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Abstract. Trends of early expression levels of heat shock 
protein 70 (Hsp70) and Annexin A1 (ANXA1) in serum of 
patients with acutely severe traumatic brain injury and the 
effects on clinical prognosis were investigated. Eighty-four 
patients with severe traumatic brain injury admitted to Binzhou 
Center Hospital from June 2014 to July 2017 were selected as 
the experimental group. Glasgow coma scale and acute physi-
ology and chronic health evaluation II (APACHE II) score 
were obtained after admission. A further 75 healthy subjects 
were selected as the control group. Serum expression of Hsp70 
and ANXA1 in the two groups was detected by enzyme‑linked 
immunosorbent assay on the 1st, 2nd, 3rd and 4th day after 
admission. The receiver operating characteristic (ROC) 
curve was used to analyze the diagnostic value of Hsp70 and 
ANXA1 for the death of patients with acutely severe traumatic 
brain injury. Compared with the control group, expression of 
Hsp70 in the experimental group was significantly increased 
on the 1st, 2nd, 3rd and 4th day after admission (P<0.05), 
while expression of ANXA1 was significantly decreased 
(P<0.05). Expression levels of serum Hsp70 in the experi-
mental group reached the peak on the 3rd day after admission, 
and the difference was statistically significant compared with 
the 1st, 2nd and 4th day (P<0.05). Expression of ANXA1 was 
the lowest on the 3rd day, and the difference was statistically 
significant compared with the 1st, 2nd and 4th day (P<0.05). 
The ROC curve analysis showed that the area under the curve 
of serum Hsp70 and ANXA1 was, respectively, 0.721 (95% 
CI: 0.611-0.829) and 0.684 (95% CI: 0.569-0.799). In conclu-
sion, Hsp70 and ANXA1 may be involved in the occurrence 
and progression of acutely severe traumatic brain injury. The 

detection of serum Hsp70 and ANXA1 has certain diagnostic 
value for the death of patients with acutely severe traumatic 
brain injury.

Introduction

Traumatic brain injury is a trauma with high disability and 
mortality. About 22% of the patients with severe brain injury 
are severely disabled, 5% are in vegetative state and 40% 
die (1,2). An acutely severe brain injury is caused by violent 
impact on the head, resulting in brain contusion, brain edema, 
disturbance of consciousness and other symptoms. Most 
patients are critically ill, and their conditions change rapidly; 
the morbidity and mortality are quite high  (3). There are 
currently no drugs available for effective treatment. With the 
increase of accidents such as car accidents and falling objects, 
the number of patients with acutely severe brain injury is on 
the rise (4).

Heat shock protein 70 (Hsp70) is a stress protein that main-
tains its own stability (5). In recent years, a large number of 
studies have confirmed that Hsp70 is rapidly induced in the 
brain damage of mammals, and has obvious protective effects 
on the body and brain (6,7). In previous findings, immunohisto­
chemical staining was used to directly detect the expression 
of Hsp70 in brain tissue, and the subjects were limited to 
experimental animal models (8,9). Annexin A1 (ANXA1), a 
calcium-dependent phospholipid-binding protein, is a member 
of the annexin family (10). ANXA1 has been shown to be 
involved in the regulation of important endogenous factors in 
the blood-brain barrier of patients with multiple sclerosis (11). 
ANXA1 on either side of the cell membrane and ANXA1 
out of cells interact with actin to form FPR2 receptor as well 
as cytoskeleton interactions to shape stable tight junctions 
between the cells, which is of great significance for main-
taining the integrity of the blood‑brain barrier (12). However, 
the relationship between ANXA1 and acutely severe traumatic 
brain injury remains to be elucidated.

The purpose of this study was to provide a feasible method 
for early assessment of patients with acutely severe traumatic 
brain injury by observing the changes of expression levels of 
serum Hsp70 and ANXA1, and studying the diagnostic values 
of Hsp70 and ANXA1 in the diagnosis of acute severe trau-
matic brain injury.
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Patients and methods

Patients. Eighty-four patients with severe traumatic brain injury 
were admitted to Binzhou Center Hospital (Binzhou) from 
June 2014 to July 2017. These patients with severe traumatic 
brain injury were the experimental group, including 49 males 
and 35 females, aged from 16 to 70 years, and with the mean 
age of 41.24±6.56 years. A further 75 healthy subjects in the 
same period were the control group, including 47 males and 
28 females; aged from 18 to 70 years, and with the mean age 
of 43.68±7.53 years. The mean acute physiology and chronic 
health evaluation II (APACHE II) score (13) was 28.27±5.21 
points. The mean Glasgow Coma Scale (GCS) score for 
the severe traumatic brain injury was 6.12±1.17 points. The 
inclusion criteria were: The time from trauma to admission 
of patients in the experimental group was <6 h; severe trau-
matic brain injury (GCS score ≤8) (14), and brain contusion, 
subarachnoid hemorrhage, cerebral hemorrhage, epidural 
hematoma, subdural hematoma, diffuse brain swelling, skull 
base fracture and cranial bone fracture were confirmed by 
head CT, and the patients were admitted to hospital within 
6 h after injury. The healthy control group was examined 
in the physical examination center of the hospital and the 
results were normal; patients had no other type of tumor, heart, 
liver, kidney or other important organ diseases and no family 
members with a history of cancer.

The study was reviewed and approved by the ethics 
committee of Binzhou Center Hospital, and all the patients 
or their guardians signed an informed consent form. The 
exclusion criteria were: Patients with combined injury; with 
hypoxemia after trauma; with previous severe organic disease 
such as hypotension as well as liver and kidney dysfunction; 
with neurodegenerative diseases, depression, other nervous 
system diseases, autoimmune diseases and severe metabolic 
disorders. Patients in the experimental group were given 
routine treatment after admission, including maintaining 
airway patency, dehydration, hemostasis, anti-infection, acid 
production, nutritional cranial nerves, support and symp-
tomatic treatment. After admission, blood was taken on the 
1st day and centrifuged, and the supernatant was taken for 
use. When the patient was discharged from hospital, they 
were divided according to the Glasgow Outcome Scale (GOS). 
Good recovery: returning to normal life with mild defects; 
mild disability: disabled but living independently, able to work 
under protection; severe disability: awake, disability, need care 
in daily life; vegetative state: only minimal response (e.g., the 
eyes could open with the sleep/wake cycle); or dead.

Main instruments and reagents. Hsp70 enzyme-linked 
immunoassay kit (Biorbyt, UK, orb55612); ANXA1 
enzyme-linked immunoassay kit (Biorbyt, UK, orb437946); 
enzyme-linked immunoassay meter (Molecular Devices, US, 
Spectra MaxiD5).

Methods of detection. The expression levels of serum Hsp70 
and ANXA1 were detected by enzyme-linked immunosorbent 
assay (ELISA): The required slats were taken out from the 
aluminum foil bag which was equilibrated for 20 min at room 
temperature, and the remaining slats were sealed with a ziplock 
bag and returned to the refrigerator at 4˚C. Standard and sample 

wells were set, and 50 μl standard with different expression was 
added to the standard wells; 50 μl of the sample to be tested was 
added into the sample well; the blank wells were not added; 
100 μl of detection antibody labeled by horseradish peroxidase 
was added to each standard well and sample well, and reaction 
wells were sealed with a sealing membrane, and then incubated 
at 37˚C in an incubator for 60 min; the liquid was discarded, 
and then the wells were patted dry with absorbent paper, filled 
with the washing solution (350 μl), and left to stand for 1 min. 
The washing solution was removed, patted dry with absorbent 
paper, and the plate washing was repeated 5 times; 50 μl of 
substrate A and 50 μl of substrate B were added to each well, 
incubated at 37˚C for 15 min in the dark; 50 μl of the stopping 
solution was added to each well, and the OD value of each well 
was measured at a wavelength of 450 nm of the enzyme-linked 
immunosorbent meter within 15 min.

Statistical analysis. Data were statistically analyzed by SPSS 
22.0 statistical analysis software (IBM Corp, Armonk, NY, 
USA). The enumeration data were expressed by number of 
cases/percentage [n (%)], and the comparison of enumeration 
data between groups was tested by the Chi-square test. The 
measurement data were expressed as mean ± standard devia-
tion (mean ± SD), and the comparison of measurement data 
between groups was performed by an independent sample 
t-test. One-way analysis of variance (ANOVA) was used for 
the comparison between multiple groups of means, and the 
Tukey test was used for subsequent pairwise comparisons. 
Comparison between multiple time points was performed by 
repeated measures analysis of variance, and the subsequent 
pairwise comparison was performed by the Bonferroni test. 
The receiver operating characteristic (ROC) curve was used 
to evaluate the efficacy of Hsp70 and ANXA1 in diagnosing 
death from acutely severe traumatic brain injury. P<0.05 was 
considered as statistically significant.

Results

Two sets of patients. There were no significant differences 
in the general data regarding sex, age, history of smoking 
and drinking between the control and experimental groups 
(P>0.05) (Table I).

Expression levels of serum Hsp70 and ANXA1 in the experi-
mental group at different time points of admission compared 
to  the control group. Compared with the control group, 
the expression of Hsp70 in the experimental group was 
significantly increased on the 1st, 2nd, 3rd and 4th day after 
admission (P<0.05), while expression of ANXA1 was signifi-
cantly decreased (P<0.05). The expression level of serum 
Hsp70 in the experimental group peaked on the 3rd day 
after admission, and differences were statistically significant 
compared with that on the 1st, 2nd and 4th day (P<0.05). The 
expression of ANXA1 was the lowest on the 3rd day, and 
differences were statistically significant compared with that 
on the 1st, 2nd, and 4th day (P<0.05) (Table II and Fig. 1).

Expression levels of serum Hsp70 and ANXA1 in groups 
relating to survival. A total of 47  patients survived 
(survival group) and 37 patients died (death group) in the 
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experimental group during the treatment. The serum Hsp70 
in the survival group was significantly lower than that in 
the death group on the 1st day after admission (P<0.001), 

while the expression level of ANXA1 was significantly 
higher than that in the death group (P<0.001) (Table III 
and Fig. 2).

Table I. Patient data [n (%), mean ± SD].

	 Control	 Experimental		
Classification	 group (n=75)	 group (n=84)	 χ2/t	 P-value

Sex			   0.311	 0.577
  Male	 47 (62.67)	 49 (58.33)		
  Female	 28 (37.33)	 35 (41.67)		
Age (years)	 43.68±7.53	 41.24±6.56	 0.499	 0.667
History of smoking			   0.161	 0.688
  Yes	 36 (48.00)	 43 (51.19)		
  No	 39 (52.00)	 41 (48.81)		
History of drinking			   0.288	 0.592
  Yes	 46 (61.33)	 48 (57.14)		
  No	 29 (38.67)	 36 (42.86)		
BMI (kg/m2)	 21.15±2.31	 21.54±2.73	 0.499	 0.667
Place of residence			   0.392	 0.531
  Country	 43 (57.33)	 44 (52.38)		
  City	 32 (42.67)	 40 (47.62)		
Marital status			   0.039	 0.843
  Single	 36 (48.00)	 39 (46.43)		
  Married	 39 (52.00)	 45 (53.57)		
Cultural degree			   1.661	 0.198
  A high school education or less	 37 (49.33)	 50 (59.52)		
  Above senior high school education	 38 (50.67)	 34 (40.48)		
Working condition			   0.266	 0.606
  No	 30 (40.00)	 37 (44.05)		
  Yes	 45 (60.00)	 47 (55.95)		
AST (U/l)	 19.23±7.08	 18.19±7.13	 0.921	 0.358
ALT (U/l)	 22.25±9.37	 21.76±10.21	 0.314	 0.754

BMI, body mass index; AST, aspartate aminotransferase; ALT, alanine aminotransferase; SD, standard deviation.

Table II. Comparison of levels of serum Hsp70 and ANXA1 between the two groups (mean ± SD).

		  Time after	 Hsp70	 ANXA1
Groups	 n	 admission (days)	 (ng/ml)	 (ng/ml)

Control	 75	 -	 2.261±0.188	 2.095±0.321
Experimental	 84	 1	 4.177±1.623a	 1.137±0.158a

		  2	 8.497±3.206a,b	 0.736±0.351a,b

		  3	 9.194±3.614a-c	 0.553±0.236a-c

		  4	 6.822±3.642a-d	 0.852±0.243a-d

F-value	 -	 -	 42.64	 76.62
P-value	 -	 -	 <0.001	   <0.001

aP<0.05, compared with the control group; bP<0.05, compared with one day after admission; cP<0.05, compared with two days after admission; 
dP<0.05, compared with three days after admission. Hsp70, heat shock protein 70; ANXA1, Annexin A1; SD, standard deviation. 
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Diagnostic value of Hsp70 and ANXA1 in the diagnosis of 
acutely severe traumatic brain injury. The ROC curves of 
expression of serum Hsp70 and ANXA1 in the diagnosis of 
acutely severe traumatic brain injury were drawn. The area 
under the curve (AUC) of serum Hsp70 in the diagnosis of 
death of patients with acutely severe traumatic brain injury 
was 0.721 (95% CI: 0.611-0.829), and the cut-off value was 
4.235 ng/ml; the diagnostic sensitivity was 83.78%, and the 
specificity was 57.45%. The AUC of serum ANXA1 in the 
diagnosis of death of patients with acutely severe traumatic 
brain injury was 0.684 (95% CI: 0.569-0.799), and the cut-off 
value was 1.163 ng/ml; the diagnostic sensitivity was 64.86%, 
and the specificity was 63.83% (Table IV and Fig. 3).

Relationship between relative expression levels of Hsp70 
and ANXA1 in APACHE II score. Serum Hsp70 and 
ANXA1 expression was significantly different in patients 
with different APACHE II scores (P<0.05). Compared with 
the APACHE II score <10 points, the serum Hsp70 expres-
sion level of patients with APACHE II scores of 11-20, 
20-30, and >30 was significantly increased (P<0.05), and the 
serum ANXA1 expression level was significantly decreased 

(P<0.05). Compared with the group of APACHE II score of 
11-20 points, the serum ANXA1 level of APACHE II score 
21-30 group was significantly lower than that of APACHE II 
score 11-20 group (P<0.05), while Hsp70 was not significantly 
different between the two groups (P>0.05). The expression 

Figure 1. Comparison of expression levels of serum Hsp70 and ANXA1 in the experimental group at different time points of admission and in the control 
group. (A) The results of expression of serum ANXA1 in the experimental group at different time points of admission and in the control group were compared. 
(B) The results of expression of serum Hsp70 in the experimental group at different time points of admission and in the control group were compared. *P<0.05, 
compared with the control group; #P<0.05, compared with one day after admission; &P<0.05, compared with two days after admission; %P<0.05, compared with 
three days after admission. Hsp70, heat shock protein 70; ANXA1, Annexin A1.

Figure 2. Comparison of results of expression levels of serum Hsp70 and ANXA1 in the groups of survival and death. (A) Comparison of results of expression 
levels of serum Hsp70 in the survival and death group. (B) Comparison of results of expression levels of serum ANXA1 in the survival and death group.*P<0.05, 
compared with death group. Hsp70, heat shock protein 70; ANXA1, Annexin A1.

Table III. Comparison of results of expression levels of serum 
Hsp70 and ANXA1 between the survival and the death group 
on the 1st day after admission (mean ± SD).

		  Hsp70 	 ANXA1 
Groups	 n	 (ng/ml)	 (ng/ml)

Survival	 47	 3.884±1.545	 1.309±0.187
Death	 37	 5.264±1.476	 0.919±0.217
t-value		    4.280	   4.247
P-value		  <0.001	 <0.001

Hsp70, heat shock protein 70; ANXA1, Annexin A1; SD, standard 
deviation.
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level of serum Hsp70 in APACHE II score >30 group was 
significantly higher than other groups (P<0.05), and the serum 
ANXA1 expression level was significantly lower than the 
other groups (P<0.05) (Table V).

Relationship between the relative expression levels of 
Hsp70 and ANXA1 and the GOS score. Hsp70 and ANXA1 
expression of serum was significantly different in patients 
with different GOS assessment results (P<0.05). Compared 
to patients with good recovery, serum Hsp70 expression 
levels were significantly increased in patients with mild 
disability, in vegetative state, and the dead (P<0.05); serum 

ANXA1 expression levels were significantly decreased 
(P<0.05). Compared to patients with mild disability, the 
serum ANXA1 levels in the patients in vegetative state and 
the dead were significantly lower (P<0.05), while the serum 
Hsp70 and ANXA1 expression levels were not significantly 
different between the patients in vegetative state and the dead 
(P>0.05) (Table VI).

Discussion

Patients with acutely severe traumatic brain injury have 
obvious oxidative stress and inflammatory response. Excessive 
activation of inflammatory response leads to increased cere-
bral vascular permeability, increased leukocyte release, and 
complement activation, resulting in a cascade of inflammatory 
factors and aggravating secondary damage of brain tissue (15). 
The support and functional testing of all organ systems is a 
way to improve the success rate of severe traumatic brain 
injury and reduce the death of clinical patients (16,17).

Previous studies have shown that Hsp70 expression was 
increased in the process of injury tissue cells and has protec-
tive effects on cells (18-20). Zhang et al (21) found that Hsp70 
signaling pathway can regulate TLR4-Trif-Stat3 signaling, 
thereby inhibiting NOX3 induction and reducing oxidative 
damage in the lung. Xia et al (22) found that Hsp70 can prevent 
brain ischemia-reperfusion injury and protect the nerve. 
Ren et al (23) found that expression level of serum Hsp70 can 
reflect the extent of cell damage by detecting the expression of 
Hsp70 in three time periods after trauma, and that expression 
level of serum Hsp70 was significantly higher in patients with 
mild, moderate, and severe injury than in healthy patients, 
and expression levels of serum Hsp70 in the severely injured 

Table IV. Diagnostic value of serum Hsp70 and ANXA1 for death in acutely severe traumatic brain injury.

Diagnosis index	 AUC	 95% CI	 Standard error	 Cut-off value	 Sensitivity (%)	 Specificity (%)

Hsp70	 0.721	 0.611-0.829	 0.056	 4.235 (ng/ml)	 83.78	 57.45
ANXA1	 0.684	 0.569-0.799	 0.059	 1.163 (ng/ml)	 64.86	 63.83

Hsp70, heat shock protein 70; ANXA1, Annexin A1; AUC, area under the curve; CI, confidence index.

Table V. Relationship between the relative expression levels of 
serum Hsp70 and ANXA1 and the APACHE II score in patients 
with acute severe traumatic brain injury (mean ± SD).

APACHE II		  Hsp70	 ANXA1
score (points)	 n	 (ng/ml)	 (ng/ml)

<10 	   4	 2.49±1.17	 1.865±0.233
11-20	 28	 5.67±2.32a	 1.326±0.419a

21-30 	 31	 6.68±2.98a	 1.027±0.259a,b

>30	 21	 8.55±3.63a-c	 0.556±0.184a-c

F-value		  6.744	 34.880
P-value		  <0.001	 <0.001

aP<0.05, compared with APACHE II score <10  points; bP<0.05, 
compared with APACHE II score 11-20 points; cP<0.05, compared 
to APACHE II score 21-30  points. Hsp70, heat shock protein  70; 
ANXA1, Annexin A1; APACHE II, acute physiology and chronic 
health evaluation II.

Table VI. GOS scores.

GOS assessment		  Hsp70	 ANXA1
results	 n	 (ng/ml)	 (ng/ml)

Good recovery	 7	 1.942±0.852	 1.873±0.199
Mild disability	 23	 3.398±1.459a	 1.405±0.324a

Vegetative state	 17	 4.571±2.372a	 1.029±0.305a,b

Death	 37	 5.264±1.476a,b	 0.919±0.217a,b

F-value		  11.36	 34.33
P-value		  <0.001	 <0.001

aP<0.05, compared with good recovery; bP<0.05, compared with 
mild disability. GOS, Glasgow Outcome Scale; Hsp70, heat shock 
protein 70; ANXA1, Annexin A1.

Figure 3. ROC curves of expression levels of serum Hsp70 and ANXA1 in 
the diagnosis of death in patients with acutely severe traumatic brain injury. 
Hsp70, heat shock protein; ANXA1, Annexin A1.
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group were significantly higher than those in the lightly 
injured group in 1 to 6 h after trauma. However, we observed 
that expression level of serum Hsp70 in experimental group 
reached the peak 3 days after admission, which was statisti-
cally significant compared with that on the 1st, 2nd, and 4th 
day, and greatly higher than those of the control group. We 
speculate that the change of Hsp70 level reflects the degree 
of craniocerebral injury to some extent. The damaged brain 
tissue has strong stress and anti-injury ability within 3 days, 
so it can secrete inflammatory factors and promote the body 
to produce a large amount of Hsp70 for anti-injury and repair. 
The increased expression may be beneficial to the repair of 
nerve cell damage. da Rocha et al (24) measured Hsp70 levels 
in 20 male patients with traumatic brain injury at the time of 
admission, 24 h and 7 days after admission. Compared with the 
control group, serum Hsp70 concentration was significantly 
increased in patients with severe traumatic brain injury. The 
serum Hsp70 concentration reached the peak at the time of 
admission, but they did not measure the concentration on the 
3rd and 5th day of admission and the concentrations of female 
patients. Therefore, there is difference in the peak time of Hsp 
in their study and ours, which may be caused by the difference 
in measurement time and subjects. This is similar to studies 
of Ren et al (23). ANXA1 regulates the function of the blood-
brain barrier, which plays an important role in regulating the 
integrity of the blood-brain barrier by promoting the restora-
tion of polarity of cerebrovascular skin cells and cytoskeletal 
integrity. Capraz et al (25) found that ANXA1 disappeared 
in the cerebrovascular and ependymal hypoxia injury within 
24 h and induced up-regulation after injury of microglial cells 
in 72 h, showing that extracellular vesicles with ANXA1 can 
alleviate the damage of blood-brain barrier caused by ischemia 
and hypoxia. Sen et al (26) showed that ANXA1 may regulate 
blood-brain barrier function by promoting the recovery of 
cerebrovascular skin cells. Luo et al (27) found that ANXA1 
can also exert neuroprotective effects on brain damage by 
polarizing microglia cells into beneficial phenotypes. The 
results of the present study showed that the expression of 
serum ANXA1 in the experimental group was the lowest on 
the 3rd day, which was statistically significant compared with 
that on the 1st, 2nd and 4th day, and significantly higher than 
that of the control group. Wang et al (28) found that the expres-
sion of ANXA1 decreased after cerebral hemorrhage, and the 
increase of the expression of ANXA1 can improve condi-
tions of necrosis in cerebrovascular skin cells and neurons, 
and reduce brain edema after cerebral hemorrhage, which 
was similar to our study. Our study found that patients with 
different APACHE II scores and GOS assessment results had 
different levels of Hsp70 and ANXA1 expression. Hsp70 and 
ANXA1 may be involved in the development of patients with 
acutely severe traumatic brain injury, which may be related 
to poor prognosis. Therefore, we further evaluated the ROC 
curve of poor prognosis in patients with acutely severe trau-
matic brain injury by serum Hsp70 and ANXA1 on the first 
day after admission, and the results showed that serum Hsp70 
and ANXA1 have certain value in the diagnosis of death in 
patients with acutely severe traumatic brain injury. Detecting 
the expression levels of Hsp70 and ANXA1 in the serum of 
patients with acutely severe traumatic brain injury has certain 
predictive value for the diagnosis of death of patients.

In summary, Hsp70 and ANXA1 may be involved in the 
occurrence and progression of acutely severe traumatic brain 
injury. The detection of serum Hsp70 and ANXA1 has certain 
diagnostic value for the death of patients with acutely severe 
traumatic brain injury.
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