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Abstract
Identification of disease-specific diagnostic and prognostic biomarkers which would enable early detection and follow-up 
of Parkinson’s disease (PD) is a crucial problem. Recently, we confirmed the presence of adaptive immune response against 
different glial-derived antigens in PD.  
Objective. The aim of the study was to assess humoral response against myelin-associated glycoprotein (MAG) on a larger 
group of PD patients. IgM autoantibodies against MAG were measured by an ELISA system in 66 PD patients and 66 control 
subjects.  
Results. The study confirmed a significantly increased production of anti-MAG IgM antibodies in parkinsonian patients 
(p<0.05). No correlations were found between anti-MAG IgM antibody titers and disease severity measured on the Hoehn-
Yahr scale, MMSE or age of PD onset (p>0.05). The results provide evidence for activation of humoral response against MAG 
in PD patients, but argue against the utility of anti-MAG antibodies as biomarkers of disease severity. The results additionally 
indicate the potential protective role of autoimmunity in maintaining the body’s homeostasis, which may involve the 
clearance of abnormal proteins. Further studies are necessary to confirm the role of anti-MAG antibodies as biomarkers of 
PD, especially in relation to other neurodegenerative disorders.
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INTRODUCTION

Identification of diagnostic and prognostic biomarkers 
which would allow an early diagnosisand clinical follow-up 
of patients with different neurodegenerative disorders is an 
important problem in modern neurology. There is emerging 
evidence that humoral response may be involved in the 
pathogenesis and progression of different neurodegenerative 
disorders, including Parkinson’s disease (PD) [1, 2, 3]. 
Autoantibodies specific to different self-antigens have been 
found in a variety of neurological disorders [4, 5, 6, 7] as 
well as in PD [1, 3, 8]. Nevertheless, assessment of the role of 
antibodies directed against the most important self-antigen 
in PD, alpha-synuclein, has produced confounding results. 
Different studies report higher [3, 9], comparable [10] or even 
lower [11] levels of alpha-synuclein antibodies in PD patients, 
compared with healthy control subjects.

There is increasing evidence that the neurodegenerative 
process in PD involves not only degeneration of neuronal 
structures, but also deterioration of glial cells, as alpha-
synuclein-positive inclusions have been found not only in 
neurons, but also in oligodendrocytes and astrocytes of PD 
subjects [12, 13]. The presented study is a continuation of 
the authors’ studies on humoral immune response against 
glial-derived antigens in PD, which is probably a reaction to 
the neurodegenerative process of the central nervous system.

In a previous study [14], the authors’ found significantly 
higher titers of autoantibodies against different glial-
derived antigens, including anti-MAG antibodies, in a 
small group of PD patients, in comparison to healthy 
subjects. Higher antibody  titers against other different 
myelin antigens, e.g. myelin basic protein (MBP) and 
myelinoligodendrocyte glycoprotein (MOG), in demented 
PD patients, and DLB  were  also previously found by 
Maetzler et  al. [2]. However, these results were not 
confirmed in a later study conducted on a larger group of 
PD patients by the same authors [15]. Additionally, in other 
neurodegenerative disorders (DLB, AD), antibodies against 
alpha-synuclein [16], and  glial-derived antigens [17] have 
been found to be higher in comparison to controls.In the 
light of these equivocal data, for the current study it was 
decided to assess anti-MAG response in PD patients, and 
to assess the  utility of these antibodies as biomarkers of 
disease severity.

Autoimmune reactions against specific proteins and 
their self-assembled complexes are probably involved in 
the disease pathology, and they could therefore potentially 
be used as sensitive biomarkers of neurodegeneration 
[2, 18]. In addition, humoral response may play a role in 
neuroprotection and in introducing new therapies. Data 
from models of stroke and traumatic brain injury have 
revealed that anti-MAG antibodies have a neuroprotective 
action [19, 20]. Additionally, in another neurodegenerative 
disorder, Alzheimer’s disease, much attention has recently 
been focused on vaccine development, including both passive 
vaccination with antibodies and active vaccination with Ab42 
peptide and its pre-aggregated forms [21].
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In the presented study, humoral response against 
myelin-associated glycoprotein (MAG) wasa assessed. It 
was hypothesized that in PD the immune response may 
not only be directed against antigens typically present in 
dopaminergic neurons, but may be a more widespread 
process directed against antigens of glial cells. MAG is a 
protein of glial origin, expressed selectively on the innermost 
part of the myelin sheath, which adheres directly to the axon 
surface and protects neurons from excitotoxicity. It also 
regulates interactions between myelin and the axon [18].

MATERIALS AND METHOD

66 PD patients in different clinical stages (scores of 1–5 on the 
Hoehn-Yahr scale) consecutively admitted to the Department 
of Neurology of the Medical University of Lublin, Poland, 
were enrolled for the study. PD patients were diagnosed 
and assessed on the Hoehn-Yahr scale by specialists in 
neurodegenerative movement disorders (EP, KR). All patients 
fulfilled the UKPDS Brain Bank criteria [22]. The group of 
PD patients was divided into two subgroups: mild/moderate 
PD: Hoehn-Yahr grade 1–3, n=42; advanced PD: Hoehn-Yahr 
grade 4–5, n=24. In addition, serum samples from 66 healthy 
controls matched for age and gender were assessed. Subjects 
with blood transfusion, treated with immunomodulatory 
agents, or with a history of an infection or an inflammatory 
process three months prior to the study were excluded from 
the study.

Blood was collected between 08:00 – 10:00, transferred 
to the lab on ice, and centrifuged; the serum was stored at 
−70 °C within 60 minutes.

The study was approved by the local Ethics Committee, 
and all participants gave their written informed consent to 
participate in the study.

IgM autoantibodies against myelin-associated glycoprotein 
(MAG) were measured by a commercially available ELISA 
system according to the manufacturer’s instructions 
(BlueGene Biotech).

The titers were estimated on the basisof a calibration curve 
of autoantibody standards and expressed in nanograms per 
milliliter (ng/mL). The sensitivity of the assay was 1.0 ng/mL.

Statistical analysis. Differences in antibody titers between 
the two evaluated groups were estimated using a t-test. 
Differences between the subgroups of PD patients (advanced 
versus mild/moderate PD) were calculated using the Mann-
Whitney U test. To assess correlations, Spearman’s rho 
correlation coefficients were calculated. P value < 0.05 was 
considered statistically significant (two-sided). Statistical 
calculations were performed using InStatGraphPad Software 
Inc, (CA, USA).

RESULTS

Autoantibodies against MAGwere detected in sera of all 
the investigated subjects. Significantlyhigher titers of anti-
MAG IgM autoantibodies were observed in PD patients 
in comparison to healthy control subjects (p=0.003). No 
statistically significant differences were found in anti-MAG 
antibody titers between advanced PD patients (grade 4–5 
on the Hoehn-Yahr scale; median: 1.79) and patients with 

mild/moderate disease (grade 1–3 on the Hoehn-Yahr scale; 
median: 1.35) (p>0.05). No correlations were found between 
anti-MAG IgM antibody titers and the stage of disease 
measured on the Hoehn-Yahr scale, MMSE or age of PD 
onset (p>0.05). Demographical, clinical and biochemical 
characteristics of the study population are shown in Tables 1 
and 2. Spearman’s rho correlation coefficients are presented 
in Table 3.

DISCUSSION

In the presented study, evidence was found for an increased 
production of anti-MAG antibodies in PD patients. The study 
confirmed previously obtained results, but on a larger group 
of patients, and support the concept that immune response 
is activated in the course of different neurodegenerative 
disorders [2, 18, 21]. The presented study was an attempt 
to assess IgM anti-MAG response in a larger group of PD 
patients, and also to assess its relation to disease stage. The data 
confirm that humoral response against MAG is significantly 
higher in PD subjects in comparison to healthy subjects.

391

Table 1. Demographic data of the study population.  
MMSE – Mini Mental State Examination. NA – not applicable. Data are 
presented as means with standard deviation (SD)

Demographic characteristic of study 
group

PD patients Control subjects

Subjects (female/male) n = 66(40/26) n = 66 (38/28)

Age [years]mean ±SD
64.32±8.05
(43–81)

59.54±13.80
(26–70)

Hoehn-Yahr scale
mean ±SD (range)

3.02±1.09 (1–5) NA

PD patients with predominant tremor 46 (69.7%) NA

PD patients with predominant axial 
features

20 (30.3%) NA

Age of PD onset [years]
mean ±SD (range)

57.65±8.78
(25–74)

NA

MMSE [0–30] 24.4±1.9 (21–30) 27.9±1.1 (27–30)

Anti-MAGIgM titer [ng/mL],
mean ±SD (range)

2.66±1.57
(0.28–8.87)

1.87±1.48
(0.31–9.30)

p<0.05

Table 2. Biochemical characteristic in a group ofPD patients (Mild/
moderate versus advanced Parkinson’s disease)

PD patients p

Hoehn-Yahr scale

Early/moderate 
PD patients
(Hoehn-Yahr 1–3)
n =42

Advanced PD 
patients
(Hoehn-Yahr 4–5)
n=24 p>0.05

Anti-MAG IgM antibodies levels
[ng/mL],
Median (range)

1.35
(0.31–4.79)

1.79
(0.32–4.80)

Table 3. Rho Spearman correlation coefficients between anti-MAG IgM 
antibodies titers and clinical variables (stage of the PD on Hoehn-Yahr 
scale, MMSE and age of PD onset) in a group of PD patients.  
MMSE – Mini Mental State Examination

Clinical variable Anti-MAG antibodies titers p

Stage of disease on Hoehn-Yahr scale 0.149 0.23

MMSE 0.062 0.62

Age of PD onset -0.042 0.74
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It is possible that as the neurodegenerative process 
spreads and brain cells die, new and unknown antigens 
are presented to the immune system, which gives rise to a 
secondary adaptive humoral response. A model showing 
how the adaptive immune response may be involved in 
the pathogenesis and progression of neurodegenerative 
disorders has been presented by Monahan [1]. A long-lasting 
neurodegenerative process leads to the death of central 
nervous system (CNS) cells and presentation of their antigens 
to the immune system, which activates T and B cells. B cells 
and specific autoantibodies then enter the CNS across the 
damaged blood-brain barrier (BBB), produce cytokines which 
activate microglia, and release antibodies. This phenomenon 
causes further inflammation and subsequent cell death [1].

The results of the current study also show that anti-MAG 
antibodies are not useful as biomarkers of disease severity. 
Interestingly, no correlation was found between antibody 
titers and clinical stage of the disease measured on theHoehn-
Yahr scale. Taking into consideration Monahan’s hypothesis, 
one could expect differences in antibody titers among 
subgroups of patients with different stages of the disease. 
It is worth noting, however, that Burke et al. [23] did not 
find a correlation between the degree of neurodegeneration 
assessed by Braak staging [24] and clinical severity of 
PD. This could possibly explain the lack of correlations 
between antibody titers and disease severity measured on 
the Hoehn-Yahr scale. The results obtasined in the current 
studyare partially in line with the results recently published 
by Maetzler et  al. [2] who detected comparable levels of 
autoantibodies against two other anti-myelin antigens(anti-
MOG, anti-MPB) in PD patients and healthy subjects, and 
found no correlations between the antibody titers and disease 
duration, disease severity assessed on the Hoehn-Yahr scale, 
or MMSE. Although the results of the current study argue 
against the potential role of anti-MAG IgM antibodies as 
biomarkers of PD severity, these antibodies can probably 
still serve as biomarkers of the neurodegenerative process 
present in PD. Possibly, they could serve as biomarkers of 
PD at the preclinical stage, as it cannot be excluded that PD 
patients have increased values of respective autoantibodies 
also at earlier preclinical disease stages.

Obviously, the influence on autoimmune response, of 
factors other than a chronic neurodegenerative process, 
cannot be excluded. There is evidence that these triggering 
factors may include different infectious agents, particularly 
viruses, which exert their effects by influencing the activity of 
HSPs [25]. This is the reason the authors of the presented study 
assessed the immune response against MAG in relation to 
healthy controls, and found significantly higher titers of anti-
MAG autoantibodies in subjects with a neurodegenerative 
disorder. Considering the fact that these two groups probably 
have comparable exposition to viral infections, and that 
subjects with any history of infections, blood transfusions 
and immunomodulatory treatment three months prior to 
inclusion in the study were excluded, it can still hypothesize 
that the chronic neurodegenerative process has its own 
impact on eliciting an immune response.

It is still unclear whether the presence of the investigated 
autoantibodies is a primary factor responsible for 
neurodegeneration, an immune response secondary to the 
spreading neurodegenerative process, or the least a probable 
option, the described antibodies are only present in different 
degenerative CNS disorders without playing any pathogenic 

role. Additionally, it is worth mentioning that the presence of 
small titers of anti-MAG autoantibodies in healthy subjects 
can be explained by a probable mild inflammatory process 
ongoing in the normal aging brain [26]. Data on significantly 
higher microglial activation in the brains of elderly non-
demented patients have been reported by Overmyer et al. [26].

Further studies are necessary to assess the role of 
anti-MAG response in PD in relation to other different 
neurodegenerative disorders (e.g., atypical parkinsonism, 
vascular parkinsonism and different types of dementia).

CONCLUSIONS

The results of this study provide evidence for the activation of 
humoral response against glial-derived proteins in PD, which 
also indirectly reflects oligodendroglial degeneration under 
in vivo conditions. It is possible that the response is secondary 
to cell death in the central nervous system, and may indicate 
the potential protective role of autoimmunity in maintaining 
the body’s homeostasis.This protective role possibly involves 
clearance of abnormal proteins, the imbalance of which 
may lead to earlier brain degeneration. The findings of the 
presented study define possible directions for future research 
on autoantibodies against disease-related proteins, especially 
glial-derived antigens in PD.
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