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Associations of high-mobility group
box 1 and receptor for advanced glycation
end products with acute lung injury in
patient with acute aortic dissection
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SUMMARY

OBJECTIVE: To investigate the associations of high-mobility group box 1 and its specific receptor, receptor for advanced glycation end
products with acute lung injury in patients with acute aortic dissection.

METHODS: A total of 96 acute aortic dissection patients were divided into acute aortic dissection with acute lung injury group (38 cases)
and acute aortic dissection without acute lung injury group (58 cases), according to partial pressure of oxygen/fraction of inspired oxygen.
In addition, 44 healthy individuals were selected for the control group. The blood samples were taken. The serum high-mobility group
box 1 and receptor for advanced glycation end products levels were detected by enzyme-linked immunosorbent assay, and the partial
pressure of oxygen/fraction of inspired oxygen was measured.

RESULTS: 24 h after admission, the high-mobility group box 1 and receptor for advanced glycation end products levels in acute aortic
dissection with acute lung injury and acute aortic dissection without acute lung injury groups were significantly higher than those in
the control group, respectively (p<0.05), and each index in acute aortic dissection with acute lung injury group was significantly higher
than that in acute aortic dissection without acute lung injury group (p<0.05). At each time point within 96 h after admission, compared
with acute aortic dissection without acute lung injury group, in acute aortic dissection with acute lung injury group, the high-mobility
group box 1 and receptor for advanced glycation end products levels were increased, respectively, and the partial pressure of oxygen/
fraction of inspired oxygen was decreased. The correlation analysis showed that, in acute aortic dissection patients, the high-mobility
group box 1 and receptor for advanced glycation end products levels were negatively correlated with partial pressure of oxygen/fraction
of inspired oxygen, respectively (p<0.05).

CONCLUSIONS: The serum high-mobility group box 1 and receptor for advanced glycation end products levels may be associated
with the occurrence of acute lung injury in acute aortic dissection patients. Monitoring the high-mobility group box 1 and receptor for
advanced glycation end products levels can evaluate the risk of acute aortic dissection with acute lung injury .
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Associations of high-mobility group box 1 and receptor for advanced glycation end products with acute lung injury in acute aortic dissection

INTRODUCTION

Acute aortic dissection (AAD) is a serious cardiovascular dis-
ease. In AAD, the blood flows into the cystic-degenerated mid-
dle aortic layer through the avulsion of aortic intima to form a
dissection hematoma that expands in the aorta driven by blood
pressure’. Acute lung injury (ALI) is one of the common compli-
cations of AAD. It is characterized by diffuse alveolar epithelial
cell injury and increased capillary permeability. The incidence
of AAD complicated ALI is more than 50%?. AAD with ALI
can prolong the time of ventilator use, prolong the length of
hospital stay, increase the treatment cost, increase the mortal-
ity, and seriously affect the prognosis of patients*. Therefore, it
is of great significance to study the pathogenesis of AAD with
ALI for improving the prognosis of patients. The mechanism of
AAD with ALI has not been fully elucidated. It is well known
that the changes in cellular and biochemical regulatory pathways
eventually lead to the AAD with ALI These changes include
the increased inflammatory response and oxidative stress, and
matrix metalloproteinases™®.

High-mobility group box 1 (HMGB1) is a member of
HMGB family. It is located on human chromosome 13q12 and
consists of 215 amino acid residues’. As a nuclear nonhistone
protein, HMGB1 has a strong pro-inflammatory effect and
plays a key role in the initiation and maintenance of inflam-
matory cascade reaction®. When the body is in a steady state
without external stimulation, HMGB1 mainly exists in the
nucleus. Under stress condition, HMGBI1 is secreted outside
the cell through nonclassical or passive release pathway. It inter-
acts with the specific receptor, receptor for advanced glycation
end products (RAGE), to activate the mitogen-activated pro-
tein kinase pathway and nuclear factor kappa B, thus induc-
ing the secretion of tumor necrosis factor 0., interleukin 1f,
interleukin 6, and other inflammatory factors that produce the
inflammatory cascade reaction’. Therefore, the HMGBI and
RAGE may be related to AAD with ALI. This stcudy monitored
the expression levels of HMGB1 and RAGE in AAD patients
complicated with ALI, analyzed the associations of HMGB1
and RAGE with oxygenation index (partial pressure of oxy-
gen/fraction of inspired oxygen, PaO,/FO,), and explore their
clinical significances.

SUBJECTS AND METHODS

Subjects
A total of 96 AAD patients treated in our hospital from
January 2018 to June 2020 were enrolled in this study.
There were 58 males and 38 females. The age of patients was
33-82 years old, with average age of 76.324+10.34 years old.

There were 59, 30, 78, and 32 cases with smoking history,
diabetes history, hypertension history, and coronary heart
disease history, respectively. The erythrocyte sedimentation
rate was 4.47%1.27 mm/h. The serum creatinine level was
90.05%22.19 nmol/mL. The serum brain natriuretic peptide
level was 102.05%25.24 pg/mL. The prothrombin time was
13.99%1.52 s and the ejection fraction was 64.12£11.05%.
According to the PaO,/FiO, under static oxygen inhalation,
the patients were divided into AAD with ALI group (38 cases)
and AAD without ALI group (58 cases). In addition, 44 healthy
individuals receiving physical examination were randomly
selected as the control group. This study was approved by the
ethics committee of Hainan General Hospital. The signed

informed consent was obtained from all subjects.

Inclusion and exclusion criteria
The inclusion criteria were as follows:
1. the AAD was confirmed by computed tomography
angiography or digital subtraction angiograph;
2. the patients were admitted within 24 h after AAD
onset; and
3. the patients received the conservative treatment for

more than 4 days after admission.

The exclusion criteria were as follows:

1. the patients were admitted after 24 h from AAD onset;

2. the patients received surgery (interventional therapy)
or died within 4 days after admission;

3. the patients had malignant tumor or immune diseases;

4. the patients had taken anti-inflammatory drugs or
immunosuppressants; and

5. the patients had the respiratory disease history.

Study method

After admission, the patients were immediately admitted to the
intensive care unit, and were given oxygen inhalation, electro-
cardiogram monitoring, analgesia, antihypertension, defeca-
tion, and other symptomatic treatment. The mechanical ven-
tilation was performed, if necessary. For all patients, the arterial
blood was drawn every 4 h after admission. The PaO,/FiO,
was measured. At the corresponding time point, the elbow venous
blood was drawn. The blood was centrifuged at 3000 r/min
for 15 min. The supernatant was obtained and stored at -80°C in
a refrigerator for testing. The levels of HMGB1 and RAGE were
detected by enzyme-linked immunosorbent assay. The detection
operations were in strict accordance with the instruction of kits.
In the control group, the morning fasting elbow venous blood
was drawn only once. The detection operations of HMGB1
and RAGE were the same with those in AAD patients.
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Statistical analysis

All statistical analysis was carried out using SPSS 20.0
software (SPSS Inc., Chicago, IL, USA). The enumeration
data were presented as number and rate, and the compari-
son between AAD with ALT and AAD without ALI groups
was performed using %* test. The measurement data were
expressed as the meantstandard deviation. The compari-
son between AAD with ALl and AAD without ALI groups
was performed using t-test. The comparison among AAD
with ALI, AAD without ALI, and the control groups was
performed using analysis of variance. The correlations of
HMGBI, RAGE, and PaO,/FiO, were analyzed by Spearman’s
rank correlation analysis. P<0.05 was considered as statis-
tically significant.

RESULTS

General information of acute

aortic dissection patients
General information of AAD patients was shown in Table 1.
There was no significant difference of gender, age, smoking
history, diabetes history, hypertension history, coronary heart
disease history, erythrocyte sedimentation rate, serum creati-
nine level, serum brain natriuretic peptide level, prothrombin
time, or ejection fraction between AAD with ALI group and
AAD without ALI group (p>0.05).

Comparison of high-mobility group box
1 and receptor for advanced glycation
end products levels among acute aortic
dissection with acute lung injury, acute
aortic dissection without acute lung
injury, and control groups

As shown in Table 2, the levels of HMGB1 and RAGE at 24 h
after admission in AAD with ALl and AAD without ALI groups
were significantly higher than those in the control group, respec-
tively (p<0.05). Compared with AAD without ALI group, the
levels of HMGBI and RAGE in AAD with ALI group were
significantly increased, respectively (p<0.05).

Table 2. Comparison of high-mobility group box 1 and
receptor for advanced glycation end products levels among
acute aortic dissection with acute lung injury, acute aortic
dissection without acute lung injury, and the control groups.

“ HMGB1 (ng/mL) | RAGE (ug/L)

AAD with ALl 89.21+18.21% | 105.21+20.87%
ﬁﬁD without | oo | 49 9447.050 | 73.75412.33
Control 44 12.95+3.29 22.78+4.40
F 521.770 385.336

t <0.001 <0.001

AAD: acute aortic dissection; ALL: acute lung injury; HMGB 1: high-mobility group
box 1; RAGE: receptor for advanced glycation end products. 2p<0.05 compared
with the control group. *p<0.05 compared with AAD without ALI group.

Table 1. General information of acute aortic dissection patients.

Gender, n (%) 0.167 0.683

Male 22 (57.89) 36 (62.07)

Female 16 (42.11) 22 (37.93)
Age (years) 77.58+8.05 75.04+7 .44 1.583 0.117
Smoking history, n (%) 23 (60.53) 36 (62.07) 0.023 0.879
Diabetes history, n (%) 12 (31.58) 18 (31.03) 0.003 0.955
Hypertension history, n (%) 30 (78.95) 48 (82.76) 0.219 0.640
CHD history, n (%) 13 (34.21) 19 (32.76) 0.022 0.883
ESR (mm/h) 4.33+1.04 4.70+0.98 1.766 0.081
Creatinine (nmol/mL) 92.23+20.04 88.06+17.83 1.067 0.289
BNP (pg/mL) 103.27423.04 99.36+18.27 0.924 0.358
Prothrombin time (s) 14.16%1.05 13.67£1.23 1.777 0.079
Ejection fraction (%) 65.06+9.32 63.70+8.04 0.761 0.449

AAD: acute aortic dissection; ALI: acute lung injury; CHD: coronary heart disease; ESR: erythrocyte sedimentation rate; BNP: brain natriuretic peptide.
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Changes of high-mobility group box 1,
receptor for advanced glycation end
products, and partial pressure of oxygen/
fraction of inspired oxygen in
acute aortic dissection patients
within 96 h after admission

The changes of HMGB1, RAGE, and PaO,/FiO, in AAD
patients within 96 h after admission were shown in Figure 1.
After admission, in both AAD with ALI and AAD with-
out ALI groups, the HMGB1 and RAGE levels increased
gradually, and the PaO,/FiO, decreased gradually. With the
extension of time, the HMGB1 and RAGE levels reached
the highest value, followed by gradually decreasing, and the
PaO,/FiO, reached the lowest value, followed by gradually
increasing. At each time point, compared with AAD with-
out ALI group, in AAD with ALI group, the HMGB1 and
RAGE levels were increased, respectively, and the PaO,/FiO,
was decreased (Figure 1).

Correlations of high-mobility group
box 1, receptor for advanced glycation
end products, and partial pressure of
oxygen/fraction of inspired oxygen in
acute aortic dissection patients
The Spearman rank correlation analysis showed that, in
96 AAD patients, the HMGB1 level was negatively correlated
with PaO,/FiO, (r=-0.978, p<0.001). The RAGE level was
negatively correlated with PaO_/FiO, (r=-0.944, p<0.001).
The HMGBI level was positively correlated with RAGE
(r=0.978, p<0.001).

DISCUSSION

The pathogenesis of AAD with ALI has not been fully clarified,
and it is closely related to the excessive inflammatory cascade reac-
tion. When AAD occurs, the aortic intima is avulsed. The blood
flows into the aortic false lumen and contact with the extracellular
matrix of aortic media. This leads to the activation of inflammatory
cells and release of a large number of inflammatory mediators and
pro-inflammartory factors, which then mediate the waterfall-like
inflammatory cascade reaction'®'". There are extensive capillary
beds in lung tissue, where the inflammatory cells gather. In ADD,
these inflammatory cells are activated in the lung tissue. They release
the inflammatory mediators that damage the pulmonary capillary
endothelial cells. This leads to the increased microvascular perme-
ability, decreased alveolar compliance, increased intrapulmonary
shunt, and intractable hypoxemia'?. Therefore, the oxygenation
index PaO /FiO, is an important indicator of AAD with ALL

HMGB1/RAGE signaling pathway exists in the constituent
cells of various respiratory systems, and plays an important role
in the pathogenesis of various respiratory diseases. Under stress
condition, HMGBL is released from the nucleus to the cyto-
plasm and further the extracellular matrix. It is internalized to
the lysosome through the RAGE-mediated endocytosis, fur-
ther transferring and activating the appropriate activation path-
ways'>!. Tt is suggested that the intervention of HMGB1/RAGE
signaling pathway can inhibit the inflammatory response'.
Zhou et al.' have found that inhibition of long noncoding
RNA nuclear paraspeckle assembly transcript 1 can inhibit the
activation of HMGB1/RAGE signaling pathway, thus antago-
nizing the lipopolysaccharide-induced acute injury and inflam-
matory response of alveolar epithelial cells. In our study, 24 h

FiO,: partial pressure of oxygen/fraction of inspired oxygen.

AAD: acute aortic dissection; ALI: acute lung injury; HMGB 1: high-mobility group box 1; RAGE: receptor for advanced glycation end products; PaO,/

Figure 1. Changes of high-mobility group box 1, receptor for advanced glycation end products, and partial pressure of
oxygen/fraction of inspired oxygen in acute aortic dissection patients within 96 h after admission.
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after admission, the HMGB1 and RAGE levels in AAD with
ALI and AAD without ALI groups were significantly higher
than those in the control group. This indicates that, whether
with or without ALI, the HMGB1 and RAGE levels in AAD
patients are higher than those in healthy people.

In this study, within 96 h after admission, in both AAD
with ALI and AAD without ALI groups, the HMGB1 and
RAGE levels increased gradually, followed by decreasing, and
the PaO,/FiO, decreased gradually, followed by increasing.
At each time point within 96 h after admission, compared
with AAD without ALI group, in AAD with ALI group, the
HMGBI and RAGE levels were increased, and the PaO,/FiO,
was decreased. The correlation analysis showed that, in
AAD patients, HMGB1 and RAGE levels were negatively
correlated with PaO /FiO,, respectively. This suggests that
the activation of HMGB1/RAGE signaling pathway may
be the key factor of ALI in AAD patients. The higher the
HMGBI1 and RAGE levels are, the more severe the inflam-
matory reaction is, and the more severe the lung injury
is. With the decrease of HMGB1 and RAGE levels, the

inflammatory reaction is decreased, and the lung injury is
mitigated. They are closely related.

In conclusion, the serum HMGB1 and RAGE levels may
be associated with the occurrence of ALI in AAD patients.
The HMGB1/RAGE signaling pathway may play an important
role in AAD with ALI With the increase of HMGB1 and RAGE
levels, the degree of ALI is gradually aggravated. Monitoring the
HMGBI1 and RAGE levels can evaluate the risk of AAD with
AL which plays a good warning role in clinical practice. In-depth
study of HMGB1/RAGE signaling pathway may provide poten-
tial therapeutic target for AAD patients with ALL The limitation
of this study is that the sample size is relatively small which may
affect the results. In our subsequent studies, the sample size should
be enlarged further for obtaining more convincing outcomes.
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