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CORRELATION BETWEEN SERUM EHSP70 LEVEL AND SERUM ANG-2, ISS SCORE AND APACHE 
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ABSTRACT

Objective: To study the correlation between serum extracellular heat shock protein 70 (eHSP70) level and serum angiopoietin 2 
(Ang 2), acute physiology and chronic health evaluation II (APACHE II), and injury severity score (ISS) in trauma patients. 

Methods: Forty-eight trauma patients who were treated in our hospital from June 2018 to December 2019 were collected and 
divided according to ISS score into a mild trauma group (ISS score ≤ 16 points, 18 cases), a moderate trauma group (16 points <ISS 
score <25 points, 16 cases), and a severe trauma group (ISS score ≥ 25 points, 14 cases). Another 22 adults under physical examination 
in our hospital were selected as the normal control group. The peripheral blood of each group was drawn for testing, and the serum 
eHSP70 and Ang 2 levels, APACHE II, and ISS score were compared.  According to the prognosis of trauma patients, they were divided 
into survival group and death group, and the serum eHSP70 and Ang 2 levels of the subjects in each group were compared. The 
correlation between the serum eHSP70 level, Ang 2 level, ISS score, and APACHE Ⅱ of trauma patients was further analyzed. 

Results: The APACHE II and ISS score of patients in the mild trauma group, moderate trauma group, and severe trauma group 
were significantly higher than those in the normal control group (P<0.05). Moreover, the APACHE II and ISS scores in the mild and 
moderate trauma groups were significantly lower than those in the severe trauma group (P<0.05). No significant difference was 
revealed in APACHE II between the mild trauma group and the moderate trauma group (P>0.05). The ISS score in the moderate 
trauma group was significantly higher than that in the mild trauma group (P<0.05). The levels of eHSP70 and Ang 2 in the mild trauma 
group, moderate trauma group, and severe trauma group were significantly higher than those in the normal control group (P<0.05). 
The levels of eHSP70 and Ang 2 in the mild and moderate trauma groups were significantly lower than those in the severe trauma 
group (P<0.05). No significant difference was seen in the levels of eHSP70 and Ang 2 between the mild trauma group and the moderate 
trauma group (P>0.05). The eHSP70 and Ang 2 levels in the survival group were significantly higher than those in the normal control 
group (P<0.05). The eHSP70 and Ang 2 levels in the death group were significantly higher than those in the survival group (P<0.05). 
eHSP70 was taken as the dependent variable, and Ang 2, ISS score, and APACHE Ⅱ were taken as independent variables to analyze 
the correlation. Results showed that eHSP70 was positively correlated to Ang 2, ISS score, and APACHE Ⅱ (P<0.05). 

Conclusion: The serum eHSP70 and Ang 2 levels, ISS score, and APACHE Ⅱ of trauma patients are significantly increased, and 
the serum eHSP70 level is positively correlated to Ang 2 level, ISS score, and the APACHE Ⅱ of trauma patients. 
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Introduction

Trauma caused by falls and traffic has become 
one of the public hazards that threatens human life 
and health in modern society. Trauma can cause 
a series of related biological effects in the body, 
including endothelial cell dysfunction in severe 
cases, which leads to subsequent infections and 
multiple organ tissue disorders, possibly endangering 

the lives of patients(1, 2). At present, the study of the 
pathogenesis of trauma and intervention methods is 
not deep enough, so treatment has become the focus 
and challenge of clinical practice. 

Clinical reports have shown that tissue muscle 
cells will secrete relevant endogenous substances 
under injury and stimulation that can bind to pattern-
recognition receptors and cooperate with pathogen-
related molecules to further activate the innate 
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immune system, which ultimately leads to increased 
tissue and organ damage(3). Extracellular heat shock 
protein70 (eHSP70) is an endogenous substance 
with an immune activity regulation function, which 
acts as a “molecular chaperone” in cells(4). Clinical 
studies have shown that eHSP70 can participate in 
anti-apoptosis, anti-oxidative stress, and other links, 
which also have immune regulation functions(5). 

Clinical statistics have suggested that the 
expression level of angiopoietin-2 (Ang 2) of 
patients increased significantly in the early stage 
of trauma without factors such as bacteria and 
infection; therefore, it can be believed that in 
addition to bacteria and infection, there is also a 
class of substances that will act to increase Ang 2(6). 
The acute physiology and chronic health evaluation 
II (APACHE II) and injury severity score (ISS) can 
predict the severity and prognosis of critically ill 
patients, creating treatment conditions for medical 
staff to timely and effectively improve the rescue 
success rate(7). 

However, there are few studies on the relevance 
of the above serum indicators and scores in trauma 
patients. Therefore, this study aims to explore these 
relationships, and the results are as follows. 

Materials and methods

General data
Forty-eight trauma patients who were treated in 

our hospital from June 2018 to December 2019 were 
selected. 

Inclusion criteria for the study comprised the 
following factors:

• Patients with sudden acute trauma; 
• Patients who had 2 or more anatomical parts 

or organ injuries, and one of them was a fatal injury; 
• The patient and family members signed an 

informed consent form; 
• The study had submitted an application to 

the ethics committee of our hospital and obtained 
approval. 

Exclusion criteria for the study comprised: 
• Those with acute cerebrovascular disease and 

malignant tumors; 
• Patients who had used drugs that affect 

immune function in the past 3 months; 
• Those who drank a lot of alcohol before the 

injury or took sedative drugs; 
• Those with heart, liver, or kidney dysfunction. 
According to the ISS score, 48 trauma patients 

were divided into a mild trauma group (ISS score 

≤16 points), a moderate trauma group (16 points 
<ISS score <25 points), and a severe trauma group 
(ISS score ≥25 points). Eighteen patients were in 
the mild trauma group, including 10 male patients 
and 8 female patients, with an average age of 36.15 
(±5.49) years. Sixteen patients were in the moderate 
trauma group, with 8 male and 8 female patients and 
an average age of 35.01 (±5.96) years. 

Finally, 14 patients were in the severe trauma 
group, 8 male and 6 female patients, with an average 
age of 37.86 (±4.89) years. In addition, 22 adults who 
received a physical examination in our hospital during 
the same period were collected as the normal control 
group, including 12 males and 10 females, with an 
average age of 35.16 (±5.19) years. No statistically 
significant difference in the general data of subjects 
in each group was identified after statistical software 
testing (P>0.05).    

Method
The peripheral blood of subjects in each group 

was separately extracted into a centrifuge tube and 
placed in a tabletop centrifuge at 3000 r·min−1 for 5 
min. After centrifugation, the supernatant was taken 
and placed in an ultra-low temperature refrigerator at 
−80°C for experimentation.

Observation indicators 
• The levels of eHSP70 and Ang 2 in the 

serum of each group of experimental subjects were 
measured by enzyme-linked immunosorbent assay 
(ELISA). 

• The APACHE II, ISS score, and statistical 
analysis were performed on all subjects in each 
group. 

• According to the prognosis of trauma patients, 
they were divided into a survival group or death 
group, and the serum eHSP70 and Ang 2 levels of 
subjects in each group were compared.

• Pearson’s correlation coefficient was used 
to analyze the correlation between serum eHSP70 
level and Ang 2 level, ISS score, and APACHE Ⅱ in 
trauma patients.

Statistical methods 
All data in this study are processed and 

analyzed using SPSS23.0. Measurement data with 
a normal distribution and uniform variance were 
expressed as (x±s), and the two independent samples 
of normal distribution were assessed using a t-test. 
Single-factor analysis of variance was used for multi-
sample comparisons. A correlation analysis between 
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serum eHSP70 level, Ang 2 level, ISS score, and 
APACHE Ⅱ of trauma patients was processed by 
Pearson’s correlation, and P<0.05 was regarded as a 
statistically significant difference. 

Results  
   
Comparison of APACHE II and ISS score in 

patients with different trauma levels 
The APACHE II and ISS scores of patients 

in the mild trauma group, moderate trauma group, 
and severe trauma group were significantly higher 
than those in the normal control group (P<0.05). 
Levels in the mild and moderate trauma groups 
were significantly lower than those in the severe 
trauma group (P<0.05). No significant difference 
was demonstrated in APACHE II between the 
mild trauma group and the moderate trauma group 
(P>0.05). The ISS score of patients in the moderate 
trauma group was significantly higher than that in 
the mild trauma group (P<0.05). See Table 1. 

Comparison of serum eHSP70 and Ang 2 
levels in patients with different trauma levels

The levels of eHSP70 and Ang 2 in the mild 
trauma group, moderate trauma group, and severe 
trauma group were significantly higher than those in 
the normal control group (P<0.05). The levels in the 
mild and moderate trauma groups were significantly 
lower than those in the severe trauma group (P<0.05). 
There was no significant difference in the levels of 
eHSP70 and Ang 2 between the mild trauma group 
and the moderate trauma group (P>0.05).

Comparison of eHSP70 and Ang 2 levels 
between the survival group and the death group 

The eHSP70 and Ang 2 levels in the survival 
group were significantly higher than those in the 
normal control group (P<0.05). The eHSP70 and Ang 
2 levels in the death group were significantly higher 
than those in the survival group (P<0.05). See Table 3.

Correlation analysis of serum eHSP70 level 
and Ang 2 level, ISS score, and APACHE Ⅱ in 
trauma patients

eHSP70 was taken as the dependent variable, 
and Ang 2, ISS score, and APACHE Ⅱ were taken 
as independent variables to analyze the correlation. 
eHSP70 was positively correlated to Ang 2, ISS 
score, and APACHE Ⅱ (P<0.05). See Table 4. 

Discussion

At present, the risk of severe trauma in humans 
is increasing daily, and the mortality of patients is 
also increasing. Therefore, it is particularly important 
to explore methods that can effectively diagnose and 
treat trauma patients. 

Clinical studies have shown that when 
predicting the prognosis of patients with multiple 
injuries in the emergency department, a combination 
of physiological-based quick scoring measures 
and ISS scores can be selected(8). Therefore, this 

Groups n APACHE II (points) ISS (points)

Normal control group 22 0.00 0.00

Mild trauma group 18 9.41±3.81* 10.01±3.02*

Moderate trauma group 16 9.22±3.91* 18.23±1.21*#

Severe trauma group 14 20.81±5.81* 30.22±4.51*

Groups n eHSP70 (ng/mL) Ang 2 (pg/mL)

Normal control group 22 1.44±0.39 455.91±136.12

Mild trauma group 18 4.40±0.40* 2130.11±1025.36*

Moderate trauma group 16 4.95±0.56* 3380.25±1589.87*

Severe trauma group 14 13.04±3.92* 8990.12 ± 3102.46*

Groups n eHSP70 (ng/mL) Ang 2 (pg/mL)

Normal control group 22 1.44±0.39 455.91±136.12

Survival group 37 4.49±1.23* 965.48±201.15*

Death group 11 13.04±2.49*# 8825.15±3025.13*#

Indicators
eHSP70

r P

Ang2 0.576 0.015

ISS 0.459 0.042

APACHE Ⅱ 0.323 0.039

Table 1: Comparison of APACHE II and ISS scores in 
patients with different trauma levels (x±s). 
Note: Compared with the normal control group, *P<0.05; com-
pared with the mild trauma group, #P<0.05; compared with the 
severe trauma group, P<0.05.

Table 2: Comparison of serum eHSP70 and Ang 2 levels 
in patients with different trauma levels (x±s). 
Note: Compared with the normal control group, *P<0.05; com-
pared with the mild trauma group, #P<0.05; compared with the 
severe trauma group, P<0.05.

Table 3: Comparison of eHSP70 levels between the sur-
vival group and the death group at different time periods 
(x±s). 
Note: Compared with the normal control group, *P<0.05; com-
pared with the survival group, #P<0.05.

Table 4: Correlation analysis between serum eHSP70 le-
vel and Ang 2 level, ISS score, and APACHE Ⅱ score.
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study used APACHE Ⅱ and ISS scores to evaluate 
the patient’s condition. The results found that the 
severe trauma group had the highest APACHE Ⅱ 
and ISS scores. eHSP70 is the current hot spot 
for molecular research on injury-related patterns 
and can be detected in the serum of people with 
pregnancy, hypertension, and rheumatoid arthritis(9). 
Clinical reports have shown that the release of cell 
necrosis and the active secretion of the cell are the 
main pathways for the formation of eHSP70. Some 
scholars have proposed that recombinant HSP70 
can activate macrophages, thereby promoting 
intracellular calcium levels and cytokine secretion, 
ultimately aggravating the damage(10). Other scholars 
found that eHSP70 can act on the contractile 
function of cardiomyocytes to a certain extent and 
play an important role; in addition, eHSP70 can 
also promote cancer cell growth and inhibit cell 
apoptosis(11). The above results indicate that the 
increase of serum eHSP70 level can participate 
in the pathophysiology of trauma. Many reports 
have confirmed that eHSP70 can be used as a sign 
of death in male patients with severe head trauma, 
and its increased level is expected to become an 
important reference indicator for evaluating severe 
head injury(12). Scholars have shown that eHSP70 is 
significantly increased in the serum of children who 
died of craniocerebral injury, which is an important 
marker for evaluating the mortality of children with 
severe traumatic craniocerebral injury. However, the 
sample size of this report is too small and insufficient 
to confirm this conclusion(13). 

Ang 2 can be used as an important reference 
for the dysfunction of vascular endothelial cells 
that exists in the Weibel–Palade body. Under the 
induction of many factors, the Weibel–Palade body 
can secrete Ang 2 in exocellular form, leading to the 
destruction of the endothelium, and then playing an 
important role in the physiological and pathological 
process of septic shock and other diseases(14). Human 
sepsis-related reports showed that the plasma Ang 2 
level in patients with septic shock is significantly 
higher than that in a normal control group. In 
addition, the blood circulation Ang 2 level is closely 
related to the severity of the disease and the risk of 
death in patients with sepsis(15). Animal experiments 
confirmed that the level of Ang 2 in the sepsis 
group was significantly increased. After in-depth 
research, it was concluded that recombinant Ang 2 
can cause damage to the endothelial barrier function 
and structure. The above results all indicate that the 
destruction of endothelial cells in trauma patients 

could lead to an increase in Ang 2 levels.  Previous 
reports have suggested that Ang 2 can be highly 
expressed in sepsis caused by cells and fungi, and its 
level is positively correlated with APACHE Ⅱ and the 
sequential organ failure score, which can be used as 
an independent risk factor for the severity of patients 
with sepsis. Other scholars have found that changing 
the expression level of the Toll-like receptor 2 can 
lead to changes in the endothelial cell Weibel–Palade 
body exocytosis, which in turn leads to an increase 
in Ang 2 levels. This study showed that the levels 
of eHSP70 and Ang 2 in the severe trauma group 
increased significantly compared with the other two 
groups. Moreover, the levels increased after trauma, 
indicating that severe trauma patients suffered more 
damage, tissue cells suffered greater damage, and 
the stress response of patients was strong. Therefore, 
both eHSP70 and Ang 2 can be used as biological 
markers for evaluating the condition of trauma 
patients. We found that the eHSP70 and Ang 2 levels 
in the death group were significantly higher than 
those in the survival group (P<0.05), showing that 
eHSP70 and Ang 2 levels can be used as important 
reference indicators for evaluating the prognosis of 
trauma patients. In addition, we used the Pearson 
correlation coefficient to analyze the correlation 
between serum eHSP70 levels and Ang 2 levels, ISS 
scores, and APACHE Ⅱ scores. 

We found that serum eHSP70 in trauma patients 
was positively correlated with Ang 2, ISS scores, 
and APACHE Ⅱ scores (P<0.05).

In summary, the serum levels of eHSP70, Ang 
2, ISS score, and APACHE Ⅱ of trauma patients 
were significantly increased in comparison to the 
control group. In addition, the serum eHSP70 level 
was positively correlated with the Ang 2 level, ISS 
score, and APACHE Ⅱ scores of trauma patients.
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