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Abstract

In this study, we compared the value of pathological alpha-synuclein (aSyn)
seed amplification assay (SAA) in gastric and duodenal biopsies with skin biop-

sies in Parkinson disease (PD) patients with different disease duration. The

accuracy of aSyn SAA was 87.7% in skin, 67.4% in duodenum, and 80.0% in

gastric biopsies, with significantly higher sensitivity in advanced PD (skin:

81.8%; gastric: 88.9%; duodenal 58.8%). Misfolded aSyn was detected with

higher sensitivity in advanced PD across all matrices, likely reflecting the pro-

gression of aSyn pathology. The seeding activity was lower in the duodenal

than in the gastric wall, indicating differences in aSyn burden.

Introduction

In synucleinopathies, misfolding of alpha-synuclein

(aSyn) triggers the formation of protein aggregates by

seeding the conversion of monomeric aSyn. This process

leads to the development of toxic intracellular aggregates,

forming Lewy bodies and neurites, the histopathologic

hallmarks of Parkinson’s Disease (PD).1 While postmor-

tem brain examination remains the gold standard for

definitively diagnosing synucleinopathies, recent methods

for accurately detecting aSyn aggregates in vivo have

become available.2 These methodologies, named seed

amplification assays (SAA), exploit the seeding potential

of misfolded aSyn in biofluid or peripheral tissues,

including cerebrospinal fluid (CSF), skin, olfactory and

gastro-intestinal mucosa, and potentially serum.3–10

Robust SAA data have been obtained using both CSF

and skin, demonstrating high specificity (>90%) and sen-

sitivity of 85–100% in PD and Dementia with Lewy Bod-

ies (DLB)3–7,11 and 75–90% in isolated REM-Behavior

Disorder (IRBD).12–14 However, our understanding of the

accuracy of aSyn SAA when applied to other accessible

tissues and biofluids is still limited.8–10 In this explorative

study, we investigated the value of the aSyn SAA

Real-Time Quaking-Induced Conversion (RT-QuIC) in

detecting pathology in gastric and duodenal biopsies, two

matrices not yet assessed deeply in PD, and compared

results to skin biopsies.
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Materials and Methods

Subjects

We included 22 PD patients who are part of the

PADUA-CESNE cohort undergoing biological, genetic,

and clinical characterization of Parkinson’s at the Move-

ment Disorders Unit of the University of Padova accord-

ing to previously published protocols.15,16 These 22 PD

patients are all genetically negative.16 Twelve patients with

motor fluctuations were considered as advanced PD17 and

underwent percutaneous endoscopic gastrostomy at time

of initiation of levodopa jejunal infusion. Ten had stable

medication response and were considered “early PD”

(median disease duration 5.5 years).18 They underwent an

esophageal-gastro-duodenoscopy for research purposes.

During these procedures, the operator sampled an average

of four 3 mm3 duodenal-wall biopsies and four 3 mm3

gastric wall biopsies. For each site, two biopsies were

snap-frozen in liquid nitrogen and stored at �80°C, and
two were formalin-fixed.19,20 Additionally, one skin

punch-biopsy (ø = 3 mm; depth 3 � 2 mm) of the cervi-

cal C7 paravertebral dermatomes was obtained under

local anesthesia. After collection in phosphate-buffered

saline (PBS) solution, the biopsy was cut in half using a

microtome blade: one half was snap-frozen in liquid

nitrogen and stored at �80°C, and the other half was

fixed in Zamboni solution. One advanced PD refused skin

biopsy while 3 advanced PD had only duodenal biopsies

(no gastric samples).

Twenty-one healthy subjects undergoing routine

screening diagnostic endoscopy were included as controls

(HC) for the gastroduodenal biopsies. HC were evaluated

clinically and interviewed to exclude neurological disor-

ders. As a control group for the skin matrix, we used cer-

vical (C7) 3 mm punch biopsies from a previously

described independent cohort of 52 patients affected by

various non-neurodegenerative neurological disorders

(NeuC).7

The Padua Province ethical committee approved the

study protocol for clinical experimentation (Prot. n.

0034435, 08/06/2020). Informed consent for the use of

biological samples was obtained from all patients. All pro-

cedures on human tissue samples were carried out in

accordance with the Declaration of Helsinki.

aSyn RT-QuIC SAA

Duodenal and gastric samples were weighed and washed

twice in cold 19 PBS to remove blood residues. Next, tis-

sue samples were homogenized at 2% (w/v) in cold 19

PBS supplemented with a protease inhibitor cocktail

(Roche) using a pestle. Skin samples were homogenized

as previously described.7

The aSyn RT-QuIC assay was performed as previously

described with minor modifications according to the used

matrix. Specifically, skin samples were run at 10–2 dilu-

tion, while gastric and duodenal samples were run at

10–3 dilution. Moreover, the established time cutoff to

establish the positive outcome (when ≥50% of the four

loaded replicates exceeded the threshold) was 30-h for

skin samples and 40-h for duodenal and gastric biopsies.

Based on previous experience, the threshold was set at

30% of the median of the maximum fluorescence inten-

sity (Imax) reached by the positive control replicates to

take into account the slight increase (below 20% of the

mean Imax of positive controls in most cases) of the fluo-

rescence signal sometimes occurring over the tested

period in the negative controls.7 When only one of the

four loaded replicates crossed the threshold, the analysis

was considered “unclear” and repeated up to three times.

All RT-QuIC experiments were performed at the Labo-

ratory of Neuropathology of ISNB by personnel blind to

clinical data and diagnostic status.

Demographic and clinical variable differences between

Parkinson’s Disease (PD) and Healthy Controls (HC), as

well as within early and late stages of PD, were compared

using appropriate statistical tests. The normality of the

data distribution was assessed using the Kolmogorov–
Smirnov test. Based on the results of this normality test,

either the Student’s t-test (for normally distributed data)

or the Mann–Whitney U test (for non-normally distrib-

uted data) was used for two-group comparisons. Fisher’s

exact test was employed for dichotomous variables. Statis-

tical analysis and plotting of fluorescence values were per-

formed using GraphPad Prism 9. The time required to

reach the threshold (LAG) and the Imax were extracted

for each positive sample replicate.

Results

Patient demographics and clinical
information

Table 1 shows demographic and clinical information for

study participants.

Detailed clinical data for the PD group are provided in

the Supporting Information Tables.

aSyn RT-QuIC assay

In skin biopsies, the aSyn RT-QuIC showed a positive

result in 14/21 (66.7%) PD patients and 2/52 controls

(3.8%).
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Two advanced and 5 early PD participants showed a

negative aSyn RT-QuIC result (Supporting Information

Tables). There was a significant correlation between the

weight of the biopsy material analyzed and the aSyn
RT-QuIC outcome (20.0 � 7.7 mg in the positive vs.

12.5 � 9.8 mg in the negative group, p = 0.038). A trend

toward the same association was also evident when the

analysis was limited to the early-PD group (14.7 � 4.1 vs.

9.4 � 4.5, p = 0.088).

Overall, the skin aSyn RT-QuIC showed 66.7% sensi-

tivity (95% CI, 43.0% to 85.4%), 96.2% specificity (95%

CI, 86.8% to 99.5%), and 87.7% accuracy (95% CI,

77.9% to 94.2%).

The mean weight of duodenal biopsies was lower

than that of skin biopsies (8.8 � 3.9 mg, range

2.2–21.8 mg vs. 17.5 � 9.0 mg, range 5.4–33.8 mg,

p = 0.0010) with no significant difference between the

two PD groups. The aSyn RT-QuIC showed a positive

result in 9 of the 22 (40.9%) PD subjects and 1/21

(4.8%) controls. Seven of the 12 advanced-stage

patients and only 2/10 in the early-PD group showed

positive aSyn seeding activity.

Overall, the duodenal aSyn RT-QuIC showed 40.9%

sensitivity (95% CI, 20.7% to 63.7%), 95.2% specificity

(95% CI, 76.2% to 99.9%), and 67.4% accuracy (95% CI,

51.5% to 80.9%).

The mean weight of gastric biopsies was 6.8 � 3.6 mg

(range 1–12 mg) with no significant difference between

the two PD groups. The aSyn RT-QuIC was positive in

13 of the 19 (68.4%) PD subjects analyzed and 2/21

(9.5%) control subjects. Eight of the 9 advanced and 5/10

early PD showed positive aSyn seeding activity.

Overall, the gastric aSyn RT-QuIC showed 68.4% sen-

sitivity (95% CI, 43.4% to 87.4%), 90.5% specificity (95%

Table 1. Demographic, clinical, and biomarker data in patients and controls.

PD
HC NeuC

PD versus HC

(vs. NeuCb)

PD Early/Middle

versus Advanced

stage

All n = 22

median (IQR)

Early/Middle

n = 10 median

(IQR)

Advanced n = 12

median (IQR)

n = 21

median

(IQR)

n = 52

median

(IQR)

Mann

–Whitney/

Fisher exact

text

Mann–Whitney/

Fisher exact text

Age at biosample

collection, yrs

66.5 (61.3–72.3) 69.0 (62.0–73.0) 64.5 (59.8–71.3) 69.0

(59.5

–76.0)

66.5

(60.5

–77.3)

0.34211 0.4274

Males, n (%) 12 (54.5) 4 (40.0) 8 (66.7) 11 (52.4) 31 (59.6) 0.9999 0.2305

Age at motor

onset, yrs

55.5 (46.0–62.0) 57.5 (53.0–66.0) 50.0 (43.5–58.5) – – 0.092

Time since PD

diagnosis, yrs

9.5 (4.0–12.0) 3.5 (2.0–7.0) 11.5 (10–14.0) – – 0.00007

MDS-UPDRS part

III, score

23 (16.5–31.5) 23 (17.3–31.5) 23.5 (15.0–31.0) – – 0.99999

Hoehn e Yahr

scale, score

2 (1.8–2.1) 2 (1.0–2.0) 2 (2.0–2.5) – – 0.058

aSyn RT-QuIC skin,

pos/tota (%)

14/22a (63.6%) 5/10 (50.0%) 9/12a (75.0%) na 2/52

(3.8%)

<0.0001b) 0.6594

aSyn RT-QuIC

duodenum, pos/

tota (%)

9/22 (40.1%) 2/10 (20.0%) 7/12 (58.3%) 1/21

(4.8%)

na 0.0118 0.0115

aSyn RT-QuIC

stomach, pos/tota

(%)

13/22 (59.1%) 5/10 (50.0%) 8/12 (66.7%) 2/21

(9.5%)

na 0.0011 0.3498

Continuous data are expressed as median (IQR). MDS-UPDRS part 3 and Hoehn e Yahr were assessed during ON state.

CI, confidence interval; HC, healthy controls; MDS-UPDRS, Movement Disorder Society-unified Parkinson’s disease rating scale; na, not available;

NeuC, neurological controls; PD, Parkinson disease; pos/neg, positive/negative results; RT-QuIC, real-time quaking-induced conversion; yrs, years;

aSyn, a-synuclein; �, not applicable.
aOne advanced PD refused skin biopsy while 3 advanced had no gastric biopsy.
bNeuC constituted the control group for the skin matrix. In Table 1, as requested from the reviewers, we highlighted the percentage and fre-

quency of positive cases over the total assessed cases, and we have provided statistical comparisons among the groups using Fisher’s exact test to

better clarify the accuracy.
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CI, 69.6% to 98.8%), and an accuracy of 80.0% (95% CI,

64.4% to 90.9%).

The analysis of aSyn RT-QuIC kinetic parameters

namely the LAG and the Imax did not differ between

early and advanced PD in each of the three matrices

(Fig. 1).

A comparison of clinical parameters between aSyn
RT-QuIC positive and negative patients showed a signifi-

cantly higher frequency of autonomic symptoms in

patients with a positive aSyn RT-QuIC (Table S3).

Discussion

We assessed the performance of RT-QuIC SAA in detect-

ing misfolded aSyn in gut and skin biopsies from both

early and advanced-stage PD patients. The detection sen-

sitivity was notably higher in advanced PD patients, likely

reflecting differences in the burden and distribution of

pathological aSyn within peripheral tissues in the early

stages of the disease compared to advanced ones.21

Significant variations were also observed across tissues,

particularly in samples of the gastro-intestinal wall.

Advanced PD patients showed similar sensitivity of aSyn

SAA in the skin (9/11) and gastric biopsies (8/9) but a

lower sensitivity in the duodenal biopsies (7/12). Simi-

larly, early PD manifested comparable sensitivity of aSyn
SAA in the skin (5/10) and the gastric biopsies (5/10),

but lower in the duodenal biopsies (2/10). These findings

suggest a lower aSyn pathology burden in the duodenal

than in the gastric wall, regardless of disease stage. Differ-

ent pathological burdens might be related to the different

anatomical distribution of vagal afferents (predominant in

the initial gastro-intestinal tract) in the stomach and duo-

denum. These structures present a crucial role in

gastro-intestinal motility and general function and are

heterogeneous in terms of embryological origin,

neurophysiological/morphological characteristics and

response to stimuli. Moreover, it can be hypothesized that

different regions across the gastro-intestinal system might

present different susceptibility to pathological aSyn depo-

sition, mirroring a similar process observed in the brain,

where distinct regions and cell types might be

affected.22,23 Detecting aSyn in the gastro-intestinal sys-

tem, especially in the vagus-innervated tract, is particu-

larly intriguing due to its hypothesized role in “early”

phases of pathogenetic processes.19,20 These results

Figure 1. Kinetics aSyn of RT-QuIC reactions in skin, duodenum, and gut biopsies and comparison between early and advanced PD. Upper boxes

A–C show the fluorescence curves of positive cases and the fluorescence signals in the negative controls, in the three biomatrices. Each curve

represents the mean of positive replicates for each PD participant. The fluorescence signals of control samples are represented as the mean of the

whole group. Standard deviations have been omitted to improve readability. At the bottom, violin plots show the comparison of kinetic

parameters LAG (1) and Imax (2) between early and late PD groups and controls in each tissue. h, hours; LAG, time to reach the threshold; Imax,

peak of maximum fluorescence intensity; PD, Parkinson disease; RFU, relative fluorescence units.
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encourage further research in the premotor stage of PD

to explore the extent of the early peripheral Lewy body

pathology and its relevance to disease progression. In this

regard, we observed a higher frequency of vegetative

symptoms (namely those related to the gastro-intestinal

items) in patients with a positive aSyn RT-QuIC. Auto-

nomic dysfunction is an early manifestation of PD, with a

significant impact on quality of life and consistent aSyn
pathology in related structures, including the peripheral

sympathetic/parasympathetic nerves and the enteric ner-

vous systems.

No other studies to date have assessed the sensitivity of

aSyn SAA in the gastric wall while in duodenal biopsies

we detected aSyn seeds with lower sensitivity compared

to a recent study in which 22 out of 23 patients with

advanced PD showed aSyn seeding activity.9 Similarly,

the sensitivity of skin aSyn RT-QuIC in this study was

slightly lower than in previously published studies.7,11

These divergent results may be related to tissue availabil-

ity for aSyn SAA, given that the amount of skin and duo-

denal tissue obtained per patient in our cohort was, on

average, lower than in the aforementioned studies.

Indeed, one or sometimes two whole skin biopsies were

tested in our previous study on LBD patients.7 Similarly,

the average tissue weight of the duodenal biopsy in the

study by Vascellari et al was significantly higher than in

this study ( ̴ 20 mg vs. ̴9 mg).9 On the same line, we

recently showed that analyzing two skin biopsies instead

of one increases SAA sensitivity.13 Therefore, at least for

the skin, the analysis of two whole punches should be the

recommended standard. However, the relationship

between tissue availability, sample weight, and aSyn
RT-QuIC accuracy should be further addressed, especially

for gastro-intestinal biopsies.

Future studies should also consider assessing the per-

formance of the aSyn SAA in different peripheral tissue

matrices, particularly in populations at risk of developing

PD, to define the heterogeneity of tissue distribution.24

Understanding this variability and the potential roles in

different stages of the disease may significantly enhance

the early detection of synucleinopathies and shed light on

the pathophysiology of PD.

Funding Information

The project was supported by the grant Ricerca

Finalizzata-2021-12374386, funded by the Ministry of

Health, the #NextGenerationEU (NGEU) project

MNESYS (PE0000006), funded by the Ministry of Univer-

sity and Research (MUR), National Recovery and Resil-

ience Plan (NRRP), the Next Generation EU – National

Center for Gene Therapy and Drugs based on RNA Tech-

nology and from the National Recovery and Resilience

Plan, Investment PE8 – Project Age-It: “Ageing Well in

an Ageing Society”.

Conflict of Interest

The authors declare no conflicts of interest related to the

manuscript’s content.

Disclosures

AA has received compensation for consultancy and

speaker related activities from UCB, Bayer, Ever Pharma,

Britannia, AbbVie, Zambon, Bial, Theravance Biopharma,

Jazz Pharmaceuticals, Roche, and Medscape; he receives

research support from Horizon 2020, Italian Ministry of

University and Research (MUR), Italian Ministry of

Health, Next Generation EU – National Center for Gene

Therapy and Drugs based on RNA Technology and

National Recovery and Resilience Plan, Investment PE8 –
Project Age-It: “Ageing Well in an Ageing Society”. MC

has received travel grants from Zambon and receives sup-

port from Progetto di ricerca di Rilevante Interesse

Nazionale – PRIN 2022FJAXY8. All the other authors

have no financial disclosure to declare.

Author Contributions

M.C. (Marta Campagnolo), A.A., A.E., and P.P. contributed

to conception and design of the study. M.C. and M.C2.

(Miryam Carecchio) performed the skin biopsies. M.S. and

A.M. performed the RT-QuIC assays. M.R. and F.M. pre-

pared the recombinant synuclein substrate. A.M., A.E., and

M.R. analyzed the RT-QuIC data. A.E., M.C., M.C2., E.S.,

F.P.R., L.W., A.P., and A.A. contributed to acquisition and/

or analysis of clinical and genetic data. A.E., S.B., and P.P.

contributed to drafting the text and preparing the figure.

P.P. and A.A. supervised the study. All authors reviewed

the manuscript for intellectual content.

ACKNOWLEDGEMENTS

There are no acknowledgements to disclose.

Data Availability Statement

All data collected or analyzed during this study are avail-

able upon reasonable request to the corresponding author.

References

1. Outeiro TF, Alcalay RN, Antonini A, Attems J, et al.

Defining the riddle in order to solve it: there is more than

one “Parkinson’s disease”. Mov Disord. 2023;38:1127-1142.

ª 2024 The Author(s). Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association. 5

A. Emmi et al. a-Syn RT-QuIC in PD Gut and Skin Biopsies

 23289503, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/acn3.52282 by U

niversity O
f Padova C

enter D
i, W

iley O
nline L

ibrary on [20/01/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



2. Attems J, Toledo JB, Walker L, Gelpi E, et al.

Neuropathological consensus criteria for the evaluation of

Lewy pathology in post-mortem brains: a multi-centre

study. Acta Neuropathol. 2021;141:159-172.

3. Fairfoul G, McGuire LI, Pal S, Ironside JW, et al.

Alpha-synuclein RT-QuIC in the CSF of patients with

alpha-synucleinopathies. Ann Clin Transl Neurol.

2016;3:812-818.

4. Groveman BR, Orr�u CD, Hughson AG, Raymond LD,

et al. Correction to: rapid and ultra-sensitive quantitation

of disease-associated a-synuclein seeds in brain and

cerebrospinal fluid by aSyn RT-QuIC. Acta Neuropathol

Commun. 2020;8:180.

5. Shahnawaz M, Tokuda T, Waragai M, Mendez N, et al.

Development of a biochemical diagnosis of Parkinson

disease by detection of a-Synuclein misfolded aggregates in

cerebrospinal fluid. JAMA Neurol. 2017;74:163-172.

6. Rossi M, Candelise N, Baiardi S, Capellari S, et al.

Ultrasensitive RT-QuIC assay with high sensitivity and

specificity for Lewy body-associated synucleinopathies.

Acta Neuropathol. 2020;140:49-62.

7. Mammana A, Baiardi S, Quadalti C, Rossi M, et al.

RT-QuIC detection of pathological a-synuclein in skin

punches of patients with Lewy body disease. Mov Disord.

2021;36:2173-2177.

8. Perra D, Bongianni M, Novi G, Janes F, et al.

Alpha-synuclein seeds in olfactory mucosa and

cerebrospinal fluid of patients with dementia with Lewy

bodies. Brain Commun. 2021;3:fcab045.

9. Vascellari S, Orr�u CD, Groveman BR, Parveen S, et al.

a-Synuclein seeding activity in duodenum biopsies from

Parkinson’s disease patients. PLoS Pathog. 2023;19:

e1011456.

10. Okuzumi A, Hatano T, Matsumoto G, Nojiri S, et al.

Propagative a-synuclein seeds as serum biomarkers for

synucleinopathies. Nat Med. 2023;29:1448-1455.

11. Wang Z, Becker K, Donadio V, Siedlak S, et al. Skin

a-synuclein aggregation seeding activity as a novel

biomarker for Parkinson disease. JAMA Neurol.

2020;78:1-11. Erratum in: JAMA Neurol. 2021; 78: 120.

12. Iranzo A, Fairfoul G, Ayudhaya ACN, Serradell M, et al.

Detection of a-synuclein in CSF by RT-QuIC in patients

with isolated rapid-eye-movement sleep behaviour

disorder: a longitudinal observational study. Lancet

Neurol. 2021;20:203-212.

13. Iranzo A, Mammana A, Mu~noz-Lopetegi A, Dellavalle S,

et al. Misfolded a-Synuclein assessment in the skin and

CSF by RT-QuIC in isolated REM sleep behavior disorder.

Neurology. 2023;100:e1944-e1954.

14. Concha-Marambio L, Weber S, Farris CM, Dakna M,

et al. Accurate detection of a-Synuclein seeds in

cerebrospinal fluid from isolated rapid eye movement

sleep behavior disorder and patients with Parkinson’s

disease in the DeNovo Parkinson (DeNoPa) cohort. Mov

Disord. 2023;38:567-578.

15. Bonato G, Antonini A, Pistonesi F, Campagnolo M, et al.

Genetic mutations in Parkinson’s disease: screening of a

selected population from North-Eastern Italy. Neurol Sci.

2024. https://doi.org/10.1007/s10072-024-07690-7. Online

ahead of print.

16. Carrer T, Bonato G, Sandre M, Emmi A, et al. Rapidly

progressive multiple system atrophy in a patient carrying

LRRK2 G2019S mutation. Neurol Sci. 2024;45:309-313.

17. Malaty IA, Martinez-Martin P, Chaudhuri KR, Odin P,

et al. Does the 5-2-1 criteria identify patients with

advanced Parkinson’s disease? Real-world screening

accuracy and burden of 5-2-1-positive patients in 7

countries. BMC Neurol. 2022;22:35.

18. Antonini A, Odin P, Schmidt P, Cubillos F, et al.

Validation and clinical value of the MANAGE-PD tool: a

clinician-reported tool to identify Parkinson’s disease

patients inadequately controlled on oral medications.

Parkinsonism Relat Disord. 2021;92:59-66.

19. Emmi A, Sandre M, Russo FP, Tombesi G, et al.

Duodenal alpha-synuclein pathology and enteric gliosis in

advanced Parkinson’s disease. Mov Disord.

2023;38:885-889.

20. Campagnolo M, Weis L, Sandre M, Tushevski A, et al.

Immune landscape of the enteric nervous system

differentiates Parkinson’s disease patients from controls:

the PADUA-CESNE cohort. Neurobiol Dis.

2024;200:106609.

21. Morris HR, Spillantini MG, Sue CM, Williams-Gray CH.

The pathogenesis of Parkinson’s disease. Lancet.

2024;403:293-304.

22. Wang YB, de Lartigue G, Page AJ. Dissecting the role of

subtypes of gastrointestinal vagal afferents. Front Physiol.

2020;11:643.

23. Lau A, So RWL, Lau HHC, Sang JC, et al. a-Synuclein
strains target distinct brain regions and cell types. Nat

Neurosci. 2020;23:21-31.

24. Dickson DW. Neuropathology of Parkinson disease.

Parkinsonism Relat Disord. 2018;46:S30-S33.

Supporting Information

Additional supporting information may be found online

in the Supporting Information section at the end of the

article.

Supplementary Table S1.

6 ª 2024 The Author(s). Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.

a-Syn RT-QuIC in PD Gut and Skin Biopsies A. Emmi et al.

 23289503, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/acn3.52282 by U

niversity O
f Padova C

enter D
i, W

iley O
nline L

ibrary on [20/01/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1007/s10072-024-07690-7
https://doi.org/10.1007/s10072-024-07690-7
https://doi.org/10.1007/s10072-024-07690-7
https://doi.org/10.1007/s10072-024-07690-7
https://doi.org/10.1007/s10072-024-07690-7
https://doi.org/10.1007/s10072-024-07690-7
https://doi.org/10.1007/s10072-024-07690-7

	Outline placeholder
	 Abstract
	 Introduction
	 Materials and Methods
	 Subjects
	 αSyn RT-QuIC SAA

	 Results
	 Patient demographics and clinical information
	 αSyn RT-QuIC assay

	 Discussion
	 Funding Information
	 Conflict of Interest
	 Disclosures
	 Author Contributions
	 ACKNOWLEDGEMENTS
	 Data Availability Statement
	 References
	Supporting Information


