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Abstract: Objective: To explore the changes and significance of serum CXC chemokine ligand 16 (CXCL-16), growth
differentiation factor 15 (GDF-15) and lipoprotein-related phospholipase A2 (PLA-2) levels in patients with cere-
bral infarction. Methods: A total of 87 patients with cerebral infarction between August 2019 and May 2020 in
our hospital were selected as the disease group, and 50 healthy patients were selected as the healthy control
group. Enzyme-linked immunosorbent assay was used to detect serum CXCL-16, GDF-15, PLA-2 expression levels
in all subjects. A comprehensive evaluation was made in terms of changes of various indicator levels in patients
while the changes of CXCL-16, GDF-15, PLA-2 in patients with cerebral infarction after effective treatment were
monitored. Results: Compared with the healthy group, the expression levels of serum CXCL-16, GDF-15 and PLA-2
in the disease group were up-regulated (P < 0.001). Patients with cerebral infarction were divided into subgroups
according to the National Institutes of Health Neurological Impairment Score (NIHSS). The expression levels of se-
rum CXCL-16, GDF-15 and PLA-2 in patients with cerebral infarction increased with the increase of the impairment
score (P < 0.001). The areas of the patient’s cerebral infarction were calculated according to the Pullicino formula.
The expression levels of serum CXCL-16, GDF-15 and PLA-2 in patients with cerebral infarction increased with the
enlargement of the infarct area, and the difference between the groups was statistically significant (P < 0.001). The
expression levels of serum CXCL-16, GDF-15 and PLA-2 in patients with cerebral infarction when discharged from
the hospital after treatment were significantly lower than those before treatment (P < 0.001). The AUC areas of
serum CXCL-16, GDF-15 and PLA-2 indicators in predicting the therapeutic effect of cerebral infarction were 0.821,
0.883, and 0.711, respectively. Conclusion: Serum CXCL-16, GDF-15, PLA-2 in patients with cerebral infarction were
all highly expressed and changed with the disease severity, which can be used as reliable indicators for monitoring
the incidence, severity, and prognosis of cerebral infarction.
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Introduction entiation factor 15 (GFF-15), lipoprotein-associ-
ated Phospholipase A2 (PLA-2), etc. [3-5]. The

Cerebral infarction is a cerebrovascular dis- levels of CXCL16, GDF15 and PLA2 are closely

ease caused by cerebral ischemia and hypoxia
which is triggered by many factors, with high
incidence, disability rate and fatality rate.
Atherosclerosis is considered a common patho-
logical mechanism for this disease [1].
Inflammatory reaction runs through the whole
process of atherosclerosis and plays a vital role
[2]. With the constant progress of scientific
research, some new markers of inflammation
have been detected in the smooth muscle
cells, macrophages and vascular endothelial
cells at the damaged sites of patients with
inflammatory diseases, such as serum CXC
chemokine Ligand 16 (CXCL-16), growth differ-

related to the occurrence of atherosclerosis-
related diseases. The most common pathologi-
cal mechanism of cerebral infarction is athero-
sclerosis caused by inflammation, and CXCL16,
GDF15 and PLA2 all play an important role in
the pro-inflammatory response in its occur-
rence. High levels of CXCL16, GDF15 and
Lp-PLA2 can lead to the formation of athero-
sclerosis, increase in plaque instability, and
finally lead to Cl, and it may be of certain guid-
ing value to understand the changes in serum
CXcl-16, GDF-15 and PLA-2 levels in patients
for the diagnosis of cerebral infarction.
Therefore, we investigated the expression pat-
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terns of CXCI-16, GDF-15 and PLA-2 in periph-
eral blood serum of patients with cerebral
infarction so as to provide a clinical reference
for the scientific research on this disease.

Materials and methods
General materials

A total of 87 cerebral infarction patients who
were admitted to our hospital from August
2019 to May 2020 were included into the dis-
ease group. Inclusion criteria: (1) Patients aged
over 18 years and with complete clinical data;
(2) Patients who were diagnosed with cerebral
infarction by CT and MIR examination after
admission; (3) First onset and diagnosis within
1 week of enroliment. No use history of antico-
agulants, lipid-lowering or immunosuppressive
drugs, etc. prior to the onset of the disease; (4)
Those who were informed of the content of this
study and signed the informed consent.
Exclusion criteria: (1) With aortic dissection,
brain tumor or other unknown causes; (2) With
autoimmune diseases, trauma or infection; (3)
With a history of cerebral hemorrhage and cra-
niocerebral trauma; (4) With acute myocardial
infarction. Meanwhile, 50 healthy patients who
passed a physical examination in our hospital
were selected as the healthy control group.
There were 137 patients, including 77 males
and 60 females. The disease group was aged
53.1-77.3 years old, with a body weight of 21.7-
26.0 kg/m2. The healthy group was aged 52.7-
77.1 years old, with a body weight of 21.8-25.4
kg/m2. This study has been approved by the
Ethics Committee of our hospital.

Methods

Test method: Before admission, 5 mL fasting
venous blood was extracted from the disease
group, and 5 mL fasting venous blood was
extracted from the healthy group on the day of
physical examination. The samples were placed
in a vacuum anticoagulant tube, gently shaken,
centrifuged for 10 min (radius of 13.5 cm) and
the serum was separated. Expression levels of
CXCL-16, GDF-15 and PLA-2 in the serum were
tested by ELISA, and the testing kits were pur-
chased from Thermo Fisher Scientific (China)
Inc. The operation was in strict accordance with
the kit instructions.

Therapeutic methods: The disease group
was given routine antibiotics treatment.
Measures were taken to stabilize patients’
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intracranial pressure and blood pressure.
Aspirin (manufacturer: Hebei Ruisen Phar-
maceutical Co., LTD., SDFA approval number
H20173209) was administered 50 mg once
a day for 7 days. At the same time, 10 mg
argatroban injection (manufacturer: Tianjin
Institute of Pharmaceutical Research Co., Ltd.,
SDFA approval number H18002905) was dilut-
ed with normal saline and given through intra-
venous infusion with micropump for 3 hours
each time for 7 consecutive days.

Evaluation methods: The severity of cerebral
infarction in 87 patients was evaluated by
the National Institutes of Health Neurolo-
gical Deficit Score (NIHSS) [6]. Patients
whose NIHSS score < 5 were included in the
mild group; patients with 5-15 scores were
divided into the moderate group; and those
with 16-42 scores were the severe group. The
Pullicino formula was used to calculate the
cerebral infarction area of patients. The small
infarction group included patients with an
infarct area < 3 cm3; the middle infarction
group consisted of patients with an infarct area
3-5 cm?; and the large infarction group was
composed of patients with an infarct area of >
6 cm3.

Statistical methods

Discrete variables were expressed as counts
and percentages, and continuous variables as
means and standard deviation (SD); and differ-
ences between groups were assessed using
Chi-square test for categorical variables, and
Student t-test or Variance (F) analysis for con-
tinuous variables. The efficacy of CXCL-16, GDF-
15 and PLA-2 in predicting the therapeutic
effect of cerebral infarction was evaluated by
area under the ROC curve (AUC). The signifi-
cance level of all the analyses was defined as P
< 0.05. SPSS 19.0 was the software used for
the analysis.

Results
Comparison of the general data

The gender, age and body mass between the
two groups were similar (P > 0.05, Table 1).

Comparison of serum CXCL-16, GDF-15 and
PLA-2 levels between the groups

Compared with the healthy group, the expres-
sion levels of serum CXcl-16, GDF-15 and PLA-2
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Table 1. Comparison of general materials between the groups [n (%), X sd]

Group Cases (Maie/}rllzer::ale) Age (years old) Body mass(kg/m?) pressslilf;?rlrl]cmHg) pres(:l?rset(?]:z”ng)
Disease group 87 48/39 65.56+£11.73 23.84+2.11 135.4+10.1 87.915.4
Healthy group 50 29/21 64.93+12.16 23.59+1.79 135.1+£10.3 87.845.3
X3/t 0.103 0.298 0.704 0.315 0.146

P 0.748 0.766 0.482 0.874 0.689

Table 2. Comparison of serum CXCL-16, GDF-15 and PLA-2 levels between the groups (X £sd)

Group Cases CXCL-16(ng/ml) GDF-15(ng/ml) PLA-2(mmol/L)
Disease group 87 2.73+0.36 1.41+0.27 31.53+6.74
Healthy group 50 1.68+0.25 0.87+0.19 14.72+3.26
t 18.240 12.470 16.540

P <0.001 <0.001 <0.001

Table 3. Comparison of serum CXcl-16, GDF-15 and PLA-2 levels among patients with different NIHSS

scores (X +sd)

Group Cases CXCL-16(ng/ml) GDF-15(ng/ml) PLA-2(mmol/L)
Mild group 29 2.21+0.28 1.13+0.24 24.5845.49
Moderate group 35 2.78+0.312 1.45+0.27°2 31.96+6.472
Severe group 23 3.31+0.342* 1.70+£0.292> 39.64+7.36%°
F 82.190 30.140 35.460

P < 0.001 < 0.001 < 0.001

Note: Compared to the mild group, P < 0.001, compared to the moderate group, °P < 0.001.

were all up-regulated in the disease group (P <
0.001, Table 2).

Comparison of serum CXcl-16, GDF-15 and
PLA-2 levels among patients with different
NIHSS scores

The expression levels of serum CXCL-16, GDF-
15 and PLA-2 in patients with mild, moderate
and severe cerebral infarction were significant-
ly different (P < 0.001). The expression levels of
serum CXCL-16, GDF-15 and PLA-2 in cerebral
infarction patients increased with the increase
of the score. Pairwise comparison between the
groups showed statistically significant differ-
ences (P < 0.001), as shown in Table 3.

Comparison of serum CXCL-16, GDF-15 and
PLA-2 levels in patients with different infarc-
tion areas

The expression levels of serum CXcl-16, GDF-
15 and PLA-2 in patients with small, medium
and large infarction areas were significantly dif-
ferent (P < 0.001), and the levels increased
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with the enlargement of infarction areas.
Pairwise comparison between the groups
showed statistically significant differences (P <
0.001), as shown in Table 4.

Monitoring the expression levels of serum
CXCL-16, GDF-15 and PLA-2 in cerebral infarc-
tion patients when discharged

After treatment, the expression levels of serum
CXCL-16, GDF-15 and PLA-2 in cerebral infarc-
tion patients were significantly decreased (P <
0.001), as shown in Table 5.

ROC curve

The AUC areas of serum CXCL-16, GDF-15, and
PLA-2 in predicting the therapeutic effect of
cerebral infarction were 0.821, 0.883, and
0.711, respectively. The cutoff value of CXCL-
16 was 2.32 ng/ ml, the sensitivity was 81.5%,
and the specificity was 84.4%. The cutoff value
of GDF-15 was 1.20 ng/ml, the sensitivity was
69.5%, and the specificity was 72.4%. The cut-
off value of PLA-2 was 21.75 mmol/L, the sen-
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Table 4. Comparison of serum CXCL-16, GDF-15 and PLA-2 levels in patients with different infarction

areas (X+sd)

Group Cases CXCL-16 (ng/ml) GDF-15 (ng/ml) PLA-2 (mmol/L)
Small infarction group 26 2.18+0.27 1.09+0.23 23.8915.25
Medium infarction group 36 2.83+0.33¢ 1.42+0.26° 32.17+6.69°
Large infarction group 25 3.16+0.352" 1.73+0.31%° 38.55+7.072°
F 36.610 33.601

P <0.001 <0.001

Note: Compared to the mild group, 2P < 0.001, compared to the moderate group, °P < 0.001.

Table 5. Changes of serum CXCL-16, GDF-15 and PLA-2 in patients with cerebral infarction after ef-

fective treatment (X +sd)

Group Cases CXCL-16 (ng/ml) GDF-15 (ng/ml) PLA-2 (mmol/L)
Before treatment 87 2.73+0.36 1.41+0.27 31.53+6.74
After treatment 87 1.81+0.24 1.124+0.21 18.34+2.72
t 19.830 7.908 16.930
P <0.001 < 0.001 <0.001
- normal cells, and increase the neuronal dam-
,/ S%‘:l’r‘t’fe age in the cerebral infarction area and ischemic
o penumbra [10, 11]. It is critical to find measur-
. —— CXCL-16 ; ;
L pLa2 able markers to improve the prevention and
—— GDF-15 treatment of cerebrovascular disease.
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Figure 1. ROC curve to evaluate the efficacy of serum
CXCL-16, GDF-15, PLA-2 indicators in predicting the
therapeutic effect of cerebral infarction.

sitivity was 87.3%, and the specificity was
90.2%. See Figure 1.

Discussion

Cerebral thrombosis caused by atherosclerosis
is the main cause of cerebral infarction, in
which the inflammatory response plays a vital
role [7-9]. Cerebral ischemia will trigger a series
of stress responses in the body, which will stim-
ulate inflammatory cells to secrete more inflam-
matory factors, interfere with the formation of
brain stromal proteases, enhance the blood-
brain barrier permeability, increase the inflam-
matory response, accelerate the apoptosis of
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The study found that the expression levels of
CXCL-16, GDF-15 and PLA-2 in patients with
cerebral infarction were all higher than those in
the healthy group, which is similar with the
results of Ma et al. [12] that CXCL16 was signifi-
cantly increased in patients with positive and
negative microembolic signals. Therefore, high-
er levels of CXCL16, GDF-15 and PLA-2 may be
a biomarker predicting the incidence of stroke
and may cause plaque instability. Meanwhile,
the results suggested that the expression lev-
els of these indicators were correlated with the
occurrence and development of cerebral infarc-
tion. CxCL-16 is a chemokine, essentially a
small molecule secreted protein that links the
body’s inflammatory response and immune
response. It can combine with T lymphocytes to
produce chemotaxis on T lymphocytes [13-15],
promote the transfer of T lymphocytes to cere-
bral ischemia and hypoxia, the formation of ath-
erosclerotic plaques and the occurrence and
development of cerebral infarction. GDF-15 is a
secreted protein in the body [16], which is
expressed in small amounts in tissues and
organs in the normal physiological state [17,
18]. When the body has a strong inflammatory
or immune response, its expression level will
see a rapid rise. When there is ischemia, hypox-

Am J Transl Res 2021;13(5):5617-5622



Serum CXCL-16, GDF-15, PLA-2 in cerebral infarction patients

ia, arteriosclerosis and other conditions in the
cerebral tissue of patients with cerebral infarc-
tion, the body will cause a strong inflammatory
response, increasing GDF-15 expression level.
PLA-2 is a new vascular specific inflammatory
marker, which can reflect the inflammation of
the body’s vascular walls. The mechanism of
action between PLA-2 and cerebral infarction is
to generate oxidized free fatty acids through
the hydrolysis of oxidative lipoprotein in the
body, which promotes the release of a large
number of inflammatory factors in the body
and promotes the gradual aggregation of
monocytes and their evolution into macro-
phages [19]. These cells will bind to the dam-
aged vascular endothelial cells, resulting in
smaller vascular lumen, ischemia in brain tis-
sue, and thus cerebral infarction. CXCL-16,
GDF-15 and PLA-2 may play different roles in
the onset, development, formation and insta-
bility of cerebral infarction through different
action pathways. Some scholars have reported
that the expression levels of CXCL-16 and PLA-2
in stable plaques and vulnerable plaques in
patients with acute cerebral infarction were dif-
ferent, and the expression levels also increased
with the increase of plaque vulnerability [20].
Animal experiments demonstrated that the
expression of GDF-15 mRNA in mice with mid-
dle cerebral artery occlusion was significantly
up-regulated after 3-24 h, and a large amount
of GDF-15 expression was found in the infarct
site; the more severe the infarct site, the higher
the expression level of GDF-15 [21]. It was
found in this study that serum CXCL-16, GDF-15
and PLA-2 levels increased with the aggrava-
tion of cerebral infarction and the enlargement
of the infarction area. After monitoring the
expression levels of serum CXcl-16, GDF-15
and PLA-2 in patients with cerebral infarction
on the day of discharge, it was noted that the
levels were significantly decreased compared
with those before treatment. In consequence,
serum CXCL-16, GDF-15 and PLA-2 indexes can
be potential indicators for monitoring the con-
dition and prognosis of patients with malignant
blood diseases. When mapping CXCL-16, GDF-
15 and PLA-2 indexes to predict the therapeu-
tic effect of cerebral infarction, it was found
that the three indexes all had high sensitivity
and specificity, which is similar to the results of
many studies [12, 22, 23] that CXCL16 has
high sensitivity and specificity for patients with
cerebral infarction, and GDF-15 and PLA-2 are
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independent predictors of cerebral infarction.
However, because this study was a single-cen-
ter study, the results may be inevitably some-
how biased. In the future, multi-center studies
need to be conducted to further reinforce the
findings.

In summary, serum CXCL-16, GDF-15 and PLA-2
were all highly expressed in patients with cere-
bral infarction and changed with the disease
severity. Therefore, they can be used as reliable
indicators for assessing the incidence, severity,
and prognosis of cerebral infarction patients.
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