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Abstract. This study determined the correlations of 
CXC ligand 16 (CXCL16) and tumor necrosis factor-α (TNF-α) 
levels with coronary atherosclerotic heart disease (CAHD) and 
screened for new clinical markers for the prognosis and treatment 
of the disease. Eighty patients with coronary heart disease and 
50 healthy subjects were enrolled into a CAHD or healthy control 
group, respectively. Computed tomography (CT) coronary angi-
ography and Gensini integral were used to classify plaques and 
evaluate patients with coronary heart disease. The serum levels 
of CXCL16 and TNF-α of subjects in each group were detected 
by enzyme‑linked immunosorbent assays (ELISA), and the 
correlation between levels and clinical markers (such as blood 
pressure, glucose, lipid and heart rate) and the severity of disease 
were analyzed. Our results showed the serum levels of CXCL16 
and TNF-α were significantly higher in the CAHD group than 
those in the CK group. The serum CXCL16 levels of the CAHD 
group patients with plaques were distinctly higher than those 
of the CADH group patients without plaques, but there were 
no significant difference in serum TNF-α levels between these 
two groups of patients. The level of CXCL16 had a significantly 
positive correlation with the severity of disease, but there was no 
significant correlation between TNF-α level and the severity of 
disease. Also, there was no significant correlation between the 
CXCL16 levels and blood pressure, blood glucose, heart rate, total 
cholesterol, triglyceride or high-density lipoprotein cholesterol, 
but there was a clear correlation with the low-density lipoprotein 
cholesterol. Finally no significant correlations were found between 
TNF-α levels and each of the clinical markers studied. Based on 
our findings, the levels of CXCL16 and TNF-α in the patients with 
coronary heart disease were abnormally increased and the level 
of CXCL16 correlated closely with the severity of disease. These 
markers seem to be reliable biological markers for prognosis and 
disease evaluation in coronary heart disease patients.

Introduction

Coronary atherosclerotic heart disease (CAHD), coronary 
heart disease for short, is due to coronary artery narrowing 
or obstruction caused by coronary atherosclerotic lesions and 
plaque formation in the lumen, that reduce the flow of oxygen 
rich blood to the heart, resulting in heart ischemia, anoxia 
or necrosis  (1). The pathogenesis of CAHD is excessively 
complex, but is generally based on lumen stenosis or occlusion 
caused by atherosclerosis (AS), thus impeding normal blood 
circulation. Recent studies have shown the inflammatory 
response plays an important role in the occurrence and devel-
opment of AS (2,3). Vascular inflammatory responses can 
change the shape of the vascular wall, initiate thrombogenesis 
and promote the transformation of AS plaques from a stable to 
a fragile state, thus inducing embolism and incurring a variety 
of cardiovascular and cerebrovascular diseases (4).

Cytokines are small-inducible proteins synthesized and 
secreted by body cells upon stimulation. They are involved in 
cell growth and differentiation, regulation of inflammation and 
immune response and other processes; there are many kinds 
of cytokines including interferon, interleukin, chemokine 
and tumor necrosis factor (5). Recent studies have indicated 
that chemokine CXC ligand 16 (CXCL16) participates in the 
pathologic process of AS through its regulation of the inflam-
matory response, lipid metabolism and acceleration of AS 
plaque thrombogenesis vulnerability (6-8). Tumor necrosis 
factor-α (TNF-α) is secreted by monocyte-macrophages and 
can be involved in the immune response and the regulation of 
inflammatory responses (9).

CXCL16 and vascular inflammation have been shown to 
play important roles in AS lesions (10), so we speculated that 
its levels in serum would be closely related to the presence 
of CAHD. We determined expression levels of chemokine 
CXCL16 and TNF-α in patients with CAHD and analyzed the 
correlation between those levels and the severity of disease 
and clinical markers, so as to provide new ideas for prognosis 
and treatment of CAHD.

Patients and methods

Materials
General data. Eighty patients with CAHD diagnosed by 
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of Traditional Chinese Medicine from March  2015 to 
December 2016 were selected and set as a CAHD group. 
This included 52  males and 28  females, with an average 
age of  61.73±12.54  years. At the same time, 50 healthy 
subjects undergoing physical examinations in the outpatient 
department were enrolled and set as the healthy control 
group, with 31 males and 19 females and an average age of 
60.21±10.79 years. The diagnostic criteria for patients with 
CAHD met those for the diagnosis of ischemic heart disease 
formulated by the World Health Organization (WHO) 
in 1979, and were confirmed by computed tomography (CT) 
coronary angiography. Patients with a coronary artery (or 
any vascular branch) diameter stenosis degree of >50% were 
regarded as positive. Patients with diabetes or hypercholester-
olemia were excluded from the CAHD group, while patients 
with cardiovascular or endocrine disease were excluded from 
the healthy control group. All subjects belonged to the Han 
ethnicity and were unrelated individuals and there were no 
significant differences in gender ratios or age between the 
two groups (p>0.05). The study was approved by the Ethics 
Committee of Jinan Zhangqiu Hospital of Traditional Chinese 
Medicine and informed consents were signed by the patients 
and/or guardians.

Main reagents. Assay kits for serum total cholesterol (TC), 
triglyceride (TG), ELISA, low-density lipoprotein cholesterol 
(LDL-C) and high-density lipoprotein cholesterol (HDL-C) 
were purchased from Beijing Solarbio Science and Technology 
(Beijing, China). Blood glucose assay kit (Beijing Leadman 
Biochemical Technology Co., Ltd., Beijing, China).

Methods
CT coronary angiography and disease evaluation. Coronary 
arteriography was performed by the digital subtraction angi-
ography method. Subjects with vascular diameter stenosis 
degrees of >50% of a coronary artery or any of its branches 
were classified as CAHD patients. The number of affected 
vessels was recorded and the Gensini integral was used to 
evaluate the severity of the disease. The CAHD group was 
divided into plaque (n=56, 37 males and 19 females, with 
an average age of 63.45±9.74 years) and no-plaque group 
(n=24, 15  males and 9  females, with an average age of 
60.33±12.31 years).

Specimen collection. Fasting venous blood samples (3-4 ml) 
were extracted from patients with CAHD on the second day of 
admission and from healthy individuals on the day of physical 
examination. The samples were placed into centrifuge tubes, 
followed by centrifugation at 2,000 rpm at room temperature 
for 10 min. Subsequently, the upper sera were transferred into 
fresh centrifuge tubes and stored at -80˚C. All the samples 
were treated together by one-time subsequent detection after 
all the collections were completed.

Detection of serum concentrations of CXCL16 and TNF-α. 
The serum levels of CXCL16 and TNF-α in each group were 
detected by enzyme-linked immunosorbent assay (ELISA), 
referring to operation instructions in the serum CXCL16 
and serum TNF-α quantitative assay kits by R&D Systems 
(Minneapolis, MN, USA).

Detection of clinical markers. The routine clinical markers, 
such as blood pressure and heart rate were detected using stan-
dard hospital instruments. Levels of laboratory biochemical 
markers, such as seric TC, TG, LDL-C and HDL-C were 
determined by following the instructions in the assay kits as 
above-mentioned in the CT coronary angiography and disease 
evaluation.

Statistical analysis. SPSS 17.0 software (SPSS, Inc., Chicago, 
IL, USA) was used for statistical analysis. The t-test was 
adopted to analyze the normal distribution of measurement 
data. Data that conformed to the normal distribution were 
represented as mean ± standard deviation and those that did 
not conform to the normal distribution were expressed by 
median (interquartile range) [M (Q)]. The independent sample 
t-test was used to compare the mean of the two groups and 
the single factor analysis of variance was adopted to compare 
the mean among multiple groups. Spearman's rank correlation 
analysis was used to analyze the correlation between serum 
levels of CXCL16 and TNF-α and the severity of the disease 
and specific clinical signs. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Comparisons of serum levels of CXCL16 and TNF-α between 
the CAHD and the healthy control groups. The serum levels 
of CXCL16 and TNF-α were both significantly higher in the 
CADH group, when quantified by ELISA (Fig. 1).

Comparisons of serum levels of CXCL16 and TNF-α between 
the plaque and no-plaque groups within the CAHD group. 
The patients in the CADH group were divided into a plaque or 
no-plaque subgroup according to the results of an ultrasound 
examination. While the serum CXCL16 levels were signifi-
cantly higher in the plaque than that in the no-plaque group 
the levels of TNF-α were not significantly different among the 
groups (Fig. 2).

Correlation between serum levels of CXCL16 and TNF-α 
and severity of the disease. The Gensini score was used 
to classify the coronary lesion in CAHD patients, to assess 
the severity of CAHD. The correlation between the Gensini 
score and the serum levels of CXCL16 and TNF-α was 
analyzed, the results are shown in Fig. 3. The serum CXCL16 
level has a significantly positive correlation with the Gensini 
score (r=0.5970, p=0.0002); and the serum TNF-α level is 
not significantly correlated with Gensini score (r=-0.1214, 
p=0.4872).

Correlation between serum levels of CXCL16 and TNF-α and 
CAHD clinical variables. The results of correlation analyses 
between serum levels of CXCL16 and TNF-α and each 
clinical variable in patients with CAHD are shown in Table I. 
The serum CXCL16 level is not significantly correlated with 
systolic pressure, diastolic pressure, fasting blood glucose, 
heart rate or TC, TG and HDL-C levels, but has a significantly 
positive correlation with the LDL-C level (r=0.597, p=0.027). 
There were no significant correlations between serum TNF-α 
levels and each clinical variable.
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Discussion

CAHD patients usually exhibit a variety of heart and nervous 
function alterations due to blood flow abnormalities. CADH 
greatly endangers the life and health of the middle-aged and 
elderly people in any population, which is why it is one of the 
most important diseases that need to be better studied. The 
pathological mechanism of CAHD is complex, involving 

oxidative stress, immune inflammatory reactions, AS plaque 
formation and apoptosis. The occurrence of AS and instability 
of AS plaques are the basis of CADH pathogenesis. Vascular 
inflammatory reactions play an important role in AS plaque 
formation, which can promote coronary artery wall lesions 
thus leading to CAHD.

Figure 1. Serum levels of CXCL16 and TNF-α in the CAHD group and 
CK group. (A) Serum CXCL16 concentration. (B) Serum TNF-α concen-
tration. *p<0.05 vs. healthy control; **p <0.01 vs. healthy control. CXCL16, 
CXC ligand 16; TNF-α, tumor necrosis factor-α; CAHD, coronary athero-
sclerotic heart disease.

Figure 2. Serum levels of CXCL16 and TNF-α in the plaque and no-plaque 
groups. (A)  Serum CXCL16 levels. (B)  Serum TNF-α levels. *p<0.05 
vs. no‑plaque group; nsp<0.01 vs. no-plaque group. CXCL16, CXC ligand 16; 
TNF-α, tumor necrosis factor-α.

Figure 3. Correlation between serum levels of CXCL16 and TNF-α and 
Gensini scores. CXCL16, CXC ligand 16; TNF-α, tumor necrosis factor-α.

Table I. Correlations between serum levels of CXCL16 and 
TNF-α and clinical signs in the CAHD group.

	 CXCL16	 TNF-α
	 -----------------------------------	 -----------------------------------
Clinical index	 r value	 P-value	 r value	 P-value

Systolic pressure	 0.198	 0.124	 -0.208	 0.412
(mmHg)
Diastolic pressure	 -0.168	 0.156	 0.166	 0.241
(mmHg)
Fasting blood	 0.067	 0.561	 -0.054	 0.871
glucose (mmol/l)
Heart rate	 0.176	 0.314	 0.114	 0.142
(bp/min)
TC (mmol/l)	 0.196	 0.177	 0.188	 0.255
TG (mmol/l)	 -0.097	 0.889	 -0.069	 0.842
LDL-C (mmol/l)	 0.597	 0.027a	 -0.163	 0.331
HDL-C (mmol/l)	 -0.179	 0.274	 0.075	 0.752

CXCL16, CXC ligand 16; TNF-α, tumor necrosis factor-α; CAHD, 
coronary atherosclerotic heart disease; TC, total cholesterol; TG, 
triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, 
high-density lipoprotein cholesterol. ap<0.05.
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Chemokines, such as the monocyte chemoattractant protein-1 
and interleukin-8, activate and direct leukocytes to atherosclerotic 
lesions. CXCL16 is a recently found CXC family chemokine. It 
is expressed in soluble form across the cell membrane. CXCL16 
has been closely related to the pathogenic formation of AS 
regulating inflammation and lipid metabolism (11). Its interaction 
with CXCR6 receptor on the surface of T lymphocytes directs 
the migration of activated T lymphocytes to the AS lesion tissue. 
T lymphocytes can promote plaque formation and thromobosis 
vulnerability by locally secreting multiple cytokines and matrix 
metalloproteinases (MMPs) (12). In addition, CXCL16 combines 
with macrophages accelerating the endocytosis of oxidized LDL 
(Ox-LDL) to form foam cells (13), and it acts as an angiogenic 
factor inducing microvascular formation in AS plaques (14). 
Finally, CXCL16 activates CB8+ T cells, leading to apoptosis in 
the surrondings of an AS plaque (15). CXCL16 expression can be 
upregulated by IFN-γ in AS plaques, suggesting that it enhances 
the role of the inflammatory response in AS lesions by means 
of a positive feedback loop mechanism (16). Thus, inflamma-
tion reactions affect the instability of AS plaques and markers 
of inflammation can be used to evaluate the risk of coronary 
heart disease. The levels of CXCL16 can reflect the upstream 
and downstream inflammation pathways, which can be used for 
the clinical prognosis and diagnosis of various cardiovascular 
and cerebrovascular diseases. Indeed, the soluble CXCL16 has 
been utilized as a biological marker of rheumatoid arthritis and 
systemic lupus erythematosus and other diseases (17).

TNF-α is a cytokine that can cause tumor cell necrosis. 
In recent years, TNF-α has been shown to be of great impor-
tance in the inflammation response (18). It can increase the 
release of soluble CXCL16 from endothelial cells and smooth 
muscle cells (SMCs) and it is abnormally highly expressed in 
patients with coronary heart disease (19). TNF-α is involved 
in the pathological process of AS by increasing inflammatory 
cells in the injured tissue, assisting vascular smooth muscle 
remodeling and exerting a negative inotropic effect on the 
myocardium, in which myocardial fiber necrosis and coronary 
artery ischemia can cause myocarditis and release of even 
more inflammatory mediators (20).

Our study found a significant increase in serum levels of 
CXCL16 and TNF-α in CAHD patients, indicating that they 
may be involved in the pathological process of CAHD. The 
levels of CXCL16 were significantly higher in the plaque 
group than that in the no-plaque group and had a significantly 
positive correlation with severity of CAHD. But, there were 
no significant differences in TNF-α levels between the two 
CADH groups and TNF-α was not significantly correlated 
with the degree of lesion present in CADH patients. Our find-
ings suggest that CXCL16 can be used as a clinical diagnostic 
marker and illness evaluation factor in AS plaque formation 
and development of CAHD. Additionally, the TNF-α level 
was not significantly correlated with clinical variables studied, 
but CXCL16 had a significantly positive correlation with the 
plasma LDL-C levels in patients with CAHD, revealing that 
CXCL16 can be used as a valuable tool for diagnosis, treat-
ment assessment and prognosis of CAHD.

In conclusion, in patients with CAHD, CXCL6 acts as an 
independent risk factor that can be used as a reliable biological 
marker for diagnosis, disease evaluation and clinical prognosis 
of CADH.
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