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Multiple system atrophy (MSA) is a neurodegenerative disease
characterized by any combination of progressive autonomic failure,
parkinsonian symptoms, and cerebellar and pyramidal features [1].
Although several lines of evidence suggest that central neuroin-
flammatory mechanisms are implicated in the pathogenesis of MSA [2],
it remains unclear whether peripheral inflammation contributes to the
disease. Research focusing on this aspect may provide not only a better
understanding on the etiology of MSA but also information regarding its
candidate biomarkers. Therefore, we assessed serum inflammatory
markers in patients with MSA and explored their associations with
motor and non-motor symptoms.

A total of 27 patients with MSA were included in this study. A di-
agnosis of MSA was made according to the consensus criteria [1].
Twenty healthy individuals with an overall age and sex distribution
similar to that of the patients were the controls, as in our previous study
[3]. We assessed motor symptoms using the Hoehn and Yahr stage and
non-motor symptoms using the Montreal Cognitive Assessment, the
Cross-Cultural Smell Identification Test, the Non-motor Symptoms
Scale, and the Composite Autonomic Symptom Score 31. The following
serum inflammatory markers in the serum samples were measured:
interleukin (IL)-1β, IL-2, IL-6, and IL-10 and tumor necrosis factor
(TNF)-α and high-sensitivity C-reactive protein (hsCRP). These markers
were selected on the basis of the previous results from patients with
Parkinson's disease [4] and those with multiple system atrophy [5]. The
standard procedures for cytokine and hsCRP analyses have been pre-

viously described in detail [3]. The institutional review board of our
hospital approved the study protocol, and written informed consent to
participate was obtained from all the participants. We divided the MSA
patients into two groups (low-level group vs. high-level group) ac-
cording to the median value of each inflammatory marker, and then
compared the clinical measures between the groups [6]. Quantitative
variables were compared with the use of the Mann-Whitney U test, and
qualitative variables were compared with the use of Fisher's exact test.
All statistical tests were two-tailed, and a P value less than 0.05 was
considered statistically significant. Calculations were done with the
IBM SPSS software, version 22.

There were no differences between the MSA and control groups with
respect to age and sex (Supplementary Table 1). The mean (standard
deviation) disease duration of the MSA group was 3.4 (1.7) years. The
IL-1β and IL-2 levels were below the lower limit of detection (LLOD) in
60% (MSA group: 59% vs. control group: 60%; LLOD: 0.03 pg/ml) and
43% (MSA group: 33% vs. control group: 55%; LLOD: 0.10 pg/ml) of
the serum samples, respectively. The other cytokines and hsCRP were
detectable in all the serum samples. As shown in Table 1, none of the
inflammatory markers were significantly different between the two
groups. Among the patients with MSA, the severity of the motor and
non-motor symptoms did not differ between the low- and high-level
groups for each inflammatory marker (Supplementary Table 2).

In this study, we did not find any evidence that peripheral in-
flammation is associated with MSA. In fact, unlike Parkinson's disease,

Table 1
Serum inflammatory marker levels.

MSA (n= 27) Control (n=20) P Value

IL-1β, pg/ml 0.03 (0.04) 0.03 (0.01) 0.868
IL-2, pg/ml 0.14 (0.22) 0.10 (0.07) 0.501
IL-6, pg/ml 0.95 (1.36) 0.64 (0.59) 0.389
IL-10, pg/ml 1.18 (3.58) 0.87 (2.75) 0.282
TNF-α, pg/ml 2.42 (0.64) 2.49 (0.61) 0.547
hsCRP, μg/ml 2.34 (7.84) 3.81 (11.55) 0.387

Data are the mean (standard deviation).
Abbreviation: hsCRP=high sensitivity C-reactive protein; IL= interleukin; MSA=multiple system atrophy; TNF= tumor necrosis factor.
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little is known about peripheral nervous system synuclein pathology in
MSA. Furthermore, autonomic symptoms in MSA are generally caused
by the involvement of the central nervous system including the auto-
nomic centers of the brainstem, which suggests a primarily pregan-
glionic disorder [7,8]. These observations may support the results of the
current study. However, considering that the mean disease duration of
our patients was 3.4 years, we cannot exclude the possibility that per-
ipheral inflammation is vital to the initial pathogenesis of MSA but not
relevant at this stage of the disease. Alternatively, the serum in-
flammatory markers used in this study may not adequately capture the
immune responses of peripheral nervous system in MSA.

In contrast to our findings, a recent study reported increased plasma
levels of IL-6 and TNF-α in patients with MSA compared to the controls,
and the higher TNF-α levels were associated with less severe motor
symptoms [5]. However, these results were obtained from only 14
patients with MSA, limiting any conclusions that can be made. There-
fore, further studies with a larger number of patients with MSA should
be done to clarify this issue.
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