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ABSTRACT 

We have studied the level of autoantibodies to 
neurospecific proteins and neurotransmitters in 
patients with different forms of ischemic brain 
lesion. 49 patients with acute (ishemic stroke) 
and chronic cerebrovascular disease, 14 patients 
with ishemic heart disease and control group (35 
healthy subjects) were investigated. The serum 
level of autoantibodies to glial fibrillary acidic 
protein (GFAP) and to dopamine (D) was deter-
minated by ELISA. The content of autoantibo-
dies to GFAP and D in patients with ischemic 
heart disease was practically identical. The pa-
tients with acute and chronic cerebrovas-cular 
diseases had the significally increased level of 
autoantibodies. The level of autoantibodies to 
GFAP in patients with acute vascular accidents 
(ischemic stroke) with favorable outcome was 
significantly higher than in patients with chronic 
cerebral ischemia. The obtained data allowed us 
to consider serum level of autoantibodies to 
GFAP as a marker of ischemic brain lesion, and 
to suppose further potential role of this autoan-
tibodies in cerebrovascular disease progression. 
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1. INTRODUCTION 

Widespread distribution of cerebrovascular diseases, 
lack of effective therapeutic and rehabilitation strategies 
for patients after stroke make it necessary to develop 
effective and reliable methods of disease course predic-
tion, search new ways of treatment of such patients. 

Finding-out of the main elements of pathobiochemical 
cascade developing in acute cerebral ischemia and reve-
lation of biochemical markers for brain tissue injury are 
of particular interest [1].  

The evidence of correlation between type and volume 
of brain tissue lesion and presence of substances-biomarkers 
of brain tissue injury in peripheral blood was obtained [2, 
3]. It was determined that concentration of glial fibrillary 
acidic protein (GFAP) in blood serum of patients with 
ischemic stroke was associated with more extensive 
damage volume [4,5].  

GFAP is the maker for the spider cells (astrocytes) 
[6,7]. Astrocytes, lied in the first layer of neocortex, 
form border-line neuroglial membrane, their long 
processes reach deep into cortex and run to its middle 
layers assisting in formation of perivascular adjoined 
membranes, representing important part of the 
blood-brain barrier (BBB).  

Experiments ascertained that GFAP execute structural 
functions, besides, it participates directly in restoration 
processes after ischemic or traumatic brain lesion [8,9]. 
The formation of the hypertrophied processes of spider 
cells in the damaged area is closely associated with acti-
vation of synaptogenesis [10]. Deficit of GFAP, distur-
bance of its phosphorylation are associated with new 
synaptic connection forming damage, predominantly at 
the dorsolateral prefrontal cortex and hippocampus in 
patietns with mental disorder, the most prominent in the 
elderly [11,12].  

Increase of concentration of autoantibodies to GFAP 
in cerebrospinal fluid and in peripheral blood is con-
nected with brain tissue damage and abnormality of 
BBB. High level of such autoantibodies was detected in 
some neurodegenerative and mental diseases [13-15], 
brain injury and ischemic lesion [16,17].  

Currently, role of autoantibodies to neurospecific pro-
tein, e.g. GFAP, is explored insufficiently. It’s suggested 
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that their concentration may reflect processes of elimina-
tion of damaged brain tissues from the lesion area, oc-
curring through the disruption of BBB [17-20].  

The role of neurotransmitters in pathogenesis of acute 
brain ischemia is intensively studying now. Dopamine 
release during acute ischemia activates production of 
free radicals [21], induces apoptosis [22]. As acute, as 
delayed ischemic neuronal death, associated with dopa-
mine release, is mediated by exitotoxic effects of gluta-
mate [20]. Rise of dopamine concentration in synaptic 
gap in experimental conditions (highly excesses normal 
level-about 100 μM) is accompanied by toxic effects [23]. 

Nevertheless in distant period of ischemia dopamine 
can take part in processes of restoration. Some data ex-
ists that regress of spastic paresis after stroke is faster 
with standard treatment combined with L-DOPA [5,24]. 
Its positive effect may be due to long-term memory faci-
litation and consolidation on different levels [13]. It is 
proposed, that neurological restoration may be the se-
quence of the elevation of central noradrenalin pool 
which precursor is dopamine [9]. 

There is lack of data about autoantibodies to nero-
trasmitters. Existing reports about elevation of level of 
antibodies to dopamine and its receptors in cerebrospinal 
fluid in some neurological (Parkinson disease, Alzhei-
mer disease, pain syndromes) and psychiatric (alcohol 
and narcotic addictions, suicide behavior, depression) 
disorders [18,25,26]. The existence of antibodies is at-
tributed to immune system disregulation, accompanied 
central nervous system disorders, but less is known 
about changes of antibodies concentration and their role 
genesis of different syndromes. 

Our work objective was evaluation of diagnostic sig-
nificancy of autoantibody to GFAP and to dopamine (D) 
in patients with different forms of cerebrovascular dis-
eases.  

2. PATIENTS AND METHODS 

63 patients with cerebrovascular and ischemic heart 
diseases were investigated. Verification of cerebrovas-
cular disease was provided by MRI, Doppler ultrasono-
graphy of carotid and intracranial arteries. The diagnosis 
of coronary heart disease was confirmуd by routine ECG 
and 24-hour monitoring, treadmill tests and in some pa-
tients with help of coronary angiography. The patients 
with acute or chronic inflammatory diseases, acute 
myocardial infarction, who undergone coronary revas-
cularization and angioplasty for the period of last 6 
months, suffering from cardiac anomalies, severe arterial 
hypertension, congestive heart failure, decompensated 
type 2 diabetes mellitus were excluded.  

The first group (group 1) consisted of 22 patients with 
chronic cerebral ischemia caused by microangiopathy in 

consequence of the arterial hypertension (n = 9) and its 
combination with type 2 diabetes mellitus (n = 4), iso-
lated occlusive lesion of large cranial arteries (n = 4) and 
simultaneous lesion of small and large arteries (n = 5). 
There were 13 men and 9 women at age from 52 to 71 
(mean age was 59.7 + 6.9 yrs) in this group. Any of 
these patients had not any incident of acute cerebral 
ischemia (TIA, stroke) over last 6 months.  

The second group (group 2) consisted of 14 patients 
with coronary heart disease (stable exertional angina, 
function class I-II), there were 8 men and 6 women 
among them at age of 49-73 yrs (mean age was 62.2 + 
5.7 yrs) without clinical/paraclinical sings of cerebrovas-
cular disease.  

The third group (group 3) consisted of 27 patients 
with acute carotid ischemic stroke (in the right carotid 
artery in 15 pts, and in the left—in 12 pts), the presence 
of infarct focus was proven by neurovisualization or 
postmortem examination (n = 6). There were 15 men and 
12 women among the participants of this group at age 
from 52 to 84 (mean age was 64.6 + 6.9 yrs). All of 
these patients were admitted to hospital during the first 
24-hour of disease. There was the atherotrombotic stroke 
in 8 pts, cardioembolic stroke in 7 pts. The main reason 
of stroke in 2 participants was the small vessels disease 
and combination of the mechanisms in 10 patients. Total 
infarct at the carotid system was diagnosticated in 7 pts, 
partial—in 12, lacunar stroke was presented in 8 pts.  

There recovery of neurologic deficiency in 15 patients 
(subgroup 3a) was marked, indicated by increase of av-
erage score in European scale of stroke (ESS) on 10 
points during 21 days of disease. In the rest of 12 pa-
tients (subgroup 3b) severity of focal deficiency re-
mained stable or fatal case occurred (causes of the latter 
one were progressive brain edema, concomitant 

ignifymatory pulmonary diseases, acute coronary in-
sufficiency).  

Control group consisted of 35 healthy subjects (16 
men and 19 women) at age 32-54 yrs (mean age was 
47.2 ± 4.6 yrs) without central nervous system diseases 
and without chronic inflammatory diseases. 

Venous blood samples were collected by standart 
procedure, in case of acute stroke—in the first 24-hours 
after disease onset, and the serum samples were stored at 
–70˚C. 

The serum level of autoantibodies to GFAP and to D 
was determinated by ELISA as was described earlier 3, 
30. 96-well microtiter plates were coated with GFAP or 
conjugate Dopamine-BSA (5 g/ml in carbonate buffer 
over the night). As the standard the serum of a healthy 
adult subject (at age of 34) without signs of somatic, 
neurologic, endocrine, infectious and inflammatory dis-
eases was used. All the samples and standart were di-
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luted 1:25 with PBS, containing 1% BSA and 0.05% 
Tween-20, and added to the appropriate wells. The plates 
were incubated for 2 h at room temperature. For the de-
tection of autoantibodies the secondary rabbit an-
ti-human antibodies conjugated with horseradish perox-
idase (Imtek, Moscow) were used. The level of autoan-
tibodies was estimated as a ratio of optical density of 
sample to the optical density of standard and was ex-
pressed in relative units.  

Statistic analysis was carried out using standard 
package of SPSS 13.0. Research data in the each group 
are represented as mean observation  standard error of 
the mean. Multivariate comparisons were performed using 
of Student t-test with Bonferroni and Newmen-Kales 
adjustments. Differences were considered to be 

ignifycant for р < 0.05. 

3. RESULTS  

The concent of autoantibodies to GFAP and to dopa-
mine in patients with ischemic heart disease (group 2) 
and in control group had been appeared to be practically 
identical (Table 1). Significant increased level of autoanti-
bodies in comparison with the group 2 and the control 
group was detected in patients with chronic cerebral 
ischemia stroke (groups 1 and 3). Autoantibodies to 
GFAP level in patients with stroke were exceeding one 
in patients with chronic cerebral ischemia more than in 
one and half times, but it failed to reach, however, signi-
ficance level. The contents of autoantibodies to Dopa- 
 

mine in patients with stroke and chronic cerebral ische-
mia were practically identical. 

Essential differences in contents of autoantibodies in 
patients with chronic cerebrovascular disease with dif-
ferent focal deficit and the main clinical syndrome were 
not detected. 

Interesting results were obtained when the group of 
patients with acute stroke was divided into two sub-
groups (Table 2). The levels of autoantibodies to GFAP 
and Dopamine were higher (р < 0.05) in patients with 
clinical improvement and regression on focal deficiency 
towards 21 days of disease (subgroup 3а) in comparison 
with those in patients who had inconsiderable neurologic 
functions recovery (subgroup 3b). Moreover level of 
autoantibodies to GFAP in patients with favorable course 
of stroke was higher (р < 0.05) than in patients with 
chronic cerebrovascular diseases. 

In order to study the influence of episodes of repeated 
acute cerebral ischemia on content of autoantibodies to 
GFAP the group of 15 patients who had repeated ischemic 
stroke (n = 11) or who had the transient ischemic attacks 
before stroke development was formed (Table 3). The 
level of autoantibodies in patients who had undergone 
repeated episodes of acute cerebral ischemia, was dif-
fered significally from the autoantibodies level in control 
group, but there were no significant differences in com-
parison with group of patients with chronic cerebral 
ischemia. 

Table 1. The levels of autoantibodies to GFAP and Dopamine in patients with chronic cerebral ischemia, stroke, 
coronary heart disease ischemic heart disease and in control group. 

 
Group 1 

Chronic cerebrovascular 
disease (n = 22) 

Group 2 
Coronary heart disease

(n = 14) 

Group 3 
Stroke 

(n = 27) 

Control group 
(n = 35) 

Autoantibodies to GFAP, 
rel.un. 

1.42 ± 0.07 0.95 ± 0.04*# 2.27 ± 0.30 0.95 ± 0.03*# 

Autoantibodies to Dopa-
mine, rel.un. 

1.51 ± 0.09 0.93 ± 0.05*# 1.55 ± 0.09 0.91 ± 0.05*# 

*.— 
difference is significant in comparison with group 1 (р < 0.05), #

 — 
difference is significant in comparison with group 3  

(р < 0.05). 

 
Table 2. The levels of autoantibodies in subgroups of patients with stroke, in patients with chronic cerebral 
ischemia and in control group. 

 
Subgroup 3а

(n = 15) 
Subgroup 3b 

(n = 12) 

Group 1 
Chronic cerebrovascular 

diseases (n = 22) 
Control group (n = 35) 

Autoantibodies to GFAP, rel.un. 2.98 ± 0.45* 1.29 ± 0.08# 1.42 ± 0.07*# 0.95 ± 0.03 

Autoantibodies to Dopamine, 
rel.un. 

1.76 ± 0.13* 1.25 ± 0.06# 1.51 ± 0.09* 0.91 ± 0.05 

*.— difference is significant in comparison with control group (р < 0.05), # .— difference is significant in 
comparison with subgroup 3a (р < 0.05). 
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Table 3. The levels of autoantibodies to GFAP in patients with repeated acute cerebral ischemia, in patients with chronic 
cerebral ischemia and in control group. 

 
Repeated episodes of acute cere-

bral ischemia 
(n = 15) 

Group 1 
Chronic cerebral ischemia 

(n = 22) 

Control group 
(n = 35) 

Autoantibodies to GFAP 1.53 ± 0.12* 1.42 ± 0.07* 0.95 ± 0.03 

*.— 
difference is significant in comparison with control group (р < 0.05). 

 
4. Discussion 

It was discovered, that increased serum levels of au-
toantibodies to GFAP and to Dopamine are specific to 
different forms of ischemic brain lesion (regardless of 
main clinical syndrome), as distinct from ischemic lesion 
of the other organs, in particular coronary heart disease. 
The level of autoantibodies to GFAP in patients with 
acute vascular accidents (ischemic stroke) with favorable 
outcome was significantly higher than in patients with 
chronic cerebral ischemia. It is interesting, that the level 
of autoantibodies to GFAP in patients who had under-
gone former episode of acute cerebral ischemia (stroke 
and/or transient ischemic attack), exceeded test scores, 
but was not different from such one in patients with 
chronic cerebral ischemia without episodes of acute ce-
rebral ischemia. Ten this patients with stroke (out of 15) 
had unfavorable outcome of the diseases. The obtained 
data allowed us to consider serum level of autoantibo-
dies to GFAP as a marker of ischemic brain lesion, and 
to suppose further potential role of this autoantibodies in 
cerebrovascular disease progression. 

The data about serum level of autoantibodies to Do-
pamine were less informative. The contents of such au-
toantibodies in patients with acute and chronic cerebral 
ischemia did not differ from each other. Significant in-
creased levels of autoantibodies to Dopamine as and to 
GFAP appeared to be associated with favorable outcome 
of stroke in comparison with those in patients who had 
inconsiderable neurologic functions recovery. Our pre-
vious data [27] give evidence about correlation of high 
level of autoantibodies to Dopamine in the first day after 
stroke onset and favorable functional outcome of the 
disease. The physiological role of autoantibodies to Do-
pamine and serotonine for today is unknown. Autoanti-
bodies to neurotransmitters may constitutevly expressed 
by non-activated B-cells [1,2]. This autoantibodies can 
be not only the markers of monoaminoergic systems 
disorders, but also can play some regulatory roles in 
common neuro-immune-endocrine system. Our data 
indirectly supports this point of view.  

Relation between some neurospecific proteins serum 
concentration and the volume of brain lesion has been 
proved conclusively at the present time, at the same time 
there are far less data about role of autoantibodies to 
neurospecific proteins in cerebral pathology, about their 

clinical relevance and prognostic value in patients with 
cerebrovascular disease. There are experimental findings 
that the initiation of autoimmune process is possible in 
case of damage of BBB and in consequence of contact of 
neurospecific proteins with immune blood cell. Role of 
this autoimmune process has not been detected finally, 
so a fact of such contact of neurospecific proteins with 
immune competent cell in itself does not mean the initia-
tion of autoimmune process [28]. In such a way clinical 
significance of production of immunoglobulins to some 
cerebral proteins taking place after stroke remains con-
clusively unknown [23,26,28]. 

At present time there are experimental findings that 
immunization of laboratory animals by some neurospecific 
antigens may have protective effect on brain in experi-
mental models of cerebral lessions, in particular, Alz-
heimer’s disease, prion diseases and reduce the expres-
sion of brain trauma consequence [24,29].  

There is an evidence that the serum level of neurospe-
cific autoantibodies in elderly patients with dementia 
(both of vascular and Alzheimer’s types) is higher, than 
in patients of the same age without cognitive decline, 
and this increase is not peculiar of nosological entity of 
pathology but may reflect the condition of BBB [22,30]. 
Taking into account the peculiarities of GFAP molecule 
configuration, its physical, chemical and electric proper-
ties it is suggested that rise of level of autoantibodies to 
GFAP in the blood serum is not connected with penetra-
tion of this protein through BBB but it reflects the dis-
regulation processes at the organism [21].  

Poletaev et al. [18] suppose that autoantibodies to 
neurospecific proteins may play role in the organism in 
two ways. If such autoantibodies, probably, perform 
protective and compensatory functions after undergoing 
episode of acute cerebral ischemia, then the character of 
changing in patients with schizophrenia have to suppose 
rather their pathogenetic role. Our results support this 
hypothesis. Earlier we ascertained that higher levels of 
autoantibodies to GFAP in patients with acute ischemic 
stroke was associated with favorable outcome of disease 
and more completed recovery of disturbed functions [19]. 
This fact allows suggesting a positive role of autoanti-
bodies in acute conditions. Presence of autoantibodies to 
GFAP in patients with chronic cerebral ischemia regard-
less of character and expression of neurologiсal deficit 
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allows us to assume that in case of chronic cerebrovas-
cular disease autoantibodies doesn’t perform protective 
functions. 

Further researches are needed for ascertainment of 
role of autoantibodies to neurospecific proteins and 
neurotransmitters in patients with different forms of ce-
rebrovascular disorders, including cases of acute cere-
bral ischemia. The question if autoantibodies are only 
“witness” of processes occuring in ischemic brain area 
or they perform certain functions related with processes 
of destruction and reparation at the impaired brain tissue 
remains in abeyance. 
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