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Low levels of alpha-synuclein in peripheral tissues are related to clinical
relapse in relapsing-remitting multiple sclerosis: a pilot cross-sectional study
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ARTICLE INFO ABSTRACT

The protein alpha-synuclein (a-Syn) has been linked to neuroinflammatory conditions. We investigated whether
the presence of a-Syn in peripheral tissues is a surrogate of brain inflammatory status in a small group of
relapsing-remitting multiple sclerosis (RRMS) patients in a pilot cross-sectional study. Skin biopsies and per-
ipheral blood were sampled from 34 healthy controls and 23 MS patients for measurement of a-Syn levels.
Within the RRMS group 15 patients were in remission, and 8 patients were in the relapsing phase. The protein a-
Syn was evaluated by means of immunohistochemistry and flow cytometry in skin and nucleated blood cells,
respectively. In the skin, a-Syn levels were lower in relapsing MS than in the other groups, both in positive area
(p =.021) and staining intensity (p = .004). In blood, the percentage of a-Syn-positive lymphocytes and
monocytes were not statistically different between study groups. Moreover, the use of systemic steroids did not
affect a-Syn positivity in MS-relapse patients. Finally, epidermic Langerhans cells did not stain positively for a-
Syn. Overall, the levels of a-Syn positivity were lower in inflammatory relapse of RRMS patients when measured
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in peripheral tissues. We discuss the role of a-Syn levels in inflammation according to the obtained results.

1. Introduction

Multiple sclerosis (MS) is an inflammatory demyelinating disease of
the central nervous system (CNS) characterized by focal areas of neu-
rological damage. The clinical course of MS includes motor, visual, and
affective symptoms with varying degrees of disability [1]. Among the
four clinical variants described, relapsing-remitting multiple sclerosis
(RRMS) accounts for 80%-85% of total MS cases [2]. In this variant,
inflammatory brain lesions accompanied by clinical symptoms (relapse)
alternating with disease-free intervals (remission). Although the
etiology of MS is still unknown, disease progression relies on a repeated
inflammatory response to myelin antigens. Environmental factors, in-
fectious agents, and genetics have been implicated as risk factors for
developing the disease [1]. Cognitive and physical impairments are
common features of chronic MS [3,4].

Diagnosis of relapsing MS is often complicated by the high

variability in clinical presentation, the availability of auxiliary methods
(such as MRI and oligoclonal bands), and the inconclusive results ob-
tained by these methods in some patients. Nevertheless, clinical pre-
sentation relies on active brain inflammation, and a peripheral marker
for neuroinflammation would be a useful tool for assessing relapse in
MS. Among the putative markers, the neuronal protein alpha-synuclein
(a-Syn) has been previously associated with inflammation and devel-
opment of neurodegenerative diseases (NDD) [5-8]. The ubiquitous
localization of a-Syn in peripheral tissues is advantageous because it
avoids the ethical concerns of directly studying brain tissue in CNS
disorders. Indeed, the presence a-Syn in peripheral nerve terminals [9],
epidermis [6,10,11], and blood cells [12] has been explored in Par-
kinson's and other NDD. In multiple sclerosis, a-Syn has been studied
directly in CNS lesions and cerebrospinal fluid (CSF). For example,
studying postmortem brain samples from MS patients, Lu and colla-
borators found that the presence of a-Syn is restricted to active
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inflammatory lesions, but it is absent in chronic non-inflammatory
tissue [13]. Also, different a-Syn levels in CSF have been reported be-
tween MS patients and control subjects [14,15], but until now, studies
approaching variations in peripheral a-Syn related to inflammation in
MS are lacking.

Before studying a-Syn as an inflammatory marker, this work pro-
poses to address the true association of a-Syn with inflammatory set-
tings. This is because, beyond the association of increased a-Syn levels
and inflammation, some studies have shown that decreased a-Syn le-
vels were also related to inflammation and dysfunctional immune re-
sponses [16-18]. For example, Ettle and collaborators found that de-
leting a-Syn before induction of experimental allergic encephalitis
(EAE) in mice increased the numbers of infiltrating Th1 inflammatory
cells and decreased the number of Treg anti-inflammatory cells in the
CNS [19]. When a-Syn was silenced in the rat CNS by a slightly dif-
ferent approach, neuroinflammation and microglia activation through
increased MHC-I expression caused specific dopaminergic cell degen-
eration [20]. In another manner, increased a-Syn expression in mouse
macrophages and microglia caused impairments in autophagy and
subsequent dysfunction in phagocytosis and cytokine release [21].
These results indicate that the functions of a-Syn and its changes as-
sociated with pathology are only partially understood. Beyond its
known participation as a chaperone in neurotransmitter release, in-
flammatory implications have also been suggested in peripheral tissues.
Specifically, a-Syn can shape the function of the immune system, par-
ticipating in T lymphocyte development [17,18], modulating lympho-
cyte function [12], and regulating proper antigen processing in pha-
gocytes and lymphocytes through autophagy [22].

Therefore, given the heterogeneity of the clinical presentation of
MS, the neuroinflammatory basis of its symptoms and the dubious in-
flammatory properties associated with a-Syn in non-NDD, we designed
this preliminary study to assert the association between a-Syn levels
and inflammation in a small group of relapsing-MS patients and to as-
certain the presence of a-Syn in peripheral tissues. The preliminary
conclusions of this work will be the basis for further studies including a
greater number of participants. Our initial hypotheses were: a) the a-
Syn levels in skin and nucleated blood cells will be increased in
symptomatic patients (MS-relapse) when compared to asymptomatic
patients (MS-remission) and healthy controls; b) steroid treatment in
MS-relapse will decrease a-Syn positivity in the studied tissues; c) cu-
taneous antigen-presenting cells (Langerhans cells or LC), as compo-
nents of the immune system, will be positive for a-Syn.

2. Materials and methods
2.1. Participants

Skin biopsy and peripheral blood samples were taken from 34
healthy controls and 23 RRMS patients for MS diagnosis performed by
an experimented neurologist according to the revised McDonald cri-
teria. The RRMS group included 15 MS-remission and 8 MS-relapse
patients (Table 1). Skin samples of 4-mm diameter were taken by punch
biopsies from retroauricular skin. For MS-relapse patients, sampling
was performed before and after the administration of intravenous me-
thylprednisolone in a cumulative dose of 1000-1500 mg. Participants in
the study were recruited from the Neurology departments of Central
Hospital in San Luis Potosi and Western National Medical Center in
Jalisco, México. All participants signed the informed consent form prior
to the inclusion of their skin and blood samples in this study. The Ethics
and Research Committee of the Central Hospital in San Luis Potosi,
México, approved the study and consent forms. This study was per-
formed under the code of ethics of the World Medical Association for
experiments involving humans.
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Table 1
Demographic characteristics of participants.
Control MS-Rem  MS-Rel MS-Rel + 1S p-Value
N= 34 15 8 8 -
M:F 13:21 10:5 4:4 2:6 -
Age in years 30.6 35.1 35.1 33.8(+7.8) 0.2120
(mean * SD) (x7.7) (=84 (x8.1)
Age in years (min- 20-49 23-50 22-44 22-44 -
max)
EDSS score - 3.6(1.9 22(1.5) 23(1.8) 0.1341
(mean + SD)
Steroids (%) - 2 (13%) - 8 (100%) -

* F = 1.545 (age); F = 2.161 (EDSS); one-way analysis of variance.
2.2. Flow cytometry

Complete blood was diluted 1:3 in 0.01 M phosphate buffered saline
(PBS) and then transferred to 15-mL tubes containing 3 mL of cold
Histopaque at the bottom. The sample was centrifuged at 2500 RPM for
20 min at 10°C. After this step, peripheral blood mononuclear cells
(PBMC) were separated and washed with cold PBS and RBC lysis buffer.
Following cell counting, 2 X 10°> PBMC were fixed with 500 uL of Fix/
Perm Solution (BD Biosciences) for 60 min at 4 °C. Following fixation,
PBMC were incubated with mouse monoclonal anti-a-Syn antibody (BD
Biosciences, 2 pL from a 1:5 dilution) for 60 min at 4 °C. In the next step,
an FITC-coupled anti-mouse antibody (BD Biosciences, 2 uL from a 1:10
dilution) was added and incubated for 30 min, protected from light at
4°C. Samples were analyzed in a FACS CANTO II cytometer (BD
Biosciences, Franklin Lakes, NJ), and the percentage of a-Syn-positive
cells were used for comparison purposes (Fig. 1A).

2.3. Immunohistochemistry and confocal microscopy

Skin biopsies were fixed in 4% formaldehyde, dehydrated, and
embedded in paraffin blocks. For immunohistochemistry, 5-um tissue
slices were collected on electro-charged slides (Biocare Medical,
Pacheco, CA). Dewaxing and rehydration were performed by xylene
and ethanol rinses, respectively. Epitope recovery was performed in
DIVA decloacker solution (Biocare Medical) in a pressure cooker at high
power for 3 min. To avoid nonspecific staining, the following blockers
were utilized: 3% H202 for endogenous peroxidase, Background Sniper
(Biocare Medical) for nonspecific background staining, and the Avidin/
Biotin Blocking Kit (Vector Laboratories Inc., Burlingame, CA) for en-
dogenous biotin and biotin-binding proteins. The blockers were alter-
nated with Tris-buffered saline + Tween-20 (TBST) rinses. Mouse
monoclonal anti-a-Syn antibody (BD Biosciences) was used in a 1:100
dilution in TBST and incubated for 60 min, followed by 30 min with the
streptavidin-biotin detection system (Dako, Agilent Technologies,
Santa Clara, CA). A negative control without the primary antibody was
included with each sample (Supp. Fig. 1). Peroxidase activity was vi-
sualized by incubating the sections with amino-ethylcarbazole solution
for 9 min to obtain a positive red coloration. Samples were counter-
stained with Harris hematoxylin. Photomicrographs were taken on a
light microscope equipped with a digital camera (Olympus, AmScope).
Six fields per sample were captured at 40 X magnification and digitally
analyzed with Image Pro Plus 7 software. Two parameters were ob-
tained from digital analysis of immunohistochemistry images: the a-
Syn- positive area in pixels and the integrated optical density (IOD) in
arbitrary units. The parameter IOD quantifies the intensity of positive
spots, estimating the amount of marked a-Syn.

For confocal microscopy, samples were processed as described for
immunohistochemistry, except for the use of peroxidase and biotin
blockers. Following antigen recovery with DIVA decloacker solution
and Background Sniper, 5-um skin slices were incubated overnight at
4 °C with mouse anti-a-Syn (BD Biosciences, dilution 1:100) and rabbit
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Fig. 1. a-Syn immunopositivity in PBMC. Staining for a-Syn was performed in PBMC (A); no differences were found in the percentage of positive cells in the
lymphocyte (B and D) or monocyte (C and E) populations. Median + IQR, Kruskal-Wallis test, each dot represents a single measure of a single subject.
CTRL = healthy control, MS-Rem = multiple sclerosis remission phase, MS-Rel = multiple sclerosis relapse phase. B and C are representative histograms from a

healthy control.

anti-CD1a (Abcam, Cambridge, MA, dilution 1:300) antibodies. In the
next step, goat anti-mouse IgG coupled with Alexa Fluor 633 (dilution
1:100) and goat anti-rabbit IgG coupled with Alexa 488 (dilution 1:200)
were incubated for 2 h at room temperature and light protected. Nuclei
were stained with Sytox (Molecular Probes, Waltham, MA). The slides
were covered with VectaShield mounting solution. Samples were ana-
lyzed in a confocal microscope (LEICA TCS SP2, Leica Microsystems
GmbH, Wetzlar, Germany) for fluorescence at 40 X magnification.

2.4. Statistical analysis

Statistical analysis was performed with GraphPad Prism 5 software.
According to the normality test, our data showed a non-gaussian dis-
tribution. For comparisons between two groups, we performed a
Mann-Whitney U test, and for multiple groups, a Kruskal-Wallis test
with Dunn's post-test were employed instead. A P-value lower than 0.05
was considered for statistical significance.

3. Results
3.1. Patients

As mentioned, the RRMS group was divided in two subgroups, 15
MS-remission patients recruited in the clinical follow-up and 8 MS-re-
lapse patients with clinical or radiologic signs of inflammatory activity.
The description of participants is shown in Table 1. The scant number of
patients included in this work was justified by the low-intermediate
prevalence of MS in México and the exploratory design of the study
[23]. The mean ages and EDSS scores were not significantly different
between groups (EDSS scores [mean *+ SD]: 3.6 = 1.9 [MS-
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remission], 2.2 + 1.5 [MS-relapse] and 2.3 + 1.8 [MS-relapse +
steroids]; F = 2.161, p = .1341, one-way ANOVA). The post-steroid
samples were obtained after a cumulative dose of 1.5 g of intravenous
methylprednisolone.

3.2. a-Syn in nucleated blood cells and epidermis

In blood tissue, the percentage of a-Syn-positive cells showed no
significant difference between study groups in lymphocyte (p = .6876)
and monocyte (p = .2038) samples, but a trend toward lower percen-
tages in the MS-relapse group was observed (Fig. 1 and Suppl. Fig. 2).

In contrast, the epidermis showed lower a-Syn positivity in the MS-
relapse group. The areas of a-Syn-positive cells were significantly lower
in the MS-relapse group when compared with healthy controls
(p = .0214) but statistically similar to the MS-remission group. The
parameter 10D also showed the lowest values in the MS-relapse group
when compared to the other study groups (p = .0041) (Fig. 2).

3.3. Effect of systemic steroids on a-syn positivity

Intravenous methylprednisolone is commonly used in patients with
clinical signs of MS relapse. In this subgroup of patients, we evaluated
the change in a-Syn positivity after acute treatment with steroids, but
no change was found in any of the tissues studied when compared to
pre-steroid samples (Fig. 3A-D).

3.4. a-Syn co-localization with langerhans cells

As a component of the immune system, LC numbers decreased after
steroid treatment when compared to pre-steroid samples in the MS-
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Fig. 2. a-Syn immunopositivity in the epidermis.
Immunohistochemistry for a-Syn was performed in
healthy controls (A), MS-remission patients (B) and
MS-relapse patients (C). The marked area for a-Syn
was lower in the MS-relapse group compared to
healthy controls (D). The integrated optical density
had lower values in MS-relapse patients when com-
pared to MS-remission and healthy control values
(E). Light microscopy, 40X magnification, white
arrows = a-Syn positive cells, black arrows = mel-
anin inclusions. Median * interquartile range
(IQR), Kruskal-Wallis test followed by Dunn's post-
test. Each dot represents the mean value of six fields
at 40x from a single participant. *p < .05,
**p < .01. CTRL = healthy control, MS-
Rem = multiple sclerosis remission phase, MS-

D Immunohistochemistry E Immunohistochemistry Rel = multiple sclerosis relapsing phase.
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relapse subgroup of patients (Fig. 3E-F). We found no spatial co-loca-
lization between LC and a-Syn markers. The a-Syn-positive cells were
restricted to the basal layer, and LC were distributed along the whole
epidermis (Fig. 3G-I).

4. Discussion

This preliminary approach explored the variations of peripheral a-
Syn levels according to inflammatory status in MS patients. Our results
showed that a) a-Syn levels in the epidermis had lower values in MS-
relapse patients; b) treatment with steroids in MS-relapse did not
change the rate of positivity to a-Syn; ¢) LC did not show positivity to a-
Syn.

The main outcome of this study argues against considering a-Syn as
an inflammation-related protein and shows the weak suitability of a-
Syn as an inflammatory marker. First, we found lower positivity to a-
Syn in the epidermis from MS-relapse patients when compared to MS-
remission patients and healthy controls (Fig. 2). A similar but statisti-
cally nonsignificant trend was seen in nucleated blood cells (Fig.1). The
pattern of staining of neuronal proteins in the skin (as a neural crest
derived tissue) is quite specific. Indeed, we have studied other proteins
in the skin and we found positive polygonal cells restricted mostly to
basal epidermis in the case of a-Syn. By contrast, a cytoplasmic pattern
involving the whole epidermis was observed for beta-tubulin, digiti-
form positive cells interspersed across epidermis for Langerin and nu-
clei-restricted positivity in external layers of epidermis for phosphory-
lated tau (Supp. Fig. 3). Also, it is important to mention that melanin
expression is variable according to skin tone and it is easily identified as
dark-brown irregular spots (Supp. Fig. 1). The red positive a-Syn marks
are clearly differentiated from melanin with digital analysis of images.
Within the flow cytometry approach, the possibility for contamination
in sampled PBMC with a-synuclein from erythrocytes or RBC (also
containing the protein) is avoided by means of the staining protocol
itself, prior to analysis. In the protocol, the PBMC are separated from
RBC by means of a density gradient followed by lysis of residual RBC
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with a hypotonic solution. For analysis, morphologic parameters (SSC
and FSC) were utilized to gate a specific population clearly differ-
entiated from cell fragments and small non-nucleated cells (Fig. 1A).
Second, in the subgroup of MS-relapse patients, the use of steroids did
not change the rate of positivity to a-Syn (Fig. 3, A-D), but the numbers
of LC (as components of the immune system) were clearly decreased
with steroids, suggesting that an effect of acute steroid treatment was
indeed present (Fig. 3, E and F). Nevertheless, some drawbacks of this
result must be mentioned. For example, MS-relapse was the smallest of
the studied groups (n = 8) and, interestingly, those patients had the
lowest measured a-Syn levels. Moreover, considering that we measured
changes of protein positivity, the short time of intervention with ster-
oids may have not been enough to see a change in a-Syn. Third, LC did
not show positivity to a-Syn by confocal microscopy (Fig. 3, G-I). This
finding is consistent with the above results. The a-Syn-positive cells
were restricted to the basal layer of the epidermis, and we failed to
identify them as LC by immunofluorescence, even with LC localized to
this layer (Supp. Fig. 4). Moreover, Rodriguez-Leyva and collaborators
previously identified a subgroup of a-synuclein positive cells as mela-
nocytes, explaining their characteristic distribution in the basal layer of
the epidermis [6].

In agreement with our findings, bibliographic evidence supports the
existence of an inverse relationship between a-Syn levels and in-
flammatory conditions. For example, Antonelou and collaborators
found that MS patients had lower a-Syn levels in CSF when compared
to control patients with benign neurologic conditions such as migraine
and sciatica [15]. Basic research in an animal model demonstrated that
the deletion of a-Syn in mice before EAE induction increased the
numbers of infiltrating CD4+ Thl cells in the CNS and was accom-
panied by earlier appearance of clinical disease, suggesting that low or
absent a-Syn levels were related to increased inflammation [19]. In
another study, acute a-Syn silencing in mature nigral neurons resulted
in increased microglia activation and recruitment of lymphocytes,
leading to severe neurodegeneration [20]. Also, a-Syn deletion in
lymphocytes increased the expression of activation markers CD69 and
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Fig. 3. a-Syn positivity and inflammation. Changes
in a-Syn positivity were measured in MS-relapse
patients before and after the administration of sys-
temic steroids (connecting straight lines show the
measures performed in the same patient). No dif-
ference was found in the percentage of a-Syn-posi-
tive cells between groups in lymphocytes (A) and
monocytes (B). No difference was found in im-
munopositivity to a-Syn in the epidermis (C and D).
Immunohistochemistry for LC in skin were per-
formed before (E) and after (F) systemic steroid
treatment in a single MS-relapse patient; positive
cells stained red. Co-localization of a-Syn (blue, G)
and Langerhans cells (green, H) was performed in
skin from a healthy donor, but no co-localization was
found (merge, I). Median = IQR, Mann-Whitney U
test (A-D). MS-Rel = multiple sclerosis relapse
phase, IS = immunosuppresor (intravenous ster-
oids). Light microscopy (E-F), confocal microscopy
(G-I, 40x fields, nuclei stained with Sytox (red
color in I). (For interpretation of the references to
color in this figure legend, the reader is referred to
the web version of this article.)

cytokines (TNF-a and IL-6) but dysfunctional in terms of an effective
immune response [16]. Complimentary evidence suggested that in-
creased a-Syn levels could even be a protective factor in clinical
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scenarios where inflammation has deleterious effects [24,25]. Lastly, it
is important to mention that the dysfunctional inflammatory phenotype
associated with low a-Syn levels may become evident only when an
inflammatory stimulus challenges immune homeostasis [26].

Given the results, the decreased a-Syn levels seen in inflammatory
conditions seem to be in conflict with the increased a-Syn levels com-
monly associated with inflammation in neurodegenerative diseases. To
address this discrepancy, we reviewed the participation of a-Syn in two
divergent scenarios. First, the normal function of a-Syn is only partially
understood. a-Syn works as a chaperone in intracellular vesicle dy-
namics, a critical step for neurotransmitter and cytokine release. Proper
functioning of a-Syn is then related to neurotransmission, autophagy,
inflammation, and phagocytosis [21,27-31]. Second, published evi-
dence suggests the existence of two a-Syn functional variants based on
its structural conformation. One is the regular a-Syn, mentioned above
as a soluble amphipathic protein with many physiologic functions and a
constant exchange rate [32-34]. The other is considered pathologic, an
insoluble protein with a spectrum of modifications that make it prone to
forming toxic aggregates, triggering inflammation and cell damage, and
being implicated in the genesis of neurodegenerative diseases
[28,29,35]. Then, pathologic variations in a-Syn structure corre-
sponded to varying grades of inflammatory response measured through
phagocytosis and microglia activation [36].

Our results suggest that the variant we measured is regular a-Syn.
This variant appears to modulate inflammation, which would explain
the lower a-Syn levels seen in inflammatory MS-relapse. Finally, we
must state that our findings come from an initial study involving a
limited number of patients and we expect to confirm our preliminary
conclusions in a larger population.

5. Conclusion

In the present study we found lower a-Syn levels in skin from re-
lapsing MS patients, suggesting that decreased modulatory properties of
regular a-Syn contribute to the increased neuroinflammation seen in
relapsing MS patients.
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