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A B S T R A C T

Introduction: Although non-motor symptoms are early and disabling features of PD, reliable predictors and ef-
fective therapies are not yet available. Measurement of CSF proteins mirroring brain pathology is currently
utilized for diagnostic and prognostic clustering of patients with neurodegenerative diseases but the association
with non-motor symptoms in PD has not been evaluated. Here we performed a cross-sectional correlation study,
aimed at identifying potential fluid biomarkers for non-motor symptoms in PD.
Methods: CSF levels of 42-amyloid-β, total and phosphorylated tau, α-synuclein and reciprocal ratios were
measured in a group of 46 PD patients compared to 37 gender/age-matched controls and correlated with
standard clinical scores for motor and non-motor features.
Results: We observed that α-synuclein levels were reduced in PD (p < 0.05, AUC=0.8; p < 0.05) and in-
versely correlated with non-motor symptoms scale total score and items 3 and 9, even independently from age,
disease duration, motor impairment severity and dopaminergic treatment (T=−2,9, p < 0.014; T=−3.6,
p < 0.05; item 9: T=−2.1, p < 0.05, respectively).
Conclusions: Our findings suggest that the reduction of CSF α-synuclein may parallel degeneration of non-do-
paminergic systems. Although confirmatory studies are necessary, CSF α-synuclein reduction might represent a
potential biomarker to monitor non-motor symptoms burden.

1. Introduction

In Parkinson's diseases (PD), the cardinal motor signs (MS), tremor,
rigidity and bradykinesia, are essentially related to the loss of dopa-
minergic neurons in Substantia Nigra pars compacta (SNpc), whereas the
heterogeneous spectrum of non-motor symptoms (NMS) appears to be
determined by diffuse neurodegenerative processes, involving multiple
neurotransmitter systems [1].

While treatments and biomarkers are currently available for MS,
NMS, although responsible for poor quality of life and severe disability
in patients, still lack effective therapies and reliable predictors [1].
Recently, different clinical and biochemical variables have been asso-
ciated to NMS progression [2]. However, to date, the available data are
still preliminary, thus highlighting the urgent need to identify potential
biomarkers, in order to detect and monitor the evolution of NMS in PD.

Quantitative analysis of neurodegeneration-related proteins within
CSF allows tracking pathological changes of the brain, supporting the

early differential diagnosis and, in some cases, the prognostic clustering
of patients with neurodegenerative diseases [3,4]. Indeed, the com-
prehension of pathogenic mechanisms underlying clinical features, to-
gether with the identification of related biomarkers, are of fundamental
importance to identify successful, personalized therapeutic approaches.

In this cross-sectional study, we hypothesized that widespread de-
generation underlying NMS might mirror in CSF proteomics. Therefore,
we evaluated, in a cohort of PD patients, the association between NMS
severity and a panel of CSF proteins, including α-synuclein (a-syn), 42-
amyloid-β peptide (Aβ42), total and 181-phosphorylated tau (t-tau and
p-tau) and reciprocal ratios, aimed at exploring their potential value as
NMS biomarkers.
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2. Methods

2.1. Subjects

The study was performed at Tor Vergata University Hospital (Rome,
Italy) and involved a total of 83 subjects, grouped in PD (n=46) and
control (CTL, n= 37). PD patients were diagnosed by using UK-PDSBB
diagnostic criteria and prospectively collected from 2015 to 2017 (DaT-
SPECT further supported clinical diagnosis in> 50% of patients). CTL
group included age/sex-matched subjects, with other non-neurode-
generative conditions (suspect of vascular or inflammatory diseases,
neuropathies or radiculopathies) without signs of motor and cognitive
impairment, receiving lumbar puncture (LP) for diagnostic purpose. In
agreement with previous studies [3], in order to improve diagnostic
accuracy, subjects showing values suggestive of Alzheimer's Disease
(AD) were excluded from the study (AD: Aβ42/p-tau < 6.4). For all
included subjects, demographic data and medical history were re-
corded. At the same time of CSF sampling, a movement disorder spe-
cialist assessed PD patients with the standard clinical scores for MS
(Unified Parkinson Disease Rating Scale part 2 and 3, UPDRS2-3), NMS
(Non Motor Symptoms Scale, NMSS, total and single item scores) and
cognition (Mini Mental State Examination MMSE, adjusted for age and
educational level); the personal levodopa equivalent daily dose (LEDD)
was finally calculated for each PD patient. Assessment was conducted
under the effects of habitual antiparkinsonian medication. LP and CSF
analysis were performed according with standard procedures, as pre-
viously described [3]. Samples with>4 cells or blood contamination
were preliminarily excluded from the study to avoid bias. All proce-
dures were conducted in agreement with the “good clinical practice”
indications and to either institutional/local ethical standards or ethical
principles of Helsinki declaration. Informed consent was obtained from
each participant included in the study.

2.2. Biomarkers assay

Levels of CSF biomarker t-tau, p-tau and Aβ42 were assessed by
utilizing commercially available sandwich enzyme-linked im-
munosorbent assays (ELISA), following standard procedures (Innotest,
Fujirebio). Level of a-syn was determined by using alpha-synuclein
ELISA kit (Covance). Benchmark Plus (Biorad) and Synergy HT (Biotek)
plate readers were used for analysis. Aβ42/p-tau, p-tau/t-tau, t-tau/a-
syn, p-tau/a-syn, t-tau/a-syn + Aβ42, p-tau/a-syn + Aβ42 ratios were
also calculated as described [5].

2.3. Statistical analysis

The distribution of collected variables was evaluated with the
Shapiro-Wilk test. Group differences in demographics and clinical
parameters were tested with parametric (one-way ANOVA) or non-
parametric tests (chi-square test, U-Mann-Whitney test), as appropriate.
Differences in CSF biomarkers levels were measured with one-way
MANOVA test, adjusting the model with the main covariates age and
gender. Differences in biomarkers ratios were finally tested with one-
way ANOVA analysis. ROC (receiver operating curve) analysis and cut-
off points calculation were performed to estimate diagnostic sensitivity
(Se) and specificity (Sp) values of biomarkers. Correlations between
demographic/clinical features and biomarkers were explored with
Spearman's test and successively confirmed through linear regression
analysis, also by using age, disease duration, motor impairment severity
(UPDRS 3 score) and LEDD as covariates. Power analysis for sample size
calculation was preliminary conducted by using published data.
Statistical significance was set at p < 0.05. Statistical analysis was
performed by using IBM-SPSS-22.

3. Results

Demographic and clinical data of the study population are sum-
marized in Table 1. The groups were homogeneous in age and gender
distribution. One-way MANOVA demonstrated significant difference in
CSF biomarkers between the groups [F(4,21]= 12.8, p < 0.0001;
Wilk's Λ=0.22, partial η2 = 0.78). PD exhibited both lower a-syn
(927.2 ± 378.5 pg/ml vs 1376.9 ± 358.5; p < 0.05) and t-tau levels
(140.5 ± 51.3 pg/ml vs 257.9 ± 52.3; p < 0.0001) compared to the
CTL group, independently from age and gender. One-way ANOVA
analysis revealed that p-tau/t-tau ratio was significantly higher in PD
than CTL (0.22 ± 0.08 vs 0.17 ± 0.05; p < 0.01), whereas t-tau/a-
syn + Aβ42 ratio was lower (0.09 ± 0.03 vs0.14 ± 0.03; p < 0.01).
Diagnostic accuracy was determined by the ROC curve analysis for
significantly different biomarkers. a-syn (AUC = 0.8; p < 0.05, 95%
CI 0.6–0.99), at the cut-off value of 1143 pg/ml showed 86% sensitivity
(Se) and 77% specificity (Sp). t-tau (AUC = 0.7; p < 0.005, 95% CI
0.6–0.8), at the cut-off value of 190 pg/ml showed 80% Se and 65% Sp.
p-tau/t-tau ratio (AUC = 0.7; p < 0.005, 95% CI 0.6–0.8), at the cut-
off value of 0.185 showed 70% Se and 65% Sp. t-tau/a-syn + Aβ42 ratio
(AUC = 0.8; p < 0.005, 95% CI 0.67–1), at the cut-off value of 0.1005
showed 88% Se and 60% Sp. Correlation analysis revealed that a-syn
inversely correlates with either NMSS total score (R = −0.56,
p < 0.05) or single item score number 3 “mood/cognition”
(R = −0.57, p < 0.05) and number 9 “pain/smell/weight/sweating”
(R = −0.51, p < 0.05). The linear regression analysis further con-
firmed such association, even independently from age, disease duration,
motor impairment severity and total LEDD (NMSS total score:
T = −2.9, p = 0.014; item 3: T = −3.6, p < 0.005; item 9:
T = −2.1, p < 0.05). Also p-tau inversely correlated with NMSS total
score (R = −0.5, p < 0.05; T = −2.9, p < 0.01) and item 3 score
(R =−0.5, p < 0.05; T =−1.9, p = 0.07, not significant). Finally, a-
syn and t-tau showed a direct correlation (R = 0.44, p < 0.05;
T = 4.1, p < 0.001). No further significant relationships emerged
between clinical parameters (UPDRS 2–3, MMSE, disease duration) and
single biomarker levels or ratio values.

4. Discussion

This preliminary study demonstrates an inverse association between
CSF total a-syn levels and NMS in PD patients, independent from age,

Table 1
Study population data. n=number, M=male, F= female. Age and disease
duration is expressed in years; Aβ42, t-tau, p-tau, a-syn concentrations are in
pg/ml.

PD CTL significance

n 46 37
gender M/F 24/22 22/15 no

mean SD mean SD

age 57.4 9 60.9 10.1 no
Aβ42 779.4 242.5 862.9 224.9 no
t-tau 140.5 51.3 257.9 52.3 p< 0.0001
p-tau 35.5 11.3 40.1 7.2 no
a-syn 927.2 378.5 1376.9 358.5 p< 0.05
Aβ42/p-tau 22.8 6.9 21.4 4.7 no
p-tau/t-tau 0.22 0.1 0.2 0.04 p< 0.01
t-tau/a-syn 0.17 0.06 0.2 0.1 no
p-tau/a-syn 0.04 0.01 0.03 0.02 no
t-tau/a-syn + Aβ42 0.09 0.03 0.14 0.03 p< 0.01
p-tau/a-syn + Aβ42 0.02 0.004 0.02 0.005 no
disease duration 1.2 0.8 – – –
UPDRS 2 5.3 2.1 – – –
UPDRS 3 13 3.6 – – –
MMSE 29.3 1.2 – – –
NMSS 24 9.5 – – –
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disease duration, motor impairment severity and dopaminergic treat-
ment. Consistent with current literature [4–6], we found a reduction of
CSF total a-syn which can be referred to the protein accumulation
within Lewy bodies [4]. Indeed, in PD, Lewy pathology may selectively
affect the cortex, the olfactory bulb, the dorsal motor nucleus of vagus,
the basal forebrain and the brainstem nuclei, depending on complex
and largely unknown mechanisms of neuronal vulnerability [7]. The
decrease of CSF-circulating a-syn could thus underlie widespread sy-
nucleinopathy in a number of brain regions that represent the anato-
mical substrate of NMS [1,7]. In particular, we found significant cor-
relations between a-syn and either item 3 or 9 of NMSS, assessing
mood/cognition and pain/smell/weight/sweating respectively, which
in turn indicate a prominent impairment of neural networks controlling
these functions. Although multiple transmitter systems are involved,
the pathophysiology of such disturbances might implicate the selective
loss of the cholinergic innervations in the mesocorticolimbic pathway
[1]. Of interest, the dysfunction of cortical cholinergic activity in PD
can occur even in the absence of neuronal loss, as a consequence of the
accumulation of a-syn into the basal forebrain cholinergic neurons [8].
Indeed, abnormal forms of a-syn are able to alter cholinergic signaling
since the early phases of the disease, irrespective of the dopaminergic
deficit [9]. Our data overlap this preclinical evidence, and collectively
suggest that, in PD, the reduction of CSF a-syn might parallel its de-
position within neuronal networks involved in non-motor functions.
Additionally, recent results from Kang and colleagues show that lower
CSF a-syn levels correlate with poorer cognitive test performances in de
novo patients [10], whereas Goldman and coworkers demonstrated the
association between low a-syn and gait/postural complications in ad-
vanced PD patients [6]. Moreover, a study of functional neuroimaging
showed how CSF a-syn level correlates whit cortical dysfunction be-
yond the nigrostriatal dopaminergic denervation, reflecting the im-
pairment in non-motor cortical functional connectivity networks [11].
Altogether, these lines of evidence strengthen the hypothesis of an in-
verse correlation between a-syn and NMS severity. Consistently, we did
not find significant relationships between a-syn and MS rated by UPDRS
2–3 scores. Moreover, the statistical model was adjusted for the main
determinants of NMS burden (LEDD, age, motor impairment severity
and disease duration), further highlighting the independent association
of a-syn and NMSS.

It is interesting to note that similar independent associations were
obtained for p-tau. Indeed CSF levels of p-tau, although within a normal
range, directly correlated with a-syn and inversely correlated with
NMSS total score and item 3 score, probably because of the synergistic
molecular interactions of the two proteins, leading to the co-aggrega-
tion into the Lewy bodies [12]. Finally, it should be remarked the re-
levance of the increased p-tau/t-tau ratio as a peculiar CSF trait of PD.
Similar values have been indeed recently measured in a larger popu-
lation, though unrelated to clinical severity [2].

A note of caution is required in the interpretation of these data and
the apparent discrepancy with two other recent interesting studies
[2,6]. The small sample size, the adopted outcome measures, the in-
clusion criteria and the disease duration of enrolled subjects, could
explain, at least in part, the different results in both “PPMI” and “Bio-
FIND” cohorts. Of note, these studies involved either newly diagnosed
drug-naïve patients [2] or older, moderate-advanced, treated patients
[6], respectively, whose CSF a-syn levels were not associated with NMS
rated with the MDS-UPDRS Part I score or RBD questionnaire total
score. The different clinical-demographic features of the populations
indeed might account for a different CSF proteomic profile; likewise,
also the use of the specific NMS rating scale (NMSS) should be con-
sidered in the comparison of current results with the existing literature.

Additionally, it should be reminded that our control group did not
include healthy volunteers, but patients receiving LP for diagnostic
purpose, in the absence of neurodegenerative diseases.

Our findings are certainly preliminary and highlight the limitations
of the spot measurement of biomarkers. Larger longitudinal studies,

possibly integrated with neurophysiological and/or imaging investiga-
tions are thus mandatory to confirm these initial observations.
Nevertheless, our data, in line with previous studies [6,10], suggest that
CSF a-syn levels may track some NM features of PD.

5. Conclusions

NMS still lack reliable biomarkers for monitoring and predicting
disease progression. This study demonstrates an inverse and in-
dependent association between NMS and total a-syn CSF levels, in the
absence of significant correlations with MS. We suggest that the de-
crease of CSF a-syn levels mirrors a widespread degenerative process
involving non-dopaminergic networks. In this perspective, measure-
ment of total CSF a-syn may represent a biomarker for NMS, supporting
the assessment of frailty in PD patients. Definitely, larger confirmatory
studies are required.

Declarations of interest

None.

Financial disclosure

The authors declare no conflict of interests. The study was partially
funded by the Italian Ministry of Health GR-2011-02349822.

References

[1] A.H.V. Schapira, K.R. Chaudhuri, P. Jenner, Non-motor features of Parkinson dis-
ease, Nat. Rev. Neurosci. 18 (2017) 435–450, https://doi.org/10.1038/nrn.
2017.62.

[2] T. Simuni, C. Caspell-Garcia, C.S. Coffey, D. Weintraub, B. Mollenhauer, S. Lasch,
C.M. Tanner, D. Jennings, K. Kieburtz, L.M. Chahine, K. Marek, Baseline prevalence
and longitudinal evolution of non-motor symptoms in early Parkinson's disease: the
PPMI cohort, J. Neurol. Neurosurg. Psychiatry 89 (2018) 78–88, https://doi.org/
10.1136/jnnp-2017-316213.

[3] T. Schirinzi, G.M. Sancesario, G. Di Lazzaro, S. Scalise, V.L. Colona, P. Imbriani,
N.B. Mercuri, S. Bernardini, A.E. Lang, A. Pisani, Clinical value of CSF amyloid-
beta-42 and tau proteins in Progressive Supranuclear Palsy, J. Neural. Transm.
(2018), https://doi.org/10.1007/s00702-018-1893-1.

[4] L. Parnetti, A. Castrioto, D. Chiasserini, E. Persichetti, N. Tambasco, O. El-Agnaf,
P. Calabresi, Cerebrospinal fluid biomarkers in Parkinson disease, Nat. Rev. Neurol.
9 (2013) 131–140, https://doi.org/10.1038/nrneurol.2013.10.

[5] M. Delgado-Alvarado, B. Gago, A. Gorostidi, H. Jiménez-Urbieta, R. Dacosta-
Aguayo, I. Navalpotro-Gómez, J. Ruiz-Martínez, A. Bergareche, J.F. Martí-Massó,
P. Martínez-Lage, A. Izagirre, M.C. Rodríguez-Oroz, Tau/α-synuclein ratio and in-
flammatory proteins in Parkinson's disease: an exploratory study, Mov. Disord. 32
(2017) 1066–1073, https://doi.org/10.1002/mds.27001.

[6] J.G. Goldman, H. Andrews, A. Amara, A. Naito, R.N. Alcalay, L.M. Shaw, P. Taylor,
T. Xie, P. Tuite, C. Henchcliffe, P. Hogarth, S. Frank, M.-H. Saint-Hilaire, M. Frasier,
V. Arnedo, A.N. Reimer, M. Sutherland, C. Swanson-Fischer, K. Gwinn, U.J. Fox
investigation of new biomarker discovery, U.J. Kang, cerebrospinal fluid, plasma,
and saliva in the BioFIND study: relationships among biomarkers and Parkinson's
disease features, Mov. Disord. 33 (2018) 282–288, https://doi.org/10.1002/mds.
27232.

[7] D.J. Surmeier, J.A. Obeso, G.M. Halliday, Parkinson's disease is not simply a prion
disorder, J. Neurosci. 37 (2017) 9799–9807, https://doi.org/10.1523/JNEUROSCI.
1787-16.2017.

[8] H. Hall, S. Reyes, N. Landeck, C. Bye, G. Leanza, K. Double, L. Thompson,
G. Halliday, D. Kirik, Hippocampal Lewy pathology and cholinergic dysfunction are
associated with dementia in Parkinson's disease, Brain 137 (2014) 2493–2508,
https://doi.org/10.1093/brain/awu193.

[9] A. Tozzi, A. de Iure, V. Bagetta, M. Tantucci, V. Durante, A. Quiroga-Varela,
C. Costa, M. Di Filippo, V. Ghiglieri, E.C. Latagliata, M. Wegrzynowicz,
M. Decressac, C. Giampà, J.W. Dalley, J. Xia, F. Gardoni, M. Mellone, O.M. El-
Agnaf, M.T. Ardah, S. Puglisi-Allegra, A. Björklund, M.G. Spillantini, B. Picconi,
P. Calabresi, Alpha-synuclein produces early behavioral alterations via striatal
cholinergic synaptic dysfunction by interacting with GluN2D N-Methyl-D-Aspartate
receptor subunit, Biol. Psychiatry 79 (2016) 402–414, https://doi.org/10.1016/j.
biopsych.2015.08.013.

[10] J.-H. Kang, B. Mollenhauer, C.S. Coffey, J.B. Toledo, D. Weintraub, D.R. Galasko,
D.J. Irwin, V. Van Deerlin, A.S. Chen-Plotkin, C. Caspell-Garcia, T. Waligórska,
P. Taylor, N. Shah, S. Pan, P. Zero, M. Frasier, K. Marek, K. Kieburtz, D. Jennings,
C.M. Tanner, T. Simuni, A. Singleton, A.W. Toga, S. Chowdhury, J.Q. Trojanowski,
L.M. Shaw, Parkinson's Progression Marker Initiative, CSF biomarkers associated
with disease heterogeneity in early Parkinson's disease: the Parkinson's Progression
Markers Initiative study, Acta Neuropathol. 131 (2016) 935–949, https://doi.org/

T. Schirinzi et al. Parkinsonism and Related Disorders 61 (2019) 203–206

205

https://doi.org/10.1038/nrn.2017.62
https://doi.org/10.1038/nrn.2017.62
https://doi.org/10.1136/jnnp-2017-316213
https://doi.org/10.1136/jnnp-2017-316213
https://doi.org/10.1007/s00702-018-1893-1
https://doi.org/10.1038/nrneurol.2013.10
https://doi.org/10.1002/mds.27001
https://doi.org/10.1002/mds.27232
https://doi.org/10.1002/mds.27232
https://doi.org/10.1523/JNEUROSCI.1787-16.2017
https://doi.org/10.1523/JNEUROSCI.1787-16.2017
https://doi.org/10.1093/brain/awu193
https://doi.org/10.1016/j.biopsych.2015.08.013
https://doi.org/10.1016/j.biopsych.2015.08.013
https://doi.org/10.1007/s00401-016-1552-2


10.1007/s00401-016-1552-2.
[11] M.C. Campbell, J.M. Koller, A.Z. Snyder, C. Buddhala, P.T. Kotzbauer,

J.S. Perlmutter, CSF proteins and resting-state functional connectivity in Parkinson
disease, Neurology 84 (2015) 2413–2421, https://doi.org/10.1212/WNL.
0000000000001681.

[12] U. Sengupta, M.J. Guerrero-Muñoz, D.L. Castillo-Carranza, C.A. Lasagna-Reeves,
J.E. Gerson, A.A. Paulucci-Holthauzen, S. Krishnamurthy, M. Farhed, G.R. Jackson,
R. Kayed, Pathological interface between oligomeric alpha-synuclein and tau in
synucleinopathies, Biol. Psychiatry 78 (2015) 672–683, https://doi.org/10.1016/j.
biopsych.2014.12.019.

T. Schirinzi et al. Parkinsonism and Related Disorders 61 (2019) 203–206

206

https://doi.org/10.1007/s00401-016-1552-2
https://doi.org/10.1212/WNL.0000000000001681
https://doi.org/10.1212/WNL.0000000000001681
https://doi.org/10.1016/j.biopsych.2014.12.019
https://doi.org/10.1016/j.biopsych.2014.12.019

	CSF α-synuclein inversely correlates with non-motor symptoms in a cohort of PD patients
	Introduction
	Methods
	Subjects
	Biomarkers assay
	Statistical analysis

	Results
	Discussion
	Conclusions
	Declarations of interest
	Financial disclosure
	References




