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Abstract

Background It is well known that myelin disruption and neuroinflammation are early and distinct pathological hallmarks in 
multiple system atrophy (MSA) as well as in idiopathic Parkinson’s disease and in other atypical Parkinsonian syndromes. 
The objective of this study was to assess the value of non-neuronal biomarker candidates that reflect myelin disruption and 
neuroinflammation.
Methods Myelin basic protein (MBP) and the soluble form of TREM2 were quantified in a comprehensive movement disor-
der cohort from two different neurological centers, comprising a total of 171 CSF samples. Commercially available ELISA 
systems were employed for quantification.
Results The results of the MBP analysis revealed a significant increase in cerebrospinal fluid (CSF) MBP levels in all atypi-
cal Parkinsonian conditions compared to PD. This differentiation was more pronounced in the MSA-c subtype compared 
to MSA-p. Receiver operating characteristic (ROC) analysis revealed a significant discrimination between PD and MSA 
(p = 0.032, AUC = 0.70), PD and DLB (p = 0.006, AUC = 0.79) and PD and tauopathies (p = 0.006, AUC = 0.74). The results 
of the TREM2 analysis demonstrated no significant differences between the PD and atypical Parkinsonian groups if not 
adjusted for confounders. After adjusting for age, sex, and disease duration, the PD group exhibited significantly higher 
TREM2 levels compared to the DLB group (p = 0.002).
Conclusions In conclusion, MBP, but not TREM2, is elevated in the CSF of not only MSA but in all atypical Parkinsonian 
conditions compared to idiopathic Parkinson’s disease. This highlights the value of the evaluation of myelin/oligodendrocyte-
associated markers in neurodegenerative movement disorders.
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Introduction

Multiple system atrophy (MSA) is a rare sporadic neurode-
generative disorder that is primarily characterized by auto-
nomic dysfunction in conjunction with cerebellar symptoms 
or Parkinsonism. Depending on the location of the patho-
logical process in the brain, two distinct motor subtypes are 
commonly distinguished: the cerebellar subtype (olivopon-
tocerebellar atrophy; MSA-c) and the Parkinsonian subtype 
(striatonigral degeneration; MSA-p) [1].

Similar to Parkinson's disease (PD) and Dementia with 
Lewy bodies (DLB), MSA can also be classified as a synu-
cleinopathy due to the accumulation of misfolded alpha-
synuclein in the central nervous system (CNS). In contrast 
to the classical Lewy-body diseases PD and DLB, this accu-
mulation is primarily observed in oligodendrocytes (glial 
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cytoplasmic inclusions, or GCI) and only to a lesser extent in 
neurons [2]. Pathological changes besides neuronal degener-
ation can be found early in MSA, even before the occurrence 
of pathological alpha-synuclein aggregates. For instance, 
redistribution of the myelin protein TPPP/p25, myelin lipid 
dysregulation, as well as a pathological swelling of the oli-
godendroglial somas, can be found early in MSA preceding 
alpha-synuclein aggregation [3]. Despite the evident signifi-
cance of these early, non-neuronal disease mechanisms, the 
majority of biomarker research for MSA has been concen-
trated on alpha-synuclein, in addition to different markers of 
neuronal degeneration and catecholamines [4]. The evalua-
tion of oligodendrocyte and/or myelin-associated biomarker 
targets has been largely overlooked in MSA and atypical 
Parkinsonian syndromes, such as Dementia with Lewy bod-
ies (DLB), or in tauopathies, including progressive supra-
nuclear palsy (PSP) and corticobasal degeneration (CBD). 
Therefore, Myelin Basic Protein as the second most abun-
dant myelin protein represents a promising target to explore.

Another significant feature of neurodegenerative diseases 
is neuroinflammation, which is also prevalent early in MSA 
and also in PD [5, 6]. This is evidenced by the presence 
of widespread microglial activation, which is a marker of 
neuroinflammatory changes [7]. However, different inflam-
matory markers in the CSF (e.g., YKL-40) have yielded 
inconclusive results in MSA [4]. Recent studies from the 
Alzheimer's field have highlighted the potential value of the 
soluble form of the triggering receptor expressed on myeloid 
cells 2 receptor (TREM2) as a promising biomarker candi-
date [8]. TREM2 is predominantly expressed by microglia 
and acts on the plasma membrane as a key member of the 
microglia sensome, mediating responses to several poten-
tial stimuli [9]. However, the value of soluble TREM2 as a 
marker of neuroinflammation in MSA and other atypical PD 
syndromes has not been evaluated before.

The current study therefore presents an analysis of CSF 
MBP and TREM2 in MSA as well as in atypical Parkin-
sonian conditions in two different cohorts. The findings 
contribute to the growing body of evidence indicating the 
importance of non-neuronal markers in neurodegenerative 
movement disorders.

Methods

Subjects

Biosamples were obtained from the movement disorder 
biobank of the Department of Neurology of the University 
Medical Center, Göttingen, Germany based on the avail-
ability of CSF samples independent of disease duration 
or disease severity. Patient samples were collected for the 
purpose of facilitating prospective research projects related 

to Parkinsonism. Control subjects (CTRL) were selected 
who did not display any clinical signs of neurodegenera-
tion but who were comparable in age and gender charac-
teristics. Patients with PD, Progressive Supranuclear Palsy 
(PSP), Corticobasal Syndrome (CBS) and Multiple System 
Atrophy (MSA-P, MSA-C) were diagnosed in accordance 
with acknowledged criteria [10–16]. Patients underwent 
neurological examination and history taking by movement 
disorder specialists. Assessment of motor function (UPDRS 
III) and cognitive function (MoCA or MMSE assessment) 
was available. If only MMSE was available, conversion into 
MoCA Score was applied [17]. All patients were included 
regardless of disease severity.

A validation cohort including PD patients, MSA patients 
and healthy controls were obtained from the Neuro-Biobank 
of the University of Tübingen, Germany. This biobank is 
supported by the local University, the Hertie Institute and 
the German Center for Neurodegenerative Diseases (DZNE). 
Age-matched controls were assessed to have no neurological 
diseases.

Permissions of the local ethics committees have been 
obtained prior to the initiation of the study (Ethics com-
mittee of the University Medical Center Göttingen, Nr. 
13/11/12, 37/11/21; Ethics committee of the Faculty of 
Medicine at the University of Tübingen, Nr. 199/2011BO1). 
Written consent was provided by all patients or caregivers. 
The study conforms with the Code of Ethics of the World 
Medical Association (Declaration of Helsinki).

CSF sampling

The collection of CSF samples was conducted in accordance 
with the established guidelines for the standardization of 
CSF biobanking [18]. As described before [19, 20], the ini-
tial 2–4 ml of CSF were withheld for routine analysis (WBC, 
RBC, total protein, total albumin), while the subsequent CSF 
were collected in polypropylene tubes. Samples were then 
centrifuged, aliquoted, and stored at − 80 °C within 1–2 h. 
Only samples with an RBC < 100/µl were used for analysis 
to exclude an influence due to blood contamination.

Analyses of CSF proteins

The levels of total-tau and phospho-tau 181 were quanti-
fied using ELISA kits from Fujirebio (Fujirebio, Ghent, 
Belgium). These systems have been previously certified 
(CE-marked) for use in the clinical setting and are currently 
applied in our department. For the quantification of Myelin 
Basic Protein (MBP) and TREM2, commercially available 
ELISA kits were applied (MBP: AnshLabs, Texas, USA; 
TREM2: Abcam, Massachusetts, USA), assay metrics can 
be found in the supplement. Both kits have been validated 
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by the manufacturer for the analysis of cerebrospinal fluid 
samples.

Statistical analysis

The distribution of data was assessed visually (quan-
tile–quantile plot) and by applying the Shapiro–Wilk nor-
mality test. Qualitative data were compared using the chi-
squared test. For the comparison of group variables, either 
a one-way ANOVA or a non-parametric Kruskal–Wallis 
test was employed. Additionally, multiple regression was 
used for group comparison, adjusting for age, sex and dis-
ease duration. For the evaluation of significant regulations 
concerning CSF levels, MBP and TREM2 group compari-
son, Kruskal–Wallis with uncorrected Dunn’s test was used 
and PD as a control group was compared to all atypical 
Parkinsonian syndromes and controls, respectively. The 
Mann–Whitney test was applied for the evaluation of dif-
ferences between the two groups. The correlation between 
the two variables was analyzed using Spearman’s rho and 
adjusted for age using multiple linear regression. The 95% 
confidence interval (CI) of the area under the ROC curve 
(AUC) was calculated according to the Wilson/Brown 
method. All analyses were performed using GraphPad Prism 
9.4.1 or the R language 4.3.1.

Results

Subjects

MBP and TREM2 CSF levels were quantified in two inde-
pendent cohorts (with a total of 171 samples). Cohort 1 
consisted of predominantly early-stage patients (median 
disease duration of one year), while MSA in and PD 
patients in cohort 2 were more advanced (median disease 

duration of 4 years). Demographical characteristics can be 
found in Table 1. There were neither significant differences 
in age nor sex in cohort 1 and cohort 2, respectively.

Quantification of CSF myelin basic protein

The results of the MBP analysis revealed a significant 
increase in CSF Myelin Basic Protein levels in all atypi-
cal Parkinsonian conditions compared to PD in cohort 
1 (MSA vs. PD p = 0.019; DLB vs. PD p = 0.008; PSP/
CBD vs. PD p = 0.012) (Fig. 1). There was no statisti-
cally significant difference between the PD and control 
subjects (p > 0.05). In cohort 2, no significant difference 
could be found between MSA and PD when the MSA 
subgroups were not stratified (p > 0.05). Upon stratifica-
tion of MSA-p and MSA-c patients in both cohorts, it was 
observed that MBP levels were significantly higher in the 
MSA-c groups, respectively (cohort 1, p = 0.023; cohort 
2, p = 0.033). When age, sex, and disease duration were 
taken into account through the application of multiple 
regression, significant intergroup differences between PD 
and the atypical conditions still remain evident (MSA vs. 
PD p = 0.046, DLB vs. PD p = 0.016, PSP/CBD vs. PD 
p = 0.029) in cohort 1.

ROC-analysis applying myelin basic protein CSF 
levels

A ROC analysis was conducted to assess the discrimina-
tory value of CSF MBP levels. The analysis revealed a sig-
nificant discrimination between PD and MSA (p = 0.032, 
AUROC = 0.70), PD and DLB (p = 0.006, AUROC = 0.79) 
and PD and tauopathies (p = 0.006, AUROC = 0.74), 
respectively.

Table 1  Demographical data of the study cohort

Values are presented as median (minimum to maximum)

CTRL, control; MOCA, Montreal Cognitive Assessment; UPDRS, Unified Parkinson Disease Rating Scale; PD, Parkinson’s disease; MSA, 
Multiple System Atrophy; DLB, Dementia with Lewy Bodies; PSP, Progressive Supranuclear Palsy; CBD, Corticobasal degeneration

Cohort 1
Göttingen

Cohort 2
Tübingen

CTRL
n = 20

PD
n = 20

MSA
n = 20

DLB
n = 13

PSP/CBD
n = 23

CTRL
n = 25

PD
n = 25

MSA
n = 25

Age, years 62 (43–83) 63 (42–77) 64 (43–83) 69 (42–77) 69 (53–85) 57 (40–81) 67 (43–76) 63 (47–76)
Male/female 10/10 10/10 11/9 9/4 14/9 14 / 11 14 / 11 14 / 11
Disease duration, years NA 1 (1–12) 1 (1–6) 1 (1–7) 1 (1–4) NA 4 (1–11) 4 (1–10)
UPDRS III NA 21 (6–55) 31 (16–67) 20 (6–52) 26 (9–66) NA 30 (10–58) NA

MoCA NA 27 (19–30) 25 (18–30) 17 (12–29) 21 (7–30) NA 26 (12–30) 26 (15–30)
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Relationship between CSF myelin basic protein 
levels and clinical data

To assess the potential relationship between age and CSF 
MBP levels, Spearman correlation analysis was conducted 
using pooled disease groups and control subjects from 
cohort 1 and cohort 2. The results demonstrated that there 
was no significant correlation. The same analysis was per-
formed on cohort 2, which also yielded no significant cor-
relation (p > 0.05).

Upon analyzing disease subgroups, a significant inverse 
correlation was observed between MBP levels and MoCA 
cognitive scores (p = 0.035, r = − 0.44) in the PSP/CBD 
group in cohort 1, if not adjusted for multiple testing. 

Besides that, no correlation was found between clinical 
data (disease duration, UPDRS III, MoCA score) and MBP 
levels in relation to disease groups in cohort 1 and cohort 
2, respectively (p > 0.05).

Relationship between CSF myelin basic protein 
and CSF levels of neuronal degeneration markers

To assess the potential association between MBP and neu-
ronal degeneration markers (Total tau protein levels and 
phospho-tau 181), Spearman correlation analysis was con-
ducted. A highly significant correlation was demonstrated 
between total tau and MBP levels (p = 0.011, r = 0.29) in 
pooled disease groups, as well as between p-tau 181 and 

Fig. 1  Quantification of CSF myelin basic protein (MBP) in two dif-
ferent cohorts. a, b Increased values can be demonstrated in atypical 
Parkinsonian syndromes compared to PD in cohort 1. The trend for 

increased values in MSA compared to PD in cohort 2 did not reach 
significance. c, d Upon stratification, MBP levels were found to be sig-
nificantly higher in the MSA-c groups compared to PD in both cohorts
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MBP levels (p = 0.002, r = 0.36) in cohort 1. This could 
not be reported for the pooled disease groups in cohort 2 
(p > 0.05).

Quantification of CSF TREM2

The results of the TREM2 analysis revealed no significant 
differences between the PD and the atypical Parkinsonian 
groups in both cohorts (p > 0.05) (Fig. 2). Given the estab-
lished correlation between TREM2 CSF levels and age (as 
described below), an additional multiple regression model 
was constructed, adjusting for age and also for sex and dis-
ease duration as potential confounding variables. Here, sig-
nificantly higher levels were demonstrated in the PD group 
compared to DLB in cohort 1 (p = 0.002). No significant 
differences were found in cohort 2 using this model.

Correlation between CSF TREM2 levels and clinical 
data

To assess the potential relationship between age and CSF 
TREM2 levels, Spearman correlation analysis was per-
formed using pooled disease groups and controls from 
cohort 1 and cohort 2. The results demonstrated a highly 
significant relationship between age and TREM2 in both 
cohorts (cohort 1: p = 0.0007, r = 0.34; cohort 2: p = 0.008, 
r = 0.38).

In cohort 1, there was also a significant correlation 
between TREM2 levels and the UPDRS III score in the PD 
group when not adjusted for multiple testing (p = 0.020, 
r = 0.53). Consequently, the correlation between TREM2 
and UPDRS III could not be validated in cohort 2. There 
were no other significant correlations when considering 
other clinical data (disease duration, UPDRS III, MoCA 
score) along the disease subgroups. No significant correla-
tions were found in cohort 2 (p > 0.05).

Correlation between TREM2 and CSF levels 
of neuronal degeneration markers

A significant correlation was observed between total tau and 
TREM2 levels (p = 0.032, r = 0.25) in the pooled disease 
groups of cohort 1, as well as between phospho-tau and 
TREM2 levels (p = 0.0003, r = 0.42). As both variables cor-
relate with age, multiple regression was employed to adjust 
for age as an important confounder. A significant relation-
ship was still observed between p-tau181 and TREM2 levels 
(p = 0.027), whereas no significant correlation was found 
between tau and TREM2 levels (p = 0.74) in the subsequent 
analysis. In accordance, there was also a trend for a relation-
ship between p-tau181 and TREM2 levels in the disease 
groups after adjusting for age (p = 0.066) in cohort 2.

Discussion

The present study reports on the quantification of mye-
lin basic protein (MBP) and soluble triggering receptor 
expressed on myeloid cells 2 (TREM2) in the CSF of a com-
prehensive movement disorder cohort. The primary hypoth-
esis was that myelin damage and neuroinflammation could 
be more pronounced in MSA than in PD and in other Parkin-
sonian conditions. Accordingly, the present study concen-
trated on Multiple System Atrophy, while also encompassing 
samples from patients diagnosed with Parkinson's disease 
and additional atypical Parkinson syndromes, including 
Dementia with Lewy bodies (DLB) and Parkinson mimick-
ing tauopathies (PSP and CBD). This approach allowed for a 
comprehensive comparison across different clinical entities.

In the early stages of MSA, pathological changes in mye-
lin-associated proteins and morphological changes in oligo-
dendrocytes (e.g., soma swelling) occur prior to pathologi-
cal alpha-synuclein aggregation. To that end, Wenning and 

Fig. 2  ROC curves for the discrimination of PD and MSA, DLB and PSP/CBD. Significant discrimination could be demonstrated for all com-
parisons
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colleagues proposed a working model of MSA as a primary 
glial disorder (primary oligodendrogliopathy) with second-
ary neurodegeneration as a distinct disease entity [3]. Wide-
spread degeneration of myelin can be found in MSA, while 
the total number of oligodendrocytes seems to be unaltered 
[21]. Together with proteolipid protein, myelin basic pro-
tein (MBP) constitutes the majority of the total myelin in 
the central nervous system. MBP is essential for the proper 
structural compaction of myelin layers where MBP stabilizes 
the major dense line to facilitate the adhesion of myelin lay-
ers [22].

The findings of elevated MBP levels in MSA compared to 
PD (Fig. 1) are consistent with the myelin-associated disease 
mechanisms as reported in MSA [3]. We hypothesize that 
this phenomenon reflects progressive myelin loss in MSA, 
which is attributed to the primary cause of the oligoden-
droglial pathology and to a lesser extent to the secondary 
consequence of the degeneration of myelinated axons. The 
higher MBP values observed in the cerebellar subtype of 
MSA compared to the Parkinsonian subtype in our study 
may indicate the presence of more distinct white matter 
pathology. This is potentially due to the olivopontocerebel-
lar localization of the pathology in the MSA-c subtype. This 
is in line with recent studies employing multimodal imaging 
techniques have revealed more pronounced structural altera-
tions in white matter tracts in MSA-c compared to MSA-p 
[23]. Given the limited sample size, the results of this sub-
analysis should be interpreted with caution. To draw further 
conclusions, a multicenter approach with a larger number of 
patients is required.

To the best of our knowledge, MBP has not yet been eval-
uated in other common atypical Parkinsonian syndromes, 
namely DLB, PSP, or CBD. Interestingly, as with MSA, we 
also found higher MBP levels in all these atypical Parkin-
sonian conditions compared to PD (Fig. 1), which suggests 
the presence of a myelin and/or oligodendrocyte-associated 
pathology in these disorders. Compared to MSA, the evi-
dence concerning white matter changes in these atypical 
Parkinsonian syndromes is relatively scarce. Nevertheless, 
there is some evidence in the literature to suggest that white 
matter damage is more pronounced in these diseases than 
in idiopathic Parkinson’s disease. Voxel-based analysis of 
fractional anisotropy using diffusion tensor imaging (DTI) 
revealed more severe white-matter abnormalities in patients 
with dementia with Lewy bodies (DLB) compared to con-
trols and to patients with Parkinson’s disease dementia 
(PDD) with an involvement of the bilateral insular, bilateral 
posterior cingular, and bilateral visual association regions 
[24]. Proteomic studies have reported the dysregulation of 
multiple CSF proteins in DLB, with a significant enrichment 
in myelination processes [25]. Additionally, gene expres-
sion profiling of brain samples from patients with Lewy 
body dementia indicated a notable downregulation of genes 

associated with myelination [26]. Diffusion tensor imaging 
has also revealed widespread white matter abnormalities in 
cerebellar, brainstem, cerebral, and thalamic regions in PSP 
[27, 28]. A genome-wide association study has identified 
variants in the MOBP gene, which codes for a myelin-asso-
ciated protein, also located in the major dense line of myelin. 
These variants have been shown to increase the risk of PSP. 
The authors concluded that myelin dysfunction therefore 
contributes to PSP pathogenesis [29]. In contrast to MBP, 
MOBP could not be detected over the limit of quantifica-
tion in the current study applying a commercially available 
ELISA (data not shown) and therefore cannot be used as a 
biomarker applying this technique.

The evidence regarding the quantification of MBP CSF 
levels in MSA is limited. To the best of our knowledge, only 
one other group has assessed the CSF levels of Myelin Basic 
Protein, but this was not yet validated externally. In line with 
our results, they reported significantly higher CSF MBP lev-
els in MSA compared to PD, but here without differences 
between MSA subtypes [30, 31]. The moderate discrimina-
tive value (AUROC 0.70–0.79, Fig. 2) of MBP indicates that 
it will not function as an individual biomarker for diagnosis. 
However, the longitudinal value is not yet known and there 
may be some value in monitoring disease progression, which 
needs to be investigated in further studies. Furthermore, this 
finding highlights the importance of the evaluation of non-
neuronal disease mechanisms in MSA as potential diagnostic 
and therapeutic targets.

It is worth noting that cohort 2 did not include atypical 
Parkinsonian conditions besides MSA. This was based on 
our initial suspicion that we would only find MBP regulation 
in MSA, given the strong evidence in the literature indicat-
ing the involvement of myelin damage and oligodendrocyte 
dysfunction in the early disease stages [3]. We believe that 
further studies are needed to validate our finding of higher 
MBP levels in all atypical Parkinsonian conditions, as shown 
in our current trial.

In addition to myelin dysfunction, neuroinflammation 
represents an important factor in the pathogenesis of MSA. 
An increased number of activated microglial cells has been 
observed in white matter regions [5]. Different biomarkers 
associated with neuroinflammation have been reported in 
the literature, including Flt3 ligand and YKL-40. However, 
these CSF biomarker candidates have shown no significant 
differences or even conflicting results in MSA [4]. In the 
field of Alzheimer’s disease, soluble TREM2 (a transmem-
brane protein abundantly expressed on microglia) presents 
a promising biomarker associated with neuroinflammation. 
Higher levels have been reported in the CSF of AD patients 
compared to controls, and TREM2 also correlates with tau 
and p-tau181 protein levels [32]. In Parkinson’s disease, 
TREM2 did not differ between healthy controls and patients 
with PD in the PPMI cohort [33]. Another group reported 
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that CSF TREM2 concentrations were elevated in Parkin-
son's disease subgroups with a positive tau CSF biomarker 
signature, but not in Parkinson's disease subgroups with a 
positive CSF amyloid-β signature [34]. To the best of our 
knowledge, TREM2 has not yet been compared between 
different atypical Parkinsonian syndromes. In the present 
study, a significant difference was only identified between 
the PD and the DLB group if adjusted for age, sex, and dis-
ease duration (Fig. 3). We postulate that microglial activa-
tion is a more prominent feature in PD than in DLB. In line 
with this, it has been described that microglial activation 
is not a prominent feature of DLB [35]. Further validation 
in larger patient cohorts is necessary before any definitive 
conclusions can be drawn. The correlation between TREM2 
and age has been described before and might reflect an 
enhanced expression of microglial TREM2, given that age-
ing is associated with increased microglial activity [36, 37]. 
With regard to the purported correlation between tau and 
TREM2 levels in PD, our findings also indicated a signifi-
cant association between p-tau181 and TREM2 levels, even 
after adjusting for age using multiple regression. It is pos-
tulated that the absence of a correlation between disease 
duration and TREM2 levels may be attributable to the lack 
of precision in the data pertaining to the onset and dura-
tion of the disease, whereby first subtle symptoms may be 
overlooked and, therefore, not reported. However, it is also 
conceivable that a linear relationship may only be discern-
ible at specific disease stages during the progression of the 
underlying neurodegeneration.

In conclusion, we report on elevated MBP but not 
TREM2 levels in the CSF of atypical Parkinsonian condi-
tions compared to PD. A limitation of the current study is 
the lack of a reference standard for myelin damage, as no 

post-mortem tissue or diffusion tensor imaging (DTI) data 
(for microstructural myelin imaging) were available for the 
cohort. It is anticipated that additional longitudinal studies 
will be required to establish a proper correlation between 
the dynamics of myelin-associated biomarker targets and 
associated white matter changes.
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