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ABSTRACT
In ischemic stroke patients there were found autoantibodies against brain epitopes. The presence of anti-S-100 autoantibodies may reflect alteration and dysfunction of the blood-brain barrier. The aim of the study
was to assess the prevalence of serum anti-S-100 autoantibodies in the early stage of ischemic non-cardioembolic stroke and their correlation with clinical outcome. The study included 78 patients with acute non-cardioembolic ischemic stroke, 46 females and 32 males, ranges from 46 to 81 years, mean age 74.3±6.8 years.
Blood samples for anti-S-100 autoantibodies measurement were taken within 24 hours after the onset of ischemic stroke. Seventy-two patients served as matched controls 43 females and 29 males, ranges from 42
to 79 years, mean age 71.3±6.4 years. Serum anti-S-100 autoantibodies were measured by means of ELISA.
Significance difference between groups was calculated by the Wilcoxon signed rank method. A value of
p<0.05 was considered significant. Anti-S-100 autoantibodies were detected in 25 patients (32%). Patients
with acute ischemic stroke had significantly higher levels of anti-S-100 autoantibodies (87.3±9.23 IU/ml) as
compared to healthy controls (23.1±1.17 IU/ml) (p<0.01). In 24 patients the cerebral CT scan was negative
in the first 24 hours, out of them in 6 patients anti-S-100 autoantibodies were positive. The higher titers correlated significantly with worse clinical outcome (132.0±12.4 IU/ml; p<0.001). The negative predictive value
of anti-S-100 autoantibodies was 87%, and positive predictive value of anti-S-100 autoantibodies was 71%.
Measurement of anti-S-100 autoantibodies may be used to select patients with early negative cerebral CT
scanning as presenting ischemic stroke.
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INTRODUCTION
Stroke is the leading cause of severe long-term
disability and the third leading cause of death
worldwide. Acute ischemic stroke is caused by
thrombotic or embolic occlusion of a cerebral artery (1,2).
Acute ischemic stroke often can be reversed
successfully with the clot lysis drug recombinant
tissue plasminogen activator (rt-PA), if initial evaluation is immediate and intravenous infusion begins within 3 hours of stroke symptom onset (3).
After stroke, there is a breakdown of the blood–
brain barrier that allows for an encounter of central

nervous system (CNS) antigens by the systemic
immune system; this encounter can occur in the injured brain as well as in the periphery (4,5).
Immune responses to brain antigens occur after
stroke, and experimental studies show that the likelihood of developing a detrimental autoimmune response to these antigens is increased by systemic
inflammation at the time of stroke (6-8).
Our objectives were to study the prevalence serum anti-S-100 autoantibodies in patients with
acute ischemic stroke and to evaluate their prognostic significance.
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MATERIAL AND METHODS
Sera from subjects with different subtypes of
acute non-cardioembolic ischemic stroke as
TOAST and OCSP criteria within 24 hours after
stroke onset were screened for reactivity against
S-100 proteins (1,2,10).
Seventy-eight patients (ranges from 46 to 81
years, mean age 74.3±6.8 years, M/F: 32/46) with
acute ischemic stroke were recruited from those admitted in the Neurological Intensive Care Unit
(NICU). In the academic medical center emergency
department, as the patient arrives, a suspected
stroke is treated as an acute event until diagnostic
evidence suggests otherwise.
National Institutes of Health Stroke Scale
(NIHSS) and Glasgow Outcome Score (GOS) at
baseline were used (9,12).
In addition one control group consisting of 72
healthy individuals (ranges from 42 to 79 years,
mean age 71.3±6.4 years, M/F: 29/43) were recruited.
Exclusion criteria from the study were: history
of atrial fibrillation, valvular heart disese, (as
shown on echocardiography), as were those with a
previously undetected cardiac source of thrombus
identified by clinical assessment, non-cortical
stroke, subarachnoid hemorrhage, connective tissue disease, severe medical or psychiatric illness,
inflammatory gastrointestinal disease, serum creatinine >150 mmol/l, gout or renal failure or took
of antioxidant vitamins, iron deficiency.
According to the standard protocol, physicians in
the NICU recorded clinical data from the primary
evaluation, including history and examination results.
Cerebral ischemia was documented by an imaging technique, such as computerized tomography
(CT scan) or magnetic resonance imaging (MRI).

Ultrasound examination of cervico-cerebral arteries and of heart was performed.
Local ethics committees of both the University
and Institute approved the clinical protocols, and
all patients, including controls, provided informed
consent.
A sample (5 ml) was taken within 24 hours after
the onset of ischemic stroke by venipuncture into
vacuum tubes without anticoagulant (Becton Dickinson), and serum was separated by centrifugation
at 4,000 g for 5 min at 40C and stored as 0.5 ml aliquots at –800C until an ELISA was performed, according to the manufacturer’s instruction manual.
Serum anti-S-100 autoantibodies were measured
by means of ELISA.
The results were expressed as arbitrary units
(IU/ml) by reading of a standard curve. Mean values (x)±standard deviation (SD) and 95% confidence intervals (CIs) were used. A ROC curve was
used to calculate the cutoff value for optimal sensitivity and specificity. Significance differences between groups was calculated by the Wilcoxon
signed rank method. Titers of anti-S-100 autoantibodies were compared by the Student t test. A value
of p < 0.05 was considered significant.

RESULTS
Anti-S-100 autoantibodies was detected in 25
(32%) patients with non-cardioembolic ischemic
stroke.
Patients with acute ischemic stroke had significantly higher levels of anti-S-100 autoantibodies
(87.3±9.2 IU/ml) as compared to healthy controls
(23.1±1.17 IU/ml) (p < 0.001) (Fig. 1).

p < 0.001

FIGURE 1. Mean value of
anti-S100 autoantibody titers in
patients with acute
non-cardioembolic ischemic
stroke as compared to controls
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In 24 patients the cerebral CT scan was negative
in the first 24 hours, out of them in 6 patients anti-S-100 autoantibodies were positive.
A significant statistical correlation between anti-S-100 autoantibody titers and GOS (r=0.71,
p<0.018) and a significant statistical correlation between anti-S-100 autoantibody levels of NIHSS
groups (16-42 points-bad prognosis, 7-15 points-intermediate prognosis, and 0-6 points-good prognosis) were observed (r=0.76, p<0.003).
The negative predictive value of anti-S-100 autoantibodies was 87%, and positive predictive value of anti-S-100 autoantibodies was 71%.
The results confirm that these autoantibodies are
released into the blood after stroke, they can be easily measured, and they correlate with outcome. The
titer correlated significantly with clinical outcome
(132.0±12.4 IU/ml; p < 0.001). Higher peak of serum anti-S-100 autoantibodies levels correlated
well with worse clinical outcome. From these results a relationship between autoantibody titers and
ischemic stroke seems possible.

DISCUSSION
Stroke is defined as an acute neurologic dysfunction of vascular origin with sudden (within
seconds) or at least rapid (within hours) occurrence
of symptoms and signs corresponding to the involvement of focal areas in the brain.
Some studies demonstrate that immune responses to brain antigens occur after stroke, although
these responses are likely to be an epiphenomenon
of ischemic brain injury (6,7,12).
Endothelial cells, pericytes, basal lamina and astrocytes are the constitutive elements of the BBB
and serve to protect the brain from sudden changes
of plasma composition and to regulate exchanges
between parenchymal and vascular compartiments
(13).
Because the BBB is disrupted and presents increased permeability after ischemic stroke (14,15)
lymphocytes infiltrate the ischemic brain allowing
for contact with CNS antigens, in both the brain
and periphery from numerous different cell types
(neurons, astrocytes, oligodendrocytes), which are
normally sequestered from the peripheral immune
system, allowing for the development of a CNS antigen-specific autoimmune response (16).
Furthermore, there is an increase in the concentration of antigens such as myelin basic protein
(MBP), neuron specific endolase (NSE), S-100
proteins, and glial fibrillary acidic protein (GFAP)
in the systemic circulation after stroke, which al-

lows for lymphocyte encounter with these antigens
in peripheral lymphoid organs. Given this lymphocyte contact with novel CNS antigens, irrespective
of site, it is thus possible for an (auto)immune response to occur to these antigens. Indeed, antibodies and cellular immune responses to brain antigens
are documented in stroke survivors.
Presence of S-100 in serum after ischemic stroke
may be due to combined leakage out of necrotic
glial cells and passage through an impaired
blood-brain-barrier, indicating severe ischemic cell
injury (17,18).
The degree of systemic inflammation following
stroke correlates with stroke severity and to the
amount of tissue infarcted; the amount of tissue infarcted is also reflected by the concentration of the
above mentioned antigens (19).
At higher concentrations, S-100b has been
shown to stimulate proinflammatory cytokine production and apoptosis in vitro (20).
The anti-S-100 antibodies react with alpha and
beta subunits of human S-100 proteins (21-24 kD).
S-100 proteins are low-molecular-weight calcium
binding proteins that are believed to play an important role in various cellular processes such as regulation of protein phosphorilation, cell growth and
motility, cell cycle, transcription, differentiation
and cell survival, acting intracellulary or extracellulary (21).
In the nervous system, S-100b, the beta-beta homodimer, is concentrated in astrocytes and other
glial cell types, such as oligodendrocytes, Schwann
cells, ependymal cells, enteric glial cells, retinal
Muller cells, and in definite neuron subpopulations.
In non-neural tissues, the protein is widely distributed in definite cell types, including melanocytes,
Langerhans cells, chondrocytes, dendritic cells,
Leydig cells, skeletal muscle satellite cells, adipose
tissue (21-23).
Both blood and CSF S-100b levels have been
shown to be reliable biomarkers to predict outcomes in various clinical conditions, when measured against functional scores, symptom inventories, or measures of neuropsychological impairment
in both brain trauma and brain insults associated
with cardiovascular disorders (24,25).
Early neurological deterioration, defined as
worsening of neurological status from admission to
48-72 hours after admission, is associated also with
high S-100b level (26).
A direct involvement of S-100b overproduction
as a sign of maladaptative astrocytic activation was
observed in pathogenic mechanism accompanying
brain ischemia (27,28).
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The increase of S-100b in serum after acute ischemic stroke peaks at 2-3 days, and it can be observed at approx. 12 h, it predicts a malignant
course of infarction in the proximal middle cerebral
artery occlusion (29).
Some studies have concluded also that measuring blood concentration of S-100 protein periodically in the first 10 days after cerebral infarction
help to predict infarct volume and the long-term
neurological outcome (30).
Some authors have found a transient increase of
S-100 protein in the CSF during the first week after
the ischemic stroke, which was significantly correlated with the size of the infarction and the clinical
state of the patients (31).
In patients with ischemic stroke it was observed
a strong correlation between the values of C-reactive protein, marker of inflammation, and those of
S-100b, independently of the size of infarction
(32).
The enhanced synthesis of S-100b by reactive
astrocytes participate in the inflammatory response
within the periinfarct area, and may be related to
the occurrence of delayed expansion and prolonged
neurologic deficits (33).
Serum S-100 protein is considered a marker of
cerebral injury after cardiac surgery performed under cardiopulmonary bypass (34).
Other authors have observed that serum S-100
protein was a valid and reliable predictor of the outcome at 24 hours after acute global cerebral ischemia (35,36).
S-100 protein levels were observed significantly
higher in patiens with acute cardioembolic and atherotrombotic stroke as compared to transient ischemic attack (TIA) group and they were significantly higher in the atherotrombotic stroke group
than in the lacunar stroke and TIA groups, and in
the cardioembolic stroke group compared to lacunar stroke group. S-100 protein levels were significantly higher in patients who died and they were
indicators for predicting stroke subtypes and severity (37).
The expression of S-100 proteins have been
evaluated in a variety of disorders, for example, as
serum markers for subjects with inflammatory dis-

eases. Dosage of anti-S-100 autoantibodies does
not appear useful for diagnostic purpose because of
the overlap observed among groups (8,38).
The immune response to CNS antigens like
S-100 protein that occur after acute ischemic stroke
is not novel, but the finding that these responses
may have pathological consequences is, as we have
observed in a previous paper (39).
Measurement of anti-S-100 autoantibodies may
be used to select patients with negative early cerebral CT scanning as presenting ischemic stroke.
The obtained data allowed us to consider serum
level of autoantibodies to S-100 proteins as a marker of ischemic brain lesion, and to suppose further
potential role of this autoantibodies in cerebrovascular disease progression.
Further research would be necessary to confirm
if antibodies to S-100 proteins could be of clinical
importance in acute ischemic stroke.

CONCLUSIONS
Elevated levels of circulating autoantibodies reactive against several S-100 proteins were detected
in the sera of non-cardioembolic ischemic stroke.
The presence of anti-S-100 autoantibodies
seems to reflect an alteration of the blood-brain
barrier that promotes the access of central nervous
system antigens to immunocompetent cells.
From these results a relationship between autoantibody titers and stroke seems possible.
The detection of increased serum levels of autoantibodies to S-100 proteins constitutes a novel
strategy for selecting patients with negative early
cerebral CT scanning as presenting ischemic stroke
and for prognosis of ischemic stroke.
Autoantibodies anti-S-100 proteins may be considered a biomarker of acute ischemic stroke and
their presence suggests the involvement in cerebral
infarct progression.
Significant statistical correlations between anti-S-100 antibody titers and clinical outcome were
observed (NIHSS ans GCS score)
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