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Abstract The aim of this study was to examine whether the
circulating CXC chemokine ligand-12 (CXCL12) level can
predict a 6-month outcome in Chinese patients with acute
ischemic stroke (AIS). In a prospective study, CXCL12 levels
were measured on admission in the serum of 304 consecutive
patients with AIS. The prognostic value of CXCL12 to predict
the functional outcome and mortality within 1 year was com-
pared with the National Institutes of Health Stroke Scale score
and with other known outcome predictors. A receiver operat-
ing characteristic (ROC) curve was used to evaluate the accu-
racy of serum CXCL12 in predicting functional outcome and
mortality. Patients with an unfavorable outcome and non-
survivors had significantly increased CXCL12 levels on ad-
mission (P<0.0001 and P<0.0001). Multivariate logistic re-
gression analysis adjusted for common risk factors showed
that CXCL12 (>12.4 ng/mL; third quartile) was an indepen-
dent predictor of functional outcome (odds ratio [OR]=8.81;
95 % confidence interval [CI] 4.92-24.79) and mortality
(OR=10.15;95 %CI 2.44-27.98). The area under the receiver
operating characteristic curve of CXCL12 was 0.84 (95 % CI
0.76-0.92) for functional outcome and 0.87 (95 % CI 0.80—
0.93) for mortality. Circulating CXCL12 serum levels at ad-
mission is a useful and complementary biomarker to predict
functional outcome and mortality 6 months after acute ische-
mic stroke.

>4 Ya-Jun Lian
lianyajun369 @sina.com

Department of Neurology, The First Affiliated Hospital of
Zhengzhou University, No. 1 Jianshe East Road, Erqi Area,
Zhengzhou 450000, Henan Province, People’s Republic of China

Keywords CXC chemokine ligand-12 - Acute ischemic
stroke - Functional outcome - Mortality - Chinese

Introduction

Stroke is the second commonest cause of death and leading
cause of adult disability in China [1]. Approximately 15 to
30 % of stroke survivors will be permanently disabled.
China has 2.5 million new stroke cases each year and 7.5
million stroke survivors, and it causes a tremendous burden
on health resources in China [2]. Prediction of outcome at
stroke onset based on clinical deficits only is difficult; there-
fore, rapid measurement of blood biomarkers predicting func-
tional outcome and mortality could prove useful [3].

Chemokines are small chemoattractant cytokines that play
key roles in the accumulation of inflammatory cells at the site
of inflammation [4]. The CXC chemokine ligand-12
(CXCL12) is amember of the CXC chemokine subfamily that
is constitutively expressed in the brain endothelium [5].
CXCL12 was isolated from murine stromal cell lines and first
characterized as a growth-stimulating factor for a B cell pre-
cursor clone [6]. Previous studies have suggested that
CXCL12 was associated with osteoarthritis [7], hyperlipid-
emia [8], theumatoid arthritis [9], cancer [10], leukemia [11],
hepatic injury [12], asthma [13], neurodegenerative diseases
[14], and cardiovascular diseases [15].

Some studies had reported that CXCL12 played a signifi-
cant role in acute stroke in animal models [16, 17]. However,
the role of CXCL12 in patients with stroke had controversies
[5, 18]. Schutt et al. [5] found that plasma CXCL12 levels was
a predictor of future stroke, but Wurster et al. [18] reported
that single-biomarker evaluation of platelet CXCL12 surface
expression is not helpful to predict ischemic stroke. In addi-
tion, Ruscher et al. [19] concluded that immoderate excessive
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activation of the CXCL12 pathway after stroke contributes to
depression of neurologic function after stroke and that CXC
chemokine receptor type 4 (CXCR4) antagonism is beneficial
for the recovery after stroke. Could serum levels of CXCL12
at admission predict short-term outcomes in Chinese patients
with acute ischemic stroke (AIS)? Thus, the aim of this study
was to examine whether the circulating CXCL12 level can
predict a 6-month outcome in Chinese patients with
AlS.

Subjects and Methods
Patients and Study Design

We conducted a prospective cohort study at the emergency
department of our hospital. From December 2012 to
September 2014, all patients with first-ever AIS were includ-
ed. All patients were Chinese. All patients were admitted with-
in 48 h of experiencing a new focal or global neurological
event. Acute ischemic stroke was defined according to the
World Health Organization criteria [20]. We excluded patients
with malignant tumor, transient ischemic attack, epileptic sei-
zures, intracerebral hemorrhage, and a history of recent sur-
gery or trauma during the preceding 2 months; renal insuffi-
ciency, febrile disorders, and systemic infections (assessed by
clinical symptom assessment and laboratory tests) at study
enrollment; and autoimmune diseases with or without immu-
nosuppressive therapy. The study was approved by the ethics
committee of the First Affiliated Hospital of Zhengzhou
University. The patients or their relatives gave written in-
formed consent prior to entering the study.

Clinical Variables

At baseline, the following demographical and clinical data
were taken: gender, age, leukocyte count, duration of diabetes,
daily insulin dose, and history of conventional vascular risk
factors (hypertension, atrial fibrillation, hyperlipoproteinemia,
smoking habit, and alcohol abuse). Routine blood and bio-
chemical tests, electrocardiogram, and a baseline brain com-
puter tomography (CT) or magnetic resonance imaging (MRI)
scan were performed in all patients at admission. All patients
received treatment according to current guidelines. The
National Institutes of Health Stroke Scale (NIHSS) score
(scores range from 0 to 42, with greater scores indicating
increasing severity) was assessed by a stroke neurologist cer-
tified in the use of this scale on admission (within 24 h) [21].
Stroke subtype was classified according to TOAST (Trial of
Org 10172 in Acute Stroke Treatment) criteria [22], which
distinguish large-artery arteriosclerosis, cardioembolism,
small-artery occlusion, other causative factors, and undeter-
mined causative factors. The clinical stroke syndrome was
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determined by applying the criteria of the Oxfordshire
Community Stroke Project: total anterior circulation syn-
drome (TACS), partial anterior circulation syndrome
(PACS), lacunar syndrome (LACS), and posterior circulation
syndrome (POCS) [23].

CXCL12 Measurement

All blood samples were collected on the first day of admission
(within 0-6 [n=89], 612 [n=102], 12-24 [n=50], and 24—
48 [n=63]h from symptom onset) before any acute stroke
treatment, and serum levels of high-density lipoproteins
(HDL), low-density lipoproteins (LDL), triglycerides (TC),
total cholesterol (TC), high-sensitivity C-reactive protein
(Hs-CRP), homocysteine (HCY), and glucose analyses were
also measured in accordance with standard detection methods
in the hospital biochemistry department of this hospital.
Serum CXCL12 levels of patients were blindly assessed si-
multaneously with a quantitative sandwich enzyme-linked im-
munosorbent assay (ELISA) kit (Quantikine; R&D Systems,
Minneapolis, MN, USA). The inter-assay and intra-assay co-
efficients of variation for CXCL12 were shown to be 5.5-9.0
and 6.0-10.5 %.

Neuroimaging

Brain imaging (either CT or MRI) was performed routinely
within 24 to 48 h after admission. Diagnosis of stroke was
based on the results of strict neurological examination (CT,
MRI, or both) according to the International Classification of
Diseases, ninth revision. CCT was performed in all patients on
admission mainly to exclude intracranial hemorrhage.
Thereafter, MRI was performed using a stroke protocol, in-
cluding T1-, T2-, and diffusion-weighted imaging (DWI) se-
quences and a magnetic resonance angiography. MRI with
DWI was available in 221 stroke patients (72.7 %). In those
patients, DWI lesion volumes were determined by one expe-
rienced neurologist (Cheng X) unaware of the clinical and
laboratory results. The infarct volume was calculated by using
the formula 0.5 X a x b X ¢ (where a is the maximal longitudi-
nal diameter, b is the maximal transverse diameter perpen-
dicular to a, and c¢ is the number of 10-mm slices con-
taining infarct) [24].

End Points and Follow-up

Functional outcome was obtained on month 6 according to the
modified Rankin Scale (mRS) [25], with the evaluator blinded
to CXCL12 levels. The primary end point of this study was
favorable functional outcome of stroke patients after 6 months
from baseline, defined as a mRS score of 0 to 2 points. A
secondary end point in stroke patients was death or withdraw-
al from any cause within a 6-month follow-up. Outcome
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assessment was performed by one trained medical staff
blinded to CXCL12 levels with a structured follow-up tele-
phone interview with the patient or, if not possible, with the
relative.

Statistical Analysis

Results are expressed as percentages for categorical variables
and as medians (interquartile ranges, IQRs) for continuous
variables. Univariate data on demographic and clinical fea-
tures were compared by Mann—Whitney U test or chi-square
test as appropriate. Correlations among continuous variables
were assessed by the Spearman rank correlation coefficient.
The relationship between CXCL12 levels and other clin-
ical parameters was also analyzed by stepwise multiple
regression analysis. To investigate whether CXCL12 al-
lows predicting of both functional outcome and mortal-
ity in stroke, different statistical methods were used.
First, the relation of CXCLI12 with the two points was
investigated with the use of logistic regression models.
We used crude models and multivariate models adjusted
for all significant predictors and report odds ratios
(ORs). For multivariate analysis, we included con-
founders, known risk factors, and other predictors as
assessed in univariate analysis. Second, a receiver oper-
ating characteristic curve (ROC) was used to test the
overall predicted accuracy of CXCL12 and other
markers, and results were reported as area under the
curve (AUC). All statistical analysis was performed with
SPSS for Windows, version 20.0 (SPSS Inc., Chicago,
IL, USA) and the ROCR package (version 1.0-2), which is
available from CRAN repository (http:/cran.r-project.org/).
Statistical significance was defined as P<0.05.

Results
Patient Characteristics and Clinical Variables

From 553 screened patients, acute ischemic stroke was diag-
nosed in 356 patients (60 with transient ischemic attack, 45
with onset of symptoms >48 h, 42 with hemorrhagic stroke,
18 without informed consent, 11 with epileptic seizures, 9
with systemic infections, 8 with malignant tumor, and 4 with
renal insufficiency were not analyzed) and 304 completed 6-
month follow-up (32 lost to follow-up and 20 withdrew). The
median age of patients included in this study was 65 (IQR,
55-72) years, and 53.3 % were men. The median NIHSS
score on admission was 10 points (IQR, 6—15). The median
time from stroke onset to inclusion in the study was 5.9 (IQR,
2.8-11.2)h. An unfavorable functional outcome was found in
97 patients (31.9 %) with a median mRS score of 4 (IQR, 3—
6). Forty-eight patients died; thus, the mortality rate was

15.8 %. In addition, the number of patients who received
tissue plasminogen activator treatment was 92 (30.3 %). The
baseline characteristics of the 304 patients presenting with
acute ischemic stroke are described in Table 1. The median
serum CXCLI12 level in stroke patients was 9.5 (IQR, 5.4—
14.2) ng/mL.

In patients with stroke, serum levels of CXCLI12 in-
creased with increasing severity of stroke as defined by
the NIHSS score. There was a modest correlation be-
tween levels of serum CXCL12 and NIHSS score
(r=0.336, P<0.001; Fig. la). In the subgroup of pa-
tients (n=212) in whom MRI was available, CXCL12
levels paralleled lesion size. There was a positive cor-
relation between levels of CXCL12 and the infarct vol-
ume (r=0.355, P<0.0001; Fig. 1b). In these patients,
the multiple regression analysis found a significant pos-
itive association of NIHSS score and infarct volume
with serum CXCLI12 levels (all P<0.05). In addition,
there was a significant, albeit weak, positive correlation
between CXCL12 levels and Hs-CRP (r=1.663,
P=0.009). Statistical analysis here revealed no influence
of sex, age, HCY, LDL, HDL, TG, TC, systolic and
diastolic BP, current smoking, BMI, and vascular risk
factors on CXCL12 levels in stroke patients (P>0.05,
respectively).

CXCL12 and 6-Month Functional Outcome

In the 97 patients with an unfavorable functional outcome,
serum CXCL12 levels were higher compared with those in
patients with a favorable outcome (14.7 [IQR, 9.7-19.3] ng/
mL vs. 7.0 [IQR, 4.8-12.3] ng/mL; P<0.0001; Fig. 2). In
univariate logistic regression analysis, we calculated the OR
of CXCL12 levels as compared with the NIHSS score and
other risk factors as presented in Table 2. With an unadjusted
OR of 15.27 (95 % confidence interval [CI], 6.81-44.32),
CXCL12 (=12.4 ng/mL; third quartile) had a strong associa-
tion with unfavorable functional outcome. After adjusting for
all other significant outcome predictors, CXCL12
(>12.4 ng/mL) remained an independent outcome pre-
dictor with an adjusted OR of 8.81 (95 % CI, 4.92-
24.79; P<0.001). In the subgroup of patients (n=221)
in whom MRI evaluations were performed, CXCL12
(>12.4 ng/mL) was an independent unfavorable outcome
predictor with an OR of 9.64 (95 % CI, 3.34-26.34;
P<0.001) after adjustment for both lesion size and the
NIHSS score. In addition, age, the NIHSS score, and
laboratory findings, such as HCY level and Hs-CRP,
remained significant outcome predictors (Table 2).
With an AUC of 0.84 (95 % CI, 0.76-0.91),
CXCL12 showed a significantly greater discriminatory
ability as compared with Hs-CRP (AUC, 0.69; 95 %
CI, 0.60-0.78; P<0.001), age (AUC, 0.60; 95 % ClI,
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Table 1  Baseline characteristics of patients with stroke

Demographic characteristics Patients Favorable outcome Unfavorable outcome P
N 304 207 97 -
Male sex (%) 162 (53.3) 110 (53.1) 52 (53.6) NS
Age (years), median (IQR) 65 (55-72) 60 (52-67) 75 (66-85) <0.01
Stroke severity, median NIHSS score (IQR) 10 (6-15) 5(3-8) 14 (9-18) <0.0001
Admission to hospital (h), median (IQR) 5.9 (2.8-11.2) 5.7 (2.7-10.6) 6.2 (3.0-11.5) NS
Lesion volumes (mL), n=212 (median, IQR) 15 (7-35) 9 (4-19) 28 (15-59) <0.001
TPA-T, no. (%) 92 (30.3) 78 (37.7) 14 (14.4) <0.0001
Vascular risk factors, no. (%)
Hypertension 187 (61.5) 110 (53.1) 77 (79.4) 0.013
Diabetes mellitus 156 (51.3) 100 (48.3) 56 (57.7) NS
Atrial fibrillation 75 (24.7) 48(23.2) 27 (27.8) NS
Hypercholesterolemia 104 (34.2) 68 (32.9) 36 (37.1) NS
Coronary heart disease 99 (32.6) 65 (31.4) 34 (35.1) NS
Family history of stroke 72 (23.7) 46 (22.2) 26 (26.8) NS
Active smoking 114 (37.5) 76 (36.7) 39 (39.2) NS
Clinical findings (median, IQR)
Diastolic blood pressure (mmHg) 85 (80-90) 82 (76-87) 90 (84-99) 0.032
Systolic blood pressure (mmHg) 154 (145-167) 149 (137-155) 168 (155-175) 0.018
Temperature (°C) 36.8 (36.5-37.4) 36.6 (36.3-37.3) 36.9 (36.6-37.6) NS
Heart rate (beats/min) 88 (76-98) 86 (74-96) 91 (77-101) NS

BMI (kg/m®) 25.2(23.3-27.8) 25.0 (23.2-27.7) 25.4 (23.4-28.0) NS
Laboratory findings (IQR)
CXCLI12 (ng/mL) 9.5(5.4-14.2) 7.0 (4.2-12.3) 14.7 (9.7-19.3) <0.0001
Glucose (mmol/L) 6.45 (5.62-7.79) 6.09 (5.44-7.56) 7.05 (5.98-8.11) <0.01
Hs-CRP (mg/dL) 0.59 (0.32-1.35) 0.36 (0.21-0.88) 0.82 (0.48-1.73) <0.001
HCY (umol/L) 16.8 (13.7-19.9) 15.2 (12.2-16.8) 19.3 (14.5-21.7) <0.01
Total cholesterol (mmol/L) 4.12 (3.34-5.06) 4.09 (3.04-5.00) 4.17 (3.37-5.15) NS
Triglycerides (mmol/L) 1.48 (1.15-1.88) 1.44 (1.14-1.84) 1.50 (1.16-1.94) NS
High-density lipoproteins (mmol/L) 1.50 (1.23-1.79) 1.47 (1.20-1.75) 1.53 (1.24-1.88) NS
Low-density lipoproteins (mmol/L) 2.14 (1.32-2.84) 2.16 (1.27-2.76) 2.13 (1.34-2.88) NS
Stroke etiology, no. (%) NS
Small-vessel occlusive 73 (24.0) 53 (25.6) 20 (20.6)
Large-vessel occlusive 70 (23.0) 47 (22.7) 23 (23.7)
Cardioembolic 112 (36.8) 74 (35.7) 38 (39.2)
Other 34 (11.2) 21 (10.1) 13 (13.4)
Unknown 15(4.9) 12 (5.8) 331
Stroke syndrome, no. (%) NS
TACS 43 (14.1) 33 (15.9) 10 (10.3)
PACS 103 (33.9) 65 (31.4) 38(39.2)
LACS 45 (14.8) 37 (17.9) 8(8.2)
POCS 113 (37.2) 72 (34.8) 41 (42.3)

IOR interquartile range, NIHSS National Institutes of Health Stroke Scale, LACS lacunar syndrome, PACS partial anterior circulation syndrome, POCS
posterior circulation syndrome, ZACS total anterior circulation syndrome, BMI body mass index, TPA-T tissue plasminogen activator-treated, Hs-CRP
high-sensitivity C-reactive protein, HCY homocysteine, CXCL12 CXC chemokine ligand-12

P value was assessed using Mann—Whitney U test or chi-square test

0.54-0.67; P<0.0001), and HCY (AUC, 0.64; 95 % ClI,
0.58-0.73; P<0.0001), while it was in the range of the
NIHSS score (AUC, 0.81; 95 % CI, 0.74-0.89;
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P=0.042). Interestingly, CXCL12 improved the NIHSS
score (AUC of the combined model, 0.90; 95 % CI,
0.84-0.95; P<0.01).
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CXCL12 and 6-Month Mortality

At 6 months, 48 patients (15.8 %) had died. Non-survivors
had significantly higher CXCL12 levels than survivors (18.3
[IQR, 14.3-25.0] vs. 8.0 [IQR, 5.3-13.0] ng/mL; P<0.0001;
Fig. 3). In univariate logistic regression analysis, we calculat-
ed the OR of CXCL12 levels as compared with the NIHSS
score and other risk factors as presented in Table 2. With an
unadjusted OR of 24.15 (95 % CI, 5.04-63.13), CXCL12
(>12.4 ng/mL; third quartile) had a strong association with
mortality. After adjusting for all other significant mortality
predictors, CXCL12 (>12.4 ng/mL) remained an independent

Z2=7.764, P<0.0001
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Fig. 2 The serum levels of CXCL12 between stroke patients with
favorable outcomes and unfavorable outcomes. The horizontal lines
indicate median levels and interquartile ranges (IQR). P values refer to
Mann—Whitney U tests for differences between groups. A favorable
functional outcome was defined as a mRS score of 0 to 2 points, while
unfavorable outcome was defined as 3—6 points. CXCL/2 CXC
chemokine ligand-12

mortality predictor with an adjusted OR of 10.15 (95 % CI,
2.44-27.98). In the subgroup of patients (N=221) in whom
MRI evaluations were performed, CXCL12 (>12.4 ng/mL)
was an independent mortality predictor with an OR of 12.22
(95 % CI, 2.29-33.45; P<0.001) after adjustment for both
lesion size and the NIHSS score. In addition, age, the
NIHSS score, and laboratory findings, such as HCY level
and Hs-CRP, remained significant outcome predictors (Table 2).

Similarly, with an AUC of 0.87 (95 % CI, 0.80-0.93),
CXCL12 showed a significantly greater discriminatory ability
as compared with the NIHSS score (AUC, 0.79; 95 % ClI,
0.68-0.87; P<0.001), Hs-CRP (AUC, 0.72; 95 % CI, 0.65—
0.78; P<0.0001), and age (AUC, 0.66; 95 % CI, 0.59-0.73;
P <0.0001). Interestingly, CXCL12 also improved the NIHSS
score (AUC of the combined model, 0.94; 95 % CI, 0.89—
0.98; P<0.001).

The time to death was analyzed by Kaplan—Meier survival
curves based on serum CXCL12 quartiles. Patients in the up-
per two quartiles had a higher risk of death compared to pa-
tients with CXCL12 levels in the lower two quartiles (Fig. 4).

Discussion

There is growing evidence that chemokines are potentially
important mediators of the pathogenesis of atherosclerotic dis-
ease and major atherothrombotic complications, such as
stroke and myocardial infarction [26]. Gu et al. [27] reported
that elevated circulating CXCL12 levels at admission are
strongly associated with the future recurrence of ischemic
stroke in Chinese patients with AIS. Wurster et al. [ 18] report-
ed that CXCL12 plays a pivotal role in angiogenesis and the
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Table 2 Univariate and

multivariate logistic regression Parameter Univariate analysis Multivariate analysis

analysis for outcome and

mortality OR?* 95 % CI* P OR?* 95 % CI* P
Predictor: functional outcome
CXCLI12° 15.27 6.81-44.32 <0.0001 8.81 4.92-24.79 <0.0001
Age 1.23 1.06-1.58 0.002 1.09 1.02-1.32 0.006
Glucose 1.08 1.02-1.32 0.032 1.06 1.01-1.45 0.045
Hs-CRP 1.12 1.01-1.45 0.010 1.08 1.02-1.38 0.027
NIHSS 1.25 1.13-1.31 <0.001 1.14 1.08-1.26 <0.001
Hypertension 1.91 1.15-3.32 0.013 1.55 1.04-2.90 0.176
Infarct volume® (N=221) 1.24 1.11-1.36 0.002 1.15 1.05-1.28 0.008
CXCL12°¢ 15.56 6.77-43.87 <0.0001 9.64 3.34-26.34 <0.0001
NIHSS® 1.25 1.12-1.32 <0.001 1.17 1.07-1.28 <0.001
Predictor: death®
CXCL12° 24.15 5.04-63.13 <0.0001 10.15 2.44-27.98 <0.0001
Age 1.16 1.05-1.32 <0.001 1.09 1.03-1.24 <0.001
Glucose 1.10 1.02-1.60 0.032 1.05 0.84-1.29 0.712
Hs-CRP 1.22 1.05-1.48 0.006 1.06 1.02-1.13 0.013
NIHSS 1.29 1.21-1.38 <0.001 1.18 1.10-1.25 <0.001
Infarct volume® 1.17 1.10-1.23 <0.001 1.09 1.05-1.26 <0.001
CXCL12° 25.56 5.54-63.54 <0.0001 12.22 2.29-33.34 <0.0001
NIHSS® 1.27 1.16-1.34 <0.001 1.21 1.14-1.28 <0.001

OR odds ratio, CI confidence interval, Hs-CRP high-sensitivity C-reactive protein, CXCLI2 CXC chemokine
ligand-12, NIHSS National Institutes of Health Stroke Scale, LACS lacunar syndrome, PACS partial anterior
circulation syndrome, POCS posterior circulation syndrome, TACS total anterior circulation syndrome

#Note that the odds ratio corresponds to a unit increase in the explanatory variable
®CXCL12>12.4 ng/mL (third quartile)
¢ In the subgroup of patients (n=212) in whom MRI was available

regeneration of ischemic tissue through the regulation of he-
matopoietic progenitor cells and is upregulated at the sites of
vascular injury and platelet activation. Another study found

Z=8.820, P<0.0001
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values refer to Mann—Whitney U tests for differences between groups.
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that in chronic kidney disease (CVD), baseline plasma levels
of CXCL12 were associated with known cardiovascular (CV)
risk factors, prevalent CV disease, as well as incident M1/
death after adjustment for traditional CV risk factors and mea-
sures of CKD, suggesting that plasma CXCL12 levels may be
atherogenic [28]. In this study, we firstly assessed the serum
CXCL12 levels with regard to their accuracy to predict func-
tional outcome and mortality in patients with AIS within
6 months in the Chinese sample.

Importantly, this preliminary result confirmed an interest-
ing conclusion: elevated CXCL12 levels at admission were
correlated with 6-month outcome and mortality, suggesting
that this biomarker disturbance was prognostically unfavor-
able. CXCLI12 could be seen as one independent prognostic
marker of functional outcome and mortality even after
correcting for possible confounding factors in the Chinese
sample. Kim et al. [29] found that there was a correlation
between serum CXCL12 and long-term outcome in patients
with AIS. Similarly, Kwon et al. [30] reported that lower
levels of CXCL12 were related with a favorable prognosis
in stroke patients, and another study finished by Duan et al.
[31] demonstrated that an elevated serum CXCL12 level at
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Fig. 4 Kaplan—Meier survival
based on CXCL12 quartiles.
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Time to death was analyzed by
Kaplan—Meier curves based on
CXCLI12 quartiles. Patients in the
lower two quartiles
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mL) had a minor risk of death
compared to patients with
CXCLI12 levels in the higher two
quartiles (CXCL12>14.2 ng/mL
and CXCL12 between 9.5 and
14.2 ng/mL, P<0.0001).
CXCL12 CXC chemokine ligand-
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admission was an independent 3-month prognostic marker in
patients with AIS. It is comparable with a previous study that
showed that the level of CXCLI12 was positively correlated
with mRS score 3 months after acute ischemic stroke [32]. In
addition, in our study, we found that serum CXCLI12 was
positively correlated with infarct volume and stroke severity,
which was supported by Liu et al. [33]. However, a previous
report showed a moderately inverse (»=-0.49, P<0.04) cor-
relation with baseline diffusion-weighted imaging lesion vol-
umes [34].

CXCL12 expression is increased in the ischemic penumbra
zone and is involved in both focal angiogenesis and inflam-
matory reactions [35]. It binds to the CXCR4 receptor, and the
CXCL12/CXCR4 signaling pathway promotes angiogenesis
in the ischemic tissue [36]. CXCL12 has been implicated in
neuroinflammation after ischemic stroke [37]. After ischemic
stroke, CXCL12 mediates the inflammatory response by re-
cruitment of neural progenitor cells and the mobilization of
bone marrow-derived progenitor cells for tissue regeneration
and neovascularization [38]. Similarly, we found that there a
significant positive trend between serum CXCL12 levels and
Hs-CRP (r=0.1663, P=0.009). However, the prognostic val-
ue remained statistically significant after correction for differ-
ences in Hs-CRP, which indicates that CRP and CXCL12 may
carry different types of information as markers of
inflammation.

Whether a higher circulating CXCL12 level is an acceler-
ator or only a marker of AIS remains uncertain. In our study,
we suggested that CXCL12 may play a role in the process of
stroke. Except the role in inflammation, some other possible
mechanisms should be considered. Firstly, one study indicated
that CXCL12/CXCR4 controls the important contribution of
neutrophils to atherogenesis in mice [39]. Another study
found that macrophage migration inhibitory factor (MIF) has
shown to be a more pro-inflammatory and thus pro-

T T

T T
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Days

atherogenic chemokine; instead, CXCL12 seems to have a
more protective function [40]. Interestingly, CXCL12
mRNA expression was detected in human atherosclerotic
plaques [41]. Secondly, CXCL12 plays important roles in
multiple processes after ischemic stroke, which include in-
flammatory response, focal angiogenesis, and the recruitment
of bone marrow-derived cells (BMCs) and neural progenitor
cells (NPC) to injury [35]. In particular, CXCL12 induced the
cerebral recruitment of monocytes, protective endothelial cell
progenitors, and neuroblasts [42]. Schonemeier et al. [43] re-
ported that CXCL12 expression increased strongly in the peri-
infarct and infarct regions, which was accompanied by the
appearance of numerous CXCR4-expressing cells in the rat.
Thirdly, Ardelt et al. [44] suggested that CXCL12 was in a
position to coordinate neovascularization and neurogenesis
during the repair process after cerebral ischemia—reperfusion.

Several limitations of this study should be considered.
Firstly, without serial measurement of the circulating
CXCLI12, this study yielded no data regarding when and
how long biomarkers were elevated in these patients. The
serum CXCL12 level was reported to increase shortly after
acute ischemic stroke [32]. Additionally, it should be investi-
gated whether serial CXCL12 testing further improves the risk
stratification of stroke patients. In addition, our work lacks
long-term clinical outcome data. In fact, long-term clinical
outcome would also make this study more relevant. Further
study should be considered. Secondly, CXCL12 measure-
ments were performed after the stroke and may not accurately
reflect pre-stroke exposure. Thirdly, ongoing drugs (i.e.,
statins, antiplatelets, anti-inflammatories, and anti-hyperten-
sives) potentially affecting CXCL12, however, were not ob-
tained and taken into account in this analysis. Thus, we could
not determine the association of those factors with circulating
CXCL12 and functional outcome. Future studies on those
factors will be needed to further disentangle the effect of these

@ Springer



902

Mol Neurobiol (2017) 54:895-903

factors on outcomes. Lastly, we assessed all-cause mortality
because classification of death in clinical practice can some-
times be difficult and unreliable. In addition, further studies
should investigate whether CXCL12 can help physicians tai-
lor the therapy in view of the relative risk and allocate re-
sources accordingly and whether this strategy might affect
the outcome.

Conclusions

Circulating CXCL12 serum levels at admission is a useful and
complementary biomarker to predict functional outcome and
mortality 6 months after acute ischemic stroke. We recom-
mend that further studies should be carried out with respect
to its role in the pathophysiology of stroke. If it is possible to
elucidate this, more intensive efforts could be directed toward
the cause, thus hopefully improving the prognosis of these
patients.
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