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INTRODUC TION

Parkinson's disease (PD) is a complex syndrome, clinically character
ized by bradykinesia, resting tremor, muscle rigidity and, in advanced 

tions [1]. The etiology of the disease is heterogeneous and is thought 
to involve a combination of genetic and environmental components. 

gesting a genetic cause [2]. The genetic determinants of PD range 

low penetrance, consistent with genetic risk factors [3, 4]. The SNCA 
gene encoding for the presynaptic protein α

gene identified with variants linked to familial PD, in cases of Italian 
or Greek origin [5]. Since the first identification of the p.A53T patho
genic variant, several other missense variants and multiplications 
(duplications and triplication) of the SNCA gene have been identified, 
enhancing the understanding of the disease's pathogenicity [6, 7]. In 
the Greek population, until recently, the p.A53T pathogenic variant 
was considered to be the only SNCA variant causing familial PD .

We recently reported [9
C>G) SNCA variant in five affected individuals of three unrelated 
Greek families, causing autosomal dominant PD. The affected in

old (the latter in a paucisymptomatic individual) and various prom

Disorder (RBD). All carriers harbored the same haplotype suggesting 
a “founder effect.” Furthermore, biophysical analyses demonstrated 
potential pathogenic properties of the p.A30G variant protein. These 
findings enhanced prior knowledge regarding aspects of patho
genicity of α SNCA 
pathogenic variant in the Greek population, apart from p.A53T, that 

The purpose of this study is to provide further evidence of the 
presence of this new pathogenic variant in the Greek PD population, 
and to expand the understanding of its phenotypic spectrum. The 
genetic and clinical findings of 12 new variant carriers are reported, 
of which 2 are asymptomatic cases.

MATERIAL S AND METHODS

Patients

We screened for the p.A30G SNCA variant in an additional Greek 
cohort of 664 unrelated PD patients (393 males and 271 females), 

(<
±

± Table 1 demonstrates the demographic and 
clinical information of the cohort.

disorders outpatient clinics of the First and Second Department of 

10]. The study 
was approved by the Eginition and Attiko Hospital ethics commit
tees. All participants provided informed consent before participating 
in the performance of the molecular genetic testing.

A clinical evaluation of variant carriers was performed using the 

11
12]. Olfactory dysfunction was as

(cutoff: 9; cutoff: 7 for patients > 13]. RBD was assessed by 
14]. The Epworth 

Sleepiness Scale (ESS) was used to assess daytime sleepiness [15], 

16]. The 
geriatric Depression Scale (GDS) was used for the evaluation of de
pression [17]. In some cases, the above evaluation was not complete, 
due to unavailability of the subjects.

Genetic studies

standard procedures. We screened for the p.A30G SNCA variant 
by performing Restriction Fragment Length Polymorphism (RFLP) 

Diseases, Biomedical Research Foundation of the Academy of 

Biolabs) as previously described [9] (Figure 1). Haplotype analy

for Clinical Brain Research, University of Tübingen and German 

members was conducted by utilizing short tandem repeat markers 
across the SNCA

RESULTS

Table 2 summarizes 
the demographic and clinical findings of the 10 p.A30G patients. The 
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Figure 2 ±

±

and five were males. Variant carriers underwent haplotype analy
sis at the SNCA locus that revealed a shared haplotype (Figure 3). 

All patients presented with typical Parkinsonian symptoms. The 
majority of the patients presented with bradykinesia and rigidity, 
while resting tremor was absent in four symptomatic p.A30G carri
ers (Table 2

response to levodopa treatment but most developed early motor 

eventually underwent duodopa pump therapy. Significant cognitive 

ric symptoms, olfactory deficits, and sleep disturbances (RBD and 
daytime sleepiness) were reported in the majority of the patients 
(Table 2). Hallucinations were mentioned by three of the patients 

Figure 2

ents of the affected cousin (III.1) of the index case never manifested 

negative for the p.A30G variant, even though she manifested PD 
in her 70s, while the patient's father had not manifested signs of 
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F I G U R E  1
heterozygous p.A30G variant carrier (+
two cases (Patient 1 [P1], Patient 2 [P2]) who tested negative for 

digest.
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TA B L E  2

Patients
Family 1 
(III.3) Family 1 (III.1) Family 2 (II.3) Family 3 (II.2) Family 4 (II.1)

Family 5 
(II.2) Family 6 (II.2) Family 7 (II.6) Family 8 (II.3)

Family 9 
(III.1)

Sex Female Female Female Female Female

Age at onset (years) 61 53 49 50 33 59 62 42

Age at examination 
(years)

63 61 62 56 46 64 59 65 67 43

Duration (years) 3 13 6 13 6 11 6 5 1

Initial symptom Bradykinesia Rigidity, 
bradykinesia

Rest tremor Rigidity, bradykinesia ΝΑ Rigidity Rigidity, 
bradykinesia

Rest tremor Rest tremor Rigidity, 
bradykinesia

Asymmetry of 
initial symptom

+ + + + + + + + +

Bradykinesia + + + + + + + + + +

Rigidity + + + + + + + + +

Tremor + + + + + +

Postural instability + + + +

Response to 
levodopa

+ + + + + + + + + +

Complication with 
treatment

+ + + + + + + + +

UPDRS III score 30 (off) 24 (on) 9 (on) 40 (on) 62 (off) 16 (on) 32 (on)

Autonomic 
dysfunction

Constipation Constipation Constipation, urinary 
incontinence

Urinary incontinence, 
constipation

Constipation Urinary 
incontinence

Constipation, 
dysphagia

Constipation
constipation

Olfactory deficits + + + + + + + +

Sleep disturbances RBD 
symptoms

Daytime 
Sleepiness, RBD 
symptoms

Daytime Sleepiness, 
RBD symptoms

Sleep disturbances RBD Daytime 
Sleepiness

Possible RBD RBD

Cognition
27/30

Dementia
20/30 30/30

Depression Depression Depression, anxiety, 
apathy

Depression, anxiety Depression Depression, 
apathy

Anxiety Depression Anxiety

Psychotic 
symptoms

Hallucinations Hallucinations/
delusion

Hallucinations

Other features Pain sensation Pain sensation Dystonia Dystonia, seborrheic 
dermatitis of the scalp

Pain sensation, 
fatigue

Dystonia

Rating Scale.

 14681331, 2025, 2, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/ene.16562 by Deutsches Zentrum Für Neurodeg, Wiley Online Library on [05/02/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License
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also a known carrier of the D409H GBA variant, identified through 
targeted RFLP assessment for GBA variants common in the Greek 
population, as previously described [ ]. The detailed clinical features 
of the 9 p.A30G families are provided in the supplemental material 
(Data S1).

Asymptomatic carriers

esymptomatic genetic testing for the p.A30G variant. The variant 

F I G U R E  2

unaffected individuals. The vertical lines inside the symbols represent clinically unaffected carriers of the variant that could later exhibit 

(a)

(d)

(g) (h) (i)

(e)
(f)

(b) (c)
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negative for the variant.
The two variant carriers underwent neurological examination. 

education. Upon examination, no motor symptoms or signs were re

polysomnography (PGS) revealed periodic leg movements, but no 
RBD. Olfactory testing was normal (Sniffin' Sticks test: 10/12) and 

DISCUSSION

In the present study, the genetic and clinical features of 12 carriers 
of the novel heterozygous p.A30G SNCA variant from 9 unrelated 
Greek families are described. The results are in accordance with the 
original study [9] and contribute deeper insights into the phenotypic 
spectrum of p.A30G SNCA

The 10 newly identified PD patients carrying the p.A30G 
variant manifested a typical PD phenotype including motor and 

±

±

of the nine affected families was from geographically distinct 
areas in Greece, with no suggestion of common regional ances
try. This contrasts with the p.A53T variant, which is invariably 

present in subjects of Peloponnesian origin. The p.A30G variant 
carriers shared the same haplotype identified in the original study 
[9], indicating that the variant originated from a common ances

of typical idiopathic PD, with rest tremor being less common. All 

ing autonomic dysfunction, olfactory deficits, sleep disturbances 
(RBD and daytime sleepiness), as well as mood disorder (depres
sion and anxiety). Cognitive problems were present in about half 

both GBA1 and SNCA variants, exhibited an earlier age of onset 
and a very severe disease course compared to the rest of the 
cases. Interestingly, one other unpublished case from our p.A53T 

in GBA1, had an age of onset below 30, and a similar, very aggres
sive course, leading to death prior to the age of 40. Prior research 
has shown that the presence of a GBA1 variant predisposes to an 
earlier disease onset and a more severe disease course [ ]. 
However, the exact effects of GBA1
with SNCA or LRRK2 mutations remain to be elucidated [ ].

It is interesting to note that in the current study, four of the cases 

some probands are reported to manifest disease at late ages, beyond 

layed fashion in certain cases; one has to be wary of course of pheno
copies, as occurred in the case of Family 3, and it has to be stressed 

Some evidence pointing to reduced penetrance of the p.A30G SNCA 
pathogenic variant had already been highlighted in the original study 
[9]. Considering that the majority of cases presented here do not 
have a clear autosomal dominant pattern of inheritance, it would ap
pear that the p.A30G SNCA variant shows modest penetrance. Both 

F I G U R E  3
marked in yellow.

Markers F1-III.1 F1-III.3 F2-II.3 F3-II.2 F4-II.1 F5-II.2 F5-III.3 F5-III.4 F6 -II.2 F7-II.6 F8-II.3

D4S1553 200 200 200 200 198 200 198 200 198 199 198 200 198 200 200 201 198 201 200 201 198 200

D4S400 163 164 163 164 159 163 161 163 159 163 160 164 - - 163 164 160 159 159 160 159 163

D4S2932 208 212 208 212 210 210 204 208 208 210 204 211 204 208 204 208 208 208 208 212 208 208

rs3068933 377 379 376 385 376 376 376 379 376 379 376 382 376 382 376 382 376 376 376 379 376 382

rs10586902 304 305 304 296 304 301 304 301 304 300 303 305 303 299 303 300 304 292 304 298 303

NACP-REP1 269 267 269 267 269 267 269 267 269 267 269 267 269 265 269 265 269 265 269 265 269 267

A30G A30G WT A30G WT A30G WT A30G WT A30G WT A30G WT A30G WT A30G WT A30G WT A30G WT A30G WT

rs59666810 273 275 273 279 273 279 273 279 273 279 273 273 273 273 273 273 273 269 273 273 273 273

rs57454775 148 160 148 148 150 149 149 148 149 149 149 149 160 148 160 149 149 149 160 149 160

rs138994786 273 268 273 268 273 268 273 268 273 268 273 268 273 270 273 270 273 273 273 268 273 273

D4S1538 71 83 71 81 73 73 71 81 71 81 71 73 71 71 71 73 71 81 81 73 71 81
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SNCA missense variants and copy number variants have been previ
ously described to show incomplete penetrance [ ]. Given the 
reduced penetrance of the p.A30G variant, it is likely that it would 
also appear in unaffected control individuals, even at advanced ages, 
as in apparently obligate carriers, asymptomatic parents of affected 
carriers in the present study. In our original work, none of the 377 
examined Greek controls harbored the variant [9], but it has to be 
taken into account that such controls are carefully selected to not 
have PD family history in the first or second degree. In an updated 
search we performed, the p.A30G variant represents only 2 out of 

v4.1.0 [26], although no more precise ethnicity details are available. 
Such data, including the common haplotype found in the original 
study and confirmed here in the variant carriers, suggest that the 
variant has arisen due to a founder effect and may be largely re
stricted to the Greek population.

To elucidate the functional properties of the p.A30G variant, 
in our original study, we conducted biophysical studies of the re
combinant protein. We found that the p.A30G substitution causes a 

ant's α
bind to membranes; furthermore, amyloid fibril formation is slightly 
enhanced [9]. The decreased α
brane binding were confirmed in another report [27]. Similarly, the 
p.G51D and, especially, the p.A30P, variants have significantly dis
rupted membrane binding ability [ α

fibrillizes slower than the wild type (WT), but its oligomerization is 
accelerated [
a very mild effect on the ability of α

α

fibrillization [
garding membrane binding, demonstrating enhanced affinity com
pared to WT, and forms filaments at a significantly faster rate, 
comparable to that of p.A53T [31]. Additionally, biochemical studies 
of p.V15A α

to p.A30P and p.A30G) showed a modest decrease in phospholipid 
binding that was intermediate between that of p.A30P and WT. [32, 
33] Furthermore, this variant aggregates more than the WT in seed
ing assays [33], when incubated with liposomes [32], as well as in 

34
hit model we have proposed for p.A30G may also be applicable to 

β α

for fibril assembly, was found to aggregate earlier and more robustly 
than the WT protein [35].

well described in the literature. Compared to p.A30G, the mean age 

course [36]. The motor features of both SNCA variants are similar to 
those of typical PD with the exception of resting tremor, which was 
reported as less common among p.A53T [37] and p.A30G carriers [9]. 

Patients with both variants show a good initial response to levodopa 
treatment, followed by motor fluctuations. Additionally, the p.A53T 

most prominent being olfactory and autonomic dysfunction, as well 
as dementia [

SNCA vari
ant identified only in one German family [39] with a substitution at 
the same amino acid position as the p.A30G. The phenotype of pa
tients carrying p.A30P reveals similarities with that of p.A30G with 
regards to motor symptoms and possibly cognitive decline, although 
the cases are very few [40]. Larger cohorts are needed in order to 
gain insights into the clinical phenotype of these two SNCA variants 
at the A30 site.

Other point mutations, although rare, have been identified in 

ical profiles. A relatively novel p.V15A variant has been identified in 
one Turkish, one Italian, and two Japanese families, characterized by 
relatively early age of onset, around 40s to 50s, and a Parkinsonian 
phenotype accompanied by cognitive decline and visual hallucina
tions [33, 34, 41
ilies, causes a PD phenotype with variable age of onset and features 
of Lewy body dementia [42, 43

]. Carriers of the p.G51D variant exhibit a 

]. The p.A53E is a rare cause of early onset PD in the 
Finish population and has been identified only in one Canadian fam
ily [ ]. p.A53V is a pathogenic variant causing Parkinsonism and 
cognitive decline in both the homozygous and heterozygous states 
in Asian populations [53, 54

tosomal dominant PD35. Both duplications and triplications in the 
SNCA gene have been identified in familial PD [ ]. Disease 
severity is directly correlated with the SNCA gene dosage. SNCA 
triplications which were first identified in the Iowa kindred are char

motor manifestations including dementia [
duplication carriers have a milder PD phenotype with later onset 
of symptoms and slower disease progression, and may manifest as 
sporadic cases due to decreased penetrance, similar to the p.A30G 
variant [ ].

The present study also describes the clinical findings of two as
ymptomatic siblings, carriers of the p.A30G variant. The two asymp
tomatic carriers were in their 40s and were younger than the earliest 
reported age of onset in their families. On clinical examination, one 
of them demonstrated olfactory deficits and sleep disturbances with 
possible RBD. These clinical symptoms are possibly indicative of the 
premotor phase of PD and could be attributed to an early manifest 
neurodegenerative process, as previously described [64]. However, 
such an assumption remains hypothetical given the lack of further ob

going aberrant α
Fluid α
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clinical phenotypes have also been described in asymptomatic car
riers of other SNCA missense variants. Regarding p.A53T, olfactory 

reported to precede motor symptoms [25, 65]. However, RBD was 
not proven to occur in asymptomatic p.A53T carriers when they un
derwent formal PSG (polysomnography), underscoring the need for 
PSG confirmation of RBD diagnosis [66].

Based on the present findings, the p.A30G variant, although 
uncommon, represents an important cause of PD (10/664 cases 

milial and early onset cases, does have a broad demographic repre
sentation. Importantly, the variant is identified not only in familial 

Table 1). In a 
highly select Greek population of either familial PD or early onset 

among those with both dominant family history and early age 
at onset. In the latter more restrictive setting, descent from the 

[ ]. In another Greek cohort including both sporadic and famil
ial cases with PD or PD plus dementia, the p.A53T variant was 

ial disease [67]. This has led to the recommendation that in the 
Greek population all familial cases should be tested for the p.A53T 
SNCA variant, especially if there is an early age of onset and a clear 
autosomal dominant pattern of inheritance and the subject is of 
Peloponnesian descent. In the case of p.A30G, current data indi
cate that basically all PD cases of Greek origin should be tested for 
the variant, given that the age of onset is not that low and that spo
radic cases are clearly present in this population, while there is also 
no specific geographical distribution. These findings are especially 
noteworthy, as it is the first time that a genetic synucleinopathy, 
with a pathogenic variant in the SNCA gene, is found to be respon

population.
Identifying with such wider screening, as performed here, addi

tional carriers of the p.A30G SNCA variant will be very important to 
further characterize the phenotype of symptomatic and asymptom
atic carriers and determine the precise progression of SNCA
neurodegeneration in the preclinical and clinical disease stages of 
PD. With the advent of potential neuroprotective therapies target
ing α

were enlarged, they could be used for small proof of principle clinical 
trials, with the obvious advantage being that they represent subjects 
in whom pathogenic α

the disease.
To conclude, studies like the present are crucial in implementing 

a more individualized genetic testing protocol, based on the ethnic 
origin of specific PD populations. Such studies provide a step for the 
better understanding of the pathogenesis of idiopathic PD and synu
cleinopathies in general, potentially leading to the eventual develop
ment of novel neuroprotective therapeutic strategies.
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