motor symptoms. No PD case was diagnosed with rapid eye move-
ment sleep behavior disorder, and only 1 patient was diagnosed with
level 1 PD dementia based on the Montreal Cognitive Assessment
score (13 points), being in his early eighties and after 28 years of diag-
nosis. Neuropsychiatric features, such as anxiety or depression, were
also self-reported in 4 cases (67%).

In summary, the genetic analysis, combined with the segrega-
tion analysis, structural data, and the variant’s frequency in
patients compared to geographically matched HCs and publicly
available datasets with previously published studies, suggests a
potential pathogenic role for the p.L1795F variant in
PD. Consequently, we recommend including this variant in stan-
dard genetic testing for PD patients in Central Europe, as it
appears to contribute to PD with a possible common ancestor
from this region. Further screening in large PD cohorts and addi-
tional functional studies, such as assessing kinase activities in cell
lines, are necessary to fully understand its role in PD and the full
phenotypic spectrum. Alongside ongoing clinical trials for
LRRK2 inhibitors, this finding highlights the urgent need
for greater ethnic diversity in PD genetic research.
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