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Abstract
Parkinson’s disease (PD) is a α-synucleinopathy in which intracellular aggregates of α-synuclein (α-syn) result in neurodegen-
eration and in the impairment of the soluble N-ethylmaleimide-sensitive factor attachment protein receptor (SNARE) complex-
mediated release of neurotransmitters. SNAP25 is a SNARE complex component: its concentration is increased in the cerebro-
spinal fluid of PD patients and this is related to the severity of cognitive and motor symptoms. Five SNAP25 single-nucleotide
polymorphisms (SNPs) that modulate gene expression and were described to play a role in neurologic conditions (rs363050,
rs363039, rs363043, rs3746544, and rs1051312) were analyzed in a cohort of 412 sporadic Italian PD patients and 1103 healthy
controls (HC) in order to identify possible correlation with the disease. The SNAP25 rs1051312 C allele and CC genotype confer
protection against PD onset, in particular in males (p = 0.003, OR(95%CI) = 0.67(0.51–0.88)) (pc = 0.008, OR(95%CI) =
0.28(0.10–0.70)). Co-segregation analyses revealed that the rs1051312 effect was reinforced when present within the
rs363043 C-rs3746544 T-rs1051312 C haplotype (p = 3.3 × 10−4, OR = 0.47, 95%CI = 0.31–0.72), once again in males.
Finally, rs363039 influenced age at onset (p = 0.02) and MMSE (Mini-Mental State Examination) scores (p = 0.01). The
SNAP25 SNPs analyzed herein modulate gene expression at different levels as they are involved in binding miRNA and
transcription factors; this suggests a possible synergistic effect of SNAP25 SNPs in the pathogenesis of PD. A replication in a
larger and independent sample will help to further explore this hypothesis.
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Introduction

Parkinson’s disease (PD) is the second most common
neurodegenerative disorder after Alzheimer’s disease

(AD) [1]; this disease results from the progressive loss of
dopaminergic neurons in the substantia nigra pars
compacta of the midbrain and is characterized by rigidity,
resting tremor, and bradykinesia. Most PD patients even-
tually develop an impairment of cognitive domains, such
as attention, executive and visuospatial functions, and
memory, as well [2]. The etiopathogenesis of PD is still
unclear but a genetic contribution to its onset is well
established. Thus, for the familiar form of PD, mutations
in 18 specific chromosomal regions with a causative effect
have been described [3]. The majority of PD cases is
nevertheless sporadic, and in this case, it is believed that
a complex interplay between environmental and genetic
factors triggers the pathology (double-hit hypothesis). In
particular, the predominant sporadic variant of the disorder
seems to be associated with a combination of common
variants within several genes.

PD, together with dementia with Lewy body (DLB)
and multiple system atrophy (MSA), is described as a
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α-synucleinopathy. The pathological hallmark of these disor-
ders is indeed the formation of intracellular aggregates com-
posed mainly of α-synuclein (α-syn) that result from protein
misfolding [4]. α-Syn is localized in the presynaptic nerve
terminals, but its physiological functions have yet to be de-
fined. The mechanisms responsible for α-syn accumulation
remain elusive but it is known that α-syn aggregates hamper
soluble N-ethylmaleimide-sensitive factor attachment protein
receptor (SNARE) complex-mediated neurotransmitter re-
lease [5] and impair the size of synaptic vesicle pool [6].
The SNARE complex, which regulates the docking and fusion
of synaptic vesicles to the presynaptic membrane, is formed
by the interaction of vesicle-associated membrane protein
(VAMP), present in the synaptic vesicles, with syntaxin and
synaptosomal-associated protein of 25 kDa (SNAP25) in the
presynaptic plasma membrane [7]. It was demonstrated that
synaptic dysfunction is an initial event of the subsequent neu-
rodegeneration in many neurodegenerative diseases of the
CNS [8].

SNAP25 gene polymorphisms have been associated to
distinct neuropsychiatric and neurological disorders such
as autism [9], attention-deficit/hyperactivity disorder
(ADHD) [10], schizophrenia [11], amyotrophic lateral
sclerosis (ALS) [12], and AD [13]. A work by Garcia-
Reitböck P also reported SNARE protein redistribution in
an animal model of PD, and in a few cases of PD with
peroxidase immunocytochemistry [14].

For these reasons, we analyzed five single-nucleotide poly-
morphisms (SNPs) within SNAP25 gene (rs363050,
rs363039, rs363043, rs3746544, and rs1051312) in a cohort
of sporadic Italian PD patients in order to identify possible
correlation with the disease. The selection of SNPs was main-
ly based on the evidence from the existing literature.
Rs363050, rs363039, and rs363043 are located in intron 1 of
SNAP25 gene, in a region spanning about 13.8 kb, and are
known to affect gene expression altering transcription factor
binding [15, 16]; rs3746544 and rs1051312 lie instead in the
3′UTR region, which is also involved in regulatory aspects of
gene expression.

Materials and Methods

Study Population

The study population included 412 consecutive patients with
sporadic PD (185 females and 227 males), and 1103 age-
matched healthy controls (HC) (626 females and 477 males)
recruited among relatives of PD patients (mostly patients’
spouses with no maternal relationship for at least four gener-
ations). All patients enrolled in the study attended regular
follow-up appointments with neurologists trained in move-
ment disorders that evaluated their conditions and symptoms

over time to confirm PD diagnosis. A complete anamnesis
was collected to make sure that all the patients included in
the study suffered from sporadic and not familiar PD. All the
healthy controls were examined as well by neurologists that
excluded the presence of any movement disorder and in
particular PD. Subjects were recruited at three separate
institutions: the unit of Parkinson’s disease and movement
disorders of the IRCCS BC. Mondino^ of Pavia, the
Ospedale di Circolo and Fondazione Macchi in Varese, and
the Neurologic Rehabilitation Unit of the Don C. Gnocchi
Foundation, IRCCS in Milano. The Ethical Committees of
the three institutions approved the study; all the participants
gave informed consent. The following demographic and
clinical variables were recorded in a part of the patient group:
age, gender, age at onset of symptoms, current disability
measured by the UPDRS-ME (Unified Parkinson Disease
Rating Scale-Motor Examination), Hohen and Yahr stage
[17] during ON and OFF periods and Schwab and England
scale [18]. Cognitive performances were measured by the
MMSE (Mini-Mental State Examination) [19] evaluated in
ON phase. MMSE scores were age-, gender-, and education-
corrected from the raw scores. All PD patients were
undergoing dopaminergic treatment (levodopa and/or
dopamine agonist agent). The presence of motor fluctuations
was registered (Table 1).

Sample Collection and DNA Extraction

Whole blood was collected by venipuncture in EDTA-
containing vacutainer tubes (Becton Dickinson Co.,
Rutherford, NJ); genomic DNAwas extracted from peripheral
blood mononuclear cells (PBMC) using standard phenol/
chloroform procedure. DNA concentration for each sample
was determined by measuring the optical density at 260 nm
wavelengths using a spectrophotometer (SmartSpec Plus,
Bio-rad, Irvine, CA, USA). DNA samples were stored at −
20 °C until use.

SNAP25 rs363050, rs363039, rs363043, rs3746544,
and rs1051312 SNP Genotyping

Four out of five SNPs (rs363050, rs363039, rs363043, and
rs3746544) within SNAP25 gene were analyzed by allelic
discrimination real-time PCR using pre-designed TaqMan
probes (Thermofisher scientific, USA) (C_329097_10,
C_327976_10, C_2488346_10, and C_27494002_10 assays,
respectively). PCR consisted of a hot start at 95 °C for 10 min
followed by 40 cycles of 94 °C for 15 s and 60 °C for 1 min.
Fluorescence detection took place at 60 °C. Assays were per-
formed in 10-μl reactions, using TaqMan Genotyping Master
Mix on 96-well plates using a CFX96 instrument (Bio-Rad
Laboratories, USA). Control samples representing all possible
genotypes and a negative control were included in each
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reaction. Results were analyzed using the Bio-Rad CFX
Manager software (v. 3.1) (Bio-Rad Laboratories, USA).

Rs1051312 SNP genotypes were determined by restriction
fragment length polymorphism (PCR-RFLP) assays as previ-
ously described [20].

Statistical Analysis

The SPSS Software 24.0 (IBM) was used. Chi-square analysis
was employed to exclude any deviation of SNP genotype
distribution from Hardy-Weinberg equilibrium; p value was
> 0.05 both in cases and in controls. Chi-squared statistics as
appropriate were applied to 2 × N tables to compare case-
control differences of SNP distributions. The association of
each polymorphism with the disease was measured by the
OR and its 95% confidence interval (CI). Bonferroni correc-
tion for multiple tests (p) was applied by multiplying the p
value for the degrees of freedom (df) derived from the n-1
number of genotypes or alleles analyzed. P value Yate’s
corrected (p) was calculated in 2 × 2 contingency tables. The
co-segregation analysis was done using the SHEsisPlus soft-
ware freely available at http://shesisplus.bio-x.cn/SHEsis.
html. Age at onset and corrected MMSE evaluated in ON
phase variable were not normally distributed after
Kolmogorov-Smirnov and Shapiro-Wilk tests; mean ranks
were calculated and Kruskal-Wallis test was applied for cor-
relations with SNPs.

Results

Rs363050, rs363039, rs363043, rs3746544, and rs1051312
SNAP25 SNPs were analyzed in a cohort of 412 Italian spo-
radic PD patients; results were compared to those obtained in
1103 HC of the same geographic origin.

Allelic and genotypic frequencies of the 5 SNPs were in
Hardy-Weinberg equilibrium (p > 0.05) in the two groups of
subjects. Haplotype analysis of SNAP25 SNPs revealed a
linkage disequilibrium between rs363050, rs363039, and
rs363043 and between rs3746544 and rs1051312 (Fig. 1).

No differences between the genotypic and allelic distribu-
tions of rs363050, rs363039, rs363043, and rs3746544 SNPs
were detected between PD and HC (Table 2). On the other
hand, SNAP25 rs1051312 genotypes resulted to be differently
distributed in PD patients and HC (p = 0.02, pc = 0.04). In
particular, the CC genotype resulted to be a Bprotective^ factor
against PD onset as it was present in 7.4% of HC and only in
3.6% of patients (p = 0.005, pc = 0.01, OR(95%CI) =
0.47(0.26–0.81)). Notably, allelic distribution of the
rs1051312 SNP was significantly skewed as well in PD

Table 1 Demographical and
clinical features of the study
population

PD patients HC subjects p value

Male/female 227/185 477/626 p < 0.0001

Age, mean ± SD (years) 69.40 ± 8.94 67.61 ± 9.68 p = 0.078

Age at onset, mean ± SD (years) 61.5 ± 10.00 – –

MMSE score (mean ± SD) 27.08 ± 3.10 – –

UPDRS-ME score ON phase (mean ± SD) 18.9 ± 10.01 – –

UPDRS-ME score OFF phase 34.9 ± 12.7 – –

Hoehn-Yahr scale [17] ON phase (mean ± SD) Stage 1: 18.3% – –

Stage 2: 54.5% – –

Stage 3: 20.5% – –

Stage 4: 5.8% – –

Schwab and England scale [18] (mean ± SD) 76.6 ± 25.5 – –

Presence of motor fluctuations 54.6% – –

SD standard deviation

Fig. 1 LD pattern (D′) for the five SNPs within the SNAP25 gene on
chromosome 20 p12-p11.2
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compared to HC (p = 0.02, OR(95%CI) = 0.80(0.66–0.97 for
C allele)) (Table 2).

When PD patients and HC were stratified according to
gender, the differences in rs1051312 genotypes’ distributions
were confirmed inmales alone (p = 0.006, pc = 0.01). Notably,
the SNAP25 rs1051312 CC genotype was confirmed as
Bprotective^, being present in 7.3% of males HC and only in
2.2% of male PD patients (p = 0.004, pc = 0.008,
OR(95%CI) = 0.28(0.10–0.70)). On the contrary, the opposite

TT genotype resulted to be a risk factor for PD onset in males
as it was present in 62.1% of PD patients and in 52.8% of HC
subjects (p = 0.02, pc = 0.04, OR(95%CI) = 1.46(1.06–2.03)).

Allelic distribution was significantly different in PD com-
pared to HC males as well (p = 0.003), with the C allele
resulting in a protective effect (OR = 0.67 95%CI: 0.51–
0.88), and, conversely, the T allele being a risk factor for PD
(OR = 1.49 95%CI = 1.14–1.96) (Table 3). No differences
were evident between PD and HC in the genotypic and allelic

Table 2 SNAP25 rs363050,
rs363039, rs363043, rs3746544,
and rs1051312 genotype and
allele distributions in Parkinson’s
disease (PD) patients and healthy
controls (HC). Rs105132 CC
genotype (p = 0.01, OR = 0.47
95%CI:0.26-0.81) and C allele
(p = 0.02, OR = 0.80
95%CI:0.66–0.97) resulted to be
Bprotective^ factors against PD
onset

PD patients, N (%) HC subjects, N (%) p value, OR (95% CI)

rs363050
Genotype
AA 141 (34.2) 390 (35.4)
AG 202 (49.0) 548 (49.7)
GG 69 (16.7) 165 (15.0)
Total 412 1103 0.69
Allele
A 484 (58.7) 1328 (60.2)
G 340 (41.3) 878 (39.8)
Total 824 2206 0.49, 1.06 (0.90–1.25)

rs363039
Genotype
AA 60 (14.6) 120 (10.9)
AG 182 (44.2) 511 (46.3)
GG 170 (41.3) 472 (42.8)
Total 412 1103 0.14
Allele
A 302 (36.7) 751 (34.0)
G 522 (63.3) 1455 (66.0)
Total 824 2206 0.18, 1.12 (0.94–1.32)

rs363043
Genotype
CC 197 (47.8) 532 (48.2)
CT 180 (43.7) 452 (41.0)
TT 35 (8.5) 119 (10.8)
Total 412 1103 0.35
Allele
C 574 (69.7) 1516 (68.7)
T 250 (30.3) 690 (31.3)
Total 824 2206 0.65, 0.96 (0.80–1.14)

rs3746544
Genotype
GG 47 (11.4) 142 (12.9)
GT 222 (53.9) 524 (47.5)
TT 143 (34.7) 437 (39.6)
Total 412 1103 0.09
Allele
G 316 (38.3) 808 (36.6)
T 508 (61.6) 1398 (63.4)
Total 824 2206 0.38, 1.08 (0.91–1.30)

rs1051312
Genotype
CC 15 (3.6) 82 (7.4) 0.005, 0.01a, 0.47(0.26–0.81)
CT 156 (37.9) 424 (38.4) 0.84, 0.98(0.77–1.23)
TT 241 (58.5) 597 (54.1) 0.13, 1.19(0.95–1.5)
Total 412 1103 0.02, 0.04a

Allele
C 186 (22.6) 588 (26.7) 0.02, 0.80 (0.66–0.97)
T 638 (77.4) 1618 (73.3) 0.02, 1.25 (1.03–1.51)
Total 824 2206

a p corrected for 2 degrees of freedom
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frequencies of the other SNAP25 polymorphisms (rs363050,
rs363039, rs363043, and rs3746544) even when data were
stratified according to gender.

Multinomial logistic regression analyses were performed
next, considering the phenotype (PD or HC) as the dependent
variable and gender and all the five SNAP25 SNPs as covari-
ates. As expected, a significant difference of gender between PD
andHC (p < 0.0001) emerged, this is due to the fact that twice as
many men than women suffer from PD [21]. Regression’s re-
sults confirmed a role for rs1051312 SNP in PD pathogenesis,
in particular rs1051312 CC genotype resulted once again
Bprotective^ (p = 0.017, OR = 0.48, 95%CI = 0.26–0.87).

Co-segregation analyses of SNAP25 gene SNPs with the
SHEsisPlus software (http://shesisplus.bio-x.cn/SHEsis.html)
were performed next. Results showed a difference in
rs3746544-rs1051312 haplotype distribution, and in particular
in the T-C haplotype, between PD and HC males (p = 0.01);
the Bprotective^ OR (OR = 0.67, 95%CI: (0.51–0.88)) never-
theless did not differ from the one conferred by rs1051312 C
allele alone (OR = 0.67 95%CI:0.51–0.88) (Table 4). The ma-
jor difference in haplotype distributions between PD and HC
males emerged instead for the rs363043-rs3746544-
rs1051312 SNPs haplotypes (p = 0.01) (Table 5). In particular,
we detected a cumulative protective effect given by the co-
presence of the rs363043 C-rs3746544 T-rs1051312 C alleles
(C-T-C haplotype), a haplotype that was significantly more
present in HC than in PD males (p = 3.3 × 10−4, OR = 0.47,
95%CI = 0.31–0.72). Thus, the C-T-C haplotype was ob-
served to confer a stronger protective effect against PD onset
than the one given by the rs1051312 C allele alone or by the
rs3746544 T-rs1051312 C haplotype (Tables 4 and 5). Again,
no differences emerged when female HC and PD patients
were analyzed.

Possible correlations between SNAP25 SNPs and some
PD clinical features, in particular: age at onset, corrected
MMSE, and the presence of fluctuations and of hallucina-
tions were finally analyzed. Age at disease onset was avail-
able for 355 patients and was not normally distributed
(p < 0.0001). Notably, rs363039 was significantly associat-
ed with PD age at onset, with the AA genotype being as-
sociated with a lower age at onset and, on the contrary, the
GG genotype being associated with a higher age at onset
passing through the intermediate values of the heterozy-
gous (AG) subjects (p = 0.02). MMSE scores were avail-
able for 283 patients (151 males) and were also not nor-
mally distributed (p < 0.0001). None of SNAP25 SNPs re-
sulted to influence MMSE scores in the overall group of
PD patients; nevertheless, gender stratification once again
showed a role for rs363039. In particular, in males, the
rs363039 GG genotype was associated with a lower
MMSE score and, on the contrary, AA genotype correlated
with a better MMSE score passing through the intermedi-
ate values of the heterozygous (AG) patients (p = 0.01)
(Table 6) in male PD patients. Finally, SNAP25 SNPs were
not associated with either fluctuations or hallucinations.

Discussion

We analyzed five SNPs (rs363050, rs363039, rs363043,
rs3746544, and rs1051312) of SNAP25 gene in order to eval-
uate their possible involvement in sporadic PD onset risk.
These SNAP25 SNPs were selected because of their involve-
ment in distinct neuropsychiatric and neurological disorders
both of the childhood (autism and ADHD) [9, 10] and of the
adulthood (schizophrenia, ALS, and AD) [11–13] and because

Table 3 SNAP25 rs1051312 genotypes and allele distribution in
Parkinson’s disease (PD) patients and healthy controls (HC) stratified
according to gender; both CC genotype (p = 0.008, OR = 0.28

95%CI:0.10-0.70) and C allele (p = 0.003, OR = 0.67 95%CI:0.51–
0.88) resulted to be Bprotective^ factors against PD onset in males

rs1051312

Males Females

PD N (%) HC N (%) P value, OR (95% CI) PD N (%) HC N (%) P value

Genotype

CC 5 (2.2) 35 (7.3) 0.004, 0.008a 0.28 (0.10–0.70) 10 (5.4) 47 (7.5)

CT 81 (35.7) 190 (39.8) 0.29, 0.84 (0.60–1.16) 75 (40.5) 234 (37.4)

TT 141 (62.1) 252 (52.8) 0.02, 0.04a 1.46 (1.06–2.03) 100 (54.1) 345 (55.1)

Total 227 477 0.006, 0.01a 185 626 0.52

Allele

C 91 (20.0) 260 (27.3) 0.003, 0.67 (0.51–0.88) 95 (25.7) 328 (26.2)

T 363 (80.0) 694 (72.7) 0.003, 1.49 (1.14–1.96) 275 (74.3) 924 (73.8)

Total 454 954 370 1252 0.85

a p corrected for 2 degrees of freedom
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they can influence the regulation of SNAP25 synthesis [15,
16]. Because (1) PD is a α-synucleinopathy, characterized by
the presence of neurotoxic Lewy bodies (LBs) which are com-
posed of α-syn aggregates [22], (2) α-syn influences SNARE-
dependent membrane fusion by reducing vesicle docking
in vitro [23], and (3) SNAP25 is one of the SNARE complex
components, it seemed possible that SNAP25 polymorphisms
could be associated with PD. Notably, this possibility was
reinforced by recent results showing that SNAP25 concentra-
tion is increased in the cerebrospinal fluid of PD patients and
such increase is related to cognitive and motor symptom se-
verity and, on the other hand, post-mortem brain analyses
indicated that presynaptic (including SNAP25) and postsyn-
aptic proteins are depleted in PD dementia [24].

Results herein show that both SNAP25 rs1051312 C allele
and CC genotype confer protection against PD onset in the
investigated cohort. Result gained power when PD patients
were stratified by gender, with a major effect being observed
in males.

The rs1051312 and the rs3746544 SNPs are located in the
3′UTR region of SNAP25 gene: they result to be in linkage
disequilibrium; in silico simulation analyses suggest that
rs1051312 and rs3746544 are miRSNPs, thus they can alter
specific miRNAs binding sites and, as a consequence,
SNAP25 gene expression [25]. Functional SNPs occurring
in miRNA sequences or in binding sites of miRNA are report-
ed to be associated with susceptibility to various diseases [26].
In particular, in PD, a research identified numerous miRNA-

Table 5 Haplotypes’ distribution of SNAP25 rs363043, rs3746544,
and rs1051312 SNPs in PD patients and healthy controls. Haplotype
frequencies are reported, split up according to gender of subjects. The
rs363043 C-rs3746544 T-rs1051312 C haplotype confer a stronger

protective effect against PD onset in males (p = 3.3x10-4, OR = 0.47
95%CI:0.31–0.72) than the one given by the rs1051312 C allele alone
or by the rs3746544 T-rs1051312 C haplotype

Male subjects (227 PD and 477 HC)

Haplotype of rs363043, rs3746544, rs1051312 SNPs PD (freq) HC (freq) Chi2 Pearson’s p value OR (95% CI)

C-G-T 0.330 0.316 0.27 0.60 1.07 (0.84–1.35)

C-T-C 0.066 0.129 12.89 3.3 × 10−4 0.47 (0.31–0.72)

C-T-T 0.275 0.251 0.90 0.34 1.13 (0.88–1.46)

T-T-T 0.132 0.103 2.47 0.12 1.32 (0.93–1.85)

T-T-C 0.132 0.139 0.14 0.71 0.94 (0.68–1.30)

T-G-T 0.061 0.055 0.21 0.64 1.12 (0.70–1.79)

Global Chi2 = 14.84; Pearson’s p = 0.01

Female subjects (185 PD and 626 HC)

C-G-T 0.327 0.300 0.96 0.33 1.13 (0.88–1.45)

C-T-C 0.145 0.119 1.77 0.18 1.26 (0.90–1.76)

C-T-T 0.248 0.257 0.11 0.74 0.96 (0.73–1.25)

T-T-T 0.127 0.122 0.03 0.87 1.03 (0.73–1.46)

T-T-C 0.108 0.139 0.12 0.11 0.75 (0.52–1.07)

T-G-T 0.040 0.056 1.49 0.22 0.70 (0.40–1.24)

Global Chi2 = 5.89; Pearson’s p = 0.32

Table 4 Haplotypes’ distribution of SNAP25 rs3746544 and
rs1051312 SNPs in PD patients and healthy controls. Haplotype
frequencies are reported, split up according to gender of subjects.

Rs3746544 T-rs1051312 C resulted to be Bprotective^ in males (p =
0.003, OR = 0.67 95%CI:0.51–0.88), total haplotipe distribution (p =
0.01, Pearson’s p value)

Male subjects (227 PD and 477 HC)

Haplotype of rs3746544, rs1051312 SNPs PD (freq) HC (freq) Chi2 Pearson’s p value OR (95% CI)

G-T 0.392 0.372 0.52 0.47 1.09 (0.86–1.37)

T-C 0.198 0.269 8.39 0.003 0.67 (0.51–0.88)

T-T 0.407 0.355 3.58 0.06 1.24 (0.99–1.57)

Global Chi2 = 8.886; Pearson’s p value = 0.01

Female subjects (185 PD and 626 HC)

G-T 0.367 0.357 0.14 0.71 1.05 (0.82–1.33)

T-C 0.375 0.380 0.03 0.85 0.98 (0.77–1.24)

T-T 0.254 0.259 0.05 0.83 0.97 (0.74–1.27)

Global Chi2 = 0.143; Pearson’s p value = 0.93
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binding site variants associated with the disorder [27].
Particularly, rs1051312 and rs3746544 are believed to influ-
ence the function of miR-510 and miR-641 molecules and
both rs1051312 and rs3746544 are included in the sequence
of miR-641 binding site. The interaction of miR-510 and the
3′UTR of SNAP25 d is instead influenced by rs1051312 alone
(Fig. 2). Hence, both rs1051312 and rs3745544 might con-
tribute to regulate SNAP25 synthesis. For these reasons we
conducted co-segregation analyses of the five SNAP25 SNPs
selected for this study. Results evidenced that BC-T-C
haplotype^ (co-presence of rs363043 C, rs3746544 T, and
rs1051312 C alleles) confers protection against PD onset in
male subjects, a protection stronger than the one conferred by
rs1051312 C allele alone or by BT-C haplotype^ (co-presence
of rs3746544 T and rs1051312 C alleles).

Rs363043, rs363050, and rs363039 are located in intron 1;
they all produce transcription factor binding site (TFBS)
changes (gain/loss of TFBS) [15]; therefore, the BC-T-C
haplotype^ might contribute to modulate SNAP25 synthesis
by miRNAs and transcription factors’ binding. Analyses of
possible correlations between SNAP25 SNPs and PD clinical
features reinforced the hypothesis that these SNPs do play a
role in the disease. Thus, the rs363039 SNP modulated age at
onset with a negative effect (lower age at onset) given by AA
genotype. The GG genotype, on the contrary, correlated with a
higher age at onset with an intermediate effect of the hetero-
zygous genotype AG. Importantly, the same SNAP25
rs363039 SNP influenced MMSE scores as well in male

patients alone. In this case, the AA genotype was Bpositive^
conferring a higher MMSE, whereas the GG genotype was
correlated with lower MMSE. Also, in this case, the hetero-
zygous genotype AG resulted in intermediate MMSE scores.
Rs36039 is located in intron 1 of the SNAP25 gene and has
been previously associated with both cognitive performance
and structural maturation of gray matter in healthy children
[28]. In particular, individuals homozygous for the A allele
showed increased cognitive performances. Rs363039 SNP
along with other polymorphisms on the SNAP25 gene has
also been previously associated with intelligence within a nor-
mal population of Dutch children, adolescents, and adults
[15]. These analyses, however, showed that the rs363039 G
allele was associated with higher Wechsler Intelligence Scale
verbal and performance subtests scores [15]. Our results are
pointing in the opposite direction as those of Gosso et al. but
confirm findings by Soderqvist et al. [28]. Within this context,
it seems important to underline that: (1) the rs363039 A, to-
gether with the rs363050 G allele, was shown to predict im-
provements in behavioral parameters after a multidimensional
rehabilitative approach in AD patients [13]; and (2) the
rs363050 A and rs363043 T alleles, which segregate together
with rs363039 G allele because of their l inkage
disequilibrium, correlate with impaired cognitive scores and
functional MRI parameters in AD [29].

A limitation of this study is the size of the PD cohort; thus,
a replication in a larger and independent cohort, which will
also need to be more balanced in terms of gender, is needed to

Fig. 2 Representation of the
putative effect of SNAP25
rs3746544 and rs1051312 SNPs
on miRNA binding. The four
panels show the four haplotypes,
the allelic variants of the SNPs are
shown by the white letters in
black circles in the sequence of
SNAP25 3′ UTR. Shifted circles
of the miRNAs depict the
mismatches

Table 6 Distribution of rs363039 SNP of SNAP-25 gene genotypes in
PD patients. Kruskal-Wallis test for age at onset and corrected MMSE
scores (not normally distributed) are shown. Rs36039 AA genotype is

associated with a lower age at onset; rs36039 AA genotype is also
associated with a higher MMSE score in males

rs36039 genotype (N)

Clinical feature AA (N) AG (N) GG (N) p value

Age at onset, mean rank 139.92 (45) 180.91 (169) 186.66 (141) 0.02

MSSE in male PD patients, mean rank 100.70 (15) 79.33 (77) 65.37 (59) 0.01

N number of patients
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confirm the possibility that SNAP25 SNPs play a role in the
pathogenesis of PD. Additionally, in future studies, it will be
interesting to evaluate if there is a relationship between
SNAP25 SNPs, the efficacy of the levodopa or dopamine
agonist therapy and tobacco smoking as nicotine has been
reported to modulate dopamine release [30].
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