
EXPERIMENTAL AND THERAPEUTIC MEDICINE  20:  150,  2020

Abstract. Thrombospondin‑2 (TSP‑2) is an important 
extracellular matrix protein that is involved in a variety of 
cardiovascular diseases, including viral myocarditis and 
abdominal aortic aneurysm. The present study aimed to 
investigate TSP‑2 expression in patients with aortic dissec‑
tion (AD). Aortas were obtained from patients with AD and 
healthy donors, and TSP‑2 expression level in all samples 
was measured by western blotting and immunofluorescence 
assays. Blood samples were also collected from patients with 
AD and non‑AD (NAD) subjects. Circulating TSP‑2, tumor 
necrosis factor (TNF)‑α and interleukin (IL)‑6 levels in each 
sample were detected using ELISAs. In addition, the effect 
of TSP‑2 on angiotensin II (Ang II)‑induced smooth muscle 
cell (SMC) apoptosis was assessed in vitro. Compared with 
healthy donors, aortic TSP‑2 expression level was signifi‑
cantly increased in patients with AD. Furthermore, TSP‑2 
was secreted primarily by SMCs, but also by endothelial cells. 
TSP‑2 plasma expression level was also elevated in patients 
with AD compared with non‑AD subjects. Furthermore, 
TSP‑2 serum expression level was positively correlated with 
TNF‑α and IL‑6 expression levels in patients with AD. In 
addition, recombinant mouse TSP‑2 treatment increased Bax 
mRNA expression and decreased Bcl2 mRNA expression 
in Ang II‑treated SMCs; however, the effects were reversed 
following treatment with the NF‑κB p65 signaling pathway 
inhibitor JSH‑23 or with the anti‑TNF‑α and anti‑IL‑6 

neutralizing antibodies. The present study demonstrated 
that TSP‑2 expression was increased in the aortic tissues and 
plasma of patients with AD. These findings suggested that 
TSP‑2 may participate in the progression of AD by activating 
the NF‑κB p65 signaling pathway and amplifying the inflam‑
matory response.

Introduction

Aortic dissection (AD) is a vascular disease characterized by 
intramural hematoma following injury to the innermost layer 
of the aorta. AD has a low incidence rate but a high mortality 
rate. The mortality rate of patients with AD is 1‑2% per hour 
before treatment after the dissection occurs and the total 
mortality rate is >90% (1). Total aortic arch replacement and 
thoracic aortic intracavitary repair have been widely used for 
the clinical treatment of Stanford A type AD and Stanford 
B type AD, respectively; however, both treatment strategies 
display a number of limitations, among them, total aortic arch 
replacement is mostly applied to Stanford A type AD, with 
relatively few complications, but large trauma and high cost, 
which brings heavy psychological pressure and economic 
burden to patients and families; While intracavitary thoracic 
aortic repair is mostly applied to Stanford B type AD, which is 
relatively inexpensive but can significantly reduce short‑term 
mortality (2,3). Therefore, further investigation into the 
pathogenesis of AD, as well as the identification of additional 
effective and safe targets are essential for the prevention and 
treatment of AD.

Thrombospondin‑2 (TSP‑2) is a multifunctional extracel‑
lular matrix protein that belongs to the TSP family (4). TSP‑2 
is widely expressed in organs and tissues in a variety of 
mammals, including humans and mice (5). Numerous studies 
have demonstrated that TSP‑2 may be involved in the regula‑
tion of angiogenesis, proliferation, apoptosis, tumor migration, 
autophagy and transforming growth factor (TGF)‑β activa‑
tion (4‑8). Previous studies have also reported that TSP‑2 can 
amplify the inflammatory response (9‑11). Furthermore, the 
exact role of TSP‑2 depends on the inflammatory microenviron‑
ment. For example, TSP‑2 displays an anti‑inflammatory role 
during chronic allograft nephropathy and viral myocarditis, 
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whereas proinflammatory effects of TSP‑2 have been observed 
during asthma (9‑11).

Animal studies and clinical experiments have reported 
that TSP‑2 expression is closely associated with the progres‑
sion and development of a variety of cardiovascular diseases. 
For instance, circulating TSP‑2 levels are increased in 
patients with chronic heart failure with or without preserved 
ejection fraction, and higher TSP‑2 levels are associated 
with an increased frequency of cardiac events and poorer 
prognosis (12,13). Elevated circulating TSP‑2 levels are also 
observed in elderly patients with aortic aneurysms and are 
associated with increased mortality (14). Furthermore, TSP‑2 
knockout aggravates doxorubicin‑induced cardiac injury and 
dysfunction (15) and prevents dilated cardiomyopathy in 
elderly mice (16). However, the expression of TSP‑2 during 
human AD has not yet been reported. The present study aimed 
therefore to investigate TSP‑2 expression during human AD 
and determine the underlying mechanisms.

Materials and methods

Sample collection. Aortic tissue and blood samples were 
collected from the Beijing Anzhen Hospital of Capital 
Medical University. The present study was approved by the 
Ethics Committee of Beijing Anzhen Hospital (approval 
no. 2017109H). Written informed consent was obtained from 
all patients or their families.

Aortic tissue specimens (control group: Age, 3266; median 
age, 47; 6 males and 3 females and AD group: Age, 3974; 
median age 57; 12 males and 2 females) were collected by 
cardiac surgeons in the operating room of the Department of 
Anesthesiology of Anzhen Hospital between March 2016 and 
May 2018. Normal aortic specimens (n=9) collected from brain 
dead donors who were involved in traffic accidents served as 
the control group. Donors with a history of significant cardio‑
vascular diseases or aortic pathology changes were excluded. 
Torn aortic samples (n=14) were obtained from patients who 
had been admitted for acute AD, according to clinical symp‑
toms and results of computed tomography angiography (CTA), 
and who underwent surgical treatment. Torn aortic samples 
formed the AD group.

Blood samples of ~2 ml (control group: Age, 3365; median 
age, 43; 42 males and 18 females and AD group: Age, 4177, 
median age, 52; 132 males and 28 females) were obtained 
from patients in the intensive care unit of Anzhen Hospital 
between May 2017 and September 2018. Patients (n=250) who 
were hospitalized due to sudden chest pain were enrolled in 
the present study. A total of 28 patients were excluded due to 
a history of diseases that have been reported to affect TSP‑2 
secretion, including chronic heart failure (n=7), coronary artery 
disease (n=3), peripheral vascular disease (n=11), chronic renal 
failure (n=4) and connective tissue disease (n=3). A further 
two patients who were diagnosed with acute left heart failure 
caused by the development of pulmonary edema and dyspnea 
immediately after the onset of chest pain were also excluded. 
According to clinical diagnoses, the remaining 220 patients 
were divided into the non‑AD (NAD) control group (n=60) 
and the AD group (n=160), which included the Stanford A 
group (n=86) and the Stanford B group (n=74). The patients 
in the NAD group were diagnosed with cervical spondylosis 

(n=18), gastric erosion (n=9), gastric ulcer (n=9), cardiac 
neurosis (n=13) or chest pain of unknown cause (n=11).

All blood samples were obtained after CTA but prior to the 
administration of any treatment, as treatment, such as lowering 
the heart rate, lowering blood pressure or/and surgery may 
also affect TSP‑2 secretion.

Western blotting. Total protein from each aortic specimen 
was extracted using RIPA buffer (cat. no. G2002‑30; Wuhan 
Servicebio, Technology Co., Ltd.) and quantified using 
a bicinchoninic acid Protein Assay kit (Thermo Fisher 
Scientific, Inc.). A total of 30 µg protein from each sample 
was separated by 8% SDS‑PAGE and transferred to PVDF 
membranes at 100 mA for 2 h. After blocking with 5% nonfat 
milk at 25˚C for 90 min, the membranes were incubated over‑
night at 4˚C with primary antibodies targeted against TSP‑2 
(1 µg/ml; cat. no. MAB1635; R&D Systems, Inc.) and GAPDH 
(1:1,000; cat. no. 97166; Cell Signaling Technology, Inc.) at 
4˚C for 12 h. Following primary incubation, the membranes 
were incubated with a secondary IRDye 800CW‑conjugated 
antibody (1:12,500; cat. no. 925‑32210; Li‑Cor Biosciences) 
at room temperature for 1 h. Protein bands were scanned 
and quantified using an Odyssey Imaging system (LI‑COR 
Biosciences).

Histological analysis. Aortic tissues were cut into appropriate 
sizes (1‑3 mm3) immediately after dissection, and some speci‑
mens were immediately fixed in 4% paraformaldehyde at 25˚C 
for 3 days. After embedding in paraffin, tissues were cut into 
4‑5 µm slices and placed on slides. After blocking with 5% goat 
serum (cat. no. 16210072; Gibco; Thermo Fisher Scientific, Inc.) 
at room temperature for 5 min, the slides were incubated with 
a primary anti‑TSP‑2 antibody (0.5 µg/ml; cat. no. BAF1635; 
R&D Systems, Inc.). The sources of aortic TSP‑2, including 
CD4+ T lymphocytes (CD4+ TCs), macrophages (Møs), smooth 
muscle cells (SMCs) and endothelial cells (ECs), were inves‑
tigated by double immunofluorescence staining. Slides were 
therefore incubated with the following primary antibodies: 
Anti‑CD4 (20 µg/ml; cat. no. MAB379; R&D Systems, Inc.), 
anti‑CD68 (20 µg/ml; cat. no. MAB20401; R&D Systems, Inc.), 
anti‑α‑SMA (15 µg/ml; cat. no. MAB1420; R&D Systems, 
Inc.) and anti‑CD31 (20 µg/ml; cat. no. BBA7; R&D Systems, 
Inc.). After incubation with anti‑Mouse IgG H&L fragment 
(Alexa Fluor® 647 Conjugate) secondary antibody (1:1,000; 
cat. no. 4410; Cell Signaling Technology, Inc.) at room temper‑
ature for 90 min, samples were observed using a fluorescence 
microscope (magnification, x200). The localization of TSP‑2 
expression could be observed by assessing whether the green 
and red signals merge together (yellow signals).

TSP‑2, TNF‑α and IL‑6 measurements. Blood samples were 
centrifuged at 5,000 x g at 4˚C for 30 min and the the plasma 
of each sample collected and stored at ‑80˚C until further 
analysis. Prior to the measurement of cytokine levels, the super‑
natant samples were thawed and a preliminary test (ELISA) 
for dilution of different multiples was performed to determine 
the dilution ratio of the supernatant. After 5‑fold dilution with 
deionized water, 100 µl plasma solution was added to the plate 
and the TSP‑2 (cat. no. DTSP20, R&D Systems, Inc.), TNF‑α 
(cat. no. KHC3014C; Thermo Fisher Scientific, Inc.) and IL‑6 
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(cat. no. EH2IL6; Thermo Fisher Scientific, Inc.) ELISA kits 
were used according to the manufacturer's protocol.

SMC isolation, culture and treatment. A total of 60 male 
C57BL/6 mice (age, 9‑10 weeks; weight, 23‑26 g) were 
purchased from the Institute of Model Zoology of Nanjing 
University and housed in a pathogen‑free mouse room on a 12 h 
light/12 dark cycle at a temperature of 22‑24˚C and a humidity 
of 50 ± 5% at Anzhen Hospital and received water ad libitum. 
Mice were anesthetized with 2% isoflurane and subsequently 
euthanized by cervical dislocation. The spleens, femurs and 
aortas were immediately isolated. CD4+ TCs (17,18), bone 
marrow‑derived Møs (18,19), aortic SMCs (20,21) and aortic 
ECs were isolated as previously described (22). Briefly, to 
obtain CD4+ TCs, a spleen cell suspension was prepared in 
complete RPMI‑1640 culture medium (cat. no. 22400105; 
Gibco; Thermo Fisher Scientific, Inc.) and CD4+ TCs were 
positively selected using CD4 magnetic beads (Miltenyi 
Biotec, Inc.) and an auto‑magnetic actived cell soring (MACS) 
separator. Furthermore, to obtain bone marrow‑derived Møs, 
both ends of the femurs were cut and RPMI‑1640 culture 
medium was used to flush out the cells from the femoral canal. 
Subsequently, red blood cells were lysed using ACK lysis 
buffer (cat. no. G2015‑250; Wuhan Servicebio Technology 
Co., Ltd.), and the remaining cells were plated in 6‑well plates 
(106 cells per well) and treated with 50 ng/ml murine macro‑
phage colony stimulating factor (cat. no. 315‑02; PeproTech, 
Inc.) for 5 days at 37˚C to promote Mø differentiation. For the 
isolation of aortic SMCs, the isolated aorta was treated with 
0.1% (37˚C) type II collagenase to remove the adventitia, and 
a sterile cotton‑tipped applicator was used to gently remove 
the endothelium of the intima. The remaining aortic tissue 
was digested at 37˚C with a mixture of 0.1% collagenase and 
100 U/ml elastase to generate SMCs. Subsequently, a caliber 
24 cannula was inserted into the proximal end of the ligated 
aorta and the inside of the aorta was washed with sterile 
PBS. The distal end was bound and the aorta was filled with 
0.1% type II collagenase for 45 min at 37˚C. The inside of 
the aorta was washed with RPMI‑1640 medium, and the 
medium was collected and centrifuged at 1000 x g at 4˚C 
for 15 min to obtain ECs. All isolated cells were cultured 
in RPMI‑1640 medium supplemented with 10% FBS (cat. 
no. 16140071; Gibco; Thermo Fisher Scientific, Inc.) and 1% 
penicillin‑streptomycin and placed at 37˚C in a humidified 
incubator containing 5% CO2.

Subsequently, 106 CD4+ TCs, 106 Møs, 106 SMCs and 106 

ECs were treated with 100 nM Ang II for 12 h. Control cells 
were incubated with saline. Additionally, different doses of 
Ang II (25, 50 or 100 nM; diluted in saline; cat. no. 05‑23‑0101; 
Sigma‑Aldrich; Merck KGaA) or indomethacin (10 µM, cat. 
no. I7378; Sigma‑Aldrich; Merck KGaA) were added to the 
106 SMC culture at 37˚C for 12 h, as previously described (23). 
Groups were as follows: i) Saline; ii) 25 nM Ang II; iii) 50 nM 
Ang II; iv) 100 nM Ang II; v) 100 nM Ang II + 10 µM 
indomethacin.

Furthermore, SMCs were grouped and treated as follows: 
i) Vehicle (0.1% DMSO); ii) recombinant mouse TSP‑2 
(rmTSP‑2; 30 ng/ml; R&D Systems, Inc.); iii) TSP‑2 + JSH‑23 
(15 µM; NF‑κB p65 signaling pathway inhibitor; 
Sigma‑Aldrich; Merck KGaA); iv) TSP‑2 + JSH‑23 + mouse 

anti‑TNF‑α neutralizing antibody (TNF‑α nAb; 1 µg/ml; 
R&D Systems, Inc.); v) TSP‑2 + JSH‑23 + mouse anti‑IL‑6 
neutralizing antibody (IL‑6 nAb; 1 µg/ml; R&D Systems, Inc.); 
vi) Ang II (100 nM); vii) Ang II + TSP‑2; viii) Ang II + TSP‑2 
+ JSH‑23; ix) Ang II + TSP‑2 + JSH‑23 + TNF‑α nAb; and 
x) Ang II + TSP‑2 + JSH‑23 + IL‑6 nAb. After incubation 
at 37˚C for 12 h, mRNA expression levels in SMCs were 
measured.

TSP‑2, Bax and Bcl2 mRNA expression detection. Total 
RNA was extracted from CD4+ TCs, Møs, SMCs and ECs 
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.). Total RNA was reverse transcribed to cDNA using a 
high‑capacity cDNA reverse transcription kit (cat. no. 4368813; 
Thermo Fisher Scientific, Inc.) at 92˚C for 5 min according 
to the manufacturer's protocol. Subsequently, qPCR was 
performed using LightCycler® 480 SYBR‑Green Master Mix 
(Roche Diagnostics). The following thermocycling conditions 
were used for the PCR: 35 cycles at 92˚C for 30 sec and 58˚C 
for 40 sec, and 72˚C for 35 sec. The primer pairs used for 
qPCR were validated in previous studies, and were as follows: 
TSP‑2, forward: 5'‑TGA GTT CCA GGG CAC ACC A‑3'; reverse: 
5'‑GGC TTT CTG GGC AAT GGT A‑3'; Bax, forward: 5'‑TTG 
CTG ATG GCA ACT TCA AT‑3'; reverse: 5'‑GAT CAG CTC 
GGG CAC TTT AG‑3'; Bcl2, forward: 5'‑CAG AAG ATC ATG 
CCG TCC TT‑3'; reverse: 5'‑CTT TCT GCT TTT TAT TTC ATG 
AGG‑3' (24,25). mRNA levels were normalized to the internal 
reference gene GAPDH levels using the 2‑ΔΔCq method (26).

Statistical analysis. Statistical analyses were performed using 
SPSS software (version 23.0; IBM Corp.). Categorical vari‑
ables were presented as the count (%) and continuous variables 
were presented as the median (interquartile range). Categorical 
data were analyzed using χ2 test and continuous variables were 
analyzed using Mann‑Whitney U test. The Student's t‑test was 
used to analyze differences between two groups. Comparisons 
among multiple groups were analyzed using Kruskal‑Wallis 
followed by Dunn's post hoc test. Spearman's correlation 
analysis was used to identify correlations between TSP‑2 
expression level and TNF‑α and IL‑6 expression levels in 
patients with AD. Multivariate regression analysis was used to 
assess the association between TSP‑2 expression level and AD 
occurrence. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Comparison of clinical characteristics between the normal 
group and the AD group. Compared with the normal group, 
patients in the AD group displayed significantly higher ages, 
D‑dimer levels, white blood cell (WBC) counts and C‑reactive 
protein (CRP) levels, but lower fasting glucose (Glu) levels. No 
significant differences were observed for the number of men, 
high blood pressure (HBP), smoking, lipid levels or creatinine 
(CREA) levels. In certain patients in the normal group, true 
blood pressure and heart rate (HR) measurements were not 
obtained as vital signs were being maintained with vasoactive 
drugs following severe traumatic brain injury. The clinical 
characteristics of the individuals in the normal and AD groups 
are presented in Table I.
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Comparison of clinical characteristics between the NAD and 
AD groups. The AD group displayed an increased number of 
men, as well as higher ages, smoking incidence, HBP inci‑
dence, systolic blood pressure, WBC counts, CRP levels and 
D‑dimer levels, compared with the NAD group. Furthermore, 
the AD group displayed lower Glu levels compared with the 
NAD group. No significant differences were identified for other 
clinical characteristics, including diastolic blood pressure, 
lipid levels, HR, CREA levels and time, which was defined as 
the time interval between chest pain onset and collection of 
blood samples. In addition, no significant differences for the 
clinical characteristics were observed between the Stanford A 
and Stanford B groups. The clinical characteristics of patients 
in the NAD and AD groups are presented in Table II.

Aortic TSP‑2 expression is increased in patients with AD. 
Aortic TSP‑2 expression was detected by western blotting, 
and the results suggested that TSP‑2 expression was ~0.9‑fold 
higher in the AD group compared with the normal group 
(Fig. 1A). The results from the histological analysis displayed 
a similar trend, and TSP‑2 expression in the AD group was 
increased compared with the control group (Fig. 1B). In 
addition, the results from double immunofluorescence staining 
indicated that aortic TSP‑2 was localized in SMCs and at 
lower levels in ECs but was not expressed by CD4+ TCs or 
Møs (Fig. 1C).

Circulating TSP‑2, TNF‑α and IL‑6 levels are increased in 
patients with AD. Plasma TSP‑2, TNF‑α and IL‑6 levels of 
each patient were measured by ELISA. The results demon‑
strated that TSP‑2, TNF‑α and IL‑6 levels were significantly 
increased in the AD groups compared with the NAD group; 

however, no significant difference was observed between the 
Stanford A and Stanford B groups (Fig. 2A‑C). In addition, 
Spearman's correlation analysis indicated that TSP‑2 levels 
were positively correlated with TNF‑α and IL‑6 levels in 
patients with AD (Fig. 2D and E).

TSP‑2 is independently associated with AD occurrence. To 
investigate whether TSP‑2 was associated with AD occur‑
rence, univariate and multivariate linear regression analyses 
were performed. The results suggested that TSP‑2 levels 
(β=0.245; 95% CI, 0.178‑0.312; P=0.006), TNF‑α levels 
(β=0.178; 95% CI, 0.139‑0.217; P=0.014), IL‑6 levels (β=0.142; 
95% CI, 0.107‑0.177; P=0.026), HBP incidence (β=0.133; 
95% CI, 0.098‑0.168; P=0.039), Glu levels (β=‑0.131; 95% 
CI, ‑0.358‑ ‑0.096; P=0.032) and D‑dimer levels (β=0.121; 
95% CI, 0.091‑0.151; P=0.047) were independently associated 
with AD occurrence. The results of the univariate and multi‑
variate analyses are presented in Table III.

TSP‑2 treatment increases Ang II‑induced SMC apoptosis. 
Compared with saline treatment, Ang II treatment did 
not significantly alter TSP‑2 mRNA expression levels in 
CD4+ TCs or Møs. However, Ang II treatment significantly 
increased TSP‑2 mRNA expression levels by 5.5‑fold in 
SMCs and 0.8‑fold in ECs (Fig. 3A). In addition, Ang II treat‑
ment increased TSP‑2 mRNA expression levels in SMCs in 
a dose‑dependent manner, which was significantly inhibited 
by indomethacin (Fig. 3B). Furthermore, rmTSP‑2 treatment 
significantly increased Ang II‑induced Bax mRNA expression 
levels and decreased Bcl2 mRNA expression levels in SMCs. 
In addition, the rmTSP‑2‑induced effects on SMCs were 
significantly reversed by JSH‑23 treatment alone, and further 

Table I. Clinical characteristics of subjects in the normal and AD groups.

Characteristic Normal AD P‑value

Gender (male/female) 6/3 12/2 0.343
Age (years) 46 (34‑58) 57 (43‑65) 0.004
HBP (n, %) 5 (55.6%) 11 (78.6%) 0.363
Smoking (n, %) 2 (22.2%) 6 (42.9%) 0.400
Glu (mmol/l) 5.9 (4.6‑6.9) 5.9 (4.6‑6.9) 0.028
SBP (mmHg) ‑ 157 (132‑178) ‑
DBP (mmHg) ‑ 94 (78‑101) ‑
TC (mmol/l) 4.6 (4.2‑5.1) 4.4 (3.9‑5.2) 0.278
TG (mmol/l) 1.2 (0.9‑1.7) 1.3 (1.0‑1.7) 0.872
HDL‑C (mmol/l) 1.5 (1.0‑1.8) 1.4 (0.9‑1.6) 0.509
LDL‑C (mmol/l) 2.1 (1.5‑2.5) 2.2 (1.7‑2.8) 0.315
HR (bpm) ‑ 78 (67‑89) ‑
CREA (µmol/l) 74 (62‑85) 79 (68‑91) 0.078
D‑dimer (µg/ml) 1.4 (0.8‑2.1) 4.9 (2.1‑8.5) 0.008
WBC (x109/l) 6.1 (4.9‑7.6) 12.2 (8.9‑15.7) <0.001
CRP (mg/l) 0.5 (0.2‑2.2) 11.9 (2.7‑17.9) <0.001

AD, aortic dissection; HBP, high blood pressure; Glu, fasting glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total 
cholesterol; TG, triglyceride; HDL‑C, high density lipoprotein cholesterol; LDL‑C, low density lipoprotein cholesterol; HR, heart rate; CREA, 
creatinine; WBC, while blood cell; CRP, C‑reactive protein. ‑ means no comparison due to lack of data availability.
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reversed by JSH‑23 treatment combined with TNF‑α nAb or 
IL‑6 nAb (Fig. 3C).

Discussion

In the present study, TSP‑2 expression was significantly higher 
in aortic tissues derived from patients with AD compared with 
healthy subjects. In addition, aortic SMCs and ECs, especially 
SMCs, were identified as the main sources of secreted TSP‑2. 
Furthermore, circulating TSP‑2 levels were higher in patients 
with AD compared with NAD subjects, and circulating TSP‑2 
levels were positively correlated with the circulating levels of 
the proinflammatory cytokines TNF‑α and IL‑6 in patients 
with AD. Furthermore, circulating TSP‑2 levels were indepen‑
dently associated with the occurrence of AD. Ang II treatment 
increased TSP‑2 mRNA levels in SMCs in a dose‑dependent 
manner in vitro, and Ang II‑induced effects were reversed 
by indomethacin. By contrast, Ang II treatment displayed no 
effects on TSP‑2 secretion in CD4+ TCs and Møs. TSP‑2 treat‑
ment enhanced Ang II‑induced SMC apoptosis, and JSH‑23, 
TNF‑α nAb and IL‑6 nAb treatment reversed the effects of 
TSP‑2.

Clinical experiments and animal studies have demon‑
strated that TSP‑2 expression is increased in a variety of 
cardiovascular diseases. For example, numerous studies have 
reported that serum TSP‑2 levels are increased in patients 
with heart failure with preserved or reduced ejection fraction, 
elderly patients with aortic aneurysm and patients with aortic 
stenosis (12‑14,27). In addition, TSP‑2 expression levels are 

increased by 17‑fold in the heart tissue of patients with viral 
myocarditis compared with healthy heart tissue (10). Coxsackie 
virus exposure, doxorubicin treatment and aging also promote 
cardiac TSP‑2 expression (10,15,16). In the present study, 
TSP‑2 expression was increased in plasma and aortic samples 
from patients with AD compared with healthy subjects, which 
suggested that TSP‑2 was involved in AD occurrence.

TSP‑2 is an extracellular matrix protein that, unlike 
inflammatory cytokines secreted by the immune system, is 
secreted primarily by innate cells in blood vessels and is also 
involved in the regulation of inflammatory responses (5). The 
immunofluorescence assay in the present study indicated that 
TSP‑2 was primarily derived from SMCs and partly from 
ECs, but was not derived from CD4+ TCs or Møs, and Ang 
II‑treated cells displayed similar trends in vitro, which was 
consistent with previous studies (9‑11). Coxsackie virus and 
doxorubicin can induce strong cardiac immune and inflamma‑
tory responses. Cardiac TSP‑2 expression is closely associated 
with the dose of Coxsackie virus, which suggests that the 
level of TSP‑2 secretion is associated with the strength of the 
inflammatory response (10,15). Ang II can mediate a strong 
inflammatory response and can be used to induce AD in 
mouse (28). In the present study, the effect of Ang II treatment 
on TSP‑2 expression in SMCs was investigated, and the results 
suggested that Ang II increased TSP‑2 mRNA expression in 
a dose‑dependent manner. The addition of indomethacin, a 
non‑specific and anti‑inflammatory substance, reversed Ang 
II‑induced effects on TSP‑2 expression. The results were 
consistent with the aforementioned previous studies and 

Table II. Clinical characteristics of patients in the NAD and AD groups.

 AD
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic NAD Total Stanford A Stanford B

Sex (male/female) 42/18 (70.0) 132/28a 74/10a 58/18 (78.4%)a

Age (years) 44 (38‑59) 56 (46‑71)a 54 (44‑69)a 57 (47‑73)a

Smoking (n, %) 14 (23.3) 62 (38.8)a 35 (41.7)a 27 (36.5%)
HBP (n, %) 35 (58.3) 132 (82.5)a 71 (84.5%)a 61 (82.4%)a

Glu (mmol/l) 5.9 (4.9‑7.3) 5.3 (4.1‑6.7)a 5.4 (4.2‑6.6)a 5.2 (4.0, 6.9)a

SBP (mmHg) 149 (132‑163) 159 (146‑170)a 160 (147‑173)a 158 (145‑168)a

DBP (mmHg) 84 (75‑101) 88 (82‑105) 87 (84‑104) 88 (80‑105)
WBC (x109/l) 6.4 (5.2‑7.7) 10.9 (8.5‑13.1)a 10.7 (8.2‑13.7)a 11.2 (8.9‑12.8)a

TC (mmol/l) 4.4 (3.8‑5.4) 4.5 (4.0‑5.5) 4.4 (4.1‑5.4) 4.5 (4.0‑5.4)
TG (mmol/l) 1.0 (0.8‑1.3) 1.1 (0.9‑1.4) 1.1 (0.9‑1.5) 1.0 (0.9‑1.3)
HDL‑C (mmol/l) 1.1 (0.8‑1.4) 1.2 (0.9‑1.5) 1.1 (0.9‑1.4) 1.2 (0.8‑1.5)
LDL‑C (mmol/l) 1.6 (1.1‑1.9) 1.5 (1.1‑2.0) 1.6 (1.1‑2.1) 1.5 (1.0‑2.0)
HR (bpm) 74 (69‑82) 77 (72‑89) 80 (74‑90) 76 (71‑86)
CREA (µmol/l) 85 (72‑96) 90 (68‑100) 89 (71‑104) 91 (65, 98)
CRP (mg/l) 1.0 (0.5‑1.7) 11.5 (5.4‑39.5)a 14.6 (3.9‑32.5)a 10.2 (6.3‑42.7)a

D‑dimer (µg/ml) 0.8 (0.2‑1.2) 5.9 (3.9‑9.5)a 5.2 (3.0‑10.5)a 6.4 (4.5‑8.5)a

Time (h) 10 (7‑14) 12 (6‑16) 11 (6‑16) 12 (7‑15)

Time was defined as the time interval between chest pain onset and collection of blood samples. aP<0.05 vs. the control group. NAD, non‑AD; 
AD, aortic dissection; HBP, high blood pressure; Glu, fasting glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure; WBC, white 
blood cell; TC, total cholesterol; TG, triglyceride; HDL‑C, high density lipoprotein cholesterol; LDL‑C, low density lipoprotein cholesterol; 
HR, heart rate; CREA, creatinine; CRP, C‑reactive protein.
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suggested that in the AD microenvironment, the inflammatory 
response may serve as an important factor mediating TSP‑2 
secretion.

Swinnen et al (16) reported that downregulation of TSP‑2 
expression by adeno‑associated virus‑9 aggravates the inflam‑
matory response in elderly mice. A subsequent study reported 
that TSP‑2 downregulation regulates CD4+ TC differentia‑
tion and increases proinflammatory factor expression, while 
decreasing anti‑inflammatory cytokine levels (15). Another 
study demonstrated that TSP‑2 knockdown promotes inflam‑
matory factor secretion in mice treated with doxorubicin (10). 
The results of the aforementioned studies indicated that TSP‑2 
could participate in cardiovascular diseases by regulating the 
inflammatory response. AD is a chronic inflammatory disease, 

which is characterized by increases in proinflammatory factor 
expression and decreases in anti‑inflammatory factor expres‑
sion in the aortic wall and plasma (29,30). TNF‑α and IL‑6 
are two inflammatory cytokines that have been reported 
to promote the progression of AD (30). To explore whether 
TSP‑2 participated in AD by regulating the inflammatory 
response, circulating TNF‑α and IL‑6 levels were measured 
in the present study, and the correlation between TNF‑α, 
IL‑6 and TSP‑2 expression levels in patients with AD were 
analyzed. The results indicated that TNF‑α and IL‑6 levels 
were positively correlated with TSP‑2 levels, which supported 
the proposed hypothesis that TSP‑2 may regulate the inflam‑
matory response during AD; however, the role of TSP‑2 during 
AD remains unclear.

Figure 1. Aortic TSP‑2 expression in patients with AD. (A) TSP‑2 expression levels in the normal and AD groups were measured by western blotting. (B) TSP‑2 
expression levels in aortic tissue samples were assessed by immunofluorescence staining (magnification, x200). (C) Double immunofluorescence staining 
of aortic tissue samples with anti‑CD68, anti‑CD4, anti‑α‑SMA and anti‑TSP‑2 antibodies (magnification, x200). TSP‑2, thrombospondin‑2; AD, aortic 
dissection; α‑SMA, α‑smooth muscle actin; AD, aortic dissection. **P<0.01 vs. the control group.
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Vascular SMCs are important components of the aorta, 
accounting for >90% of the total number of inherent cells. 
Extracellular matrix material secretion is critical for the 
maintenance of the normal structure and function of the 
aorta and for the dynamic balance of the matrix (31). It has 
been reported that patients with AD display excessive SMC 
apoptosis in aortic tissues, which releases myosin heavy chains 
into the blood to significantly increase the level of circulating 

myosin heavy chains (21,32). The excessive loss of SMCs leads 
to the destruction of the dynamic balance of the extracellular 
matrix, resulting in structural and functional destruction of the 
aorta, which leads to increased susceptibility to AD (33,34). 
Therefore, excessive loss of SMCs is a fundamental factor 
of AD occurrence. In a recent study, Ye et al (29) reported 
that treatment of SMCs with plasma from patients with AD 
or patients with anti‑inflammatory and proinflammatory 

Table III. Univariate and multivariate linear regression analysis.

 Univariate Multivariate
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable β 95% CI P‑value β 95% CI P‑value

TSP‑2 (ng/ml) 0.464 0.294‑0.634 <0.001 0.245 0.178‑0.312 0.006
TNF‑α (pg/ml) 0.313 0.237‑0.389 <0.001 0.178 0.139‑0.217 0.014
IL‑6 (pg/ml) 0.287 0.216‑0.358 <0.001 0.142 0.107‑0.177 0.026
Male (n, %) 0.192 0.089‑0.295 0.042 0.084 0.038‑0.130 0.102
Age (years) 0.204 0.102‑0.306 0.158 ‑ ‑ ‑
Smoking (n, %) 0.377 0.262‑0.492 0.098 ‑ ‑ ‑
HBP (n, %) 0.109 0.058‑0.160 0.026 0.133 0.098‑0.168 0.039
Glu (mmol/l) ‑0.218 ‑0.312‑ ‑0.124 0.012 ‑0.131 ‑0.358‑ ‑0.096 0.032
SBP (mmHg) 0.098 0.069‑0.127 0.518 ‑ ‑ ‑
WBC (x109/l) 0.074 0.055‑0.093 0.414 ‑ ‑ ‑
CRP (mg/l) 0.215 0.124‑0.306 0.029 0.089 0.042‑0.136 0.374
D‑dimer (µg/ml) 0.128 0.094‑0.162 0.009 0.121 0.091‑0.151 0.047

CI, confidence interval; TSP‑2, thrombospondin‑2; TNF‑α, tumor necrosis factor‑α; IL‑6, interleukin‑6; HBP, high blood pressure; Glu, fasting 
glucose; SBP, systolic blood pressure; WBC, white blood cell; CRP, C‑reactive protein; ‑, not applicable.

Figure 2. Circulating TSP‑2 levels in patients with AD. (A) TSP‑2, (B) TNF‑α and (C) IL‑6 circulating expression levels in the four different groups were 
detected by ELISA. Correlation between TSP‑2 and (D) TNF‑α or (E) IL‑6 expression in patients with AD. TSP‑2, thrombospondin‑2; AD, aortic dissection; 
TNF‑α, tumor necrosis factor‑α; IL‑6, interleukin‑6; NAD, non‑AD.
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factor imbalance significantly increased Ang II‑induced SMC 
apoptosis, suggesting that the inflammatory response is a key 
mechanism regulating excessive SMC apoptosis. To further 
explore the possible mechanisms underlying the involvement 
of TSP‑2 during AD, Ang II‑treated cells were also treated 
with rmTSP‑2. The NF‑κB p65 signaling pathway is closely 
related to inflammatory regulation, and previous studies have 
confirmed that TSP‑2 regulates downstream inflammatory 
signals by activating the NF‑κB p65 signaling pathway (28,35); 
therefore, JSH‑23 was used to inhibit the NF‑κB p65 signaling 
pathway in SMCs in the present study. The results indicated that 
TSP‑2 treatment significantly increased Ang II‑induced SMC 
apoptosis. Furthermore, the proapoptotic effect of TSP‑2 was 
blocked by JSH‑23 and further prevented by TNF‑α or IL‑6 
neutralization. The results suggested that TSP‑2 may promote 
the expression of inflammatory factors and amplify their 
inflammatory effects by activating the NF‑κB p65 signaling 
pathway, thereby enhancing SMC apoptosis and positively 
regulating AD development. However, the aforementioned 
hypotheses require further investigation in vivo.

In conclusion, the present study suggested that TSP‑2 
may be closely related to the occurrence of AD, and TSP‑2 

downregulation may serve as a novel strategy for the prevention 
of AD.
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