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Objective: To study the correlation of serum HMGB1 and sTLT-1 contents with oxidative
stress response and endothelial injury in patients with ischemic stroke. Methods: The patients
who were diagnosed with ischemic stroke in Zhouzhi County People’s Hospital between
February 2015 and March 2017 were selected as the stroke group of the study, and healthy
subjects who received physical examination during the same period were selected as the
control group of the study. Serum was collected to determine the contents of HMGB1, sTLT-1,
oxidative stress reaction molecules and endothelial injury molecules. Results: Serum HMGB1,
sTLT-1, vWF, vWF-cp, sTM, ET-1, D-D, 8-OHdG, LPO and NOS contents of stroke group
were significantly higher than those of control group while T-SOD and GSH-Px contents were
significantly lower than those of control group; serum T-SOD and GSH-Px contents of stroke
patients with high HMBG-1 content were significantly lower than those of stroke patients
with low HMBG-1 content while 8-OHdG, LPO and NOS contents were significantly higher
than those of stroke patients with low HMBG-1 content; serum vWF, vWF-cp, sTM, ET-1 and
D-D contents of stroke patients with high sTLT-1 content were significantly higher than those
of stroke patients with low sTLT-1 content. Conclusion: The abnormally elevated HMGB1
and sTLT-1 in serum of patients with ischemic stroke can induce oxidative stress response and
aggravate endothelial injury.
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1. Introduction

triggering receptor expressed on myeloid cells-like transcript-1
(TLT-1), which participates in the regulation of thrombosis, platelet
activation and endothelial damage process[4]. The correlation of

Ischemic stroke is the most common type of stroke in clinic,

serum HMGB1 and sTLT-1 contents with oxidative stress response

which is basically pathologically characterized by atherosclerosis,

and endothelial injury in patients with ischemic stroke was analyzed

intracranial thromboembolism and cerebral ischemic ischemic

in the following study.

injury. In the course of ischemic stroke, oxidative stress and
endothelial injury are the important pathological links which are not
only involved in the formation of atherosclerosis and the change of
the atheromatous plaque nature, but also related to the brain tissue
injury after ischemia hypoxia[1,2]. At present, it is still unclear about
the specific mechanism of oxidative stress response and endothelial
injury in ischemic stroke. High mobility group box 1 (HMGB1) is a
nucleoprotein in mononuclear macrophages which is involved in the
process of inflammatory response and can affect the generation of
oxygen free radicals and regulate oxidative stress response[3]. sTLT-1
is the soluble form of platelet α granule membrane-bound protein
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2. Clinical information and research methods
2.1 General information of subjects
The patients who were diagnosed with ischemic stroke in Zhouzhi
County People’s Hospital between February 2015 and March 2017
were selected as the stroke group of the study, all of them were
consistent with the diagnostic criteria for ischemic stroke and with
the first onset, and the patients with autoimmune diseases and
infectious diseases were excluded. Healthy subjects who received
physical examination in Zhouzhi County People’s Hospital during
the same period were selected as the control group of the study.
There were 58 cases in the stroke group, including 31 male cases
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and 27 female cases that were 39-62 years old; there were 46 cases
in the control group, including 26 male cases and 20 female cases
that were 40-60 years old. There was no significant difference in

3.2 Serum oxidative stress index contents and their correlation
with HMBG-1

general data between the two groups (P>0.05).
Analysis of oxidative stress indexes T-SOD (U/mL), GSH-Px (U/

2.2 Research methods
2.2.1 Clinical sample collecting
3-5 mL of cubital venous blood was collected from the stroke group
and control group on admission and during examination respectively
and centrifuged to separate serum and then store it at -80 ℃.

2.2.2 Clinical index detecting
Enzyme-linked immunosorbent assay kit was used to detect serum
levels of HMBG-1, sTLT-1, vWF, vWF-cp, sTM, ET-1 and D-D in,
and the contents of T-SOD, GSH-Px, 8-OHdG, LPO, and NOS were
detected by radioimmunoprecipitation kit.

2.3 Statistical methods
SPSS 19.0 software was used to input and analyze data, the median
of HMBG-1 and sTLT-1 contents in patients with cerebral stroke
were calculated and used to divide them into those with high and low
HMBG-1 and sTLT-1 contents respectively, the measurement data
between two groups was by t test and P＜0.05 indicated statistical
significance in differences in test results.

3. Results
3.1 Serum HMBG-1 and sTLT-1 contents
Serum HMBG-1 and sTLT-1 contents of stroke group were
(79.41±9.55) pg/mL and (648.3±78.4) pg/mL respectively; serum
HMBG-1 and sTLT-1 contents of control group were (23.51±4.49)
pg/mL and (371.6±48.1) pg/mL respectively. After t test, serum
HMGB1 and sTLT-1 contents of stroke group were significantly
higher than those of control group (P<0.05).

mL), 8-OHdG (ng/mL), LPO (mmol/L) and NOS (U/mL) contents
between two groups of subjects was as follows: serum T-SOD and
GSH-Px contents of stroke group were significantly lower than
those of control group while 8-OHdG, LPO and NOS contents
were significantly higher than those of control group. Differences in
above oxidative stress indexes in serum were statistically significant
between two groups of subjects (P<0.05).
Analysis of T-SOD, GSH-Px, 8-OHdG, LPO and NOS contents
between cerebral stroke patients with different HMBG-1 contents
was as follows: serum T-SOD and GSH-Px contents of stroke
patients with high HMBG-1 content were significantly lower than
those of stroke patients with low HMBG-1 content while 8-OHdG,
LPO and NOS contents were significantly higher than those of stroke
patients with low HMBG-1 content. Differences in above oxidative
stress indexes in serum were statistically significant between stroke
patients with different HMBG-1 contents (P<0.05).

3.3 Serum endothelial injury index contents and their
correlation with sTLT-1
Analysis of serum endothelial injury indexes vWF (pg/mL), vWFcp (pg/mL), sTM (pg/mL), ET-1 (pg/mL) and D-D (μg/mL) contents
between two groups of subjects was as follows: serum vWF, vWFcp, sTM, ET-1 and D-D contents of stroke group were significantly
higher than those of control group. Differences in serum vWF,
vWF-cp, sTM, ET-1 and D-D contents were statistically significant
between two groups of subjects (P<0.05).
Analysis of serum vWF, vWF-cp, sTM, ET-1 and D-D contents
between cerebral stroke patients with different sTLT-1 contents was
as follows: serum vWF, vWF-cp, sTM, ET-1 and D-D contents of
stroke patients with high sTLT-1 content were significantly higher
than those of stroke patients with low sTLT-1 content. Differences in
serum vWF, vWF-cp, sTM, ET-1 and D-D contents were statistically
significant between stroke patients with different sTLT-1 contents
(P<0.05).

Table 1.
Comparison of serum T-SOD, GSH-Px, 8-OHdG, LPO and NOS between two groups of subjects.
Groups
Stroke group
Control group
t
P

n
58
46

T-SOD
66.3±9.3
117.6±15.2
8.958
＜0.05

GSH-Px
38.6±5.2
78.5±9.1
11.027
＜0.05

8-OHdG
572.5±72.4
257.3±33.6
12.375
＜0.05

LPO
13.2±1.6
3.2±0.6
29.585
＜0.05

NOS
56.2±7.8
23.1±3.5
13.218
＜0.05

Table 2.
Comparison of serum T-SOD, GSH-Px, 8-OHdG, LPO and NOS between stroke patients with different HMBG-1 contents.
HMBG-1 content
Low HMBG-1
High HMBG-1
t
P

n
29
29

T-SOD
85.2±11.4
47.6±5.7
9.181
＜0.05

GSH-Px
49.3±6.8
27.1±3.6
8.795
＜0.05

8-OHdG
394.5±52.6
760.2±93.5
8.138
＜0.05

LPO
8.3±1.1
18.7±2.3
12.385
＜0.05

NOS
40.2±5.7
74.1±8.9
9.382
＜0.05
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Table 3.
Comparison of serum endothelial injury indexes between two groups of subjects.
Groups
Stroke group
Control group
t
P

n
58
46

vWF
312.5±46.6
136.5±16.5
16.866
＜0.05

vWF-cp
84.9±9.5
36.1±5.2
12.351
＜0.05

sTM
13.2±1.8
4.5±0.7
19.283
＜0.05

ET-1
6.7±0.9
3.1±0.5
11.385
＜0.05

D-D
0.93±0.11
0.32±0.06
17.686
＜0.05

ET-1
4.6±0.7
9.0±1.3
9.185
＜0.05

D-D
0.67±0.09
1.21±0.18
8.492
＜0.05

Table 4.
Comparison of serum endothelial injury indexes between stroke patients with different sTLT-1 contents.
sTLT-1 content
Low sTLT-1
High sTLT-1
t
P

n
29
29

vWF
221.3±32.7
407.5±58.3
8.395
＜0.05

vWF-cp
66.4±8.2
102.1±13.9
7.786
＜0.05

sTM
7.6±0.9
19.4±2.6
13.478
＜0.05

T-SOD and GSH-Px contents of stroke group were significantly

4. Discussion
Oxidative stress is the important pathological change in the course
of ischemic stroke, which not only participates in the atherosclerotic
plaque formation and nature change, but is also closely related to
brain tissue damage after ischemia hypoxia[5,6]. The increase of
oxygen free radical generation is the characteristic of oxidative stress
reaction activation, but it is not clear about the regulation mechanism
of oxygen free radical generation in ischemic stroke. HMBG-1 is
a highly conservative nucleoprotein in mononuclear macrophage.
After stimulated by ischemia oxygen and so on, it can be massively
released to outside the cells, and then be combined with cell
membrane receptor to exert pro-inflammatory effect. The HMBG-1
in atherosclerotic plaques not only promotes the activation of
inflammatory responses and affects the stability of plaque, but also
increases the generation of oxygen free radicals and causes damage
to ischemic local brain tissue[7,8]. In the study, analysis of HMBG-1
content in serum of patients with stroke showed that serum HMBG-1
of stroke group was significantly higher than that of control group.
This indicates that the increase of HMBG-1 generation is involved in
the occurrence of ischemic stroke, and activating the inflammatory
response and oxidative stress may be the possible mechanism for
HMBG-1 to be involved in the progression of ischemic stroke.
After stroke, oxidative stress reaction activation and massive
oxygen free radical generation can on the one hand, directly react
with lipids and nucleic acids in cells to cause cellular structure
damage and generate 8-OHdG, LPO and other oxidation products,
and on the other hand, cause NOS activation and increase the release
of NO. Excessive release of NO can produce neurotoxicity and
cause cell damage[9,10]. At the same time, the continuous production
of oxygen free radicals can cause the continuous consumption of
antioxidant enzymes T-SOD and GSH-Px, resulting in the decrease
of antioxidant capacity. In the study, analysis of the changes in serum
the oxidative stress indexes in stroke patients indicated that serum

lower than those of control group while 8-OHdG, LPO and NOS
contents were significantly higher than those of control group.
This indicates that excessive activation of oxidative stress and the
excessive consumption of antioxidant enzymes are closely related
to the occurrence of ischemic stroke. Further analysis of the effect
of HMBG-1 on oxidative stress in patients with ischemic stroke
showed that serum T-SOD and GSH-Px contents of stroke patients
with high HMBG-1 content were significantly lower than those of
stroke patients with low HMBG-1 content while 8-OHdG, LPO and
NOS contents were significantly higher than those of stroke patients
with low HMBG-1 content. The results show that the abnormally
increased HMBG-1 could result in the aggravation of oxidative stress
response in the course of ischemic stroke, and lead to the increase in
both the generation of oxygen free radicals and the consumption of
antioxidant enzymes.
Endothelial injury is another important pathologic feature of
ischemic stroke. The endothelial structure and function injury will
on the one hand, promote the infiltration of inflammatory cells
and lipids in the endometrium and accelerate the formation of
foam cells and atheromatous plaque, and on the other hand, cause
the subendothelial collagen exposure and platelet activation, and
promote thrombosis[11,12]. In the process of endothelial injury,
the activation of platelet is a vital link, but the specific regulation
mechanism is not clear. TLT-1 is a protein stored in platelet α
granule, which can be combined with fibrous protein, moesin and
so on to promote platelet to form pseudopod and increase platelet
adhesion and aggregation[13]; sTLT-1 is a soluble form of platelet
surface TLT-1. In the case of increased TLT-1 expression, oxidative
stress and other external stimuli can lead to the increase of sTLT-1
shedding and generation[14]. In the study, analysis of sTLT-1 content
in serum of stroke patients showed that serum sTLT-1 content of
stroke group was significantly higher than that of control group. This
indicates that the increase in sTLT-1 generation is involved in the
occurrence of ischemic stroke, and activating endothelial injury may
be a possible mechanism for sTLT-1 to participate in the progression
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of ischemic stroke.
In the process of endothelial injury, multiple endothelial injury
markers will be massively released into the blood circulation. vWF

preconditioning via modulating the expression of adropin and oxidative
markers against transient cerebral ischemia in diabetic rats. Peptides
2016; 79: 31-38.

is the most important endothelial marker known at present, and

[6] Yaidikar L, Thakur S. Arjunolic acid, a pentacyclic triterpenoidal

vWF-cp can dissociate the vWF into segments without adhesion

saponin of Terminalia arjuna bark protects neurons from oxidative stress

activity and inhibit platelet activation and adhesion[15]; TM is the
glycoprotein which is distributed on the surface of endothelial
cells and is involved in the regulation of thrombus formation and
dissolution process; when endothelial cells are damaged, the TM
on cell surface is cracked under the action of elastase, enters the
blood circulation and becomes sTM[16]. ET-1 is a vasoconstrictor
active peptide synthesized and secreted by endothelial cells. The
secretion and release of ET-1 increase during stroke, which can
cause vasoconstriction and aggravate cerebral ischemia [17]. D-D
is a fibrinolytic product. In the process of endothelial injury and
platelet activation, clots are formed continuously and will activate
the fibrinolytic system and increase the generation of D-D. In the
study, analysis of the changes in serum endothelial injury indexes
in patients with stroke showed that serum vWF, vWF-cp, sTM,
ET-1 and D-D contents of stroke group were significantly higher
than those of control group. This indicates that there is excessive
endothelial injury in the course of ischemic stroke. Further analysis
of the effect of sTLT-1 on endothelial injury in patients with
ischemic stroke showed that serum vWF, vWF-cp, sTM, ET-1 and
D-D contents of stroke patients with high sTLT-1 content were
significantly higher than those of stroke patients with low sTLT-1
content. Therefore, the elevated sTLT-1 can result in the aggravation
of endothelial injury in the pathogenesis of ischemic stroke.
Serum HMGB1 and sTLT-1 contents increase remarkably in
patients with ischemic stroke; the abnormally elevated HMGB1 can
aggravate the oxidative stress response, and the abnormally elevated
sTLT-1 can aggravate the endothelial injury.

associated damage in focal cerebral ischemia and reperfusion. Pharmacol
Rep 2015; 67(5): 890-895.
[7] Nakamura Y, Nakano T, Irie K, Sano K, Tanaka J, Yamashita Y, et al.
Recombinant human soluble thrombomodulin ameliorates cerebral
ischemic injury through a high-mobility group box 1 inhibitory
mechanism without hemorrhagic complications in mice. J Neurol Sci
2016; 15(362): 278-282.
[8] Tsukagawa T, Katsumata R, Fujita M, Yasui K, Akhoon C, Ono K, et
al. Elevated serum high-mobility group box-1 protein level is associated
with poor functional outcome in ischemic stroke. J Stroke Cerebrovasc Dis
2017; 26(10): 2404-2411.
[9] Abogresha NM, Greish SM, Abdelaziz EZ, Khalil WF. Remote effect of
kidney ischemia-reperfusion injury on pancreas: role of oxidative stress
and mitochondrial apoptosis. Arch Med Sci 2016; 12(2): 252-262.
[10]Yaidikar L, Thakur S. Arjunolic acid, a pentacyclic triterpenoidal
saponin of Terminalia arjuna bark protects neurons from oxidative stress
associated damage in focal cerebral ischemia and reperfusion. Pharmacol
Rep 2015; 67(5): 890-895.
[11]Mu ZH, Jiang Z, Lin XJ, Wang LP, Xi Y, Zhang ZJ, et al. Vessel dilation
attenuates endothelial dysfunction following middle cerebral artery
occlusion in hyperglycemic rats. CNS Neurosci Ther 2016; 22(4): 316324.
[12]Li M, Qian M, Xu J. Vascular endothelial regulation of obesity-associated
insulin resistance. Front Cardiovasc Med 2017; 9(4): 51.
[13]Jolly L, Lemarie J, Carrasco K, Popovic B, Derive M, Boufenzer A, et al.
Triggering receptor expressed on myeloid cells-1: a new player in platelet
aggregation. Thromb Haemost 2017; 117(9): 1772-1781.
[14]Zheng H, Liu CC, Atagi Y, Chen XF, Jia L, Yang L, et al. Opposing roles
of the triggering receptor expressed on myeloid cells 2 and triggering

References
[1] B
 ong JB, Kang HG, Choo IS. Acute cerebral infarction after pyrethroid
ingestion. Geriatr Gerontol Int 2017; 17(3): 510-511.
[2] Kobayashi A, Tamura A, Ichihara T, Minagawa T. Factors associated with
changes over time in medication-taking behavior up to 12 months after
initial mild cerebral infarction onset. J Med Invest 2017; 64(12): 85-95.
[3] H
 endrix P, Foreman PM, Harrigan MR, Fisher WS Rd, Vyas NA, Lipsky
RH, et al. Impact of high-mobility group box 1 polymorphism on delayed
cerebral ischemia after aneurysmal subarachnoid hemorrhage. World
Neurosurg 2017; 101: 325-330.

receptorexpressed on myeloid cells-like transcript 2 in microglia
activation. Neurobiol Aging 2016; 42: 132-141.
[15]Gragnano F, Sperlongano S, Golia E, Natale F, Bianchi R, Crisci M,
et al. The role of von willebrand factor in vascular inflammation:
from pathogenesis to targeted therapy. Mediators Inflamm 2017; 2017:
5620314.
[16]Wu S, Hao G, Zhang S, Jiang D, Wuren T, Luo J. Cerebral
vasoconstriction reactions and plasma levels of ETBR, ET-1, and eNOS
in patients with chronic high altitude disease. Mol Med Rep 2016; 14(3):
2497-2502.

[4] Esponda OL, Hunter R, Del Rio JR, Washington AV. Levels of soluble

[17]Tan XL, Xue YQ, Ma T, Wang X, Li JJ, Lan L, et al. Partial eNOS

TREM-like transcript 1 in patients presenting to the emergency

deficiency causes spontaneous thrombotic cerebral infarction, amyloid

department with chest pain. Clin Appl Thromb Hemost 2015; 21(1): 30-34.

angiopathy and cognitive impairment. Mol Neurodegener 2015; 24(10):

[5] Altintas O, Kumas M, Altintas MO. Neuroprotective effect of ischemic

24.

