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Enteric nervous system a-synuclein
immunoreactivity in idiopathic REM
sleep behavior disorder

ABSTRACT

Objective: To investigate the expression of a-synuclein in colonic biopsies of patients with idiopathic
REM sleep behavior disorder (iRBD) and address if a-synuclein immunostaining of tissue obtained via
colonic biopsies holds promise as a diagnostic biomarker for prodromal Parkinson disease (PD).

Methods: Patients with iRBD, patients with PD, and healthy controls were prospectively recruited
to undergo colonic biopsies for comparison of a-synuclein immunoreactivity patterns between the
groups by using 2 different antibodies.

Results: There was no difference in colonic mucosal and submucosal immunostaining between
groups using the 15G7 a-synuclein antibody, which was found in almost all participants enrolled
in this study. By contrast, immunostaining for serine 129-phosphorylated a-synuclein (pSyn) in
submucosal nerve fibers or ganglia was found in none of 14 controls but was observed in 4 of 17
participants with iRBD and 1 out of 19 patients with PD.

Conclusions: The present findings of pSyn immunostaining of colonic biopsies in a substantial pro-
portion of iRBD participants raise the possibility that this tissue marker may be a suitable candi-
date to study further as a prodromal PD marker in at-risk cohorts. Neurology®2015;85:1761–1768

GLOSSARY
ANS 5 autonomic nervous system; ENS 5 enteric nervous system; HC 5 healthy control; iRBD 5 idiopathic REM sleep
behavior disorder; MDS-UPDRS 5 Movement Disorder Society–Unified Parkinson’s Disease Rating Scale; PD 5 Parkinson
disease; pSyn 5 phosphorylated a-synuclein; UPSIT 5 University of Pennsylvania Smell Identification Test.

Intraneuronal Lewy bodies and Lewy neurites consisting of aggregated a-synuclein are the
hallmark of brain pathology in Parkinson disease (PD). Lewy body pathology in PD is not
confined to the CNS and involvement of the peripheral autonomic nervous system (ANS) has
already been observed more than 50 years ago.1 Recently there has been renewed emphasis on
the peripheral ANS as a site of a-synuclein pathology in PD supported by findings of Lewy body
pathology or positive a-synuclein immunohistochemistry in the enteric or cardiosympathetic
nervous system of patients with PD.2,3 In addition, several studies found positive a-synuclein
staining in colonic biopsy tissue obtained from participants with PD.4–7

Positive immunostaining for a-synuclein was also reported in submucosal tissue of archival
material from colonic biopsies in 3 cases of PD where colonoscopies had been performed for
routine purposes several years prior to onset of PD.8 These findings raise the question whether
a-synuclein immunostaining of tissue obtained via colonic biopsies holds promise as a diag-
nostic biomarker for PD even prior to the occurrence of diagnostic clinical motor features.

The present study was performed to investigate this question by obtaining colonic biopsies
from participants with idiopathic REM sleep behavior disorder (iRBD), a condition that may
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represent prodromal PD in up to 80% of pa-
tients according to longitudinal studies.9–12

a-Synuclein immunostaining in mucosal and
submucosal biopsy material was compared to
findings in healthy controls (HCs) and pa-
tients with clinically established PD.

METHODS Participants. Patients with polysomnographic

confirmed RBD but no clinical signs of parkinsonism, cognitive

dysfunction, or other clinical evidence for a neurodegenerative

disease (iRBD), patients with a diagnosis of PD according to

the UK Parkinson’s Disease Society Brain Bank,13 as well as

HCs with no evidence of neurologic disease or dream-enacting

behaviors were prospectively and consecutively enrolled in this

study to obtain colonic biopsies by flexible sigmoidoscopy or

colonoscopy. Control participants were recruited from the

gastroenterology service of the 2 hospital sites and indications

for colonoscopy included routine preventive cancer screening,

follow-up of colonic adenomas, as well as workup for diarrhea.

Standard protocol approvals, registrations, and patient
consents. Each participating site (Department of Neurology,

Medical University of Innsbruck, and Department of

Neurology and Pathology, Hospital Clinic de Barcelona)

received approval from an ethical standards committee on

human experimentation before study initiation and obtained

written informed consent for research from all individuals

participating in the study.

Clinical assessments. Clinical assessments included the Move-

ment Disorder Society–Unified Parkinson’s Disease Rating Scale

(MDS-UPDRS) parts I to III to assess motor and nonmotor

symptoms of parkinsonism.14 Smell function was assessed using

Sniffin’ Sticks (identification, 16-item; Innsbruck site) or the

University of Pennsylvania Smell Identification Test (UPSIT;

Barcelona site).

Colonic biopsies. Flexible sigmoidoscopy was used in patients

recruited at the Innsbruck site and performed according to the

standard procedure of the Gastroenterology Department of Inns-

bruck Medical University Hospital. Biopsies were taken in the

rectum or sigma using standard biopsy forceps without needles.

The Barcelona site used standard colonoscopies and 3 to 5 biop-

sies were obtained from ascending, transverse, descending, and

sigmoid colon using the standard biopsy forceps.

Tissue preparation, immunohistochemistry, and image
analysis. Paraffin-embedded 10% formalin-fixed biopsies were

cut at 4 mm. Sections were deparaffinized according to a standard

protocol. Antigen retrieval was performed with 10 mM sodium

acetate pH 6, endogenous peroxidase was blocked with 3% H2O2,

and nonspecific binding was blocked by incubation with 10%

normal goat serum. Immunohistochemical staining was performed

by incubation with a primary antibody at 4°C overnight followed by

suitable biotinylated immunoglobulin G (Vector Laboratories,

Burlingame, CA) and avidin-biotin peroxidase Elite Kit

(Vector Laboratories). Immunoreactivity was visualized by 3,39-

diaminobenzidine. The primary antibodies used in this study were

rat anti-human a-synuclein (15G7, Enzo Life Sciences, Lörrach,

Germany) and mouse anti-phosphorylated a-synuclein (pSyn,

Wako, Neuss, Germany). Image analysis was performed with the

aid of a Nikon (Tokyo, Japan) Eclipse E800 microscope provided

with a Nikon digital camera DXM 1200. Ratings were performed by

2 independent observers (N.S. and E.G.), blinded to the diagnosis of

the cases. Mucosa and submucosa were rated negative (0) or positive

(1) for labeled neuronal cell bodies, nerve fibers, and non-neural

structures (macrophages).

Immunofluorescence was performed to identify the colocali-

zation of human a-synuclein with the neuronal marker anti-

HuC/HuD (Molecular Probes, Leiden, the Netherlands). The

incubation with the primary antibodies was followed by the label-

ing of the suitable secondary Alexa 594- or Alexa 488-conjugated

antibodies. DAPI nucleic acid stain (Molecular Probes, Eugene,

OR) was used for counterstaining. Fluorescence image analysis

was performed under DMI 4000B Leica (Wetzlar, Germany)

microscope provided with the Application Suite V3.1 and a Dig-

ital Fire Wire Color Camera DFC300 FX.

Statistical analyses. The primary outcome measure of this

study was the overall frequency of any positive nerve cell or fiber

a-synuclein immunostaining. Group comparisons for categorical

variables were performed using x2 tests with post hoc Fisher exact

tests. Parametric or nonparametric tests were used for group

Table 1 Demographic and clinical data of patients with PD, patients with iRBD, and HCs

HC (n 5 22) PD (n 5 24) iRBD (n 5 20) p Value, all

Post hoc analysis

PD vs HC PD vs iRBD RBD vs HC

Age, y, mean 6 SD 65.7 6 9.46 64.39 6 9.14 70.28 6 5.29 0.059a

Disease duration, y, mean 6 SD NA 8.99 6 5.43 7.82 6 6.90 0.542a

Female, % (n) 27.27 (6) 33.3 (8) 15.0 (3) 0.376b

Sniffin’ Sticks, mean 6 SD 12.33 6 3.00c 7.70 6 2.50c 8.40 6 3.95c 0.017c,d 0.003c 0.853 0.035

UPSIT, mean 6 SD 28.67 6 5.79c 17.67 6 6.30c 23.11 6 7.31c 0.003c,d 0.001c 0.069 0.031

MDS-UPDRS, part I, mean 6 SD 4.89 6 4.64c 9.25 6 5.71c 7.65 6 4.75c 0.051d

MDS-UPDRS, part II, mean 6 SD 1.95 6 4.47c 10.79 6 5.75c 2.9 6 2.86c ,0.001c,d ,0.001c ,0.001c 0.727

MDS-UPDRS, part III, mean 6 SD 2.6 6 3.27c 22.63 6 12.85c 5.2 6 6.16c ,0.001c,d ,0.001c ,0.001c 0.444

Abbreviations: HC 5 healthy control; iRBD 5 idiopathic REM sleep behavior disorder; MDS-UPDRS 5 Movement Disorder Society–Unified Parkinson’s
Disease Rating Scale; NA 5 not applicable; PD 5 Parkinson disease; UPSIT 5 University of Pennsylvania Smell Identification Test.
aOne-way analysis of variance.
bChi-square tests with post hoc Fisher exact tests corrected for multiple comparisons setting the p values at p , 0.0167 (0.05/3).
c Significant.
dKruskal-Wallis with post hoc Wilcoxon-Mann-Whitney U tests corrected for multiple comparisons setting the p values at p , 0.0167 (0.05/3).
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comparisons depending on the scale type of the variables.

Between-group comparisons among iRBD, PD, and controls

were performed with a 1-way analysis of variance with post hoc

Bonferroni correction for age and disease duration; with the

Kruskal-Wallis 1-way analysis of variance followed by post hoc

Mann-Whitney U tests for the Hoehn & Yahr scale, UPSIT,

Sniffin’ Sticks, and MDS-UPDRS as well as with the x2 test

for sex distribution. Post hoc Mann-Whitney U tests and

Fisher exact tests were corrected for multiple comparisons (p ,

0.05/3 5 0.017) and performed if the p value of the Kruskal-

Wallis 1-way analysis of variance or x2 test was #0.100. The

significance level was set at p , 0.05. Data were tabulated and

analyzed using SPSS 21.0 for Windows (SPSS, Inc., Chicago, IL).

RESULTS Clinical assessments. A total of 20 patients
with iRBD, 24 patients with PD, and 22 HCs con-
sented to participate and were enrolled in this study.

As expected, patients with PD had significantly
higher scores on the MDS-UPDRS parts I, II, and
III as compared to both patients with iRBD and
HCs. Both patients with PD and patients with iRBD
had significantly lower UPSIT and Sniffin’ Sticks
scores as compared to HCs (table 1).

a-Synuclein expression in colonic biopsies detected with

15G7 antibody. Sufficient biopsy material for the his-
tologic analysis was available for all participants.

While all samples contained adequate mucosal tissue
for a-synuclein and pSyn immunostaining analysis,
submucosal tissue was not invariably included in the
biopsy sections such that only a subset of participants
(16 HCs, 21 PD, and 17 iRBD) could be analyzed.

Localization and patterns of 15G7 a-synuclein immuno-

staining. Immunostaining for a-synuclein (15G7 anti-
body) was identified in both the mucosal and
submucosal parts of biopsies in almost all iRBD cases
and HCs and in all patients with PD. Mucosal stain-
ing had predominantly nerve fiber-like distribution
(figure 1, A and C). Similar to previous reports,15 in
some cases immunopositive mucosal macrophages
were present as well, often forming clusters in the
lamina propria or at the border between lamina prop-
ria and muscularis mucosae (figure 1B).

In the submucosa, both nerve fibers and submuco-
sal ganglionic cells were immunopositive for the 15G7
antibody (figure 1, D–G). In submucosal ganglia, 3
different patterns of distribution of the immunoposi-
tive material were observed: diffuse cytoplasmic stain-
ing (figure 1E), distinct punctate (figure 1F), or coarse
aggregate-like patterns (figure 1G). The neuronal local-
ization of a-synuclein was confirmed by costaining
with the neuronal marker HuC/HuD (figure 2).

Figure 1 Patterns of 15G7 a-synuclein immunostaining in colonic biopsies

Total a-synuclein expression in colonic biopsies detected with the 15G7 antibody. (A) a-Synuclein-positive nerve fibers
(arrows) were identified in lamina propria of the mucosa. (B) a-Synuclein expression was detected with the 15G7 antibody in
mucosal macrophages (arrows) in the lamina propria at the border to muscularis mucosae. (C) Immunopositive nerve fibers
(arrows) were also commonly seen in muscularis mucosae. (D) a-Synuclein-positive nerve fibers (arrows) were detected in
the submucosa of colonic biopsies. Submucosal ganglionic nerve cells showed variable pattern of a-synuclein immunostain-
ing in the cytoplasm: (E) diffuse; (F) distinct punctate (arrows); or (G) coarse aggregate-like (arrows). Scale bars, 20 mm.
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Prevalence of positive 15G7 a-synuclein immunostaining.

A total of 19 of 20 patients with iRBD (95%), 21 of
22 HCs (95%), and all 24 patients with PD (100%)
had a-synuclein immunopositive nerve fibers in the
mucosal layer. Immunopositive mucosal macro-
phages were also identified in biopsies taken from
participants of all groups (HCs 55% [12 of 22], PD
42% [10 of 24], and RBD 40% [8 of 20]).

15G7 immunopositive nerve fibers or ganglia were
also detectable in the submucosa in all participants ir-
respective of diagnostic group: 100% of the iRBD
participants, PD participants, and HCs had this find-
ing in at least one biopsy sample. 15G7-positive sub-
mucosal nerve fibers were observed more frequently
in 14 of 16 patients with iRBD (88%) and 13 of
21 patients with PD (62%) compared to 8 of 16
HCs (50%), but there were no differences in
15G7-immunopositive ganglia in the submucosa,
which were found in 88% of the HC biopsies, in
94% of the iRBD biopsies, and in 100% of the PD
biopsies. No differences among iRBD cases, patients
with PD, and HCs in the mucosal and submucosal
15G7 immunostaining were identified when the
analysis was performed separately for rostral and cau-
dal levels of colonic biopsies (table 2).

Phosphorylated a-synuclein expression in PD, iRBD,

and HC. We did not detect positive mucosal immu-
nostaining for phosphorylated a-synuclein (pSyn)
in any biopsy taken from any group at any level of
the colon (rostral: ascending, transverse, descending
colon, or caudal: sigma/rectum). By contrast, pSyn

immunostaining (figure 3) was identified in the sub-
mucosa of colonic biopsies of 4 (out of 17) patients
with iRBD with positive ganglionic cell bodies in 3
and positive fibers in all 4 cases. Of these 4 iRBD
cases, 1 had pSyn-positive immunostaining in the
caudal colon, in 2 cases immunopositivity was
identified in rostral levels only, and 1 iRBD case
was positive for pSyn at both rostral and caudal
levels. A single PD case (out of 19 suitable for
evaluation at the level of submucosa) had pSyn-
positive fibers and ganglionic cell bodies in the
submucosa of the sigmoid colon, but none of the
more rostral biopsies showed pSyn immunopositive
staining in any participant with PD. None of the
biopsies obtained from HCs stained for pSyn in the
submucosa, and there was a significant group effect
for rostral submucosal staining. However, post hoc
testing between groups failed to reach statistical
significance (table 2).

Of the 4 pSyn-immunopositive patients with
iRBD, 1 had hyposmia, 2 were normosmic, and
1 was excluded from testing due to chronic rhinitis,
as compared to 9 hyposmic participants among the
biopsy-negative iRBD cases. Constipation as defined
as a score of at least 2 in the MDS-UPDRS (I) item
11 was present in 1 of the 4 biopsy-positive cases as
compared to 4 of the biopsy-negative cases.

DISCUSSION This study assesses a-synuclein
immunohistochemistry in colonic biopsies obtained
from patients with iRBD and compares findings to

Figure 2 a-Synuclein expression in submucosal ganglionic nerve cells of colonic biopsies

Submucosal ganglionic nerve cells coexpress the neuronal marker HuC/HuD (red, A, D) and a-Synuclein identified by 15G7
antibody (green, B, E), as proven by the merge of the labeling in C and F, with blue representing DAPI nuclear counter-
staining. Scale bars, 20 mm.
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those in HCs and patients with PD. Using the 15G7
antibody, which binds to amino acids 116–131 of
native a-synuclein regardless of its aggregation status,
there was positive immunostaining of nerve fibers and
ganglia in the colonic mucosa and submucosa for
almost all participants in all groups. This argues
against a role of enteric nervous system (ENS) immu-
nostaining with this antibody as a diagnostic bio-
marker for PD or its prodromal stages. Our
findings are thus in contrast to a previous report
investigating a-synuclein immunoreactivity in biop-
sies of the distal sigmoid colon in 10 patients with
early untreated PD compared to 23 controls using the
antibody LB509, which binds to amino acids 115–
122 of native a-synuclein.6 In that report, immuno-
staining of nerve fibers of the colonic submucosa was

observed in all PD biopsies but in none of the con-
trols. However, later studies applying different a-syn-
uclein antibodies have reported contrasting findings
and provided evidence that a-synuclein is a normal
constituent of the ENS and thus present both in HCs
as well as participants with PD.7,16 Indeed, a detailed
morphologic study on colonic whole wall resections
from patients without PD with intestinal tumors also
found positive immunostaining for a-synuclein in all
samples.16 A recent study used both conventional
immunohistochemistry and aggregate-specific
staining via PET blots to possibly identify disease-
specific patterns in PD but also failed to detect
differences in the number of participants with
positive staining of colonic biopsies between
participants with PD and HCs.17 Taken together,

Table 2 a-Synuclein expression in colonic biopsies of patients with PD, patients with iRBD, and HCs assessed by 15G7 and pSyn
immunostaining

% (n/n)

p Value,a all

Post hoc analysis

HC PD iRBD PD vs HC PD vs iRBD iRBD vs HC

aSyn (15G7)

Mucosa

Nerve fibers 95 (21/22) 100 (24/24) 95 (19/20) 0.553

Rostral 100 (10/10) 100 (14/14) 100 (10/10) NA

Caudal 86 (19/22) 83 (20/24) 80 (16/20) 0.858

Macrophages 55 (12/22) 42 (10/24) 40 (8/20) 0.573

Submucosa

Nerve fibers 50 (8/16) 62 (13/21) 88 (14/16) 0.071

Rostral 100 (6/6) 92 (11/12) 89 (8/9) 0.714

Caudal 20 (2/10) 36 (5/14) 60 (6/10) 0.178

Ganglia 88 (14/16) 100 (21/21) 94 (15/16) 0.263

Rostral 67 (4/6) 64 (7/11) 89 (8/9) 0.413

Caudal 100 (10/10) 100 (14/14) 100 (10/10) NA

Submucosa total (fibers or ganglia) 100 (16/16) 100 (21/21) 100 (16/16) NA

Rostral 100 (6/6) 100 (11/11) 100 (9/9) NA

Caudal 100 (10/10) 100 (14/14) 90 (9/10) 0.290

pSyn

Mucosa

Nerve fibers 0 (0/22) 0 (0/24) 0 (0/20) NA

Macrophages 0 (0/22) 0 (0/24) 0 (0/20) NA

Submucosa

Nerve fibers 0 (0/14) 5 (1/19) 24 (4/17) 0.064

Ganglia 0 (0/14) 5 (1/19) 18 (3/17) 0.169

Submucosa total (fibers or ganglia) 0 (0/14) 5 (1/19) 24 (4/17) 0.064

Rostral 0 (0/6) 0 (0/10) 38 (3/8) 0.032 NA 0.069 0.154

Caudal 0 (0/8) 10 (1/10) 20 (2/10) 0.393

Abbreviations: HC 5 healthy controls; iRBD 5 idiopathic REM sleep behavior disorder; NA 5 not applicable; PD 5 Parkinson disease.
aChi-square tests with post hoc Fisher exact tests corrected for multiple comparisons setting the p values at p , 0.0167 (0.05/3).

Neurology 85 November 17, 2015 1765

ª 2015 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



immunohistochemical studies on colonic biopsies
using antibodies binding to native a-synuclein,
including the present series, do not support a role
of this approach as a useful PD biomarker.

Intriguingly, assessment of a-synuclein immuno-
histochemistry with the LB509 antibody in archival
colonic biopsy material obtained in 3 patients with
PD 2–5 years before diagnosis again found immuno-
staining in all of them8 and suggested that a-synuclein
immunohistochemistry in colonic mucosa and submu-
cosa could be a specific marker for PD even in pre-
diagnostic cases. This notion also gained support from
a postmortem study that reported that a-synuclein
identified by the antibody LB509 was present both
in patients with PD and in pathologically defined cases
of incidental Lewy body disease but not in controls.18

In this study, we investigated participants with iRBD
as a surrogate for prodromal PD and using the 15G7
antibody all showed immunopositive fibers and nerve
cells at the mucosal or submucosal level. However, this
was not different from HCs. By contrast, pSyn immu-
nostaining, which might be more specific for PD due
to the hyperphosphorylation of a-synuclein associated
with the disease,19,20 was seen in 4 of 17 participants
with iRBD at the submucosal level and was not
detected in any of the controls. Therefore, the present
findings raise the possibility that ENS pSyn immuno-
histochemistry could help to identify those participants
with iRBD who will go on to develop clinical PD and
in whom RBD could be considered a prodromal man-
ifestation of the disease. Moreover, it would be broadly
consistent with hypotheses postulating the ENS as an
initiating site of a-synuclein pathology with subse-
quent transsynaptic spread via the vagal nerve to the
caudal brainstem and eventually more rostrally to the
midbrain and cortical areas.2,21,22 However, within the
constraints of increased thresholds for statistical signif-
icance due to multiple testing among 3 groups, the

present finding of a difference in the number of im-
munopositive cases between iRBD and the other
groups is not statistically significant. Also, if pSyn im-
munopositivity in the ENS were to indicate prodromal
PD, it is difficult to understand why only a single
patient with PD in this series was positive for this
marker. A speculative explanation could be that after
initiation of a-synuclein pathology in the ENS, rostral
transport or transmission might be associated with
clearance of aggregated a-synuclein from enteric neu-
rons. Indeed, centripetal distribution of a-synuclein
from distal fibers in the heart to neuronal somata in
paravertebral sympathetic fibers has been reported.23

Alternatively, as pathology progresses from prodromal
PD to clinically established disease, there might be loss
of enteric neurons and nerve fibers, thus reducing im-
munopositivity, but this has not been investigated
quantitatively in PD to date. Nevertheless, observa-
tions in skin biopsies support the hypothesis of periph-
eral nerve fiber loss as an intrinsic feature of PD.24

It has to be acknowledged, however, that previ-
ous studies using antibodies against pSyn in colonic
biopsies of PD have yielded conflicting results. Sim-
ilar to this series, pSyn pathology in form of posi-
tively stained Lewy neurites was reported in none
of the controls but—differently from our results—
in 72% of the patients with PD.5 Another report of a
microdissection study of colonic mucosa from biop-
sies also identified pSyn-positive Lewy neurites in
the submucosal plexus and mucosa (14% and
33%, respectively) of the sigmoid and ascending
colon in a proportion of patients with PD but not
in HCs.25 In contrast, however, others found posi-
tive immunostaining for pSyn in the majority of
patients with early and late PD and HCs.17

Nevertheless, the notion of greater PD specificity
of pSyn immunohistochemistry of peripheral tissues
gains some support from recent studies of peripheral

Figure 3 pSyn submucosal immunostaining patterns in colonic biopsy material

Phosphorylated a-synuclein (pSyn) submucosal staining patterns in colonic biopsies. (A) pSyn-immunopositive nerve fiber in the submucosa (arrows). (B)
pSyn-positive aggregates in the cytoplasm of submucosal ganglionic nerve cells (arrows). (C) Diffuse pSyn cytoplasmic immunoreactivity in submucosal
ganglia (arrows). Scale bars, 20 mm.
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sensory and autonomic nerve fibers from skin punch
biopsies. While a-synuclein staining of autonomic
fibers was observed in both patients with PD and
controls—although with greater accumulation in
PD26—a recent report found pSyn immunopositivity
of dermal nerve fibers only in PD cases, where it was
observed in more than 50%, but in none of the
controls.23,27

There are several possible reasons for the inconsis-
tencies between studies on a-synuclein in the ENS.
These include differences in applied antibodies and
histologic techniques as well as site and depth of biop-
sies. Since in this study pSyn immunopositivity was
only seen in submucosal tissue, but not in the
mucosa, appropriate depth of biopsy seems to be crit-
ical for the evaluation of pathologic a-synuclein in
the ENS of patients with PD. In addition, several
groups have noted a rostro-caudal gradient with
greater density of a-synuclein expression in rostral
as compared to more caudal portions of the gastroin-
testinal tract.3,28 This suggests that localization of
biopsies along the gastrointestinal tract may be
another critical factor to be standardized in studies
of enteric a-synuclein immunohistochemistry. In
the current study, however, a-synuclein immunore-
activity differences did not appear to depend on the
rostro-caudal level of colonic biopsy sites, but the num-
ber of cases with multiple biopsies along the rostro-
caudal extension of the colon was small.

This is a novel study investigating colonic biopsies
of patients with iRBD. This condition is well-
established as the most specific clinical risk factor
for PD identified so far and may indeed represent
prodromal PD in up to 80%.9,11,12 Candidate bio-
markers for PD or PD risk would therefore be
expected to show an association with iRBD as has
been found for hyposmia,29 subtle motor impair-
ment,30 impaired color vision, reduced dopamine
transporter uptake in the putamen,29,31 and hypere-
chogenicity of the substantia nigra on transcranial
ultrasound.32 In the present study, positive staining
for enteric pSyn was only detected among patients
with iRBD and a single patient with PD but in none
of our controls. Future studies focusing on expression
patterns of phosphorylated a-synuclein in peripheral
nervous tissue of patients at risk for PD are needed to
validate a potential risk of enteric pSyn immunoreac-
tivity as a marker for prodromal PD. Ideally, this
should be in the context of prospective cohort studies,
where multiple additional markers would be assessed
and participants followed longer term to capture the
evolution of clinically defined PD. While an ambi-
tious goal, such studies will be critical to define and
validate sensitive and specific PD risk markers that
could eventually enter screening programs and pave
the way to future disease prevention trials.
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