
Contents lists available at ScienceDirect

Parkinsonism and Related Disorders

journal homepage: www.elsevier.com/locate/parkreldis

Salivary alpha-synuclein in the diagnosis of Parkinson's disease and
Progressive Supranuclear Palsy

Giorgio Vivacquaa,b, Antonio Suppaa,c, Romina Mancinellib, Daniele Belvisic, Andrea Fabbrinia,
Matteo Costanzoa, Alessandra Formicaa,c, Paolo Onorib, Giovanni Fabbrinia,c,
Alfredo Berardellia,c,∗

a Department of Human Neurosciences, “Sapienza” University of Rome, V.le delle Università 30, 00185, Rome, Italy
bDepartment of Anatomic, Histologic, Forensic Medicine and Orthopedics Sciences, “Sapienza” University of Rome, via A. Borelli 50, 00161, Rome, Italy
c IRCCS NEUROMED, Via Atinense 18, 86077, Pozzilli, IS, Italy

A R T I C L E I N F O

Keywords:
Alpha-synuclein
Biomarkers
Parkinson's disease
Saliva
Progressive Supranuclear Palsy

A B S T R A C T

Introduction: Alpha-synuclein (α-syn) aggregation is the pathological hallmark of Parkinson's Disease (PD). In
this study, we measured α-syn total (α-syntotal), oligomeric α-syn (α-synolig) and α-synolig/α-syntotal ratio in the
saliva of patients affected by PD and in age and sex-matched healthy subjects. We also compared salivary α-
syntotal measured in PD with those detected in Progressive Supranuclear Palsy (PSP), in order to assess whether
salivary α-syn can be used as a biomarker for PD and for the differential diagnosis between PD and PSP.
Methods: We studied 100 PD patients, 20 patients affected by PSP and 80 age- and sex-matched healthy subjects.
ELISA analysis was performed using two commercial ELISA platforms and a specific ELISA assay for α-syn
aggregates.
Results: We detected lower α-syntotal and higher α-synolig in PD than in healthy subjects. Conversely in PSP
salivary α-syntotal concentration was comparable to that measured in healthy subjects. Receiver Operating
Characteristic analyses revealed specific cut-off values able to differentiate PD patients from healthy subjects and
PSP patients with high sensitivity and specificity. However, there was no significant correlation between clinical
and molecular data.
Conclusion: Salivary α-syn detection could be a promising and easily accessible biomarker for PD and for the
differential diagnosis between PD and PSP.

1. Introduction

The diagnosis of Parkinson's Disease (PD) is based on clinical cri-
teria, whose accuracy may be limited, particularly in the early stages of
the disease or in the differential diagnosis between PD and atypical
parkinsonisms. A validated biomarker would strongly help to correlate
neurodegeneration with clinical features and to distinguish PD from
atypical parkinsonisms.

Alpha-synuclein (α-syn) is a 140-amino acid protein, richly ex-
pressed in the central nervous system [1]. In physiological conditions,
α-syn is prevalently expressed in a monomeric form (α-synmon) and it is
localized in pre-synaptic vesicles and cellular nuclei [1,2]. PD is char-
acterized by α-syn misfolding, which leads to the formation of α-syn

oligomers (α-synolig) [3], Lewy bodies and Lewy neurites [4]. In PD, α-
synolig, are responsible for α-syn neurotoxicity [3] and neuropatholo-
gical progression [5].

α-Syn can be detected in different biological fluids, including cer-
ebro-spinal fluid (CSF) and saliva [6–12]. Saliva is particularly easy to
collect by means of non-invasive procedures and it is poorly affected by
blood contamination [13]. Neuropathological studies demonstrated the
presence of α-syn pathology in the small fibers innervating salivary
glands [14]. Reduced α-syn total (α-syntotal) concentration [9–12] and,
more recently, increased salivary α-synolig concentration [11,12] has
been reported in the saliva of patients with PD. Hence, detection of α-
syn in saliva represents a current promising research and clinical
challenge.
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In this study, we investigated salivary α-syntotal and α-synolig in a
cohort of 100 PD patients and 80 HS using the ELISA methods described
previously [11]. Moreover, in a subgroup of 20 PD patients and 20 HS,
we further validated the measurement of α-synolig by comparing two
different ELISA methods specifically designed to detect α-syn ag-
gregates [7]. We also compared salivary α-syntotal in PD patients and in
a cohort of 20 patients with a clinical diagnosis of probable Progressive
Supranuclear Palsy (PSP), a neurodegenerative disease clinically pre-
senting with parkinsonism, but pathologically characterized by tau
deposition [15]. We calculated sensitivity, specificity, positive and ne-
gative likelihood ratio (pLR, nLR) of the diagnostic test and its perfor-
mance by means of the Receiver Operating Characteristic (ROC) ana-
lysis, to differentiate PD patients from HS and from PSP patients. Lastly,
we assessed the possible correlations between clinical and molecular
data in patients with PD and PSP.

2. Materials and methods

2.1. Participants

A cohort of 112 patients with PD (59 males, 53 females) and 90 age-
and sex-matched healthy subjects (HS) (53 males, 37 females) were
recruited in 20 consecutive series of outpatient clinical session from
November 2016 until May 2017, at the Movement Disorders outpatient
clinic of the Department of Human Neurosciences, “Sapienza”
University of Rome, Italy. Twenty-two patients with a diagnosis of
probable PSP (12 males, 10 females) were also recruited in 5 con-
secutive series from February 2017 until March 2017 (Supplementary
Table 1).

The diagnosis of PD was based on the Queen Square Brain Bank
Criteria [16], while the diagnosis of probable PSP was based on the
criteria of the Movement Disorders Society (MDS) [17]. A complete
neurological examination was performed to each patient. The clinical
data collected included: duration and stage of the disease, as scored
with the Hoehn &Yahr scale (H&Y); severity of the disease, as assessed
with the MDS-Unified Parkinson's Disease Rating Scale (MDS-UPDRS);
cognitive impairment, as assessed with the Montreal Cognitive Assess-
ment (MoCA) and the Frontal Assessment Battery (FAB). For patients
affected by PSP, disease severity was evaluated by the PSP Rating Scale
(PSPRS). Current pharmacological treatment was assessed and calcu-
lated for each patient as the L-dopa equivalent daily doses (LEDDs) for
each drug [18]. Participants affected by cardiovascular and cere-
brovascular diseases, chronic systemic diseases, hematological and
solid neoplasms were excluded from the study, as were subjects affected
by salivary gland and oral cavity pathologies.

All patients and HS gave their written informed consent to the
study, during the first clinical evaluation. The study has previously
received ethical approval by the Institutional Review Board of the
“Sapienza” University of Rome in accordance to the Declaration of
Helsinki.

2.2. Sample collection

Samples collection was performed according to previous studies
[9–12]. We collected a minimum quantity of 1ml of saliva from each
subject. At the time of collection, subjects had fasted for 60min, had
not smoked in the preceding 4 h and had not drunk alcohol in the
previous 12 h. Saliva was collected by drool into a 50ml vial, which
was immediately placed on ice in order to block proteolytic activity.
Samples were then centrifuged for 10 min at 10,000×g at 4 °C. After
centrifugation, each sample was treated with a protease inhibitor
cocktail (Sigma Aldrich, St. Luis, MO, USA, Cat #P2714), at a con-
centration of 1:10. Each sample was then aliquoted and stored at
−80 °C. Samples storage was performed at −80 °C in accordance with
previous studies suggesting the stability of α-syn aggregates at this
temperature [19].

2.3. ELISA analysis of samples

α-syntotal and α-synolig were assessed in saliva by enzyme im-
munoassay (ELISA). Before ELISA analysis, total protein concentration
was measured in each salivary sample, through BCA Protein Assay kit
(Thermofisher Scientific, UK) and each sample has been normalized in
order to ensure that equal amount of total salivary proteins was sub-
mitted to the ELISA analysis, thus avoiding any possible bias due to the
variation in salivary secretion rate. A final total protein concentration
of 4,5 μg/μl was reached in each sample. Normalized salivary samples
were further diluted 1:10 for the detection of α-syntotal and 1:2 for the
detection of α-synolig, respectively, in accordance with the datasheet of
the ELISA kits. We used the anti-alpha-Synuclein Quantitative ELISA Kit
(SensoLyte 55550) to determine α-syntotal. To determine α-synolig, we
used the Human α-syn sandwich oligomer ELISA Kit (MyBioSource,
MBS730762 - oligELISA1). Both ELISA kits were previously validated in
saliva in independent cohorts [10,11]. Each sample from both patients
and HS was analyzed in triplicate. The concentration of α-syntotal and α-
synolig was determined by spectrometric measurement at 450 nm in an
appropriate microplate reader (LT 4000, Labtech, Heathfield, UK).

2.4. ELISA analysis using anti α-syn 3D5 home-made monoclonal antibody
(oligELISA2)

In order to confirm the presence of α-synolig in saliva, we randomly
selected salivary samples from 20 PD and 20 age- and sex-matched HS
and we applied the ELISA method for α-syn aggregates previously de-
scribed by El Agnaf and colleagues [7]. This ELISA method is based on a
conventional sandwich system in which α-syn is captured by a highly
specific anti-α-syn monoclonal antibody (mAb) that recognizes the
epitope “D (E)-X-X-V-X-P-D (N)” on the C-terminal of α-syn (3D5)
[2,20]. Capture is followed by the detection of the same mAb using a
biotinylated form. Monomeric α-syn cannot emit any signal in this
assay because the capture mAb occupies the only antibody binding site
available on the protein. Only α-syn aggregates can be both captured
and detected because multiple mAb binding sites are available. Briefly,
α-synolig standards were generated by dissolving 1 mg of monomeric α-
syn in 500 μl 0.01M phosphate-buffered saline (PBS) at a concentration
of 140 μM (2 mg/ml) and then by incubating the mixture at 37 °C for
48 h with continuous shaking (650 rpm) on a Thermomixer Comfort
shaker. α-Synmon standards were generated by freshly dissolving 1 mg
of monomeric α-syn in 500 μl 0.01M PBS immediately before the ELISA
analysis. The ELISA analysis was performed using a plate (96 wells)
previously coated with 200 mg/L NaHCO3 buffer containing 1 μg/ml
anti-α-syn 3D5 antibody (200 μl each well, incubated at 37 C° for 2 h)
and then blocked with 10% BSA (200 μl each well, at 37 °C for 2 h).
Saliva samples were diluted 10 times using 0.01M PBS and 100 μl were
added to each well. Thereafter, we used anti α-syn 3D5 biotinylated
antibody diluted to 1 μg/ml in blocking buffer (2 h at 37 °C) to detect
the aggregates of α-syn previously captured by the same 3D5 antibody
coated to the wells. ExtrAvidin Alkaline Phosphatase diluted 1:5000 in
blocking buffer, followed by pNPP, was used to visualize the reaction.
Optical absorbance was detected at 405 nm.

2.5. Statistical analysis

Statistical analyses were performed using SPSS Statistics software,
version 23 (IBM Corporation, Armonk, NY, USA). The normality of the
variable distribution was assessed using the Shapiro-Wilk test. The
Mann-Whitney U test was used to compare salivary concentration levels
of α-syntotal and α-synolig as well as the α-synolig/α-syntotal ratio in PD
patients and HS, and to compare α-syntotal concentration in PD and PSP
patients. Different ROC analyses were performed to identify the optimal
diagnostic cut-off values for salivary α-syntotal, α-synolig and the α-sy-
nolig/α-syntotal ratio in discriminating PD patients from HS, as well as
PD patients from PSP patients or PSP patients from HS. Cut-off values

G. Vivacqua, et al. Parkinsonism and Related Disorders 63 (2019) 143–148

144



were calculated as the point of the curves with the highest Youden's
Index (sensitivity + specificity −1) to maximize the sensitivity and
specificity of the diagnostic tests. pLR and nLR were also calculated.
The Spearman-Rank correlation coefficient was used to assess any
correlation between salivary α-syn and the clinical scores of PD and PSP
patients. To further evaluate the possible relationship between salivary
α-syn and PD clinical features we used a between-group ANOVA
comparing total and oligomeric α-syn in PD patients with MDS-UPDRS
scores lower and higher than the median MDS-UPDRS score. The level
of statistical significance was set at p < 0.05.

3. Results

Detailed clinical scores are reported in Supplementary Table S1.
Twelve PD patients and two PSP patients initially enrolled were ex-
cluded from the study due to the presence of severe cognitive impair-
ment (MOCA score lower than 18 or FAB score lower than 12) or blood
contamination of the salivary sample (hemoglobin values higher than
200 ng/ml) [21]. Ten HS enrolled initially in the study were also ex-
cluded for blood contamination [21].

The Mann-Whitney U test revealed significantly lower α-syntotal
levels in the saliva of patients with PD than in that of HS (p < 0.05,
Fig. 1A – Table 1). The Mann-Whitney U test also showed that α-synolig
was significantly higher in the saliva of patients with PD than in that of
HS (p < 0.05, Fig. 1A–Table 1). Accordingly, the α-synolig/α-syntotal
ratio was significantly higher in patients with PD than in HS (p < 0.05,
Fig. 1A–Table 1). In a sub-cohort of 20 PD patients and 20 HS, we
validated the presence of α-synolig detected using the commercial ELISA
kit (oligELISA1) with the ELISA platform specifically designed for α-syn
aggregates (oligELISA2) [7]. The Mann-Whitney U test revealed

significantly different concentrations of α-synolig in PD patients and HS
using both oligELISA1 (p < 0.05 – Fig. 1B) and oligELISA2 (p < 0.05 –
Fig. 1B). The mean concentrations of α-synolig were 0.993 ± 1.071 ng/
ml in PD patients and 0.289 ± 0.188 ng/ml in HS when the oligELISA1
was used, and 1.18 ± 0.87 ng/ml in PD patients and
0.426 ± 0.353 ng/ml in HS when the oligELISA2 was used. When
comparing PD patients and HS, ROC analyses identified optimal diag-
nostic cut-off values for salivary α-syntotal, α-synolig and the α-synolig/α-
syntotal ratio of 8.066 pg/ml (Y.I. = 0.5894), 0.215 ng/ml
(Y.I. = 0.4085) and 0.025 (Y.I.= 0.6493), respectively. Using these
cut-off values, the sensitivity and the specificity of the molecular tests
were 67.44% and 91.04% for α-syntotal (Fig. 1C – Table 1), 56.98% and
83.87% for α-synolig (Fig. 1C – Table 1), and 69.77% and 95.16% for
the α-synolig/α-syntotal ratio (Fig. 1C–Table 1).

The Mann-Whitney U test detected significantly higher α-syntotal
levels in patients affected by possible PSP than in patients affected by
PD (p < 0.05, Fig. 2A - Table 1). By contrast, the Mann-Whitney U test
did not detect any significant difference between the levels of α-syntotal
in the saliva of patients with PSP compared to the saliva of HS
(p > 0.05, Fig. 2A–Table 1). ROC analysis identified an optimal diag-
nostic cut-off value of 18.058 pg/ml (Y.I.= 1) for salivary α-syntotal in
differentiating PD patients from PSP patients. Using these cut-off va-
lues, the sensitivity and the specificity of salivary α-syntotal were re-
spectively 100% and 96.51% (Fig. 2B–Table 1).

Differentially to our previous study [11], Spearman-Rank correla-
tion coefficient did not detect any significant correlation between α-
syntotal, α-synolig, or the α-synolig/α-syntotal ratio and the H&Y, the
disease duration or the MDS-UPDRS in PD as well as in PSP patients.
Accordingly, the between-group ANOVA did not show any significant
effect of the factor “group” when we compared oligomeric (F= 39.23,

Fig. 1. Salivary α-syn in healthy subjects (HS) and Parkinson's disease (PD) patients. Box and whiskers plots show alpha-synuclein total (Total α-syn), oligomeric
alpha-synuclein (oligomeric α-syn) and the oligomeric alpha-synuclein/total alpha-synuclein ratio (olig α-syn/total α-syn ratio) in the saliva of PD patients and HS
(panel A). Data points represent the distribution of HS and PD patients for each biochemical parameter measured. In order to confirm the presence of α-syn oligomers
in saliva, salivary oligomeric α-syn, was measured comparing two different ELISA methods: oligELISA1 andoligELISA2 (panel B). Each histogram corresponds to the
mean concentration of oligomeric a-syn in the saliva of HS and PD patients. Vertical bars denote standard deviation. Receiver Operating Characteristic (ROC) analysis
(panel C) showing sensitivity and specificity of salivary Total α-syn, oligomeric α-syn and the olig α-syn/total α-syn ratio used to differentiate patients affected by PD
and HS.
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p=0.99) and total α-syn (F= 39.32, p= 0.06) in the group of PD
patients with MDS-UPDRS scores lower than the median value with
those who had a MDS-UPDRS score higher than the median value.

4. Discussion

In this study, we show that salivary α-syntotal is significantly lower
in patients with PD than in HS. By contrast, salivary α-synolig, as well as
the α-synolig/α-syntotal ratio are both significantly higher in PD patients
than in HS. The two oligELISA methods used in a subgroup of PD pa-
tients and HS confirmed higher salivary concentration of α-syn ag-
gregates in PD patients compared to HS. Furthermore, we report, for the
first time, that salivary α-syntotal is significantly higher in PSP patients
compared with PD patients. Lastly, using the ROC analysis, we calcu-
lated the cut-off values able to differentiate PD patients from HS and
from PSP patients with highest sensitivity and specificity.

In our cohorts, patients with PD and PSP had varying degrees of
disease severity (H&Y stages I to IV in both PD and PSP patients) and
disease duration (range 1–23 years in PD patients and 1–4 years in PSP
patients). Any patient or HS affected by other systemic diseases was
excluded from the study. Blood contamination, which is known to affect
α-syn detection [21] was avoided. Salivary samples collection was
performed according to previous studies in saliva [10,11]. Temperature
of storage was set up at −80 °C, considering that α-syn aggregates are
temperature sensitive and in vitro aggregation occurs if samples are
stored at −20 °C [19]. Moreover, protease inhibition has been pre-
vented using a specific protease inhibition cocktail. We used two
commercial ELISA kits to detect α-syntotal and α-synolig (oligELISA1),
previously validated in independent cohorts of PD patients and HS
[10,11]. Moreover, to further validate the presence of α-syn aggregates
in saliva in a sub-cohort of 20 PD patients and 20 healthy subjects we
performed an independent experiment with an ELISA platform, specific
for α-syn aggregates (oligELISA2) [7].

In keeping with the results of our previous study [11], the ELISA
analysis showed that salivary α-syntotal is significantly lower in the
saliva of patients affected by PD than in HS. By contrast, when two
different ELISA methods were used to measure α-synolig (oligELISA1 and
oligELISA2), they both detected significantly higher concentrations of
salivary α-synolig in PD patients than in HS. Notwithstanding, it is im-
portant to note that the determination of α-syntotal through ELISA likely
underestimates the real total α-syn concentration in saliva. The un-
derestimation of total α-syn is likely due to the antibodies used in theTa

bl
e
1

Sa
liv

ar
y
α-
sy
n
co

nc
en

tr
at
io
ns

in
PD

pa
ti
en

ts
,P

SP
pa

ti
en

ts
an

d
H
ea
lt
hy

Su
bj
ec
ts
.P

er
fo
rm

an
ce

of
th
e
R
O
C
an

al
ys
is

in
di
ff
er
en

ti
at
in
g
PD

pa
ti
en

ts
fr
om

H
S
or

PS
P
pa

ti
en

ts
.

PD
pa

ti
en

ts
PS

P
pa

ti
en

ts
H
S

Se
ns
it
iv
it
y
PD

vs
H
S

Sp
ec
ifi
ci
ty

PD
vs

H
S

Po
si
ti
ve

Li
ke

lih
oo

d
ra
ti
o

PD
vs

H
S

N
eg

at
iv
e

Li
ke

lih
oo

d
ra
ti
o

PD
vs

H
S

Se
ns
it
iv
it
y
PD

vs
PS

P
Sp

ec
ifi
ci
ty

PD
vs

PS
P

Po
si
ti
ve

Li
ke

lih
oo

d
ra
ti
o

PD
vs

PS
A

N
eg

at
iv
e

Li
ke

lih
oo

d
ra
ti
o

PD
vs

PS
A

α-
sy
n t

ot
al

7.
10

4
±

5.
12

2
ρg
/m

l
29

.0
91

±
18

.6
77

ρg
/

m
l

28
.4
44

±
25

.8
77

ρg
/m

l
67

.4
4%

91
.0
4%

7.
53

0.
36

10
0%

96
.5
1%

28
.6
7

<
0.
00

1

α-
sy
n o

li
g

0.
89

3
±

1.
94

9
ng

/m
l

–
0.
21

7
±

0.
19

1
ng

/m
l

56
.9
8%

83
.8
7%

3.
53

0.
51

–
–

–
–

α-
sy
n o

li
g/
α-

sy
n t

ot
al

0.
23

5
±

0.
79

3
–

0.
01

26
±

0.
00

79
69

.7
7%

95
.1
6%

15
.5
8

0.
32

–
–

–
–

Sa
liv

ar
y
co

nc
en

tr
at
io
ns

of
α-
sy
n t

ot
al
(p
g/

m
l)
,
α-
sy
n o

li
g
(n
g/

m
l)

an
d
α-
sy
n o

li
g/
α-
sy
n t

ot
al
ra
ti
o,

ob
ta
in
ed

by
EL

IS
A

an
al
ys
is
,
in

pa
ti
en

ts
w
it
h
Pa

rk
in
so
n'
s
di
se
as
e
(P
D
),

in
he

al
th
y
su
bj
ec
ts

(H
S)

an
d
in

pa
ti
en

ts
aff

ec
te
d
by

Pr
og

re
ss
iv
e
Su

pr
an

uc
le
ar

Pa
ls
y
(P
SP

).
D
at
a
ar
e
ex
pr
es
se
d
as

m
ea
n
±

st
an

da
rd

de
vi
at
io
n.

Te
st

pe
rf
or
m
an

ce
of

R
ec
ei
vi
ng

O
pe

ra
ti
ng

C
ha

ra
ct
er
is
ti
c
(R

O
C
)
an

al
ys
is

in
di
ff
er
en

ti
at
in
g
PD

pa
ti
en

ts
fr
om

H
S
or

fr
om

PS
P

pa
ti
en

ts
,i
nc

lu
di
ng

:s
en

si
ti
vi
ty
,s

pe
ci
fi
ci
ty
,p

os
it
iv
e
an

d
ne

ga
ti
ve

lik
el
ih
oo

d
ra
ti
o.

Fig. 2. Salivary alpha-synuclein in patients with Parkinson's disease (PD),
Progressive Supranuclear Palsy (PSP) and in healthy subjects (panel A). Each
box and whiskers plot shows total alpha-synuclein (Total α-syn) in the saliva of
healthy subjects, patients with PD and PSP. Data points represent the dis-
tribution of healthy subjects, PD and PSP patients for the concentration of Total
α-syn in saliva. Receiving Operating Characteristic (ROC) analysis showing the
sensitivity and the specificity of Total α-syn in differentiating PD from PSP
(panel B).
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ELISA assay which are aimed at linear epitopes on the α-syn molecule,
thus detecting the unaggregated forms of the protein. The antibodies
used may fail to detect aggregated forms of α-syn, such as α-synolig,
suggesting that α-syntotal concentration largely estimates unaggregated
α-synmon in saliva.

The present study confirms the significant intra-cohort variability
for both α-syntotal and α-synolig concentrations, that we have reported in
our previous study, using the same ELISA method [11] and reveals an
inter-cohort variability in the concentrations of both α-syntotal and α-
synolig. Significant intra-cohort and inter-cohort variability in α-syntotal
and α-synolig concentrations in biological fluids has been reported in
previous studies on saliva and CSF [6–12] and should be considered a
major limitation for the ELISA-detection of α-syn. One possible ex-
planation for this marked variability may be the widespread hetero-
geneity of α-syn aggregates in PD patients [22]. These different strains
of α-syn aggregates have different biological properties [3] and display
different tridimensional conformations that may unpredictably affect
antigen-antibody binding [3,22]. This hypothesis is supported by the
ROC analysis indicating that higher α-synolig concentrations in saliva is
strongly specific to PD patients (specificity: 83.87%), however, the
sensitivity to recognize PD patients is lower (56.98%), due to the pos-
sible inability of a single antibody to detect the different strains of α-syn
aggregates. At the same way, a reduced concentration of α-syntotal in
saliva is highly specific to PD patients, however, the different strains of
α-synolig may present different aggregation properties on α-synmon [22],
thereby reducing the sensitivity of the salivary α-syntotal concentrations
(67.44%). Consequently, also the α-synolig/α-syntotal ratio discloses a
very high specificity (95.16%), but a lower sensitivity (69.77%) in
differentiating PD patients from HS. In accordance with the inter-cohort
variability, in our previous study, we found a significant correlation
between α-syntotal and various PD clinical scores [11]. In the present
study, we investigated possible correlations between α-syn and PD
clinical features by using two different statistical approaches, but we
failed to confirm the presence of any significant association between
salivary α-syn and specific clinical features of PD patients. The lack of
correlation may reflect the heterogeneity of α-syn oligomers in saliva.
We speculate that different molecular sub-classes of α-syn oligomers are
related to specific stages of PD and the ELISA method might be unable
to detect each of them, owing to different epitope presentation of α-syn
aggregates.

The reduced α-syntotal and the increased α-synolig in the saliva of PD
patients may be due to α-syn aggregation in the small autonomic fibers
innervating salivary glands [14]. The alteration in salivary α-syn in PD
may therefore be due to intracellular and axonal aggregation of the
protein [14] with a reduced paracrine secretion of α-synmon and in-
creased secretion of α-synolig in saliva [11,23]. This hypothesis is sup-
ported by a recent immunohistochemical study which detected reduced
α-syn and increased phosphorylated α-syn in the minor salivary glands
of PD patients compared with HS [24]. The authors reported that
phosphorylated α-syn is detectable in neuronal fibers but also in
glandular secretive cells, suggesting a possible co-contribution of neu-
ronal fibers and glandular cells in the secretion of α-syn in saliva.
Further histopathological investigations are needed to clarify the me-
chanisms of α-syn secretion in saliva. Furthermore, an altered turnover
of α-syn is likely in patients with PD [25], leading to the accumulation
of α-synolig at both the intracellular and extracellular levels.

A very important novel finding of this study is that salivary α-
syntotal concentration in patients with a clinical diagnosis of probable
PSP is significantly higher in comparison to PD patients, being similar
to that detected in HS. PSP is a severe neurodegenerative disorder
characterized by parkinsonism and additional motor and non-motor
signs [26]. In accordance with our data, previous studies have de-
monstrated that α-syn is significantly reduced in the CSF of PD patients
though not in that of PSP patients [27]. Moreover, skin biopsies have
shown α-syn pathology in skin fibers of PD patients though not in those
of patients affected by PSP [28]. PSP, indeed, is characterized by tau

deposition in different regions of the midbrain, basal ganglia and cer-
ebral cortex [26,29] and cross-aggregation between tau and α-syn is
likely to be only sporadically present [30].

From the clinical point of view, our ROC analysis detected a mod-
erate sensitivity of salivary α-syn in differentiating PD patients from
HS, but detected a very high specificity for both salivary α-syntotal and
α-synolig as well as for α-synolig/α-syntotal ratio, suggesting that salivary
α-syn could be a useful and easily accessible test to support diagnosis of
PD when the clinical diagnosis is uncertain. Moreover, the relatively
high values of pLR support the value of our tests in differentiating PD
patients from HS. Furthermore, our ROC analyses of salivary α-syntotal
in differentiating PD from PSP patients, revealed high sensitivity, high
specificity and high values of pLR, highlighting the potential applica-
tion of salivary α-synotal in the differential diagnosis between PD and
PSP.

The small size of the cohort of PSP patients, the lack of pathological
confirmation for the diagnosis of PSP and the fact that the study has
been conducted with a monocentric design represent – together with
intra-cohort and inter-cohort variability of the ELISA measurements –
some important limitations of this study. However, detection of α-syn in
saliva could represent a new promising and less invasive method for the
molecular diagnosis of PD and for the differentiation of PD from aty-
pical parkinsonisms, such as PSP. The variable molecular and ag-
gregation properties of α-syn require further investigations in order to
understand the biodynamic of α-syn aggregation in saliva and to design
a validated biological platform able to specifically detect the different
subtypes of α-syn aggregates, thus improving the reproducibility and
the clinical application of salivary α-syn.

In conclusion, in the present study we have demonstrated the pre-
sence of α-syn aggregates in saliva using two different biological
methods in a new large cohort of PD patients and healthy subjects. We
also report that salivary α-syn can differentiate PSP patients from PD
patients. The results suggest the possible application of salivary α-syn
as new biomarker in patients with PD. The present results need to be
confirmed in future multicenter longitudinal studies including large
cohorts of patients and healthy controls.
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