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Abstract

Objectives We compared the concentrations of the pro-
inflammatory cytokine interleukin-2 (IL-2) with the anti-
inflammatory cytokine interleukin-10 (IL-10) in serial
serum samples from improved and expired acute ischemic
stroke (AIS) patients to determine their prognostic
usefulness.
Materials and methods Blood from AIS patients
(n = 17) admitted within 24 h of the onset of symptoms
were collected at admission and 24, 48, 72, and 144 h after
admission. Pro- and anti-inflammatory cytokines were
measured by enzyme-linked immunosorbant assay.
Results IL-2 levels were elevated in serum samples from
AIS patients collected at 0 (0.97, P <0.01) and 24 h
(1.011, P < 0.01). IL-2 concentrations gradually decreased
at subsequent time-points (48, 72, and 144 h samples,
0.324, P < 0.05) in patients who improved (n = 13), but
not in those who expired (n = 4). Similarly, a decrease in
IL-10 levels was observed in serum samples from AIS
patients who improved at 24 h (0.180, P < 0.05), followed
by significant increases at 72 h (0.97, P < 0.01 vs. control)
and 144 h (1.38, P < 0.01).
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Conclusion The levels of IL-2 and IL-10 correlate well
with outcome in AIS patients and may be useful in
prognosis.
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Introduction

Stroke continues to have a devastating impact on public
health, and remain the third leading cause of death and
disability after heart attack and cancer in India according to
the World Health Organization. Approximately 77% of
strokes are ischemic in nature [1]. The disease has also
turned out to be the most common cause of disability
and dependence, with the majority of stroke survivors
remaining vocationally impaired and requiring assistance
for daily living activities. In India, a substantial number of
patients are in the younger age group. The loss of life and
morbidity not only cause significant social deprivation, but
also lead to direct and indirect financial burdens [2].
Inflammation plays an important role in acute ischemic
stroke (AIS). Therefore, measuring inflammatory markers
at regular intervals in AIS patients and comparing with
clinical progression may provide prognostic clues. Cerebral
ischemia induces an inflammatory response associated with
the activation and release of various proinflammatory
cytokines and additional acute-phase reactants that aggra-
vate tissue damage [3, 4]. Previously, Fassbender et al. [5]
reported a role for inflammation in the pathophysiology of
AIS in humans. Similar studies have been reviewed by
others [6, 7], and are consistent with reports in animal
experiments [8]. Although various inflammatory markers,
including IL-10, have been studied to understand the
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progression and prognosis of AIS [9, 10], to our knowledge
no information is available regarding the role of IL-2 in
AIS patients. Therefore, the present study was undertaken
to determine the levels of the proinflammatory and anti-
inflammatory cytokines IL-2 and IL-10, respectively, in
sera of AIS patients at specified intervals to determine if
markers might aid in prognosis.

Materials and methods
Subjects

Seventeen patients (11 males, 6 females), aged 22-76 years,
admitted to Central India Institute of Medical Sciences,
Nagpur, India, within 24 h of the onset of symptoms of AIS
were included in the present study. Diagnosis was based on
the WHO definition of stroke: rapidly developing signs of
focal (or global) disturbance of cerebral function lasting
>24 h (unless interrupted by surgery or death) with no
apparent non-vascular cause, history, neurological exami-
nation, and computerized tomography (CT). Patients with
transient ischemic attack, hemorrhage, malignancies, renal
or hepatic diseases, or other types of brain injury were
excluded from the study. Neurological deficit was assessed
per the National Institute of Health Stroke Scale (NIHSS)
score during the hospitalization period and functional
recovery was assessed using the modified ranking scale
(mRS) at the time of discharge. Twenty age- and sex-mat-
ched healthy subjects (control group) who did not have
recent infection (i.e., within 1 month), other serious illness,
or head trauma were included as controls. All patients were
admitted to the intensive care unit (ICU), where the ambient
temperature was maintained at 20-25°C. All patients
received anti-platelet agents (aspirin 150 mg, clopidregel
75 mg once a day); three patients were thrombolysed using
intravenous recombinant tissue-plasminogen activator; one
patient was treated with decompressive hemicraniectomy
and duroplasty for malignant middle cerebral artery syn-
drome; eight patients with symptoms of raised intracranial
pressure received anti-edema measures (such as mannitol
20%, 0.25-0.5 g/kg over 20 min, not exceeding a total of
2 g/kg of body weight in 24 h; mean NIHSS 17.3); and one
patient was treated with oral glycerol in addition to mannitol,
IV fluids, and other supportive measures for the treatment of
concurrent illnesses such as hypertension and diabetes
mellitus. Out of the 17 patients, 13 patients survived and
were discharged; these patients were classified as the
improved group [Mean admission NIHSS 12.92 (range 7-
18), mean discharge NIHSS 9.5 (range 3—16)]. Among the
survivors, none exhibited significant clinical worsening (>4
point increase in NIHSS). Four patients expired during their
hospital stays; these patients were classified as the expired

group. The protocol of this study was reviewed and approved
by the Institutional Ethics Committee of Central India
Institute of Medical Sciences.

Blood Sampling

Venous blood was collected at O hrs (the time of admis-
sion) and 24, 48, 72, and 144 h after admission. Blood was
allowed to clot, and, after centrifugation (1,000 g, 10 min),
the serum was separated and stored at —20°C until use in
experiments.

IL-2 and IL-10 determination

IL-2 was analyzed in triplicate by the sandwich ELISA
method supplied by Bender Med System, Austria. Flat-
bottom microtiter plates were coated with 100 pl of coating
antibody solution and incubated at 2-8°C overnight. The
wells were then washed once with wash buffer, and then
250 pl of blocking buffer was added to each well before
incubation at 37°C for 2 h. This was followed by washing
and the addition of 100 pl of serum from AIS patients
collected at different time intervals or the control group
along with 50 pl of biotin conjugate. The plates were then
incubated at room temperature on a shaker for 2 h. After
incubation, wells were washed thrice with wash buffer,
followed by the addition of 100 pl diluted streptavidin-
HRP and incubation at room temperature for 1 h. After this
incubation, the wells were washed thrice and 100 pl of
substrate was added to each well. After 10 min, a stop
solution was added, and absorbance was measured at
450 nm. For IL-10 determination, the same procedure was
followed as described above but instead of direct serum
samples, samples were diluted 1:1 in assay buffer. Prior to
AIS patient sampling, the assay was standardized using
different dilutions of standard. The assay sensitivities
reported by the manufacturer were 0.2 pg/ml for IL-2 and
0.15 pg/ml for IL-10.

Statistical analysis

Mean cytokine (IL-2 and IL-10) concentrations of control
and AIS patients from different time intervals were com-
pared using one-way ANOVA followed by Dunnett’s test.
A P value of <0.05 was considered to be statistically sig-
nificant. All statistical analyses were performed using
SPSS software.

Results

Table 1 shows the clinical characteristics of the AIS
patients at the time of admission. Figure 1 shows IL-2 and
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Table 1 Baseline characteristics of acute ischemic stroke patients at
the time of admission

Age (years) 61 £ 19
Sex (male/female) 11/6
Hypertension (%) 73%
Diabetes mellitus (%) 33%
Tobacco addiction (%) 13%
Currently smoking (%) 20%
Alcohol addiction (%) 20%
History of coronary artery disease (%) 26%
Previous stroke history (%) 33%
Rheumatic disease (%) 6%

IL-10 levels in serum samples of AIS patients collected at
different time intervals (0, 24, 48, 72, and 144 h). We
found a significant increase in IL-2 from AIS patient serum
samples compared with the control group at O h (0.97,
P <0.01) and 24 h (1.011, P < 0.01). This gradually
decreased in subsequent samples (48, 72, and 144 h sam-
ples, 0.324, P < 0.05) from improved patients. However, a
significant decrease in IL-10 concentration was noted in
serum samples collected from AIS patients at 24 h (0.180,
P < 0.05), followed by a significant increase at 72 h (0.97,
P < 0.01 vs. control) and 144 h (1.38, P < 0.01).

Cytokine concentrations were compared in AIS patients
who improved with treatment and those who expired dur-
ing treatment. Figure 2 shows IL-2 levels in serum samples
from improved and expired AIS patients collected at dif-
ferent time intervals. Serum samples from expired AIS
patients exhibited an initial increase in IL-2 at the time of
admission, similar to those of improved AIS patients
(Fig. 1). This was markedly increased in subsequent
samples, especially at 144 h (0.877, P < 0.01), in contrast
to improved patients, whose IL-2 levels decreased with
treatment.

IL-10 levels were also compared in expired and
improved AIS patients. Serum IL-10 concentrations were
very low in the initial samples (0 and 24 h) of expired AIS
patients, similar to those of improved AIS cases. However,
IL-10 was markedly increased in subsequent samples from
all improved AIS patients, whereas IL-10 levels were low
in expired AIS patients (Fig. 3).

Discussion

Inflammation plays an important role in the pathogenesis of
AIS. Many studies have demonstrated that various cyto-
kines are unregulated in the brain after AIS and are
expressed not only by cells of the immune system but also
by the resident brain cells, including glia and neurons
[11, 12]. The most widely studied cytokines related to
inflammation in stroke are interleukin-1 (IL-1), TNF-a,
interleukin-6, transforming-growth factor-f (TGF-f), and
interleukin-10 (IL-10) [13]. To our knowledge, no infor-
mation is available on IL-2 in AIS patients. IL-2 is
generally viewed as a proinflammatory cytokine, but its
role in AIS is not clear. IL-10 is an anti-inflammatory
cytokine that inhibits proinflammatory cytokines and sup-
presses cytokine receptor expression and receptor
activation [14]. It is synthesized in the central nervous
system (CNS) and is unregulated in experimental stroke
[15]. Here, we conducted a prospective study to compare
IL-2 levels with those of IL-10 in sera from improved and
expired AIS patients collected at different time intervals.
In the improved group, we observed increased IL-2
serum levels in the hyperacute stage of disease (0 and
24 h), which subsequently returned to normal (48, 72, and
144 h). In contrast, serum IL-10 was low in the acute stage
of AIS, but increased at 72 and 144 h in AIS patients
who improved with treatment. Interestingly, we found a
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significant inverse correlation between serum levels of
these two cytokines, which seem to display opposite
activities. However, the sera of AIS patients who expired
exhibited initial increases in IL-2 at O and 24 h, but IL-2
concentrations continued to increase at subsequent times,
especially at 144 h (0.877, P = 0.006). IL-10 levels in
expired patients were low initially (0 and 24 h), similar to
those of improved patients, but did not increase at sub-
sequent times.

IL-10 is a major anti-inflammatory cytokine produced
by several inflammatory cells, especially macrophages,
Th2 (anti-inflammatory) T cells, and monocytes. Previ-
ously, Van Exel et al. [16] showed that subjects having low
levels of IL-10 have an increased risk of stroke. Various
studies have also reported anti-inflammatory and neuro-
protective roles for IL-10 in AIS [17]. Using a rat model,
Spera et al. [18] demonstrated that IL-10 levels were
reduced after brain injury. Our study is in agreement with
other studies indicating that increased IL-10 levels in
stroke patients could be a good indicator of recovery.

However, increased levels of IL-2 in expired AIS
patients and lower levels in improved AIS patients suggest
that this cytokine can also be a predictor of stroke outcome.
It is possible that IL-2 could act as a mediator of edema
following the cerebral ischemia, as suggested by others
[19]. Ellison et al. [20] showed that IL-2 interrupts the
blood-brain barrier, producing cerebral edema when
injected into normal rat brain.

Our experimental observations are similar to those
observed by earlier workers that the infarct volume is
greater in AIS patients who expired (169 x 107¢ +
116 x 107° m®) compared with those who improved
(49 x 107% £ 51 x 107® m?) [21, 22]. The larger volume
of infarcted tissue may explain the difference in cytokine
levels, however at this stage it is difficult to determine if
the difference between the cytokine concentrations in the
two groups is a cause or an effect of the difference in the
volume of infarcted tissue. Secondly, it is also not clear;
about the source of cytokines measured in this study either
arrived peripherally or from CNS.
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In the present study, we compared the levels of pro- and
anti-inflammatory cytokines in serum from AIS patients at
different time intervals. We observed that IL-2 levels
decreased and IL-10 levels significantly increased in the
sera of improved patients 72 and 144 h after admission. To
our knowledge, this is the first report of a relationship
between these two cytokines in the pathogenesis of AIS, as
well as the serum levels of these pro- and anti-inflamma-
tory cytokines in expired patients. Despite the small
number of expired patients in this study, the observed
results are useful for future studies.

In conclusion, our study demonstrates that IL-2 and IL-
10 cytokines correlate well with the outcome of the AIS
and may play an important role in prognosis. These cyto-
kine markers have the potential for predicting AIS patient
outcome and, therefore, may be useful in studying various
forms of therapeutic intervention.
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