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Abstract. The present study aimed to explore the clinical 
role of heat shock protein 70 (HSP70) in patients with acute 
angle‑closure glaucoma (AACG). Seventy‑four AACG 
patients who were admitted to our hospital from April 2017 to 
April 2019 were enrolled as a study group (SG). A further 70 
healthy people undergoing physical examinations during the 
same period were enrolled as a control group (CG). HSP70 
concentration was compared between the two groups, and the 
clinical value of this protein in AACG was analyzed. HSP70 
concentration in SG was significantly lower than that in CG 
(P<0.050). The sensitivity and specificity of HSP70 for diag‑
nosing AACG were 79.73 and 74.29%, respectively (P<0.001). 
HSP70 concentration was positively correlated with central 
anterior chamber depth and peripheral anterior chamber 
depth, but negatively correlated with anterior angle and intra‑
ocular pressure (P<0.001). HSP70 had a relatively satisfactory 
predictive value for adverse reactions during the treatment 
(P<0.001). HSP70 concentration was markedly reduced in 
AACG patients, and its detection had a relatively satisfactory 
predictive value for AACG. Thus, HSP70 may be a potential 
and notable indicator for diagnosing and treating glaucoma in 
the future.

Introduction

As a clinical ophthalmic disease that has an extremely high 
incidence and causes great harm, glaucoma causes severe 
damage to tissues of various parts in the eyeball due to the 
imbalance of intraocular pressure (IOP) (1,2). According 
to Garway‑Heath et al, more than 900,000 people newly 
developed glaucoma worldwide in 2015, and the disease 
may occur in people of all ages (3). According to Wang et al, 
the incidence of glaucoma has increased by approximately 

10‑fold compared with that 10 years ago. Thus, the incidence 
is predicted to continue to gradually increase, which makes 
glaucoma a most significant and daunting problem in clinical 
ophthalmology (4). Glaucoma patients usually suffer from 
optic atrophy and visual deterioration, and approximately 70% 
of them will go blind if they are not treated in a proper or 
timely manner (5,6). Li et al have predicted that by 2020, 
approximately 20 million people worldwide will develop 
blindness caused by glaucoma (7). Acute angle‑closure glau‑
coma (AACG) is an eye disease in which the IOP undergoes 
a sharp increase due to the sudden closure of the anterior 
chamber angle. As the most serious type of glaucoma, AACG 
progresses to complete loss of sight within 24 to 48 h if not 
diagnosed and treated in time (8). The disease has no obvious 
and special symptoms, and some patients with strong pain 
tolerance experience only eye discomfort, and this may lead 
to loss of optimal treatment timing (9). At present, diagnostic 
methods for AACG are complex, therefore the disease requires 
evaluation and detection of various aspects (10), which is not 
conducive to its treatment because it has an extremely fast 
onset. AACG is relatively complex in clinical practice, and 
it is impossible to carry out large‑scale clinical surveys and 
early screening. As the challenges of glaucoma become more 
serious, it is urgent to find an effective serum marker for the 
early screening or auxiliary diagnosis of AACG.

Highly conserved in structure, heat shock proteins (HSP) 
are a family of proteins that are produced by prokaryocytes 
and eukaryocytes under high temperature or other stresses (11). 
HSP70 that can inhibit apoptosis is widely distributed in all 
tissues and structures except photoreceptors (11). According 
to a previous study, it is a crucial gene locus for eye develop‑
ment, and is aberrantly expressed in glaucoma (12). However, 
there is currently little in‑depth research on this protein in 
AACG. Therefore, whether this protein has potential as a reli‑
able marker for diagnosing and treating AACG in the future 
remains to be confirmed. Thus, it is of great significance to 
conduct research on HSP70 at home and abroad to improve its 
clinical value in glaucoma and to confirm its effects on AACG.

Materials and methods

General information. A prospective analysis was performed 
on 74 AACG patients [enrolled as the study group (SG)] who 
were admitted to Hebei Eye Hospital (Xingtai, China) from 
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April 2017 to April 2019 and on 70 healthy people [enrolled as 
the control group (CG)] who underwent physical examinations 
during the same period. The present study was approved by the 
Ethics Committee of Hebei Eye Hospital. All research subjects 
signed an informed consent form. General characteristics of 
all participants are listed in Table I.

Inclusion and exclusion criteria. The inclusion criteria were as 
follows: i) patients whose clinical manifestations were consis‑
tent with glaucoma symptoms, and who were diagnosed with 
AACG at our hospital; ii) patients who were operated on after 
diagnosis; iii) patients aged 20‑60 years; and iv) patients with 
complete medical records. Exclusion criteria were as follows: 
i) patients complicated with other eye diseases; ii) iii) patients 
with severe cardiovascular and cerebrovascular diseases; 
iv) patients with tumors; v) patients complicated with other 
congenital immunodeficiency diseases or infectious diseases; 
vi) patients with mental disorders; vii) patients complicated 
with diabetes mellitus; viii) patients with physical disabilities; 
ix) patients with a contraindication to surgery; and x) patients 
who had transferred to other hospitals.

Methods. Surgery for the patients was performed by senior 
ophthalmologists at our hospital. Conventional treatment was 
as follows: YAG laser peripheral iridectomy was conducted 
on patients in the prodromal and intermittent stages. Positive 
rescue was conducted on patients in the acute attack stage, and 
the anterior chamber was opened as soon as possible to prevent 
permanent goniosynechia. Drugs (alternative drugs included 
2% pilocarpine solution; acetazolamide; glycerol; 2% lido‑
caine; 20% mannitol) were first used to reduce IOP, and then 
the patients were operated after their blood pressure lowered 
and their congestive inflammation subsided. According to 
the IOP and anterior chamber, filtration surgery or peripheral 
iridectomy was selected, and the eyeball would be removed if 
necessary. Fasting venous blood (4 ml) was respectively drawn 
from the patients before and after the treatment, allowed to 
stand at room temperature for 30 min, and then centrifuged 
for 10 min (1,809 x g, at 4˚C), to obtain the upper serum. 
The concentration of HSP70 in the serum was detected by 
enzyme‑linked immunosorbent assay (ELISA), and the kit 
(cat. no. JLC11484) was purchased from Shanghai Jingkang 
Bioengineering Co., Ltd., with the steps strictly and sterilely 
carried out according to the instructions of the kit.

Outcome measures. The concentration of serum HSP70 in 
the two groups; the predictive value of HSP70 for AACG; 
the correlation of pre‑treatment HSP70 with IOP, central 
anterior chamber depth (CACD), peripheral anterior chamber 
depth (PACD) and anterior angle (AA); the predictive value 
of HSP70 for adverse reactions during treatment; changes of 
HSP70 concentration before and after treatment in SG.

Statistical methods. SPSS24.0 (IBM Corp.) was used to analyze 
and process the data. GraphPad 8 (GraphPad Software, Inc.) 
was used to plot figures. Count data were expressed by (rate), 
and Chi‑square test was used for their comparison between 
groups. Measurement data were expressed by the mean ± stan‑
dard deviation (SD), and independent sample t‑test was used 
for their comparison between groups. Spearman Correlation 

Coefficient was used for correlation analysis. Receiver oper‑
ating characteristic (ROC) curves were plotted to analyze the 
predictive value of HSP70. P<0.05 indicated a statistically 
significant difference.

Results

Comparison of general information. There were no significant 
differences between the SG and CG in terms of age, body 
mass index (BMI), blood pressure, heart rate, sex, dwelling 
environment, educational background, smoking and alcohol 
drinking habits (P>0.050; Table I).

Comparison of HSP70 concentration. The concentration 
of HSP70 in the SG was significantly lower than that in the 
CG before treatment (P<0.05). According to the ROC curve, 
when the cut‑off value was 6.27, the sensitivity of HSP70 for 
diagnosing AACG was 79.73%, the specificity was 74.29%, the 
area under the curve (AUC) was 0.824, and the 95% confidence 
interval (CI) was 0.757‑0.891 (P<0.001; Fig. 1).

Correlation of HSP70 with indicators related to the course of 
the disease. According to the Pearson correlation coefficient, 
the concentration of HSP70 in the SG was positively correlated 
with CACD (r=0.597, P<0.001) and PACD (r=0.649, P<0.001), 
but negatively correlated with AA (r=‑0.467, P<0.001) and IOP 
(r=‑0.745, P<0.001) (Fig. 2).

Predictive value of HSP70 for adverse reactions. During 
treatment of all patients, there were 5 cases of fibrinoid exuda‑
tion, 3 cases of anterior chamber inflammation, 3 cases of 
choroidal detachment, 4 cases of corneal edema and 2 cases 
of age‑related macular degeneration, with an incidence of 
adverse reactions at 22.97%. Patients who developed adverse 
reactions were considered as Group A (n=17), while those 
without adverse reactions were considered as Group B (n=57). 
The concentration of HSP70 in Group A was significantly 
lower than that in Group B (P<0.05). According to the ROC 
curve, when the cut‑off value was 5.815, the sensitivity of 
HSP70 for diagnosing AACG was 94.12%, the specificity was 
61.40%, the AUC was 0.813, and the 95% CI was 0.717‑0.909 
(P<0.001; Fig. 3).

Changes of HSP70 concentration before and after treatment. 
In the SG, the concentration of HSP70 after treatment was 
significantly higher than that before treatment (P<0.05; Fig. 4).

Discussion

In modern society, the incidence of eye diseases has been 
annually increasing as the population ages (13). As the most 
serious type of glaucoma, AACG has no obvious symptoms 
in its early stage, and causes great damage to the eyeball and 
surrounding tissues by increasing IOP. Therefore, the improper 
or untimely treatment of the disease easily causes irreversible 
damage to the visual system of the patient (14,15). Therefore, 
finding effective examination indices to increase the early 
diagnostic rate of AACG is the focus and difficulty of clinical 
research (16). In the present study, through the investigation 
of HSP70 in the blood of AACG patients, it was confirmed 
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through experimental analysis whether HSP70 has the poten‑
tial to be a diagnostic and therapeutic marker for AACG, in 
order to provide a reliable theoretical basis for conducting 
large‑scale and early screening and for assessing the progres‑
sion of the disease in the future.

In the present study, HSP70 concentration was signifi‑
cantly reduced in the serum of the patients, suggesting 
that this protein may be involved in the development or 
progression of AACG. Waugh et al also studied HSP70 
in patients with eye diseases (17), and their findings are 
consistent with the present experimental results and support 

our conclusions. The aforementioned study detected the 
expression of multiple genes and proteins in glaucoma, and 
determined that HSP70 was aberrantly expressed in the 
disease. In the present research, the expression of HSP70 in 
AACG was analyzed. Compared with previous studies, our 
research is more detailed on the types of targeted diseases, 
which can greatly reduce the contingency of experimental 
results. According to previous studies, the development of 
glaucoma is closely related to the death of retinal ganglion 
cells, and the death mechanism is associated with the increase 
in the apoptotic rate. The increase can be caused by blocked 

Table I. Comparison of general information [n (%)].

Features SG (n=74) CG (n=70) χ2 or t P‑value

Age (years)   52.8±10.4   53.6±11.6 0.436 0.663
BMI (kg/cm2) 22.62±3.54 22.86±3.84 0.390 0.697
Systolic blood pressure (mmHg) 116.62±10.98 117.24±11.24 0.335 0.738
Diastolic blood pressure (mmHg) 74.62±7.85 75.14±8.06 0.392 0.696
Sex   0.355 0.551
  Male 30 (40.54) 25 (35.71)  
  Female 44 (59.46) 45 (64.29)  
Dwelling environment   0.716 0.397
  City 65 (87.84) 58 (82.86)  
  Countryside   9 (12.16) 12 (17.14)  
Educational background   0.298 0.585
  <Senior high school 34 (45.95) 29 (41.43)  
  ≥Senior high school 40 (54.05) 41 (58.57)  
Smoking   0.598 0.440
  Yes 25 (33.78) 28 (40.00)  
  No 49 (66.22) 42 (60.00)  
Alcohol drinking   0.337 0.561
  Yes 20 (27.03) 22 (31.43)  
  No 54 (72.97) 48 (68.57)  

SG, study group; CG, control group; BMI, body mass index.

Figure 1. Comparison of HSP70 concentration and diagnostic value of HSP70. (A) The concentration of HSP70 in the SG was significantly lower than that 
in the CG. *P<0.050. (B) Analysis of the ROC curve of HSP70 for diagnosing AACG. HSP70, heat shock protein 70; SG, study group; CG, control group; 
ROC, receiver operating characteristic; AACG, acute angle‑closure glaucoma.
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retrograde transport, lack of nutritional factors and excitatory 
amino acids (18‑20). HSP70 has an anti‑apoptotic effect on 
cells, and induces HSP to produce endogenous protection 
in neuronal cells (21). One of its forms of gene induction is 
HSPA1B (22), which is a risk factor for glaucoma according 
to Salehi et al (23). Therefore, it is inferred that the mecha‑
nism of action of HSP70 in AACG may be correlated with 
its differentiation into HSPA1B. However, since basic experi‑
ments were not carried out, it is impossible to determine the 
exact mechanism of action of HSP70 on AACG, which will 
be fully investigated in future research. According to the ROC 
curve, the sensitivity and specificity of HSP70 for predicting 
AACG were 79.79 and 74.29%, respectively, indicating that 
this protein can be used as a clinical screening index that may 
aid doctors in diagnosing AACG in the future. Serum markers 
are superior to conventional diagnostic methods for AACG in 

Figure 3. Predictive value of HSP70 for adverse reactions. (A) The concentration of HSP70 in Group A (patients who developed adverse reactions) was 
significantly lower than that in Group B (patients who did not develop adverse reactions) *P<0.05. (B) ROC curve analysis of HSP70 on adverse reactions. 
HSP70, heat shock protein 70; ROC, receiver operating characteristic.

Figure 2. Correlation between HSP70 and indicators related to course of disease. (A) The correlation between HSP70 and CACD. (B) The correlation between 
HSP70 and PACD. (C) The correlation between HSP70 and AA. (D) The correlation between HSP70 and IOP. HSP70, heat shock protein 70; CACD, central 
anterior chamber depth; PACD, peripheral anterior chamber depth; AA, anterior angle; IOP, intraocular pressure.

Figure 4. Changes of HSP70 concentration before and after treatment. In the 
SG, the concentration of HSP70 after treatment was significantly higher than 
that before treatment. *P<0.001. HSP70, heat shock protein 70; SG, study group.
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terms of the convenient acquisition of test samples, the longer 
storage time of blood samples, and convenient reexamination. 
Moreover, the detection results of the markers are objective 
and do not rely on human subjective consciousness to assess 
the disease, which reduces man‑made misdiagnosis or missed 
diagnosis. In the present study, the concentration of HSP70 
was significantly correlated with IOP, CACD, PACD and 
AA. This further confirms the close relationship between 
HSP70 and the progression of AACG, and is similar to the 
inference aforementioned. AACG is a retinopathy during 
whose progression the normal activity of retinal neuron cells 
plays an important role (24). HSP70 is a protective factor of 
neuronal cells. The occurrence of AACG greatly reduces it 
and then aggravates neuronal damage. As a result, the disease 
more markedly deteriorates. According to Wang et al, the 
lesion of AACG is closely related to neuronal damage (25). 
In the present study, HSP70 had a relatively satisfactory 
predictive value for adverse reactions during treatment, and 
its concentration significantly increased after treatment, 
which demonstrated that HSP70 may be used for the diag‑
nosis and treatment of AACG in the future. In addition, if 
the mechanism of HSP70 on the protection of neuronal cells 
and the relationship between HSP70 and glaucoma are fully 
elucidated, then, HSP70 may become a therapeutic target for 
glaucoma and even various eye diseases in the future, thus 
rendering it a great scientific application prospect.

The purpose of the present study was to explore the 
effects of HSP70 on AACG patients. Previous studies have 
suggested that HSP and glaucoma are related (26‑28), but 
the present study focused on the analysis of AACG in glau‑
coma and explored the significance of HSP as a diagnostic 
marker in AACG, to the best of our knowledge, for the first 
time. However, there are still numerous shortcomings due 
to the limited experimental conditions. For example, the 
exact mechanism of action of HSP70 on AACG was not 
determined due to the failure to conduct basic experiments. 
The effects of HSP70 on the long‑term prognosis of patients 
remain unclear due to the short experimental period. In 
addition, the present study focused and analyzed mainly 
AACG, thus HSP70 may be aberrantly expressed in other 
pathological types of glaucoma, yet to be determined. In 
the present study, HSP70 was only detected in the blood 
of the patients, and its expression has not been evaluated 
in glaucoma‑related cells. In the future, more detailed and 
in‑depth experiments, analyses and discussions will be 
conducted, to address these deficiencies and obtain more 
definitive results.

In summary, HSP70 concentration was markedly reduced 
in AACG patients, and its detection had a relatively satisfac‑
tory predictive value for AACG, and thus HSP70 may be a 
potential and effective indicator for diagnosing and treating 
glaucoma in the future.
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