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Purpose: This retrospective observational study was conducted to determine the correlations between serum CXCL9/12 and the
severity of acute ischemic stroke (AIS).

Methods: Total 138 patients with AIS were enrolled in the study. These patients underwent Brain CT on admission and blood samples
were collected. Serum CXCL9 and CXCL12 were detected by ELISA assay. The correlations of serum CXCL9/12 with AIS was
analyzed based on Oxfordshire Community Stroke Project (OCSP) classification, Trial of Org 10,172 in acute stroke treatment
(TOAST) classification, National Institutes of Health Stroke Score (NIHSS) score, infarct volume, and modified Rankin scale (mRS)
score.

Results: Compared with the controls, patients with AIS had higher levels of serum CXCL9 and CXCL12. Logistic regression analysis
determined that CXCL9 and CXCL12 were independent risk factors for AIS. In addition, the increased serum CXCL9 and CXCL12
were associated with TOAST classification, NIHSS score, and infarct volume. However, serum CXCL9 and CXCL12 were not
associated with functional outcomes (mRS score). CXCL9 and CXCL12 both exhibited a high diagnostic value in AIS.
Conclusion: Serum CXCL9 and CXCL12 were elevated in patients with AIS, closely correlated with the severity of AIS.
Keywords: acute ischemic stroke, CXCL9, CXCL12, stroke severity, NIHSS score

Introduction

Stroke is the second leading cause of death worldwide and the first leading cause of long-term acquired disability,
resulting in a socioeconomic burden.' The weighted prevalence of stroke is increased annually in China, accounting from
2.28% in 2013 to 2.58% in 2019.> Acute ischemic stroke (AIS) manifests as sudden neurological dysfunction caused by
focal cerebral ischemia accompanied by acute infarction.” The thrombus extracted from patients with AIS may be from
large arterial atherosclerosis (LAA), cardioembolism (CE), small vessel occlusion (SVO), other strokes of established
etiology, or strokes of unknown etiology.* ® Early recognition and urgent intervention of AIS are essential to reduce
mortality and morbidity.'

Inflammation plays an important role in the progression of atherosclerosis, coronary artery disease, acute coronary
thrombosis, and occlusion.” Chemokines are inflammatory mediators with a variety of biological functions. The CXC
chemokine ligand-9 (CXCL9) is a member of the CXC chemokine subfamily that involved in the pathogenesis of diverse
inflammatory cardiovascular diseases. A higher expression of CXCL9 has been determined in patients with coronary
artery disease,® myocardial infarction,” and pulmonary arterial hypertension.'® Similarly, CXCL12 is another important

factor in regulating the inflammatory response of cardiovascular diseases. Previous studies have determined that
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12 and coronary artery disease,””'> considering

increased level of CXCLI12 is closely associated with atherosclerosis
a potential therapeutic target. It is noteworthy that CXCL9 and CXCL12 are also up-regulated in the serum of patients
with AIS.'*!'> Amin et al have reported that the elevated CXCL9 may be a predisposing factor for stroke.'* Chen et al
have found that elevated serum CXC12 is associated with adverse functional outcomes and mortality in Chinese patients
with AIS at 6-month follow-up.'® Gu et al have revealed that serum CXCLI12 is a potential predictor of stroke recurrence
in patients with AIS.'> However, the detail correlations of CXCL9/12 with the clinical characteristics of AIS are not fully
revealed.

In this study, the roles of serum CXCL9/12 relating with the clinical manifestations of AIS were explored, referring to
the parameters of Oxfordshire Community Stroke Project (OCSP) classification, Trial of Org 10,172 in acute stroke
treatment (TOAST) classification, National Institutes of Health Stroke Scale (NIHSS) score, infarct volume, and
modified Rankin scale scores (mRS). Our study is aimed to reveal the correlations of serum CXCL9/12 with the severity

of AIS, providing guidance for clinical treatments.

Materials and Methods

General Information

From December 2018 to May 2019, 152 patients with AIS were collected from our hospital. The inclusion criteria included
i) > 18 years old; ii) anterior circulation infarction confirmed by brain CT/MRI; iii) admission within 24 h of stroke onset.
Patients met the following criteria were excluded: i) patients with severe heart, liver, and kidney insufficiency and other
serious diseases (N = 1); ii) patients with acquired or hereditary bleeding constitution; iii) brain CT was not performed
within 24 h of stroke onset (N = 1); iv) patients lost follow-up (N = 7) or died (N = 4). After screened by exclusion criteria,
138 patients with AIS (89 males and 49 females; 67.15 + 10.57 years old) were finally enrolled. Forty normal individuals
(24 males and 16 females; mean 63.87 + 9.89 years) were enrolled as the controls (Figure S1). The clinical information of
AIS patients and controls are shown in Table 1, including BMI, medical history, smoking and drinking, family history, and
hypertension. This study adhered to the tenets of the Declaration of Helsinki and was approved by the ethics committee of
our hospital. Written informed consent was obtained from all patients.

Blood Samples

Venous blood samples were collected from AIS patients and controls on admission before treatment. Blood samples were
centrifuged immediately at 3000 rpm for 15 min to isolate the supernatant serum. The serum concentration of CXCL9
and CXCL12 were analyzed by Enzyme-linked immunosorbent assay (ELISA) kits (Eusebio, Shanghai, China) following
the instructions of the manufacturer.

Table 1 Comparisons of Clinical Information Between Control and AIS Groups

AIS (n = 138) Control (n = 40) | *IF P value
Sex (Female/Male) 89/49 22/18 1.191 0.275
Age (years) 67.152 £ 10.573 | 63.875 + 9.8922 0.351 0.554
BMI (kg/m?) 25.454 £ 3.9328 | 25.466 + 2.7559 0.745 0.389
Smoking/ drinking (%) | 59 (42.75%) 11 (27.50%) 3.024 0.082
Medical history (%) 118 (85.51%) 25 (62.5%) 10.392 | 0.001
Family history (%) 48 (34.78%) 5 (12.50%) 7.364 0.007
Hypertension (%) 95 (68.84%) 12 (30%) 15.010 | 0.000

Abbreviations: AlS, acute ischemic stroke; BMI, body mass index; F; Fisher’s exact test; y%, Chi-squared test.
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Neuroimaging Collection

The volume of cerebral infarction in all patients was based on the results of brain magnetic resonance examination within
24 h of onset. According to the calculation formula of cerebral infarction volume proposed by Pullitono: cerebral
infarction volume (cm) 3=n/6xlengthxwidthxlayer. The cerebral infarcts were graded according to the size of the
cerebral infarction as follows: small infarcts (< 5 cm®), medium infarcts (5-15 cm?), and large infarcts (> 15 cm?).

Ocsp

OCSP is a clinical classification based on neurological deficits.'” There are four types of clinical OCSP classification,
including total anterior circulation infarcts (TACI), posterior circulation infarcts (POCI), partial anterior circulation
infarcts (PACI), and lacunar circulation infarcts (LACI).

Toast

AIS patients underwent an etiological investigation. According to TOAST classification, AIS subtypes were classified
into 5 categories based on etiology, large-artery atherosclerosis (LAA), small vessel occlusion (SVO), cardioembolism
(CE), stroke of other determined etiology, and stroke of undetermined etiology.

Nihss

The neurological function of AIS patients was assessed using the NIHSS score by two neurologists with more than 3
years of work experience.'® The total score is 0-42 points, of which less than 1 means normal or normal, 1-4 means mild
neurological deficit, 5-15 means moderate neurological deficit, and greater than 15 means severe neurological deficit.

The average of the two was taken as the final score, and the scores were all completed within 24 h of admission.

mRS Score
mRS ranges from 0 (no neurological symptoms) to 6 (death). mRS score between 0 and 2 for patients is considered to have
a good functional outcome (neurological function recovery) and an mRS greater than 2 indicates a poor functional outcome.

Statistical Analysis

Statistical data were presented as the mean £+ SD. Categorical variables were compared between groups with the Chi-
squared test or Fisher’s exact test when appropriate, and continuous variables with the Student’s #-test. The difference
between two groups was determined using logistic regression for binary events. Multiple group comparisons by one-way
ANOVA followed by Tukey’s post-hoc test using SPSS 26.0 software. P < 0.05 was considered significant.

Results

Comparisons of General Data Between AlS and Control

There were no significant differences in gender, age, BMI, and history of smoking and drinking. These data showed that
patients with the medical history, family history, and hypertension were more likely to develop AIS (Table 1).

Comparisons of Blood Index Test results Between AIS and Control

Compared with control, patients with AIS had higher levels of serum CXCL9 and CXCL12 on admission (Table 2). AIS
was positively correlated with the serum content of CXCL9, CXCL12, white blood cells (WBC), red blood cells (RBC),
high hemoglobin (Hb), glucose (Glu), Creatinine (Cr), blood urea nitrogen (BUN), and D-dimer (P < 0.05). There was
no significant difference in serum concentration of platelets (PLT), triglycerides (TG), total cholesterol (TC), low-density
lipoprotein (LDL), apolipoprotein B (ApoA), apolipoprotein B (ApoB), lipoprotein a, glycosylated hemoglobin (GHb),
uric acid (UA), homocysteine (HCY), and fibrinogen (FIB) (Table 2).
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Table 2 Comparisons of Blood Parameters Between AIS and Control Groups

AIS (n = 138) Control (n = 40) t/IFIZ P value
WBC (10°/L) 7.17 £ 1.96 5.59 + 1.20 39.302 0.000
RBC (10'%1L) 4.57 £ 0.55 430 + 0.48 2.833° 0.005
Hb (g/L) 141.44 £ 16.60 134.38 £+ 14.09 2.448° 0.015
PLT (10°/L) 225.28 + 61.35 213.28 £ 45.67 1.318 0.252
TG (mmol/L) 1.52 £ 1.12 1.43 £ 0.86 1.191 0.662
TC (mmol/L) 441 = 1.17 435 % 1.02 0.079 0.778
LDL (mmol/L) 2.72 £ 0.89 2.54 £ 0.80 1.150* 0.252
HDL (mmol/L) 1.21 £ 0.34 1.22 £ 0.35 0.013 0.908
ApoA (g/L) 1.34 £ 0.30 1.35 +£0.33 -0.157% 0.876
ApoB (g/L) 1.15 £ 0.30 1.07 £ 0.27 1.456* 0.147
Lipoprotein a (mmol/L) | 161.90 (66.43-287.35) | 131.90 (75.13-325.40) | —0.080° 0.936
Glu (mmol/L) 7.17 £ 248 592 + 1.52 15299 0.000
GHb (%) 6.44 + 1.57 6.21 + 1.27 0.722 0.397
UA (umol/L) 297.98 + 72.43 316.23 + 97.76 1.665 0.199
HCY (umol/L) 16.01 + 10.68 14.15 + 6.67 1.090 0.298
Cr (umol/L) 64.16 + 18.19 57.58 + 12.17 7.114 0.009
BUN (mmol/L) 5.66 + 1.77 493 % 1.13 9.782 0.002
FIB (g/L) 3.14+ 198 298 £ 1.05 0.247 0.620
D-dimer (mg/L) 0.39 (0.22-0.70) 0.23 (0.17-0.37) -2.736° 0.006
CXCL9 (pg/mL) 679.3 + 199.77 354.26 + 276.14 68.313 0.000
CXCLI2 (pg/mL) 6.96 + 2.52 4.19 £ 1.53 73.180 0.000

Notes: *Student’s t-test (t); ®Z test; Others are Fisher’s exact test (F).

Abbreviations: WBC, white blood cells; RBC, red blood cells; Hb, high hemoglobin; PLT, Platelets; TG, triglycerides; TC,
total cholesterol; LDL, low-density lipoprotein; HDL, high-density lipoprotein; ApoA, apolipoprotein B; ApoB, apolipo-
protein B; Glu, glucose; GHb, glycosylated hemoglobin; UA, uric acid; HCY, homocysteine; Cr, Creatinine; BUN, blood
urea nitrogen; FIB, fibrinogen.

Binary Logistic Regression Analysis of Independent Influencing Factors of AlS

Taking the occurrence of AIS as the dependent variable, the variables with statistical difference between the two groups
(previous medical history, family history, hypertension, WBC, RBC, Hb, Glu, Cr, BUN, D-dimer, CXCL9, and CXCL12
were subjected to binary logistic regression analysis. The results showed that medical history, hypertension, CXCL9, and
CXCLI12 were independent risk factors for AIS (Table 3).

Table 3 Binary Logistic Regression Analysis of Independent Influencing Factors of AIS

B SE Wald Value OR P value 95% CI

Medical history 1.86 0.865 4.63 6.425 0.031 1.18-34.974
Family history 1.093 0.756 2.088 2.982 0.148 0.677-13.125
Hypertension 1.584 0.709 4.995 4.876 0.025 1.215-19.568
WBC 0.192 0.21 0.831 1.211 0.362 0.802-1.829
RBC 1.178 1.287 0.838 3.249 0.36 0.261-40.463
Hb —-0.021 0.042 0.246 0.98 0.62 0.903-1.063
Glu 0.074 0.188 0.155 1.077 0.694 0.745-1.557
Cr 0.047 0.029 2.744 1.048 0.098 0.991-1.109
BUN 0.425 0.272 2.446 1.529 0.118 0.898-2.605
D-dimer 0.63 0.475 1.754 1.877 0.185 0.739-4.766
CXCL9 0.006 0.002 11.232 1.006 0.001 1.002-1.009
CXCLI2 0.694 0.24 8.358 2.002 0.004 1.25-3.204

Abbreviations: WBC, white blood cells; RBC, red blood cells; Hb, high hemoglobin; Glu, glucose; UA, uric acid; Cr,
Creatinine; BUN, blood urea nitrogen; B, regression coefficient; SE, standard error; OR, odds ratio; Cl, confidence interval.
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Relationships Between Serum CXCL9/12 and OCSP Classification

We further compared the serum levels of CXCL9 and CXCL12 in AIS patients with different OCSP subtypes. Patients
were clinically classified as TACI (11 patients), POCI (47 patients), PACI (73 patients), and LACI (7 patients). There was
no significant difference in serum CXCL9 (F = 0.181) and CXCL12 (F = 0.041) between different subtypes of OCSP
(P > 0.05) (Table 4).

Relationships Between Serum CXCL9/12 and TOAST Classification

As shown in Table 5, the etiological TOAST classification for 138 patients was as follows: LAA (63 patients), SVO (68
patients), and CE (7 patients). The serum CXCL9 in LAA subtype patients was significantly higher than that in SAO
subtype patients (P < 0.05). Serum CXCL9 was statistically different between TOAST subtypes (F = 6.071, P = 0.003).
In addition, Serum CXCL12 in LAA subtype patients was markedly higher compared with SAO patients (P < 0.05).
There was a significant difference in serum levels of CXCL12 between different TOAST subtypes (F = 4.642, P =0.011).

Relationships Between Serum CXCL9/12 and NIHSS Score

There were 85 patients presented with mild AIS, 47 patients presented with moderate, and 6 patients in the severe group.
The difference of serum CXCL9 (F = 6.839, P = 0.014) and CXCL12 (F = 8.383, P = 0.000) between different NIHSS
score groups was statistically significant. Serum CXCL9 and CXCL12 in the severe group were significantly higher
compared with the mild and moderate groups (P < 0.05, Table 6).

Table 4 Relationships Between Serum CXCL9/12 and OCSP Classification (n=138)

TACI POCI PACI LACI F P
n I 47 73 7
CXCL9 686.65 + 159.73 693.99 + 236.75 671.83 + 186.98 647.05 + 125.69 0.181 0.909
CXCLI2 6.99 + 2.26 6.85 + 2.20 7.01 =281 701 +2.24 0.041 0.989

Abbreviations: TACI, total anterior circulation infarcts; POCI, posterior circulation infarcts; PACI, partial anterior circulation infarcts; LACI,
lacunar circulation infarcts; F, one-way ANOVA.

Table 5 Relationships Between Serum CXCL9/12 and TOAST Classification (n=138)

LAA SVO CE F P
n 63 68 7
CXCL9 723.08 + 121.73 648.11 £ 152.22% 774.04 + 167.93 6.071 0.003
CXCLI2 771 +1.83 6.89 + |.34* 7.89 +2.13 4.642 0.011

Notes: *P < 0.05 vs LAA (Tukey's post-hoc test).
Abbreviations: LAA, large-artery atherosclerosis; SVO, small vessel occlusion; CE, cardioembolism; F, one-way ANOVA.

Table 6 Relationships Between Serum CXCL9/12 and NIHSS Score

Mild (< 4) Moderate (5-14) Severe (= 15) F P
n 85 47 6
CXCL9 643.94 £ 117.42% 67720 £ 191.78* 1196.78 + 42531 6.839 0.014
CXCLI2 | 6.8] £ 247* 6.72 = 2.00* 10.87 + 3.96 8.383 0.000

Notes: *P < 0.05 vs Severe (Tukey's post-hoc test).
Abbreviation: F, one-way ANOVA.
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Associations Between Infarct Volume and Serum CXCL9/12

There were 111 patients in the small infarction group, 21 patients in the moderate infarction group, and 6 patients in the
large infarction group (Table 7). The difference in serum CXCL9 between different MRI infarct volume groups was
statistically significant (F = 7.833, P = 0.003). The serum CXCL9 and CXCLI12 in the large infarction group was
significantly increased compared with the small infarction and moderate infarction groups (P < 0.05). Serum CXCL12
was significantly different between MRI infarcts of different volumes (F = 11.081, P = 0.002). Results showed that
infarct volume was associated with increasing CXCL9 and CXCL12 levels.

Associations Between Serum CXCL9/12 and mRS Score

After 3 months, 83 patients showed a good functional outcome (mRS score < 2) and 48 patients had a poor functional
outcome (mRS score > 2). There no significant differences in serum CXCL9 (t = 0.133, P = 0.894) and CXCLI12 (t =
—0.061, P = 0.952) were revealed between patients with good and poor functional outcomes. Differently, the serum IL-6
(t = —-2.458, P = 0.015) and TNF-a (t = —2.77, P = 0.006) were significantly higher in patients with poor functional
outcome than those with good functional outcome (Table 8).

ROC Curve Analysis of CXCL9/12

The ROC curve based on CXCL9 and CXCL12 is shown in Figure 1 and Table 9. For CXCL9, the optimal cutoff value
was 470.335 ng/mL, which had a sensitivity of 0.949 and specificity of 0.850. The AUC (area under the curve) for
CXCL9 was 87.1%. For CXCL12, ROC curve analysis showed that the area under the AUC curve of CXCL9 was
89.3%, and the optimal cutoff value was 4.5775 ng/mL, which had a sensitivity of 0.899 and specificity of 0.800. The
results suggested that CXCL9 and CXCL12 have a high diagnostic value in AIS.

Discussion

A stroke is a neurological emergency that causes damage to the brain’s blood supply mechanisms, further leading to
ischemia and death of brain cells.'” Studies have reported that patients with AIS exhibit several severe deficits, such as
impairments in memory, thinking, language, and movement.'* In China, the prognosis of stroke patients is improved in

Table 7 Relationships Between Serum CXCL9/12 and Infarct Volume (n = 138)

Small Infarction (<5) Moderate Infarction Large Infarction (> 15) F P
(5-15)
n I 21 6
CXCL9 634.49 + 11845* 749.74 + 201.75* 1261.83 + 386.51 7.833 0.003
CXCLI2 | 6.38 + |.57* 8.16 + 3.17* 1337 £ 4.19 11.081 | 0.002

Notes: *P < 0.05 vs large infarction (Tukey’s post-hoc test).

Abbreviation: F, one-way ANOVA.

Table 8 Associations Between Serum CXCL9/CXCLI12/IL-6/TNF-a and mRS Score (n =

138)
Good Functional Poor Functional t P
Outcome (< 2) Outcome (> 2)
n 83 55
CXCL9 681.16 + 204.63 676.50 + 194.03 0.133 0.894
CXCLI2 6.95 + 2.55 6.97 £ 2.50 —0.061 0.952
IL-6 17.93 £ 5.98 20.58 + 6.52 —2.458 0.015
TNF-o 29.53 + 8.07 33.10 6.19 -2.77 0.006

Abbreviation: t, Student’s t-test.
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Figure | ROC curve analysis of CXCL9/12 for AlS.

recent years, presenting an in-hospital death rate of 1.9% for inpatients, a 12-month fatality rate of 8.6% for discharged
patients, and a 12-month disability rate of 16.6% and a recurrence rate of 5.7% for survivors.”” However, the burden of
stroke continues to grow in China with the deepening of aging and increased risk factors. It is known that AIS is
associated with a variety of risk factors, including age, heart disease, vascular disease, and coagulation disorders.”'
Therefore, it is crucial to develop effective diagnostic and prognostic methods to improve AIS. In this study, our findings
suggested that CXCL9 and CXCL12 levels were significantly increased following AIS, which were independent risk
factors for AIS and also closely related to the severity of AIS.

We found serum levels of CXCL9 and CXCL12 were up-regulated in AIS patients compared with control. In
addition, past medical history, hypertension, CXCL9, and CXCL12 were independent risk factors for AIS. Inflammation
is a key progression that begins after ischemia and stroke, and chemokines function as important cytokines in
inflammation.”> Studies have reported that high levels of chemokines are associated with stroke severity and
prognosis.>> Chemokines and their receptors ensure normal brain function by driving crosstalk between neurons, glial
cells, and peripheral immune cells.** At present, some studies have focused on the correlation of CXCL9 and CXCL12
with cerebrovascular diseases, such as stroke. For example, several studies have shown that a lack of CX3CL1/CX3CR1
reduces pro-inflammatory cytokines release, neuronal apoptosis, and infarct size after cerebral ischemia in mice with
ischemic stroke.”>*°
Chronic subdural hematoma patients have a significantly higher concentration in hematoma fluid for CXCL9 and CXCL10

compared to venous blood, which is associated with inflammatory response and risk of recurrence.”’” CXCL9-CXCR3 is

Table 9 ROC Curve Analysis of Serum CXCL9/12 for AIS

Optimal Cutoff Value Sensitivity Specificity Area Under the Curve P
(95% CI)
CXCL9 470.335 0.949 0.850 89.3% (0.808-0.979) <0.0010
CXCLI2 4.5775 0.899 0.800 87.1% (0.798-0.944) <0.0010
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associated with B-cell trafficking in giant cell arteritis and polymyalgia rheumatica.”® An elevated level of serum CXCL9 is
associated with unstable asymptomatic carotid plaques, which may contribute to clinically determining which patients are
more likely to develop cerebrovascular events.”” Moreover, a study has reported that CXCL9 mRNA levels are elevated at 7
days after ischemic injury in mice with permanent middle cerebral artery occlusion.*® In this study, we found that higher
CXCL9 and CXCL12 levels were correlated with NIHSS score and infarct volume. Analogously, the CXCL12 pathway
excessive activation after stroke contributes to depression of neurologic function, while inhibition of CXCL12 attenuates the
immune response after stroke, thereby improving functional recovery after stroke.*! Studies have reported that elevated serum
CXCL12 levels on admission are strongly associated with future recurrence of ischemic stroke of AIS patients in China."?
Serum CXCLI12 is positively correlated with stroke severity and infarct volume.>? Duan et al have indicated that serum
CXCL12 level is up-regulated at admission, and ROC curve showed the optimal cutoff value of serum CXCL12 levels as an
indicator for auxiliary diagnosis of AIS was projected to be 3.5 ng/mL, which yielded a specificity of 73.5% and a sensitivity
of 88.1%, with the area under the curve at 0.907.° Consistent with previous findings, we found that CXCL12 and CXCL9
levels may be used as the indicators for auxiliary diagnosis with the area under the curve at 87.1% (95% CI 0.798-0.944) and
89.3% (95% CI 0.808-0.979), respectively. In addition, severity and infarct volume were positively correlated with serum
CXCL12. Severe AIS patients have higher serum CXCL9 and CXCL12. Taken together, these results suggested that CXCL9
and CXCL12 may be independent diagnostic and prognostic markers in patients with AIS.

However, this study still has some limitations. First, the dynamic changes of CXCL9/12 over the course of follow-up
are not detected. Second, whether the effectual treatment can reduce serum CXCL9/12 is still questionable. Third, the
retrospective nature and relatively small number of participants are also great limitations. Prospective researches based
on a large population are still needed in future.

Conclusions

In this study, we enrolled 138 patients admitted within 24 h after the onset of stroke and collected their blood samples
immediately after admission. We found high levels of serum CXCL9 and CXCL12 in patients with AIS. In addition,
CXCL9 and CXCL12 levels were positively correlated with TOAST classification, NIHSS score, and infarction volume.
Our findings indicate that serum CXCL9 and CXCL12 are positively associated with the severity of AIS, which may
serve as promising biomarkers. The early prediction of AIS severity is of great significance in guiding active treatments,
achieving better therapeutic outcomes.
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