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Salivary α-Synuclein RT-QuIC
Correlates with Disease Severity
in de novo Parkinson’s Disease

The molecular pathology underlying Parkinson’s disease
(PD) is characterized by α-synuclein (a-syn) misfolding and
aggregation,1 beginning with the formation of a-syn oligo-
mers. A-syn oligomers are responsible for exerting neurotox-
icity2 and for driving the propagation of pathology through
intercellular transmission and seeded aggregation.3 In recent
years, the mechanism of a-syn aggregation has been com-
pared with that of prion proteins and recent studies have
used real-time quaking induced conversion (RT-QuIC) or
protein misfolding cyclic amplification (PMCA) to detect a-
syn oligomers in cerebrospinal fluid,4 submandibular
glands,5 skin biopsies,6 or nasal mucosa.7

Here, we exploited the prion-like properties of a-syn aggre-
gates to detect the presence of seeding-competent a-syn oligo-
mers in saliva, an easily accessible biofluid in which increased
concentration of a-syn aggregates have been detected in PD
patients.8,9 We have applied RT-QuIC to a cohort of 37 de
novo PD patients and 23 sex- and age-matched healthy sub-
jects (HS), and we have analyzed and compared different
kinetic parameters including: lag-phase; rate of change; area
under the curve (AUC); Thioflavin-T maximum value (Vmax);
and percent increase of Thioflavin-T fluorescence from base-
line. Detailed methods are provided in Supplementary
Appendix S1.
Salivary samples derived from PD patients exhibit a greater

seeding-capacity in the a-syn RT-QuIC assay compared to

salivary samples from HS (Fig. 1A,B, and Bi). Of 37 PD sali-
vary samples, 31 (86%) reached the fluorescence threshold
and were, therefore, deemed RT-QuIC positive, with the
remaining 6 (14%) being RT-QuIC negative. Among the
23 HS samples, 5 (22%) were deemed RT-QuIC positive and
the remaining 18 (78%) RT-QuIC negative. The average lag-
phase was significantly shorter in PD samples than in HS sam-
ples, whereas the other kinetic parameters were all signifi-
cantly higher in PD samples relative to HS (Supplementary
Fig. S1 and Supplementary eTable S1). To evaluate the capa-
bility of the RT-QuIC kinetic parameters to distinguish
between PD and HS subjects, we used principal components
analysis (PCA) and we found a segregation of PD patient and
HS across the PC1 axis (Supplementary Fig. S2). Therefore,
to evaluate the diagnostic potential of our RT-QuIC assay we
extracted the PC1 Eigenvalue—that represents a composite
value of all RT-QuIC parameters submitted to PCA—for each
subject and performed receiver operating characteristic (ROC)
analysis. We found that salivary RT-QuIC possessed good
diagnostic accuracy, with sensitivity of 83.78% (95% confi-
dence interval [CI], 68.86–92.35), specificity of 82.61% (95%
CI, 62.86–93.02), and a likelihood ratio of 4.818 (Fig. 1C).
When we immunodepleted saliva of both PD patients and HS
from a-syn, we detected an increased lag-phase and a signifi-
cantly decreased Thioflavin-T-Vmax in PD patients, whereas
we did not detect any difference in HS (Supplementary Fig. S3),
therefore, supporting the specificity of the assay for the a-syn
aggregates.

We finally aimed to correlate RT-QuIC kinetic parameters
with the different clinical scores of PD patients. Z-scores for all
clinical and RT-QuIC kinetic parameters were calculated and
plotted on a heatmap. Performing agglomerative hierarchical
clustering we identified that the clusters with the three principal
clinical scores: The Movement Disorder Society-Sponsored
Revision of the Unified Parkinson’s Disease Rating Scale
(MDS-UPDRS), The The Non Motor Symptoms Score
(NMSS), and the sum MDS-UPDRS/NMSS were more closely
associated to the cluster enriched by RT-QuIC kinetic parame-
ters (Fig. 1D). Interestingly, performing least squares regression
we detected a significant positive correlation between summed
MDS-UPDRS part III and NMSS and some individual RT-
QuIC kinetic parameters (Fig. 1E), indicating that increased
disease severity is significantly associated with a greater
response in the salivary RT-QuIC assay. A detailed discussion
of the data is reported in Supplementary Appendix S1.
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FIG. 1. Logistic growth curves fitted to the raw kinetic curve data obtained from RT-QuIC reactions seeded with the saliva of 37 PD patients (A) (orange lines)
and 23 healthy subjects (B) (green lines). The average kinetic curves for the PD and HS subject groups are shown in (Bi); error bands represent standard devi-
ation from the mean. Row data used to generate growth curves have been corrected for individual baseline values to eliminate the background. ThT fluores-
cence threshold normalized for baseline has been fixed at 2990.5 relative fluorescence units (RFU). (C) ROC analysis of PC1 Eigenvalues for all subjects:
sensitivity of 83.78% (95% CI, 68.86–92.35), specificity of 82.61% (95% CI, 62.86–93.02), and a likelihood ratio of 4.818 and AUC = 0.8437. (D) A heatmap
of PD subject data, which identified 7 nominal clusters, with the RT-QuIC parameters forming one cluster (light purple) and the clinical parameters (yellow
and turquoise) forming other two closely associated clusters. Agglomerative hierarchical clustering demonstrates that the RT-QuIC parameters cluster (light
purple) is hierarchically closer to the clinical scores clusters (yellow and turquoise), and more distant to other clusters: age/age of onset (red), disease duration
(purple) and MoCA score (green), as well as basal Thio-T (dark-grey). (E ) Linear regression performed between RT-QuIC kinetic parameters and the summed
MDS-UPDRS and NMSS scores. Pearson’s correlation test found statistically significant correlations with three RT-QuIC parameters: PC1 Eigenvalues
(P = 0.034, r2 = 0.35); gradients of fitted curves (P = 0.027, r2 = 0.36); and areas under fitted curves (P = 0.023, r2 = 0.37). RT-QuIC, real-time quaking
induced conversion; PD, Parkinson’s disease; ThT, Thioflavin-T; ROC, receiver operating characteristic; CI, confidence interval; AUC, area under the curve;
MoCA, Montreal Cognitive Assessment; MDS-UPDRS, The Movement Disorder Society-Sponsored Revision of the Unified Parkinson’s Disease Rating
Scale; NMSS, The Non Motor Symptoms Score. [Color figure can be viewed at wileyonlinelibrary.com]
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Both Heterozygous and
Homozygous Loss-of-Function

JPH3 Variants Are Associated with
a Paroxysmal Movement Disorder

Recently, a single patient with a homozygous truncating
variant in JPH3 and a neurodevelopmental disorder involving
paroxysmal dystonia was described.1 We report both a sec-
ond individual with recessive disease and a family with a
milder phenotype and autosomal dominant inheritance
(Fig. 1A).

Patient one, now 15 years old, was born to first-cousin par-
ents with no relevant family or perinatal history. Her mother
was asymptomatic, but the medical history of her father was
unavailable. Early infant milestones were normal, but she did
not walk until 3 years old. At school, she was identified as
having moderate intellectual disability and behavioral difficul-
ties. From 6 months old, her mother noticed episodes of
abnormal body stiffening. Over time, these evolved into two
clear episode types. “Minor” episodes consisted of brief right
or occasionally left hemidystonia, which occurred several
times each week. “Major” episodes happened two or three
times per month and lasted up to 30 minutes. After a similar
onset, they progressed to involuntary flailing movements of
all limbs, impaired responsiveness, dysarthria, aphasia, and
drooling, sometimes associated with upward eye deviation.
Although “major” episodes tended to be triggered by fatigue,
there was no obvious trigger for “minor” episodes. A clinical
diagnosis of alternating hemiplegia of childhood (AHC) was
made. Neurological examination between episodes was
unremarkable. There was no disease progression over time.
There was no clinical response to levodopa, oxcarbazepine,
flunarizine, trihexyphenidyl, topiramate, or gabapentin,
although prolonged episodes could be terminated with buccal
midazolam. Extensive investigation including brain magnetic
resonance imaging, electroencephalogram (EEG) (with cap-
ture of a typical episode), and cerebrospinal fluid neurotrans-
mitters was normal. Whole genome sequencing (WGS)
identified a novel homozygous frameshift in JPH3
(NM020655.3:c.1310delG; p.Arg437Leufs*34). Parental
DNA was not available for testing. The only other variant of
interest was a homozygous NDUFAF5 variant
(NM_024120.5:c.524A>G; p.His175Arg), which was consid-
ered unlikely to be relevant because the phenotypic fit for
mitochondrial complex I deficiency was poor and in silico
tools predicted that it was probably benign.

Patient two, now 10 years old, experienced episodes of
limb, facial, and orolingual dyskinesia at least weekly from
the age of 6 months (Video S1). These usually started in the
right upper limb before becoming generalized and lasted for
several hours. No abnormal eye movements were evident dur-
ing the episodes, and there was no obvious trigger. Between
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