
Vol:.(1234567890)

Journal of Neurology (2019) 266:2772–2779
https://doi.org/10.1007/s00415-019-09470-2

1 3

ORIGINAL COMMUNICATION

Antibodies against neural antigens in patients with acute stroke: joint 
results of three independent cohort studies

Georg Royl1,2 · Tsafack Judicael Fokou1 · Rittika Chunder3 · Rakad Isa1 · Thomas F. Münte1,2 · 
Klaus‑Peter Wandinger1,4 · Markus Schwaninger2,5,6 · Oliver Herrmann6 · José Manuel Valdueza7 · Jan Brocke7 · 
Martin Willkomm8 · Dietrich Willemsen9 · Gerd U. Auffarth10 · Swantje Mindorf3 · Britta Brix3 · Angel Chamorro11,12 · 
Anna Planas12,13 · Xabier Urra11,12

Received: 2 May 2019 / Revised: 10 July 2019 / Accepted: 11 July 2019 / Published online: 29 July 2019 
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract
Background and purpose  Ischemic stroke (IS) and hemorrhagic stroke (HemS) typically lead to a breakdown of the 
blood–brain barrier with neural antigen presentation. This presentation could potentially generate destructive auto-immune 
responses. Pre-existing antineuronal and antiglial antibodies (AA), predominantly NMDA receptor antibodies, have been 
reported in patients with stroke. This article summarizes three independent prospective studies, the Lübeck cohort (LC), 
Barcelona cohort (BC), and Heidelberg cohort (HC), exploring the frequency and clinical relevance of AA in patients with 
acute stroke (AS).
Methods  In all cohorts together, 344 consecutive patients admitted with AS (322 × IS, 22 × HemS) were screened for AA in 
serum at admission. Clinical outcome parameters as well as a second AA screening were available at 30 days in the LC or 
at 90 days in the BC. A control group was included in the BC (20 subjects free from neurological disease) and the HC (78 
neurological and ophthalmological patients without evidence for stroke).
Results  The rate of positivity for AA was similar in control subjects and AS patients (13%, 95% CI [7%, 22%] vs. 13%, 95% 
CI [10%, 17%]; p = 0.46) with no significant difference between cohorts (LC 25/171, BC 12/75, HC 9/98). No patient had 
developed new AA after 30 days, whereas 2 out of 60 patients had developed new AA after 90 days. AA positive patients 
did not exhibit significant differences to AA negative patients in stroke subtype (LC, BC), initial stroke severity (BC, LC, 
HC), infarct volume (BC), and functional status at admission (BC, LC, HC) and follow-up (BC, LC).
Conclusions  AS does not induce AA to a relevant degree. Pre-existing AA can be found in the serum of stroke patients, but 
they do not have a significant association with clinical features and outcomes.

Keywords  Stroke · Antineural antibodies · Anti-NMDAR antibodies · Anti-CASPR2 antibodies · Anti-GAD65 antibodies · 
Anti-aquaporin antibodies
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Introduction

The severity of the initial neurological deficit, which 
depends on the localization and size of the brain lesion, is 
a significant determinant of the outcome of acute stroke 
(AS) patients. However, multiple other factors contribute 
to the outcome, including well-known clinically appar-
ent complications such as pneumonia and seizures, and 
other factors related to brain tissue regeneration that are 
better known at the experimental level. Concerning the 
latter, there is evidence on immune responses induced 
by ischemic stroke (IS) [1]. A “stroke-induced immuno-
deficiency syndrome” has been described that leads to 
an increased susceptibility to infections [2]. Infections, 
mainly pneumonia, can increase the morbidity and mor-
tality of patients who have initially survived an AS [3]. In 
contrast to the damaging effect of infections, it has been 
debated whether the immunosuppression might at the same 
time be protective by preventing strong immune reactions 
against brain tissue [4]. Such reactions can occur due to 
disruption of the blood–brain barrier (BBB) and consecu-
tive exposition of immune cells to myelin and neuronal 
antigens [5]. In recent years, multiple antineuronal and 
antiglial antibodies (AA) with specific clinical syndromes 
have been identified, reflecting a destructive autoimmune 
response [6]. These antibodies have been described in 
patients with diverse diseases, and seem to be pathogenic 
in certain conditions such as tumors and herpes-simplex 
virus encephalitis [6, 7]. In stroke patients, Kalev-Zylinska 
et al. found antibodies against NMDA receptor subunit 2 
in 21 of 48 (44%) ischemic stroke patients. However, the 
detection was based on ELISA and western blot rather than 
state-of-the art immunohistochemistry with transfected 
cells, and, therefore, a rather unspecific reaction cannot 
be excluded [8]. Using immunohistochemistry, Zerche 
et al. found antibodies against NMDAR1 in 22% of 464 
patients with acute ischemic stroke and described a ben-
eficial effect of NMDAR1 autoantibodies on the evolution 
of the ischemic lesion size in patients that were negative 
for apolipoprotein E4 (APOE4), but they found the oppo-
site effect of autoantibodies in APOE positive patients 
[9]. This different effect of autoantibodies depending in 
APOE4 was attributed to APOE4-dependent differences in 
blood–brain barrier integrity [9]. Importantly, the immu-
noglobulin isotype is critical to determine pathogenicity, 
at least for certain autoantibodies, as shown in antibody-
mediated myocarditis [10].

This study aimed to determine the frequency and sub-
type of autoantibodies against NMDA and a variety of 
other neuronal and glial antigens in independent cohorts of 
stroke patients: Lübeck, Germany (LC), Barcelona, Spain 
(BC) and Heidelberg, Germany (HC) cohorts. We assessed 

the clinical relevance of AA and re-evaluated the patients 
to identify any prognostic value of AA. We also searched 
for a de-novo synthesis of AA after stroke that could sug-
gest a vaccination-like effect induced by AS.

Methods

Clinical data and blood were collected upon formal written 
consent in accordance with the Declaration of Helsinki and 
after positive approval of the local ethical committee. The 
inclusion criteria and general study design of each of the 
three cohort are summarized in Table 1. All cohorts investi-
gated AA in AS patients (LC n = 171, BC n = 75, HC n = 98) 
along with different clinical outcome parameters and risk 
factor assessments. A second AA screening was performed 
at day 26–30 after AS in LC and at day 90 in BC. As lumbar 
puncture was not an obligatory step in standard diagnostic 
workup of stroke, CSF was not available in our patients. 
Control groups were examined in BC (20 subjects free from 
neurological disease) and HC (78 neurological and ophthal-
mological patients without evidence for stroke). BC included 
patients from the prospective “Immunological Biomarkers in 
Patients with Acute Ischemic Stroke” study (Clinicaltrials.
gov identifier NCT01894529) in which all serum samples 
(days 0, 1, and 90) were available. Infarct volume was meas-
ured in BC patients by diffusion-weighted MRI (DW-MRI) 
within 72 h of stroke onset in 70/75 patients. In addition, 
small vessel disease was graded using ARWMC and Fazekas 
scores, and the number of perivascular spaces and microhe-
morrhages were quantified. In BC patients, serum samples 
were collected at three different timepoints (days 0, 1, and 
90) from stroke patients and once in control subjects. Plasma 
concentrations of MMP-2, MMP-3, MMP-7, MMP-9, and 
MMP-13 were measured at days 0 and 1 using a commer-
cially available ELISA-bases assay (Q-PlexTM human MMP 
(5-Plex) #340949HU, Quansys Biosciences) as markers of 
blood–brain barrier breakdown.

Testing for AA

Testing for AA was performed in the same laboratory for 
the BC, LC, and HC. Detection of antigen–antibody bind-
ing pattern and presence of autoantibodies were screened 
for using commercially available EUROIMMUN BIO-
CHIP Mosaics™ (EUROIMMUN, Lübeck, Germany) [11]. 
Briefly, this mosaic consists of frozen sections of rat cer-
ebellum and hippocampus, primate cerebellum, intestine, 
nerve, and pancreas—each cryosectioned at a thickness of 
5 µm. The mosaic also consists of acetone fixed NMDAR 
and glutamate decarboxylase-65 (GAD65) transfected cells 
and formalin fixed gamma-aminobutyric acid-B receptor 
(GABABR), aquaporin-4 (AQP4), leucine-rich, glioma 
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inactivated 1 (LGI1) and contactin-associated protein-like 
2 (CASPR2) transfected cells as substrates using HEK293 
cell line for transfection. Indirect immunofluorescence (IFT) 
was done with a serum dilution of 1:10 and using a second-
ary anti-human IgG isotype antibody conjugated with FITC. 
Cells or tissue sections were used as antigen substrates and 
the results were read in a EuroStar II/Zeiss Axioskop 2 
microscope. Reading of immunofluorescence pattern and 
microscopy was performed within 24 h of incubation by 
two independent researchers.

Statistical analysis

Continuous variables were reported as mean ± standard 
deviation or median with interquartile ranges. Proportions 
of positive AA findings were expanded by 95% confidence 
intervals generated by Clopper–Pearson intervals. According 
to the type of data, we used the appropriate tests to assess 
significant differences between groups. Categorical variables 
were compared with Chi-square test or Fisher exact tests. 
For ordinally scaled data, Wilcoxon rank-sum test was used; 
for continuous data the Student’s t test, one-way analysis of 
variance, Mann–Whitney, or Kruskal–Wallis was applied. 
Correlations were assessed with Spearman coefficient. 
Ordinal regression models were used to assess the effects 
of autoreactivity on functional outcome at 90 days adjusted 

for variables associated with the presence of autoreactiv-
ity and outcome with p < 0.05 on univariate analysis. The 
analysis was performed using SPSS (v22; IBM, Armonk, 
NY) or MATLAB® R2018a (The MathWorks, Inc., USA), 
and the level of significance was established at the 0.05 level 
(2-sided).

Results

Autoreactivity was found in stroke patients and controls 
with a range of different antineuronal and other antibodies 
(Fig. 1).

Proportion of AA seropositive stroke patients

Figure  2a illustrates the frequency of AA seropositive 
patients pooled across all three studies. After testing 344 AS 
patients, pre-existing AA were found in 46 patients (13%, 
95% CI [10%, 17%], LC 25/171, BC 12/75, HC 9/98), which 
was not different (p = 0.46) from the proportion of AA posi-
tive controls (13 out of 98, 95% CI [10%, 17%]). Figure 2b 
displays the proportions AA positive patients in each cohort 
with no significant differences across cohorts.

Figure 3, and Table S1 provide data on the 61 subjects 
with positive AA screening. The most frequent prevalent 

Fig. 1   Examples of autoreactiv-
ity in serum from stroke patients 
(BC)
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antibodies in both AS and control patients were NMDAR 
IgM and/or NMDAR IgA (n = 32 in AS patients, n = 6 in 
controls), followed by CASPR2 IgG and/or CASPR2 IgM 
or CASPR2 IgA (n = 3 in AS patients, n = 3 in controls) and 
Myelin IgG or IgA (n = 2 in AS patients, n = 1 in controls). 
NMDAR IgG were found in one AS and two controls. Two 
AS patients had antibodies against neurofilament. In addi-
tion, we found singular occurrences of antibodies against 
Aquaporin-4 IgA, GAD65 IgG, GlycinR IgA, Molecular 
layer IgG and PCA2 IgG. No AS patient developed de-novo 
antibodies after 4 weeks (LC), whereas 2 AS patients devel-
oped de-novo antibodies against NMDAR IgM at follow-up 
at day 90 (BC) (Fig. 3).

The clinical variables obtained in the different studies 
are summarized in Table S2. When available from more 
than one cohort, data from all patients were pooled. No sig-
nificant differences were observed concerning risk factors, 
stroke type, routine laboratory results, and clinical outcome 
when comparing AA positive and AA negative patients.

Radiological characteristics of AA positive and AA nega-
tive patients were not significantly different (BC, Table S3). 
Higher levels of some MMPs were associated with a more 

significant burden of small vessel disease on MRI. Levels of 
MMP-2 and MMP-3 at baseline were positively correlated 
to higher scores in the ARWMC scale and more perivas-
cular spaces and greater MMP-9 levels at day 1 were also 
correlated with the number of microhemorrhages However, 
there were no significant differences between patients and 
controls in any of the MMP levels. In addition, the levels 
of all MMPs were also similar in patients with positive AA 
compared to patients with no AA (data not shown).
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Discussion

This multicenter study screened 344 AS patients for AA 
and found a frequency of 13% AA seropositive patients. 
Predominantly, NMDAR IgM and IgA were found, but 
also a variety of other known AA subtypes. In 98 control 
patients, this frequency was 13% with a similar distribu-
tion of AA subtypes.

A recent study compared three different myelin oli-
godendrocyte glycoprotein-IgG cell-based assays and 
showed a higher sensitivity and specificity of live cell-
based assays as opposed to fixed cell-based assays simi-
lar to our approach [12]. In theory, therefore, there might 
have been false-negative and false-positive results in our 
study. However, this would predominantly affect the data 
on follow-up which only found de-novo AA in 2 out of 60. 
We, therefore, doubt that a testing with an additional assay 
would have changed the results of our study relevantly.

When limiting the patients to NMDAR positive 
patients, the percentage of positive anti-NMDAR antibod-
ies in our stroke patients of (11%) was lower than in the 
study by Zerche et al. that described antibodies in 22% of 
the patients [9]. Confirming the results of this study, we 
found no significant differences in clinical severity and 
risk factors. Zerche et al. found differences in ischemic 
lesion size evolution from day 1 to day 7 in ischemic 
strokes of the middle cerebral artery territory, depend-
ing on APOE4 carrier status. We cannot exclude that this 
effect is also existent in our patients, since the design of 
our study was different. Our studies had broader inclusion 
criteria, e.g., also included hemorrhagic strokes (LC) and 
ischemic strokes in territories other than MCA. In this het-
erogeneous patient group, the existence of anti-neuronal 
antibodies did not have a relevant influence on clinical 
outcome in the acute phase and at follow-up. However, we 
cannot exclude that patients with anti-NMDAR antibodies 
have different outcomes depending on their APOE4 carrier 
status, since our study did not assess the latter. Interest-
ingly, it has been reported that the APOE genotype alters 
the immunoglobulin subtypes in mice, thus showing an 
influence of APOE genotype on the antibody responses of 
the immune system [13].

Similar to the study by Zerche et al. the frequency of 
NMDAR IgM and IgA autoantibodies found in our patients 
was almost two magnitudes higher than the frequency of 
NMDAR IgG autoantibodies [9]. Of note, NMDAR IgM 
and IgA autoantibodies are different from autoantibodies 
found in anti-NMDA-receptor encephalitis, which are of 
the IgG-subclass [14]. The isotype of antibodies is essen-
tial for its possible pathogenic function. For instance, in 
antibody-mediated myocarditis in mice, IgG anti-myosin 
antibodies induce the disease, whereas IgM anti-myosin 

antibodies do not, but the latter can become pathogenic 
after undergoing heavy chain class switching to IgG [10]. 
Likewise, IgG NMDAR antibodies have a larger patho-
genic capacity than IgM or IgA antibodies. The former 
reduce NMDAR levels and are specific for anti-NMDAR 
encephalitis, whereas IgA or IgM antibodies do not alter 
receptor levels and have been reported in other diseases 
[15]. In contrast, another study reported that all naturally 
occurring autoantibodies against the NMDA receptor sub-
unit NR1 have pathogenic potential irrespective of epitope 
and immunoglobulin class [16]. In our stroke cohorts, IgG 
NMDAR antibodies were only detected in one patient with 
hemorrhagic stroke, whereas most patients showed IgA or 
IgM NMDAR antibodies. The potential pathogenicity of 
IgM and IgA antibodies against myelin-associated proteins 
is also unclear. For instance, MOG antibodies occur in 
19% of multiple sclerosis patients with MOG-IgG-associ-
ated disease, but they do not seem to play a relevant clini-
cal role [17]. However, IgM antibodies against specific 
molecules such as phosphorylcholine seem to have prog-
nostic value for adverse cardiovascular events as assessed 
in 1062 patients with stable coronary heart disease [18]. 
Increased permeability of the BBB might facilitate the 
access of circulating antibodies to the injured brain tissue. 
Therefore, it is interesting to relate the presence of AA 
with BBB dysfunction. In one of our patient cohorts (BC), 
we measured plasma MMPs as indicators of BBB disrup-
tion [19]. However, we did not find a relation between 
increased MMP levels, the presence of AA, and clinical 
outcome. Nevertheless, future studies in larger cohorts of 
stroke patients are needed to clarify whether the presence 
of IgM and IgA AA may have any prognostic value in 
stroke patients.

Our study adds to the existing literature on NMDAR anti-
bodies in non-encephalitic neurological diseases. In a recent 
study, Hopfner et al. screened 296 patients with Parkinson 
disease and found 13% with NMDAR IgA/IgM antibod-
ies as opposed to 22% in controls free of neuropsychiatric 
disease [20]. Similar to our findings, seropositivity was not 
associated with clinical or epidemiological characteristics 
of Parkinson patients [20]. Another study found NMDAR 
IgA/IgM antibodies in 7 of 90 patients with dementia and 0 
of 50 patients with Schizophrenia [15]. Dahm et al. found 
NMDAR antibodies in 8% of patients with Parkinson, in 9% 
of patients with Schizophrenia, in 5% of patients with amyo-
trophic laterals sclerosis, and in 9% of healthy controls [21].

IgG antibodies against NMDAR have been described in 
cases of autoimmune encephalitis secondary to a herpes-
simplex encephalitis [22]. Two of the sub-studies searched 
for a de-novo production of AA in patients with acute 
stroke, which would prove a vaccination effect caused by 
tissue damage. After 4 weeks (LC), no de-novo synthesized 
antibodies were detected, whereas after 90 days (BC), two 
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patients had new AA against NMDAR of IgM isotype. Stud-
ies on CSF in stroke patients have found intrathecal immu-
noglobulin synthesis in stroke patients [23, 24]. However, 
in our study, AA seropositive patients were not more likely 
to have had a previous stroke than AA seronegative patients 
were. Taken together, our data thus argues against a signifi-
cant de-novo production of AA caused by acute stroke. Nev-
ertheless, this does not exclude a secondary development of 
AA. A false-negative result could be due to our limited sam-
ple size. The effect of antibody production might only occur 
in a tiny proportion of patients. Second, antibody production 
might be delayed. Third, it is possible that antibodies were 
only present within the cerebrospinal fluid compartment.

Conclusions

While AA can be detected in a significant proportion of 
stroke patients, they do not seem to be specific of stroke, 
and they are mainly of the IgM and IgA subtypes. Although 
we could not detect a significant prognostic value of AA in 
stroke patients, the results need validation in larger cohorts 
and investigation of antibodies against neural antigens 
in CSF.
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