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Abstract—This study analyzed the relationship between LOX-1 and CX3CR1 and vascular endothelial func-
tion, fibrinolytic activity, and recurrence rate after thrombolysis in patients with cerebral infarction. Sixty
patients with cerebral infarction who visited our hospital between May 2019 and April 2021 were enrolled as
the study group, and 45 healthy individuals who underwent health checkups at our hospital during the same
period were selected as the control group. The serum levels of LOX-1 and CX3CR1 in the study group were
higher than those in the control group. The levels of serum LOX-1 and CX3CR1 were higher in the recur-
rence group than in the non-recurrence group. The study group had significantly lower plasma tPA and
vWFp; higher plasma PAI-1; lower FMD levels; higher ba-PWV and ABI; and higher serum S100β, NSE,
and NGF levels than those of the control group (P < 0.05). Pearson correlation analysis showed that LOX-1
and CX3CR1 levels in patients with cerebral infarction were positively correlated with PAI-1, ba-PWV, ABI,
S100β, NSE, and NGF (r > 0, P < 0.05), and negatively correlated with tPA, vWF, and FMD (r < 0, P < 0.05).
Serum LOX-1 and CX3CR1 levels are closely related to endothelial function, fibrinolytic activity, and neu-
rological function in patients with cerebral infarction, and their combined detection can effectively predict
the occurrence of cerebral infarction and recurrence after thrombolysis, which can be used to identify high-
risk groups.
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INTRODUCTION
Cerebral infarction is a common cerebrovascular

disease, which is defined by the World Health Organi-
zation as an acute onset of focal/hemispheric brain
dysfunction caused by ischemic factors and lasting for
more than 24 h. Most patients experience slowed
blood flow, reduced blood pressure, and long-term
cholesterol deposition in the intima of arteries, result-
ing in arterial tortuosity and deformation, increased
fibers, fatty infiltration of the vessel wall, and large
amounts of fibrin and platelets adhering to the vessel
wall and forming vessels, which induces arterial occlu-
sion [1–3]. Cerebral infarction accounts for 60–80%
of the total incidence of cerebrovascular disease; has
become the primary cause of disability and third cause
of death in China; and is characterized by rapid onset,
disease progression, and poor prognosis [4]. Cur-
rently, the key to the treatment of cerebral infarction is
to restore the blood supply to the ischemic foci and
promote recanalization of infarcted vessels as early as

possible, which is often achieved through neurointer-
ventional thrombolysis. However, relevant data have
shown that there is still a reocclusion rate of 15% in the
stenotic area after the procedure [5, 6]. Therefore,
finding an effective predictor of cerebral infarction
and prognosis after thrombolysis is particularly critical
in identifying high-risk groups, adjusting drug doses
and treatment regimens, and preventing re-infarction.

CX3C chemokine receptor 1 (CX3CR1) is mainly
present on the surface of endothelial cells. When the
vascular endothelium is damaged, CX3CR1 expres-
sion increases and causes aggregation of inflammatory
factors, which activate the endothelial inflammatory
response [7]. Lectin-like oxidized low-density lipo-
protein receptor-1 (LOX-1) is the main receptor for
oxidized low-density lipoprotein (ox-LDL) on the
surface of atherosclerotic plaque cells and mediates
biological behaviors, such as endothelial cell injury,
activation, and apoptosis, which contribute to lipid
aggregation in macrophages and smooth muscle cells,
leading to thrombosis [8]. It has been found that
CX3CR1 and LOX-1 accelerate the process of athero-
sclerosis and are associated with arterial vascular ste-
nosis [9]. However, it is not clinically clear whether
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both are related to prognosis after cerebral infarction.
In this study, we analyzed the relationship between
LOX-1 and CX3CR1, cerebral infarction, and recur-
rence after thrombolysis.

MATERIALS AND METHODS
Clinical data. This study was approved by the Med-

ical Ethics Committee of The First People’s Hospital
of Wenling (approval number 2020PS58K) and per-
formed in accordance with the Helsinki Declaration.
The clinical data of 60 patients with cerebral infarction
who visited our hospital from May 2019 to April 2021
were retrospectively collected as the study group.
Forty-five healthy individuals who underwent physi-
cal examination at our hospital during the same period
were selected as the control group. No randomization
or blinding was performed to allocate the participants
in the study.

(1) Inclusion criteria. Patients who met the diag-
nostic criteria for acute cerebral infarction in the Chi-
nese Guidelines for the Diagnosis and Treatment of
Acute Ischemic Stroke (2014) [10], had a time from
onset to admission <72 h, had their condition diag-
nosed using cranial CT and MRI with imaging show-
ing no obvious early hypointense changes, had first
onset, were indicated for thrombolysis, had unilateral
cerebral infarction, and had complete clinical data
available were included in this study. The research par-
ticipants and their families were informed, and they
signed a fully informed consent form.

(2) Exclusion criteria. Patients with cerebrovascu-
lar malformation, cerebral aneurysm, Alzheimer’s
disease, Parkinson’s disease, and other neurological
diseases; hematologic diseases, serious infections,
severe coagulation dysfunction, organic lesions of
organs, cerebral infarction induced by arterial malfor-
mation or intracranial tumor, history of myocardial
infarction within the past three months, history of
serious trauma within two weeks, history of brain
injury, brain surgery, and stroke; cerebral hemorrhage
or subarachnoid bleeding; or where pregnant or cur-
rently lactating were excluded.

Methods. (1) Case sample size estimation [11]: tis-
sue-type plasminogen activator (tPA), a common
clinical indicator, was used as a reference for sample
size estimation. The average plasma tPA level in the
healthy population was 18.99 ± 4.17 ng/L, with a pre-
dicted difference of 3.5 ng/L and a confidence level of
1 − α = 0.95. PASS15.0 software was used to estimate
the required sample size of each group (n = 30).

(2) Sample collection. Five milliliters of fasting
peripheral elbow venous blood was collected from
subjects in the study group before treatment and
healthy individuals in the control group on the day of
physical examination. Blood was collected using anti-
coagulant-free vacuum blood collection tubes and centri-
fuged at a low temperature for 5 min (3000 rpm, r = 10 cm)
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on an M1324R centrifuge (RWD Life Science Co.,
Ltd., Shenzhen, China) to separate the serum. The
same amount of fasting peripheral venous blood was
collected using vacuum blood collection tubes with
EDTA. After centrifugation, the plasma was separated
and stored at –80°C in a refrigerator for testing.

(3) Laboratory indicator tests. The levels of serum
LOX-1, CX3CR1, nerve growth factor (NGF), neu-
ron-specific enolase (NSE), and S100β protein
(S100β) were measured using enzyme-linked immu-
nosorbent assay (ELISA). The kits were purchased
from R&D, USA. The Model 550 Microplate Reader
was purchased from Bio-Rad Laboratories, Inc., Her-
cules, USA. Plasma levels of plasminogen activator
inhibitor-1 (PAI-1), tPA, and von Willebrand factor
(vWF) were measured using a double antibody sand-
wich ELISA, and the kits were purchased from Nan-
jing Novozymes Biotechnology Co.

(4) Vascular endothelial function. Brachial-ankle
pulse wave velocity (baPWV) and ankle brachial index
(ABI) were measured using an atherosclerosis meter
(BP203RPE II model, Item no. 516828, Omron
Colin, Japan), and endothelium-dependent f low-
mediated vasodilation (FMD) was measured using a
full-digital color Doppler ultrasound diagnostic
instrument (UF-760AG model, Fukuda Denshi,
Japan).

(5) Follow-up. The recurrence rate of cerebral
infarction was determined at the follow-up 6 months
after thrombolysis. If the condition of acute cerebral
infarction improved or was basically cured, recurrence
was considered if the original signs and symptoms were
aggravated or new signs and symptoms of neurological
deficits appeared, and the original lesions were
enlarged or new lesions were visible on cranial CT or
MRI. The researchers involved in the follow-up were
blinded to the patients’ baseline data.

Statistical Analysis. Statistical analysis software
(SPSS 23.0) was used to test normality using the Sha-
piro–Wilk test; measures with normal distribution are
expressed as  ± s and were examined using an inde-
pendent samples t-test. Pearson analysis was used to
evaluate correlations, and receiver operating charac-
teristic (ROC) curves were drawn to analyze the value
of serum LOX-1 and CX3CR1 in predicting the
occurrence of cerebral infarction and recurrence after
thrombolysis. P < 0.05 indicated that the difference
was statistically significant.

RESULTS
Baseline data. The study group included 34 men and

26 women, aged 43–76 years (mean, 62.43 ± 4.89 years),
with a body mass index (BMI) of 18.45–23.09 kg/m2

(mean, 21.13 ± 1.06 kg/m2), with 12 patients with
infarction in the internal capsule, 38 with infarction in
the basal ganglia, and 10 with infarction in the radial
crown. The diameter of the infarct lesion ranged 1–6 cm,

 x
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Table 1. Comparison of LOX-1 and CX3CR1 levels between the two groups (  ± s)

###P < 0.001 compared with the control group.

Group Number of cases LOX-1, ng/L CX3CR1, μg/L

Control group 45 173.53 ± 10.12 4.24 ± 0.94
Study group 60 204.79 ± 18.47### 5.78 ± 0.78###

x

Table 2. Value of serum LOX-1 and CX3CR1 in predicting cerebral infarction

Indicator Cut-off 
value Sensitivity Specificity Jorden 

index AUC Standard 
error P-value

95% CI

lower limit upper limit

LOX-1 182.655 0.867 0.797 0.664 0.933 0.023 <0.001 0.887 0.978
CX3CR1 5.170 0.783 0.712 0.495 0.879 0.035 <0.001 0.811 0.947
United – 0.912 0.767 0.767 0.941 0.021 <0.001 0.899 0.983

Fig. 1. ROC plot of serum LOX-1 and CX3CR1 for pre-
dicting cerebral infarction (n = 60).
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with a mean diameter of 3.39 ± 0.72 cm. In the control
group, there were 24 men and 21 women, aged 39–
78 years old (mean, 61.94 ± 5.11 years), with a BMI of
18.97–23.65 kg/m2 (mean, 21.43 ± 0.98 kg/m2). The
two groups were well-balanced in terms of sex, age,
and BMI (P > 0.05).

LOX-1 and CX3CR1 levels and predictive value.
The levels of serum LOX-1 and CX3CR1 in the study
group were higher than those in the control group (P <
0.05). ROC analysis found that the AUCs of serum
LOX-1, CX3CR1, and their combination for predict-
ing cerebral infarction were 0.933 (95% CI: 0.887–
0.978), 0.879 (95% CI: 0.811–0.947), and 0.941 (95%
CI: 0.899–0.983) (Tables 1, 2 and Fig. 1).

Fibrinolytic activity. The plasma tPA and vWF lev-
els in the study group were significantly lower, and
PAI-1 levels were significantly higher than those in the
control group (P < 0.05). This suggests that fibrino-
lytic function in patients with brain infarction is
impaired, and the body is in a hypercoagulable state
(Table 3).

Vascular endothelial function. The FMD of the
study group was significantly lower than that of the
control group, and the ba-PWV and ABI were signifi-
cantly higher than those of the control group (P <
0.05). This suggests that patients with cerebral infarc-
tion had injured vascular endothelial cells (Table 4).

Neurological function markers. The serum S100β,
NSE, and NGF levels of the patients in the study
group were significantly higher than those in the con-
trol group (P < 0.05). Patients with cerebral infarction
may have neurological impairments (Table 5).

Correlation. Pearson correlation analysis showed
that LOX-1 and CX3CR1 levels in patients with cere-
bral infarction were positively correlated with PAI-1,
ba-PWV, ABI, S100β, NSE, and NGF (r > 0, P <
0.05), and negatively correlated with tPA, vWF, and
FMD (r < 0, P < 0.05) (Table 6).
N

Value of serum LOX-1 and CX3CR1 in predicting
recurrence after thrombolysis. Serum LOX-1 and
CX3CR1 levels were higher in the recurrence group
than in the non-recurrence group (P < 0.05), and the
ROC results showed that the AUCs of serum LOX-1,
CX3CR1, and their combination for predicting recur-
rence after thrombolysis were 0.830 (95% CI: 0.715–
0.946), 0.808 (95% CI: 0.678–0.938), and 0.845 (95%
CI: 0.735–0.955) (Tables 7, 8 and Fig. 2).

DISCUSSION

Most studies have found that many chemokines
and receptors, such as chemokine (FNK)/CX3CR1
and monocyte chemotactic protein-1 (MCP-1)/
chemokine receptor 2 (CCR2), produced locally in
the brain tissue after cerebral ischemia, may interact
with other cytokines by regulating leukocyte aggrega-
EUROCHEMICAL JOURNAL  Vol. 16  No. 4  2022
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Table 3. Comparison of fibrinolytic activity levels between the two groups (  ± s)

###P < 0.001 compared with the control group.

Group Number of cases tPA, μg/L vWF, IU/mL PAI-1, μg/L

Control group 45 25.65 ± 3.79 2.87 ± 0.72 51.13 ± 5.94
Study group 60 16.97 ± 4.75### 2.12 ± 0.69### 64.97 ± 10.19

x

Table 4. Comparison of vascular endothelial function between the two groups (  ± s)

###P<0.001 compared with the control group

Group Number of cases FMD (%) ba-PWV (cm/s) ABI

Control group 45 6.02 ± 1.27 1196.62 ± 86.67 0.73 ± 0.15
Study group 60 4.35 ± 0.75### 1497.37 ± 106.35### 1.36 ± 0.42

x

Table 5. Comparison of neurological function marker levels between the two groups (  ± s)

###P < 0.001 compared with the control group.

Group Number of cases S100β, ng/mL NSE, μg/L NGF, ng/mL

Control group 45 0.09 ± 0.02 9.62 ± 1.48 89.85 ± 9.64
Study group 60 0.51 ± 0.16### 18.16 ± 4.19### 142.16 ± 16.38

x

tion and chemotaxis, and participate in the inflamma-
tory immune response to cerebral ischemia. Studies
have confirmed that LOX-1 and CX3CR1 are associ-
ated with endothelial damage and arterial stenosis and
can be used as predictors of ischemic heart disease
[12–14]. Although endothelial damage and arterial
stenosis are the main pathological changes in cerebral
infarction, this study further analyzed the relationship
between serum LOX-1 and CX3CR1 levels and cere-
bral infarction and prognosis.

LOX-1 is not only expressed in skeletal, cardiac,
and vascular sites but is also distributed in endothelial
cells, macrophages, vascular smooth muscle cells, and
single nucleated cells [15]. Wang et al. [16] demon-
strated that LOX-1 can induce apoptosis in endothe-
lial and smooth muscle cells through the Bax/Bcl-2
metabolic pathway and exacerbate the instability of
atherosclerotic plaques. Lin et al. [17] showed that
LOX-1 can promote the release of HMGB1 from
mitochondria to cytoplasm and nuclear to cytoplasmic
translocation by regulating caveolin-1 phosphoryla-
tion, which contributes to macrophage recruitment
and apoptosis of umbilical vein endothelial cells.
Kobayashi et al. [18] found that LOX-1 is involved in
atherosclerotic plaque formation by activating inflam-
matory cells to secrete inflammatory factors. CX3CR1
is a chemokine mostly expressed on the surface of
endothelial cells and is associated with cell adhesion
and involved in cell chemotaxis. Luo et al. [19]
reported that the Fractalkine/CX3CR1 axis regulates
synaptic plasticity and inflammatory cytokine release
in neurological diseases. In this study, the levels of
serum LOX-1 and CX3CR1 in the study group were
NEUROCHEMICAL JOURNAL  Vol. 16  No. 4  2022
higher than those in the control group, and were
related to endothelial function, fibrinolytic activity,
and neurological function. This may be because LOX-1
is involved in the atherosclerotic process by regulating
the AMP-AMPK/PKC/NADPH signaling pathway
and releasing a large amount of reactive oxygen species
[20, 21]. Moreover, the rise of LOX-1 expression and
ox-LDL binding can activate NF-ᴋB signaling path-
way, destroy vascular endothelial cells to activate
platelets, induce inflammatory response, which leads
to the deposition of large amounts of inflammatory
cytokines in the intima, and inflammatory factors can
increase plaque instability, causing plaque rupture,
dislodgement and blockage of blood vessels, which
aggravates the disease [22]. The downregulation of
CX3CR1 can reduce the inflammatory response,
modulate the immune response, and regulate the acti-
vation and function of microglia, neuronal survival,
and synaptic function, thus protecting against brain
injury. Yokota et al. [23] found that serum LOX-1 lev-
els were highly expressed in patients with acute stroke,
and that high levels of LOX-1 were independently
associated with acute ischemic stroke (OR = 3.80,
95% CI: 1.86–7.74). Skarpengland et al. [24] reported
a high serum LOX-1 level in patients with ischemic
stroke, which is similar to the conclusion of this study.

Neurointerventional thrombolysis can effectively
unblock blood vessels, rescue ischemic semi-dark
zones, and repair damaged nerve cells in the area of
cerebral infarction. However, it is affected by harden-
ing, thickening, and loss of elasticity of the vessel wall,
which certainly affects the normal coagulation system,
leading to postoperative recurrence. Apostolakis [25]
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Table 6. Correlation of serum LOX-1 and CX3CR1 levels with fibrinolytic activity, vascular endothelial function, and neu-
rological function indicators in patients with cerebral infarction r (P)

Indicator Coefficient tPA vWF PAI-1 FMD ba-PWV ABI S100β NSE NGF

LOX-1 r –0.386 –0.354 0.495 –0.465 0.516 0.476 0.632 0.587 0.599
P 0.012 0.015 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

CX3CR1 r –0.495 –0.592 0.528 –0.419 0.613 0.493 0.403 0.513 0.608
P <0.001 <0.001 <0.001 0.002 <0.001 <0.001 0.004 <0.001 <0.001

Table 7. Comparison of LOX-1 and CX3CR1 levels between non-relapse group and recurrence group (  ± s)

###P < 0.001 compared with the non-relapse group.

Group Number of cases LOX-1 (ng/L) CX3CR1 (μg/L)

Non-relapse group 49 192.67 ± 20.68 5.27 ± 1.01

Recurrence group 11 216.73 ± 12.86### 6.30 ± 0.58###

x

Table 8. Value of serum LOX-1 and CX3CR1 in predicting recurrence after thrombolysis

Indicator Cut-off 
value Sensitivity Specificity Jorden 

index AUC Standard 
error P-value

95% CI

Lower 
limit

Upper 
limit

LOX-1 201.970 0.727 0.785 0.512 0.830 0.059 0.001 0.715 0.946
CX3CR1 5.975 0.636 0.762 0.398 0.808 0.066 0.002 0.678 0.938
United – 0.909 0.776 0.685 0.845 0.056 <0.001 0.735 0.955
et al. suggested that CX3CL1/CX3CR1 pathway
activity is associated with the risk of developing ath-
erosclerotic disease and can be used as a prognos-
tic/diagnostic biomarker. In the present study, serum
LOX-1 and CX3CR1 levels in the recurrence group
were higher than those in the non-recurrence group,
N

Fig. 2. ROC plot of serum LOX-1 and CX3CR1 for pre-
dicting recurrence after thrombolysis (n = 60).
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and the AUC of serum LOX-1, CX3CR1, and their
combination in predicting cerebral infarction and
recurrence after thrombolysis were 0.830, 0.808, and
0.845, respectively, indicating that monitoring changes in
serum LOX-1 and CX3CR1 levels may provide new
targets for the prevention and treatment of cerebral
infarction and drug development. However, there are
some shortcomings in this study, such as the short fol-
low-up time, small sample size, and single source,
which may have affected the results. In addition, this
study lacks relevant data on vascular risk factors and
prescription of secondary prevention treatment, so it
should be taken as a focus in subsequent studies.
Observation time should be extended, and the sample
size and source range should be expanded to further
confirm study findings.

CONCLUSIONS

In conclusion, serum LOX-1 and CX3CR1 levels
are closely related to endothelial function, fibrinolytic
activity, and neurological function in patients with
cerebral infarction, and their combined detection can
effectively predict the occurrence of cerebral infarc-
tion and recurrence after thrombolysis, and identify
high-risk groups.
EUROCHEMICAL JOURNAL  Vol. 16  No. 4  2022
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