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Circulatory Levels of C-X-C Motif Chemokine Ligands I, 9, and 10
Are Elevated in Patients with Ischemic Stroke
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ABSTRACT

Objective: Inflammation plays a significant role in the development of ischemic stroke. CXC chemokines
play pleiotropic roles in prolonged leukocyte locomotion, astrocyte migration/activation, and neural at-
tachment/sprouting in response to focal stroke. In this study, we aimed to explore the changes in serum
levels of three chemokines, C-X-C motif chemokine ligand | (CXCLI), C-X-C motif chemokine ligand
9 (CXCLY), and C-X-C motif chemokine ligand 10 (CXCL10), in ischemic stroke patients at the time of
admission and before discharge from the hospital ward.

Materials and Methods: In this study, we recruited 43 unrelated ischemic stroke patients using an easy
convenience method or accidental sampling which is a type of non-probability sampling that involves
the sample being drawn from that part of the population that is close to hand. We also enrolled 50
genetically unrelated healthy controls showing no history of neurologic, cardiovascular, or inflammatory
diseases. Serum levels of the considered chemokines were measured by enzyme-linked immunosorbent
assay (ELISA) in patients and healthy controls.

Results: No significant difference was observed in ischemic stroke patients following hospitalization and
prior discharging from the hospital; however, there was a significant difference in serum levels of CXCL9
and CXCLI0 between patients and healthy controls. We also found that the level of the chemokine
was not related to gender or medical therapy. It appears that CXCL9 and CXCLI10 are more predispos-
ing factors and play a direct role in stroke considering that they were higher in patients than in healthy
controls.

Conclusion: We believe that this study might be used as a basis for further studies on more effective
medication regimens to prevent the onset and subsequent complications of stroke. However, these me-
diators are useful diagnostic and prognostic tools rather than therapeutic tools.
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oz

Amag: Enflamasyon iskemik inme gelisiminde énemli bir rol oynar. CXC kemokinlerinin fokal inmeye
yanit olarak gelisen néral baglanmal/filizZienme, astrosit migrasyon/aktivasyon ve uzamis I6kosit lokomosyo-
nunda pleiotropic etkileri vardir. Bu calismada iskemik inmeli hastalarda, C-X-C motif kemokin ligand 10
(CXCLI0), C-X-C motif kemokin ligand | (CXCLI) ve C-X-C motif kemokin ligand 9'u (CXCL9) iceren
g kemokinin serum duizeyindeki degisikliklerinin hastaneye kabul ve taburculuk sirasinda arastirilmasi
amaglanmistir,

Gereg ve Yontem: Bu calismada, kolay uygunluk yéntemi kullanilarak birbiriyle iliskisi olmayan 43 iskemik
inmeli hasta incelendi. Ayrica herhangi bir nérolojik, kardiyovaskiler veya inflamatuvar hastalik 6ykust ol-
mayan, genetik olarak birbiriyle baglantisiz 50 saglikli denek de galismaya dahil edildi. Hastalarda ve saglikli
kontrollerde kemokinlerin serum diizeyleri enzime bagl bagisiklik deneyi (ALISA) ile &lcildu.

Bulgular: Mevcut galismada, iskemik inme gegirdigi icin hastaneye yatirilan ve taburcu edilen hastalarda
anlamli bir farklilik izlenmedi. Ancak, hastalar ve saglikli kontroller arasinda CXCL9 ve CXCLI0 serum
duzeyleri agisindan anlamli bir farklilik bulundu. Ayrica, kemokin diizeylerinin cinsiyet ile iligkili olmadigi ve
tibbi tedavinin hastalardaki kemokin seviyelerini etkilemedigi gériildi. CXCL9 ve CXCLIO0 seviyelerinin
kontrol grubu ile kiyaslandiginda hasta grubunda daha ytiksek oldugu distintldigtinde, bunlarin daha ¢ok
yatkinlik olusturan etkenler olduklari ve inmede dogrudan bir rollerinin oldugu gérilmektedir.

Sonug: Bu ¢alismanin, inmenin ortaya gikmasini ve sonraki komplikasyonlarini énleyebilecek daha etkili
tedavi rejimleri planlamada kullanilacak galismalar igin bir temel olusturabilecegine inanmaktayiz. Ancak,
bu medyatérler terapétik olmaktan ziyade, faydali tanisal ve prognostik gereglerdir.

Anahtar Kelimeler: Kemokin, iskemi, inme
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Introduction

Ischemic stroke is defined as a vascular brain dis-
ease that occurs because of a reduction in blood
flow to the brain caused by acute occlusion of
the intracranial blood vessels [1]. Ischemic stroke
is considered as the third leading cause of death
in industrial countries and the most frequent
cause of adult permanent disability worldwide
[2]. Approximately, 15%-30% of stroke sur-
vivors are permanently disabled, and almost
20% require institutional care [3]. Several severe
deficits varying from partial paralysis, memory
difficulties, and thinking, language, and speech
problems to movement and locomotion dis-
abilities are reported following ischemic stroke.
Various aspects of the disease, such as severity
and magnitude of symptoms, signs, and disabilities
as well as mortality and survival rates, are mostly
affected by the artery and region, duration of
occlusion, postponement in appropriate medical
interventions, and collateral blood flow; of these,
the last aspect depends on the individual vascular
anatomy and the site of the occlusion.

A wide spectrum of risk factors have been
described for ischemic stroke, including age, cardiac
diseases and anomalies (arrhythmias, septal defects,
valvular diseases, etc.), vascular diseases (athero-
sclerosis of the brain or carotid arteries and deep
vein thrombosis), and coagulopathies [2, 4],

Inflammatory response is considered one of
the first immune processes occurring following
injury, and it is believed that inflammation has a
significant role in the commencement and fur-
ther development of ischemic stroke.

As mentioned previously, by Braunersreuther
et al. [5] the most prevalent reason for blood
vessel occlusion and subsequent ischemic
stroke is thrombosis and/or embolism. One
of the most important diseases responsible
for thrombosis and embolism is atherosclero-
sis, in which the inflammatory system plays a
paramount role in disease development and
progression [4, 5].

Subsequent to the event of ischemic stroke,
the death of the neurons and particularly, the
release of necrotic cell debris trigger an inflam-
matory response. During ischemic stroke, the
production of various molecules involved in
the initiation of immune cell recruitment to
the lesion sites is induced. Similar to that was
observed in other circumstances of acute brain
trauma clinical state, inflammation also may
occur during ischemic stroke to clean up the
lesion and limit its spread [6]. Furthermore,
ischemic reactions in the affected brain region
result in dynamic and widespread activation of
inflammatory cytokines and chemokines in the
peripheral immune system [7].

Chemokines are a subclass of the larger cyto-
kine superfamily that direct the migration of
blood inflammatory cells, such as neutrophils
and macrophages, toward the source of che-
mokine-expressing tissues and they play impor-
tant roles in cellular communication and inflam-
matory cell recruitment [2, 8-10]. Concerning
the position of the first two cysteine residues
at the N-terminal end, chemokines are further
subdivided into CC, CXC, XC, and CX3C
[I'1]. They are also functionally described as
“homeostatic”” (meaning that they are secreted
constitutively and involved in immune sur-
veillance and mostly lymphocyte traffic) or
“inflammatory” (meaning that they mediate
pro-inflammatory signals and induce leukocyte-
oriented locomotion to the damaged or infect-
ed tissue). Chemokines have also been shown
to influence the phenomena of angiogenesis
and cellular differentiation [12].

CXC chemokines are described as classical
neutrophil chemoattractants in humans and
mice. The interferon-inducible protein 10 (IP-
[0)/CXCLIO is a potent chemoattractant for
monocytes, T-cells, and smooth muscle cells. It
binds the CXCR3 receptor, which is shared with
CXCL9, and is expressed during focal stroke in
animal models [13]. CXCLI0 plays a pleiotropic
role in prolonged leukocyte recruitment, astro-
cyte migration/activation, and neural attach-
ment/sprouting following focal stroke [ 14, 5]. In
recent studies, CCLI |, CCL5, and CXCLI0 are
associated with ischemic stroke independent of
traditional cardiovascular risk factors [16].

CXCLI is a potent neutrophil chemoattractant
that is involved in the pathophysiology of stroke
through inflammatory reactions during the
immediate early phases of ischemic stroke [17].

CXCL9 is also involved in inflammatory disor-
ders, such as atherosclerosis and rheumatoid
arthritis, but its role in ischemic stroke has yet
to be clarified [3]. However, because CXCL-9
belongs to the family of interferon-gamma-
inducible chemokines (like CXCLI0) which
these are critical molecules in T-cell trafficking
and the generation of effector T-cells.

In this study, we aimed to explore the changes in
serum levels of three chemokines of the CXC
subfamily CXCL10, CXCLI, and CXCL9 in isch-
emic stroke patients at the time of admission
and before discharge from the hospital ward.

Materials and Methods

Subjects

In this study, we recruited 43 unrelated isch-
emia cerebrovascular accident (CVA) patients
with ischemic stroke and not transient ischemic

attack using an easy convenience method
(Table ). The mean age was 74.6+2 (range
39-93) years. Women who were pregnant
and patients having a history of inflamma-
tory or infectious diseases other than CVA
were excluded from the study. The occur-
rence of ischemia CVA was confirmed by
an expert neurologist. We also enrolled 50
genetically unrelated healthy controls showing
no history of neurologic, cardiovascular, or
inflammatory diseases. The study protocol was
approved by the ethics committee at our insti-
tution (Molecular Medicine Research Center,
Rafsanjan University of Medical Sciences,
Rafsanjan, Iran) and written informed consent
was obtained from all participants (or their
legal guardian) prior to sample collection.

Sample collection

After diagnosis of ischemic CVA is confirmation
by a neurologist, peripheral blood specimens
were collected in ethylene diamine tetra acetic
acid (EDTA) pre-coated tubes for hemato-
logical analysis. A clotted sample was also col-
lected (clotted blood tube) and was further
subjected to serum isolation. Another similar
peripheral blood specimen was collected before
discharging the patient from the hospital ward.
Blood samples were immediately carried to the
Molecular Medicine Research Center labora-
tory.

Chemokine assay

Serum levels of the considered chemokines
were measured by ELISA (R&D systems, UK)
in patients and healthy controls. Assays were
performed as per the manufacturer’s guidelines.
The sensitivity of the kits was 2 pg/mL, and
inter-assay and intra-assay assessments of the
reliability of the kits were conducted.

Statistical analysis

Results are presented as the meanzstandard
error of mean (SEM) for numeric variables and
as absolute frequencies and percentages for cat-
egorical variables. Student's t-test was employed
for analysis of continuous variables that contain
CXCLI, CXCL9, and CXCLIO chemokines,
and the normality of the distribution of data
was checked with the Kolmogorov-Smirnov
test. Statistical Package for the Social Sciences
software version 20.0 (IBM Corp,; Armonk, NY,
USA) was used for all analyses. All p values were
two-tailed, with statistical significance defined
as p<0.05.

For data without normal distribution, we used
the Mann-Whitney U test to analyze the differ-
ence between healthy controls and patients and
the Wilcoxon signed-rank test for comparing
patients at the time of admission and before



94 ® Amin et al. Status of CXC Chemokines in ischemic Stroke Patients

Eurasian | Med 2017; 49: 92-6

discharge and effect of medication on the dif-
ference. p<0.05 was considered as significant.

Results

Demographics

Of the 43 patients, 25 were females and 18
were males, and their age ranged from 39 to 93
years (mean 74.6£2 years). The mean ages of
the male and female patients were 74.843.2 and
74.4+2.7 years, respectively. We also included
50 healthy controls with a mean age of 48+12
years. Demographic data are presented in Table
[. A combination of ASA, citicoline, and clexane
was the most frequent medication used, and
other formulations were negligible. Hence, we
can use statistical tests for this regimen only.

CXCLI

The obtained results demonstrated that the
mean serum levels of CXCLI in healthy con-
trols and patients at the time of admission and
before discharge were 122.67+13.54 pg/mL,
3431£1.33 pg/mL, and 37.89+1.88 pg/mL,
respectively (p<0.027) (Figure I).

The expression of CXCLI was not significantly
different at the time of admission and before
discharge in patients (p>0.223); however, it was
significantly lower in patients than in healthy
controls (p<0.004).

CXCL9

Serum levels of CXCL9 were 212.57+12.65 pg/
mL, 557.82435.35 pg/mL, and 571.64+132.08
pg/mL in healthy controls and patients at the
time of admission and before discharge, respec-
tively (p<0.001) (Figure 2). The expression
of CXCL9 was not significantly different at
the time of admission and before discharge in
patients (p>0.525), but it was significantly high-
er in patients than in healthy controls (p<0.05).

CXCLI0

Serum levels of CXCLI0 were 75.52+4.21 pg/
mL, 89.554+3.98 pg/mL, and 83.12+3.39 pg/
mL in healthy controls and in patients at the
time of admission and before discharge, respec-
tively (p<0.729) (Figure 3). The expression
of CXCLI0 was also not significantly different
between healthy controls and patients at the
time of admission and before discharge, but
there was a significant difference between the
expression at the time of admission and before
discharge time depending on the medication
regimen (p=0.014).

When the expression of chemokine was
compared with respect to the type of isch-
emia, there was only a slightly significant
difference in major stroke (p=0.048), and
no significant difference was found in the

Demographics

Table |I. Demographic data and some clinical features of ischemic stroke patients

Gender Age range (years) Number
Female <40 (young) 0
40-59 (middle aged) 5
60-79 (old) 9
>80 (very old) I
Total 25
Male <40 (young) |
40-59 (middle aged) 2
60-79 (old) 6
>80 (very old) 9
Total 18
Total 43
Clinical Features
Ischemia Gender Number
Lacunar Infarct Male 2
Female 8
Total 10
Minor Stroke Male 6
Female 3
Total 9
Major Stroke Male 10
Female 14
Total 24
Total 43
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Figure |. The serum level of CXCLI obtained by ELISA (pg/mL).

Results are presented as mean+SEM

*Significant difference with healthy controls
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Figure 2. The serum level of CXCL9 level obtained by ELISA (pg/mL).

Results are presented as mean+SEM
*Significant difference with healthy controls
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Figure 3. The serum level of CXCLI10 obtained by ELISA (pg/mL).

Results are presented as mean+SEM
*Significant difference with healthy controls

expression between lacunar infarct and
minor stroke (p>0.05). There was no signifi-
cant change in any of the studied chemokines
based on gender, medication regimen, or

type of ischemia.

Discussion
The present study was undertaken to determine

circulating levels of some CXC chemokines, such
as CXCLI, CXCL9, and CXCLIO, in ischemic

stroke patients at the time of diagnosis and
hospitalization and before discharge from the
hospital ward of neurology and to compare
these with those in healthy controls. We showed
that serum levels of CXCL9 were increased in
ischemic stroke patients, but serum levels of
CXCLI was decreased and those of CXCLIO
were unchanged. We used ELISA to assess serum
levels of chemokinesin participants. In this study,
we also assessed the impact of the most routine

therapeutic regimen used for stroke patients on
circulating levels of the three CXC chemokines.
The routine regimen for treatment of patients
was ASA, citicoline, and clexane.

CXCLIO and its specific receptor CXCR3 are
expressed in focal stroke in animal models [13].
As previously mentioned, CXCLI0 plays a pleio-
tropic role in prolonged leukocyte recruitment,
astrocyte migration/activation, and neuron attach-
ment/sprouting after focal stroke [14, I5]. A
previous study demonstrated the focal enhanced
serum levels of CXCLI0 in rat brains peaking at |
h, a followed by a second peak at 3-6 h, and a third
peak at |5 days after stroke [16]. In recent stud-
ies, CCLI12, CCL5, and CXCLI10 were associated
with ischemic stroke independent of traditional
cardiovascular risk factors. Braunersreuther et al.
[5] demonstrated that CXCLIO plays a funda-
mental role in atherosclerosis along with some
other CC and CXC chemokines.

In the present study, sample collection was per-
formed on the day of admission and before
discharge, and the average admission time was | |
days. There was no significant difference between
patients and healthy controls or between patients
at the time of admission and before discharge.
But based on the medication regimen, there
was a significant decrease during the time of
admission and a weakly significant difference was
seen between the time of admission and before
discharge in major stroke patients. It seems that
CXCLI0 is a more predisposing factor that plays
a role in the prediction of stroke, and a decrease
in serum levels based on the medication regimen
might reduce the future risk of stroke.

There are a few studies focused on the relation
between CXCLI and stroke. Consistent with
our results, Losy et al. [1 7] showed that CXCLI
plays an important role in the pathophysiology
of stroke and might be involved in inflammatory
reactions during the early phase of ischemic
stroke. Losy and co-workers reported that
there was no significant difference between
patients and healthy controls CXCLI serum
levels, however, it was higher in patients’ cere-
brospinal fluid, which had a positive relation
with hypo-density in computed tomography.

In a study performed by Schmerbach et al. [18],
the expression of CXCLI mRNA was decreased
in vivo by the anti-atherosclerotic drugs candesar-
tan and pioglitazone. There was not also significant
differences between patients and healthy controls
or patients at the time of diagnosis and prior
discharge as well as medication, gender; or type
of ischemia regarding CXCLI level. However,
CXCLI mRNA was significantly lower in patients
in comparison to healthy controls. According to
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the study by Losy et al. [17], it seems as though
changes in the level of CXCLI are more focal
than systemic. ft might be necessary to measure
CXCLI in the cerebrospinal fluid instead.

There are not enough studies considering levels
of CXCL9 in stroke; however, it is known to
be involved in inflammatory disorders such as
atherosclerosis and rheumatoid arthritis, and
participation with other inflammatory factors
is well studied [3, 12, 14, 19, 20]. Its beneficial
role in muscle reconstruction along with other
chemokines is also well known [20, 21].

Again, in this study, there were no significant dif-
ferences between patients and healthy controls,
patients at the time of admission and before
discharge, and regarding medication, gender,
or type of ischemia, however CXCL9 was
significantly higher in patients in comparison
to healthy controls. It seems like the CXCLI0
chemokine is a more predisposing factor than
a chemokine and it plays a direct role in stroke
considering that it is higher in patients than in
healthy controls. To the best of our knowledge,
this is the first report to address the role for this
set of CXC chemokines in stroke.

In conclusion, the increased levels of CXCLI
as an angiogenesis factor might support the
notion that this chemokine is highly involved in
the pathogenesis of ischemic stroke. It needs to
be evaluated at the beginning of ischemic stroke
how CXCLI is changed so as to delineate which
event is the initiating factor (the increase of
CXCLI or the event of ischemic stroke). When
looking at the other functions of CXCLI as an
inflammatory chemokine, our data suggest that
increase in the level of CXCLI is in response
to other upstream events that occur during
ischemic stroke. Surprisingly, CXCL9 was signifi-
cantly increased while CXCL10 was unchanged
following ischemic stroke. The differential pat-
tern of CXCL9 compared with that of CXCLI
suggest that these chemokine changes are inde-
pendent of their roles in inflammatory respons-
es, and they should be looked at from the
view point of angiogenesis/angiostasis functions
rather than inflammation, both of which are
important in ischemic stroke. To examine this,
it is suggested to determine whether receptors
of these chemokines are strongly expressed on
endothelial cells of the blood vessels in ischemic
regions rather than on infiltrated immune cells
that were recruited to these regions.

To achieve better oxygenation in the ischemic
regions mediated through vessel formation, our
results suggest a pathomechanism by which
angiogenic chemokines could be employed for
rehabilitation after ischemic stroke. In other

words, our findings propose that following the
first ischemic stroke, we might be able to )
predict the level of disease severity and 2) apply
a cocktail of various recombinant angiogenics or
antibodies against angiostatic chemokines to aid
in rehabilitation or in prevention of the develop-
ment of ischemic stroke.

In future studies, we will explore the expres-
sion of these chemokines at the mRNA level
as well as determine how the chemokine
receptors are expressed on the membranes
of immune cells. These types of studies are
limited because of sampling and ethical issues,
and we were unable to perform immunohis-
tochemical studies in stroke tissues in human-
derived specimens. Finally, we believe that
this study might be used as a basis for further
studies seeking to develop effective medica-
tion regimens to prevent the onset and subse-
quent complications of stroke.
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