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Abstract: Background: This study explores the association between HSP22/27/60 and the occurrence
of STEMI and the prognosis after PCI to compensate for the insufficient risk stratification in the
current situation. Methods: This study included 88 patients with STEMI and 90 patients with stable
coronary artery disease who were admitted to our hospital. ELISA detected serum levels of
HSP22/27/60 to analyze their correlation with STEMI. Dynamic monitoring was conducted on the
STEMI group (from before to 4 days after the operation) to evaluate the relationship between the
changes in HSP levels and the occurrence of MACE. Results: The serum levels of HSP22/27/60 in
STEMI patients were significantly higher than in the control group (P < 0.05). ROC curve analysis
showed that these three markers had high diagnostic values for STEMI. The levels of HSP22/HSP27
in STEMI patients peaked on the third day after PCI, while HSP60 peaked at 8 hours after the
operation. After 6 months of follow-up, 15 of 88 STEMI patients developed MACE. The predictive
value of peak HSP levels for MACE was the highest when HSP22/27/60 were jointly predicted, with
an AUC of 0.917 (95% CI: 0.857 - 0.977). Multivariate binary Logistic regression analysis showed that
after adjusting for creatinine and N-terminal pro-brain natriuretic peptide, HSP22/27/60 were all
independent risk factors for MACE. Conclusions: The serum HSP22/27/60 levels in STEMI patients
were significantly increased and had diagnostic value. Its postoperative peak value (especially
combined detection) can predict the risk of MACE after PCI and is a potential prognostic marker.

Keywords: heat shock protein 22; heat shock protein 27; heat shock protein 60; major adverse
cardiovascular events

1. Introduction

Cardiovascular diseases (CVD) are the leading cause of death worldwide, it is reported that
globally, 17 million people die each year due to ischemic heart disease. Among them, 7.1 million
deaths are caused by acute myocardial infarction (AMI) [1]. AMI can be divided into ST-segment
elevation myocardial infarction (STEMI) and non-ST-segment elevation myocardial infarction. The
primary pathogenesis is the rupture of unstable coronary artery plaques, which triggers a series of
pathological processes such as platelet activation, thrombosis, and coronary artery occlusion,
eventually leading to the death of myocardial cells due to persistent severe ischemia and hypoxia [2].
To rescue the damaged myocardium, coronary artery blood flow needs to be restored within 20 to 40
minutes after the onset of the disease. Clinically, revascularization can be achieved through coronary
artery bypass grafting, open heart surgery, or PCI, among which percutaneous coronary intervention
(PCI) is currently the most commonly used interventional method. Although the advancements in
cardiovascular treatment techniques in recent years have reduced the early mortality rate of AMI,
patients who receive PCI treatment and undergo standardized secondary prevention still face a
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higher risk of major adverse cardiovascular events (MACE) occurrence [3,4]. Existing studies have
shown that ventricular remodeling is a key factor causing poor prognosis in AMI patients, and its
core pathological manifestation is myocardial fibrosis. Although endocardial biopsy is the gold
standard for diagnosing myocardial fibrosis, its clinical application is limited due to its invasiveness
[5]. Therefore, it is of great significance to search for biomarkers with prognostic value.

Heat shock proteins (HSPs) are a family of endogenous proteins that regulate cellular functions
and play a key role in maintaining protein homeostasis and cell protection [6]. HSPs were initially
named for their role in the heat stress response. Subsequent studies have found that they can be
activated under various stress conditions such as hypoxia, oxidative stress, infection, and heavy
metal exposure, and they repair damaged proteins and protect cells [7-9]. Other studies have shown
that HSPs play a role in the heart by regulating multiple molecular mechanisms such as oxidative
stress, autophagy, apoptosis, protein subcellular distribution, and proteasome activity. In addition,
drugs such as geranyl acetone and cytokines can exert protective effects on the heart by regulating
the expression of heat shock proteins [3]. Based on the existing research evidence, HSPs may become
a potential therapeutic target for cardiovascular diseases, especially since they have significant value
in early diagnosis, condition monitoring, and prognosis evaluation.

The molecular weight of HSPs ranges from 10 to 150 kDa. Their molecular weight can roughly
classify them into HSP110, HSP90, HSP70, HSP60, HSP40, and small heat shock proteins (sHSP,
including HSP22 and HSP27) [10]. This study mainly explores the relationship between the serum
heat shock protein 22 (HSP22), heat shock protein 27 (HSP27), and heat shock protein 60 (HSP60)
antibody levels and the occurrence of STEMI. It analyzes the predictive value of HSP22, HSP27, and
HSP60 for MACE in STEMI patients at different time points after PCL.

2. Materials and Methods
2.1. Patients

General information: A total of 178 patients who visited the Department of Cardiovascular
Medicine of Inner Mongolia Baogang Hospital from June 2024 to November 2024 were selected,
among whom 90 were patients with stable coronary heart disease in the control group (56 males and
34 females).Inclusion criteria: Meeting the diagnostic criteria for stable coronary heart disease in he
2019 Edition of the Guidelines for Rational Drug Use in Coronary Heart Disease”. There were 88
STEMI patients in the case group (73 males and 15 females), all of whom visited the hospital for the
first time due to chest pain (within 6 hours of onset) and received emergency PCI treatment. The
STEMI diagnostic criteria refer to the latest STEMI diagnostic criteria released by the European
Society of Cardiology (ESC) and adopt the “1+1” model: 1. Essential conditions: Dynamic changes of
myocardial injury markers (such as troponin); 2. Additional conditions (meeting any of the
following): (1) Symptoms of myocardial ischemia (such as chest pain); (2) Newly emerged
pathological Q waves; (3) ST-segment changes in an electrocardiogram; (4) Imaging evidence after
coronary intervention.

Exclusion criteria: Those meeting any of the following criteria will be excluded: 1. Combined
with severe organ failure, including severe cardiac insufficiency (NYHA cardiac function
classification grade III-IV), severe renal insufficiency (eGFR <30 mL/min/1.73m?); 2. Have a history
of neurological diseases such as stroke or epilepsy in the past; 3. Combined with tumors, rheumatic
diseases, or autoimmune system diseases. This research aligns with the principles of the Declaration
of Helsinki and has been approved by the Ethics Committee of Inner Mongolia Baogang Hospital
(Approval Number: 2024-MER-039). All patients signed the informed consent form.

2.2. Data Extraction and Inflammatory Indexes Analysis

Collect the basic clinical data of the patients, including age, gender, height, and weight, as well
as systolic blood pressure, diastolic blood pressure, and heart rate at admission. Meanwhile, record
the medical history, smoking history, and drinking history. All patients were required to fast for 10
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to 12 hours, and elbow venous blood samples were collected early the next day. Blood samples should
be sent for examination immediately after collection. The test indicators include: Blood samples were
collected using ethylenediaminetetraacetic acid (EDTA) anticoagulant tubes. The blood routine in the
United States was determined using the Beckman Coulter LH750 automatic hematology analyzer.
The samples were collected using dry blood collection tubes without anticoagulants. Biochemical
indicators (triglycerides, total cholesterol, low-density lipoprotein cholesterol, high-density
lipoprotein cholesterol, alanine aminotransferase, creatinine, uric acid, etc.) were determined using
the Roche Cobas 8000 fully automatic biochemical analyzers from Roche Diagnostics, Switzerland.
At the same time, record the following indicators measured for the first time after admission: red
blood cell count, white blood cell count, platelet count, hemoglobin, monocyte count, alanine
aminotransferase, creatinine, uric acid, peak value of troponin I enzyme, left ventricular ejection
fraction, etc.

Control group: Peripheral venous blood was collected immediately upon admission. Case
group: Peripheral venous blood was collected at the following time points respectively: before the
operation/immediately upon admission, 8 hours after the operation, 12 hours after the operation, 24
hours after the operation, 3 days after the operation, and 4 days after the operation. The samples were
collected using ethylenediaminetetraacetic acid (EDTA) anticoagulant tubes. After thorough mixing,
they were centrifuged (at 3000 r/min, with a centrifugation radius of 10 cm for 20 min), and the
supernatant was collected and stored in a refrigerator at -80°C for testing. ELISA was used for
detection. In the control group, HSP22, HSP27, and HSP60 were detected immediately upon
admission. In the case group, HSP22 and HSP27 were detected before surgery/immediately upon
admission, 24 hours, 3 days, and 4 days, and HSP60 was detected before surgery/immediately upon
admission, 8 hours, 12 hours, and 24 hours. The kit is provided by Beijing Jinke Puxi Biotechnology
Co., LTD. (both the intra-batch coefficient of variation and the inter-batch coefficient of variation are
less than 10%), and the operation should be carried out following the manufacturer’s instructions.

2.3. Statistical Analysis

Statistical analysis was performed using SPSS 23.0 and Graph Pad Prism 8.0. The measurement
data were first subjected to the Kolmogorov-Smirnov test for normality. For the measurement data
conforming to the normal distribution, the mean + standard deviation was used for representation,
and the independent sample t-test was used to compare groups. The measurement data that did not
conform to the normal distribution were expressed as a median and interquartile range [M(Q1, Q3)],
and the comparison between groups was performed using the Mann-Whitey U test. Counting data
were expressed as rates or percentages, and the chi-square test was used to compare groups. The
variables with statistical significance (P < 0.05) in the univariate analysis were included in the
multivariate binary Logistic regression model for analysis. The ROC curve evaluated the predictive
value of heat shock protein for STEMI, and the predictive efficacy and differences between groups
were assessed by AUC and Z tests. All statistical inferences were considered statistically significant
when bilateral P < 0.05. A total of STEMI patients undergoing emergency PCI were included in this
study, and the occurrence of MACE within the hospital and 6 months was recorded. The patients
were divided into high/low heat shock protein groups using the optimal cut-off value determined by
ROC. The two groups’ general baseline data and interventional surgery-related data were compared.
The independent risk factors of adverse in-hospital events in STEMI patients were analyzed through
multivariate binary logistic regression.
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3. Results
3.1. Subsection

3.1.1. Comparison of Baseline Data and Serum Levels of HSP22, HSP27, and HSP60 at Admission
Between the Stable Coronary Heart Disease Group and the STEMI Group

There were statistically significant differences between the two groups in terms of age, gender,
history of hypertension and diabetes, C-reactive protein, systolic blood pressure, diastolic blood
pressure, smoking, drinking, white blood cell count, percentage of monocytes, heart rate at admission,
troponin, creatinine, NT-Pro BNP (all P < 0.05). There were no statistically significant differences
between the two groups in terms of red blood cell count, hemoglobin, platelet count, triglycerides,
total cholesterol, LDL-C, HDL-C, D-dimer, alanine aminotransferase, uric acid, urea, and glucose (all
P >0.05), Table 1.

Table 1. Baseline Data of Patients with Stable Coronary Heart Disease and STEMI.

Age M CRP SBP DBP Smoke
Variables Cases
{th} [24] (mgL» {mmHg} {mmHg} %]
Control 90 64.00 ¢53.00, 70,00 56 16222 5.00(5.00,5.0015.00 13396=18.97 86.04=13.84 17 (189)
Case :4) 5950 (51.25,6800) 73 18302 (3.00, 1030} 127.98+23 .87 80.56=15.44 42 (477}
24U -1.997 9.58%6 -3.357 -2471 -2.499 16.699
P 0.046 0.002 <0.001 0.015 0.013 <0001
Variables Drink Hp DM WBC RBC Mona%h PLT
%] %] [2%] (=109 L} {=109/L} (% (=109 /L)
Cantrol 5(5.6) 61 (678} 19 4211} 621 (548,738} 481 {439,508} 6355 (538,755 2403426642
Case 25 (284} 49 (357} 28 {31.8) 7.86 (668, 1013} 490 4358 513} 720 (6.00,9.18) 240.07£6220
x24T0 16.583 2738 2625 -3.330 -1371 -2.652 —0.029
P <0001 0.097 0.105 <0001 0171 0.008 0877
Variables DD ALT CREA JILY UREA HR
{mg/L} (UL {pmol/L} (umol/L) {mmelL} (bpm}
Cantrol 035 (031,043 2250 (2.83,430) 72.65 (6243,87.80) 379.00 (300.63,445.75) 5.80 (4.85.6.73} 7450 (67.75,87.00}
Case 034 (030, 0400 26,50 (2.83,430) 79.65 (68.10,93.73) 347.50 (301.00,470.50) 6.10 (4.93,7.200 72.00 (6500, 80,00}
x2S 0.977 -1.841 -2.706 -0.682 -1.440 4623
£ 0328 0.066 0.007 0495 0.147 <0001
Variables NT-proBNP HSP22 HSP27 HSPS0 GLU
(ngL} {ng/mL) (ngmL) (ngml) (ol L}
Control 5130 £20.00,178.00} 0.365(0.330,0.398) 1.090(0.933,1.183) 0.209(0.173,0.243) 3.76(4.96,7.27)
Case 491.00 (230.00,1257.50) 0.586(0.501,0.647) 1.043(1.685,2.381) 0371(0321,0424) 6.79(3.44.9.10)
% 2 /T -6.883 -10.849 -10.833 -10.259 -3215
£ <0.001 <0001 <0.001 <0.001 <0001

Note: The measurement data conforming to the normal dismibution are expressed as mean = standard deviation (x~ = s); for the
measurement data not conforming to the normal distribution or with unequal variances, the median (P25, P75} is used. Control refers to
patients with stable coronary heart disease: Case refers to patients with STEMI: M refers to male: SBP refers to systolic blood pressure;
DBP refers to diastolic blood pressure; Hp refers to hypertension; DM refers to diabetes; WBC refers to white blood cell count; RBC
refers to red blood cell count; Mono% refers to the percentage of monocytes; PLT refers to platelet count; Hb refers to hemoglobin: cTn
refers to troponin; TG refers to triglycerides; HDL-C refers to high-density lipoprotein cholesterol; LDL-C refers to low-density
lipoprotein chalestercl; CHOL refers to total cholesteral; DD refers to D-dimer; ALT refers to alanine aminotransferase; CRE refers to
creatinine; UA refers to uric acd; UREA refers to urea; HR refers to heart rate; NT-proBNP refers to N-terminal pro-brain patriuretic

peptide precursor; CREA refers to greatinine: GLU refers to glucose; CRP refers to C-reactive protein; HSP22 refers to heat shock protein

22; HSP27 refers to heat shock protein 27. HSPG0 refers to heat shock protein 60.
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The serum HSP22 level in the STEMI group was 0.586 (0.501, 0.647) ng/mL, which was
significantly higher than that in the stable coronary heart disease group (0.365 (0.330, 0.398) ng/mL;
U =-10.897, P < 0.001). The serum HSP27 level in the STEMI group was 1.943 (1.685, 2.381) ng/mL,
which was also significantly higher than that in the stable coronary heart disease group (1.090 (0.933,
1.185) ng/mL; U = -10.835, P < 0.001). The serum HSP60 level in the STEMI group was 0.371 (0.321,
0.424) ng/mL, which was significantly higher than that in the stable coronary heart disease group
(0.209 (0.175, 0.245) ng/mL; U =-10.259, P < 0.001).

ROC curve analysis revealed that all three heat shock proteins had significant predictive value
for the occurrence of STEMI, Figure 1. The area under the ROC curve (AUC) for HSP22 in predicting
STEMI occurrence was 0.971 (95% CI 0.951 - 0.991, P < 0.001), with a sensitivity of 90.90% and a
specificity of 93.30%; the AUC for HSP27 was 0.970 (95% CI 0.950 - 0.990, P < 0.001), with a sensitivity
of 86.40% and a specificity of 95.60%; and the AUC for HSP60 was 0.945 (95% CI 0.905 - 0.985, P <
0.001), with a sensitivity of 89.80% and a specificity of 97.80%.

L HSPEO
HSP22
HSPI7
Reference line

(1]
0o 0z 04 06 o8 10

Figure 1. ROC cuves of HSP22 ,HSP27 and HSP60 for dignosing STEMI(n=178).

3.1.2. Dynamic Changes of HSP22, HSP27, and HSP60 Expressions in STEMI Patients Before and
After Emergency PCI

The expression changes of heat shock proteins during the perioperative period of emergency
PCI in STEMI patients are as follows: The baseline level of HSP22 was significantly higher than that
of the stable coronary heart disease group (P < 0.001). The expression of HSP22 gradually increased
on the 1st day after PCI, peaked on the 3rd day, and decreased on the 4th day, Figure 2. The baseline
level of HSP27 was significantly higher than that of the stable coronary heart disease group (P <0.001).
The expression of HSP27 gradually increased on the 1st day after PCI, peaked on the 3rd day, and
decreased on the 4th day, Figure 3. The baseline level of HSP60 was significantly higher than that of
the stable coronary heart disease group (P < 0.001). The expression of HSP60 significantly increased
and peaked 8 hours after PCI, gradually decreasing at 12 hours and 24 hours after PCI, but still higher
than before PCI, Figure 4.

Figure 2. Alterations in HSP22 Expression Following Emergency PCI in STEMI Patiens.
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Figure 4. Alterations in HSP60 Expression Following Emergency PCI in STEMI Patiens.

3.1.3. The Predictive Value of Peak Levels of HSP22, HSP27, and HSP60 for MACE in STEMI
Patients After Emergency PCI

A total of 88 STEMI patients who underwent emergency PCI were included in this study. The
follow-up period was 6 months (with no cases lost to follow-up). Among them, 15 cases (17.0%)
developed MACE, including 6 cases of cardiogenic shock, 2 cases of recurrent myocardial infarction,
and 7 cases of malignant arrhythmia. According to the ROC curve analysis of the predictive efficacy
at each time point, the AUC of HSP22 at admission for the case group was 0.646 (95% CI 0.501 - 0.790,
P =0.077), with a sensitivity of 86.7% and a specificity of 49.3%; the AUC of predictive efficacy on the
first postoperative day was 0.581 (95% CI 0.424 - 0.738, P = 0.326), with a sensitivity of 60.0% and a
specificity of 63.0%; the AUC of predictive efficacy on the third day was 0.805 (95% CI 0.698 - 0.911,
P <0.001), with a sensitivity of 80.0% and a specificity of 68.5%; and the AUC of predictive efficacy
on the fourth day was 0.778 (95% CI 0.659 - 0.898, P = 0.001), with a sensitivity of 86.7% and a
specificity of 64.4%, Figure 5. The predictive efficacy of HSP27 at admission was 0.506 (95% CI 0.352
- 0.563, P = 0.943), with a sensitivity of 13.3% and a specificity of 71.2%; the predictive efficacy of
HSP27 on the first postoperative day was 0.531 (95% CI 0.386 - 0.737, P = 0.710), with a sensitivity of
93.3% and a specificity of 23.3%; the predictive efficacy on the third postoperative day was 0.784 (95%
CI0.681-0.887, P <0.001), with a sensitivity of 86.7% and a specificity of 65.8%; the predictive efficacy
on the fourth postoperative day was 0.747 (95% CI 0.609 - 0.884, P = 0.003), with a sensitivity of 66.7%
and a specificity of 83.6%, Figure 6. The predictive efficacy of HSP60 at admission was 0.412 (95% CI
0.258 - 0.566, P = 0.284), with a sensitivity of 26.7% and a specificity of 47.9%; the predictive efficacy
of HSP60 at 8 hours after surgery was 0.843 (95% CI 0.724 - 0.944, P <0.001), with a sensitivity of 93.3%
and a specificity of 71.2%; the predictive efficacy of HSP60 at 12 hours after surgery was 0.798 (95%
CI0.658 -0.938, P <0.001), with a sensitivity of 60.0% and a specificity of 93.2%; the predictive efficacy
of HSP60 at 24 hours after surgery was 0.527 (95% CI 0.377 - 0.676, P = 0.743), with a sensitivity of
66.7% and a specificity of 57.5%, Figure 7. The predictive efficacy of peak HSP22 combined with
HSP27 after surgery was AUC of 0.830 (95% CI 0.730 - 0.931, P < 0.001), with a sensitivity of 100.0%
and a specificity of 53.4%; the predictive efficacy of peak HSP22 combined with HSP60 after surgery
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was AUC of 0.898 (95% CI 0.833 - 0.962, P < 0.001), with a sensitivity of 100.0% and a specificity of
75.3%; the predictive efficacy of peak HSP27 combined with HSP60 after surgery was AUC of 0.905
(95% CI 0.831 - 0.979, P < 0.001), with a sensitivity of 93.3% and a specificity of 76.7%; the predictive
efficacy of the combined peak values of the three was AUC of 0.917 (95% CI 0.857 - 0.977, P < 0.001),
with a sensitivity of 100.0% and a specificity of 78.1%, Figure 8.
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Figure 5. ROC cuves of Prediction Curves for MACE Occurrence in HSP22 at Different Time Points in STEMI
Patients Under aoina Emeraency PCI (N=88).
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Figure 6. ROC cuves of Prediction Curves for MACE Occurrence in HSP27 at Different Time Points in STEMI
Patients Under aoina Emeraency PCI (N=88).
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Figure 7. ROC cuves of Prediction Curves for MACE Occurrence in HSP60 at Different Time Points in STEMI
Patients Under aoina Emeraency PCI (N=88).
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Note: Panel A illustrates the ROC curves for MACE occurrence based on HSP22 at 3
days post-PCl and HSPED at 8 hours post-PCl; Panel B presents the ROC curves for
MACE occurrence based on HSP22 at 3 days post-PCl and HSP27 at 3 days post-
PCI; Panel C demonstrates the ROC curves for MACE occurrence based on HSP27
at 3 days post-PC| and HSP&0 at B hours post-PCl; Panel D displays the ROC curves
for MACE occurrence based on the combined analysis of all three biomarkers.

Figure 8. ROC cuves of postoperative peak levels of HSP22, HSP27 and HSP60 for the occurence of
MACE(N=88).

Based on the ROC curve analysis, the optimal cut-off point was determined by the maximum
value of the Youden index (sensitivity + specificity - 1), with the peak values of HSP22 being 2.416
ng/mL, HSP27 being 9.470 ng/mL, and HSP60 being 3.154 ng/mL. These cut-off values divided
patients into a high-expression group and a low-expression group (HSP22 Table 2, HSP27 Table 3,
HSP60 Table 4). The baseline data of the two groups were comparable (P > 0.05).
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Table 2. Baseline Data of STEMI Patients with High and Low Levels of HSP22 on the 3rd Day after Emergency

PCL
Agz M CRFP SBP DEP Smoks
Varishlas Casas
(th) [%a] (mglL3 (mmHe) (mmHe) [%a]
High 35 37.86=12.14 33 (9420 | 500 (3.00,13.10) 12934222 35 82.11=13.39 15 42903
Low 33 60.09:12.39 3.00 {5.00,5.35) 127 08=25.00 79.53216.70 27 (50507
x24T -0.836 5217 -0987 0434 0.767 0.352
P 0797 000z 034 0273 0349 0.457
Varighlss Drink Hp DM WBC RBC Mono% FLT
[%] [%a] [%a] Cx109/L) (=109 /L3 (&3] (=109 /L3
High B (2250) 20 (57.10) 10 (28602 7.34 (6.26, 946 4590 (4615110 7.7321.85 133.60=60.74
Low 17 (32100 19 (35.80) 18 (34.002 B.16 (6.93,10.28) 4591 (4643515 7.20=2 .61 2143 02=63 34
FeLiy 0.881 0.016 0282 -1L066 -0.118 1.024 -0.543
P 0348 0.899 0595 0.287 0.906 0440 0.2%9
Varighlss Hp cTn TG HDL-C LDL-C CHOL
gLl (gl (mmolL) (mmolL) (mmolL) CupmelL)
High 151,00 (136.00,157.00% 0.059 {0.01,2.73) 1.46 (1.10,2.153 105023 187 (215365 413112
Low 148.00 (138.30,138.00% 0.077 0.01,2.083 146 (1.05217) 112029 196 (2.16367) 4.63£1.35
x24T -0.249 -0.348 -0.363 -1.257 -0.070 -1236
P 0803 0.585 0.717 0373 0544 0.493
Variables DD ALT CRE UA UREA HE
(mgL} (UL CpmolL) CpmmelL) (mmolL) Cbpm)
High 0.33 {0.31, 0420 28.00 (18.00,39.000 BL60 (71.00,99.60) 33900 (30000, 484.300 6.25x1.83 73.40£12.07
Low 0.32 ¢0.29, 0.359) 23.00 ¢17.00,30.503 76.60 (67.00.88.153 34010 (31250, 374.500 6.23=190 72911435
x24T -1538 -1.63% -2108 -1284 0052 0.317
P 0.110 0.101 0.044 019 0960 0.641
Varighlas NT-proBNP EP GLU MACE
{ogl) (&) (mmolL) [¥]
High 33300 ¢303.00.1710.00) 5B31=E.4 684 (343880 12 (34300
Low 42500 (38.30, 2163.000 60.74=8.74 674 (5688810 3570
x24T -2057 -1128 -1131 12216
P 0.040 0.711 0.896 <0001

Note: The measwrement data conforming to the nonmal distribution are expressed as mean + standard deviation (¥~ = s); for the
measrement data not confonring to the nommal distribution or with wnequal vanances, the median (P23, P73)is used Highrefas to
high-expression group; Low refers to low-expression group M refers to male; SBPrefers to systolic bloodpressire; DEP refers to
diastolic blood pressure; Hp refers to hypertension; DM refers to diabetes; WBC refers towhite blood cell count; RBC refers to red blood

cell count; Mono?s refersto the percentage ofmonocytes: PLT refirs to platelet count; Hb refers to hemoglobin; ¢ Tnrefers to troporin;

TG refersto triglycerides; HDI-C refers to high-density lipoprotein cholesterol; LDL-C refers to low-density lipoprotein cholesterol;

CHOL refers tototal cholesterol; DD refers to D-dimer; AL Trefers to alanine aninotransferaze: CRE refers to creatinine: UA refersto

uric acid: UREA refers tourea; HE refers toheart rate; NT-proBINP refers to N-terminal pro-brain natrivretic peptide precursor; CREA

refersto creatinine; GLU refers to glucose; CEP refers to C-reactive protein; HSP22 refers to heat shock protein 22; HSP2 7 refers to heat

shodk protein 27; HSP60 refers to heat shodk protein 60.
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Table 3. Baseline Data of STEMI Patients with High and Low Levels of HSP27 on the 3rd Day after Emergency

PCL
Casas Age M CFP SBP DEP Smoke
Varishles
(th) [%a] (mel) (mmHe) (mmHe) [%a]
High 46 60.22=10.38 41 (89.103 3.00 £3.00,7.9903 125 1525.02 78.30 (69.00,89.50% 12 (47800
Low 42 38.10=14.10 32 (76203 5.00 £3.00,1.06) 13107=22 44 79.00 (71.00,94.00% 20 (47.63
x24T 0.809 2600 -1408 -1.164 -1.5341 0.000
P 0.092 0107 0.1% 0345 0478 0.985
Varishlas Drink Hp DM WBC RBC Mono¥ FLT
[%] [%] [%a] (x109/L) (=109 /L) [&Y] (=109 /L)
High 13 (2830 27 (38700 14(3040) 749 (66810733 485 (437, 31D 7.29=2129 13263=54.60
Low 12 (28.60) 12 (52400 1403333 B00 (6.71946) 2482126933
x24T 0.001 0355 0.085 -0.167 -0.529 -1177
P 0.974 0351 0771 0.867 0209 0611 03358
Varishlas Hp cTn TG HDLC LOL-C CHOL
(gLl Cpeld (mmolL) (mmolL) (mmolL) CpmmolL)
High 150.50 (136.00,157.00) 0039 (0.021,273) 141 {0.94.198) 108027 182 (204340 435163
Low 148,50 (138.00,157.00) 0062 C0.012, 1,063 163 (131,2.13) L1E0.29 189 (2.30,3.79) 462119
x24T -0.714 -0.767 -1738 -0319 -0.802 -0.869
P 0.475 0443 0.082 0.568 0423 0.310
Variablas DD ALT CRE UA UREA HE
(mgl) (UL CpmelL) CpmolL) (mmolL) (bpm)
High 034 (031, 0420 28.00 (17.50,36.00% B1.30 (74.1096.207 346.50 (30000, 461002 6.141.99 73331509
Low 034 (0.29, 035 2300 (17.30.34.00) 76.50 (66.30.93.60) 33300 C304.00,472.00% 6.331.74 72.86=11.49
x24T -0.908 -0.355 -1103 -0.301 -0859 0.410
P 0364 072 0.270 0.616 0.338 0.067
Variables NT-prBNP EP GLU MACE
(pgl) @) %)
High 56000 C309.00, 1300.003 60,00 (52.00,69.00) 14 (20400
Low 40350 ¢90.00,970.00) 61.30 (50.00, 67.003 T.16 (344, 919 1 240
x24T -13%4 -0.025 -0326 12.220
P 0.102 0.980 0.599 <0001

Note: The measrement data confonming to the normal distribution are expressed as mean = standard deviation (x” = s); for the
measirement data not conforming to the nommal distribution or with unequal vanances, the median (P23, P73)is used Highrefers to
high-expression group; Low refers to low-expression group M refers to male; SBP refers to systolic blood pressure; DBP refers to
diastolic blood pressure; Hp refers to hypertension; DM refers to diabetes; WBC refers to white blood cell count; RBC refers tored blood

cell count; Mono%s refers to the percentage of monocytes; PLT refers to platelet court; Hbrefers to hemoglobin; ¢ Tnrefers to troporin;

TGrefers to triglycerides; HDL-C refers to high-densty lipoprotein cholesterol; LDI-C refers to low-density lipoprotein cholesterol;
CHOL refersto total cholestercl; DD refers to D-dimer; AT Trefers to alamine aninotransferaze: CRE refers to creatinine; UA refers to

frtt bt e

wric acid, UREA refers to urea; HR refers to heart rate; NT-pro BNP refers to N-terminal pro-brain natriuretic peptide precursor; CREA

refersto creatinine: GLU refersto glucose; CRP refers to C-reactive protein; HSP22 refers to heat shodk protein 22; HSP27 refers to heat

shock protein 27; HSPS0 refers to heat shock protein 60.
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Table 4. Baseline data of STEMI patients with elevated HSP60 levels 8 hours after emergency PCI surgery.

ize u 3.3 SEP DEP Smoke
Varishlas Cases . ) .
[417] [%] (=g/L) (maHg) (maHg) [%]
High k4] 600912 57 32 (9140 5.00 (5.00,11.80) 130.54+25.28 | 78.00(71.50,80.500 & 13 (37.10)
Low 5 58.62+12. 15 41 (T7. 400 5.00 (5.00, 9.50) 126, 28+22.99  B0.00(70.00,83.000 | 29 (54 7)
x 2 /0 0.545 2.951 -0.971 -0.232 -0.038 2.610
P 0.587 0.086 0.331 0.105 0.969 0.106
Varighlas Drink Hp oM WEC RBC Mondk PLT
[%] [%] [%] (%109 /L) (%109 /1) 3] (X109 /L)
High 11 (31 40) 21 (60.00) 10 (28.600 | B8.16 (6.73, 10.67) | 4.97 (4.67, 5.3D) T.67£1.83 235. 6060, T4
Low 14 (26.40) 28 (52.80) 18 (34.00) T.72 (6.68, 9.46) 4.85 (4.57, 5.08) 7.25%2.67 243, 032863, 54
x 2 /0 0.261 0.439 0.282 -0. 631 -1.403 0.811 -0.545
P 0.610 0.508 0.595 0.528 0.161 0.420 0.289
Varighlas Hh sIn e HIL-C, LILC CHOL
(afL) (gL (emol,/L) (mmol/L) (mmol/L) {umaliL)
High 152.00 (143,00, 160.00) @ 0.057 (0.013 ,2.85) | 1.51 (0.94 2.23) & 1.12£0.25 | 2.82 (2.0L, 3.63) 4492140
Low 147.00 (136.00,154.003 | 0.061 (0.012, 1.60) | 1.46 (1.23 2.04) & 1084030 | 289 (217, 3.7 4.473£1.48
x 2 /0 -1.933 -0.133 -0.090 0.539 -0.725 0,067
P 0.053 0.849 0.929 0.591 0.469 0.947
Vasisblas oo ALT CRE Ua UREA
(mg/L) oLy (rmliL) {umaliL) (mmol/L)
High 0.33(0.29, 0.39) | 27.00(21.50,33.00) | 82.70 (75.65 ,99.7) 369. 30 (328.60 , 484.00) 6.30 (5.30 ,7.600
Low 0.35(0.32, 0.40) | 26.00C1§, 00, 39.00) | 76.90 (66.70, 90.30) 33240 (296,00, 461.30) 5.80 (4.90, 6.80)
x 2 0 -1.238 -0.090 -1.833 -1.688 -1322
P 0.216 0.929 0.067 0.091 0.186
Varizbles HR NI-pzoBE EP GLIY MACE
(bpm) (ng/L) 5] (mmol/L) [%]
High T4.00 (64.00, 79.50) 486.00 (68.00, 1495.00) | 60.00 (55.00,70.50) & 6.64 (5.439.34) 8 (22.86)
Low 72,00 (65.00, 80.00) 533. 00 (248.00,970.00) 61.00 (55.00, 65.00) | 6.96 (5.59, 8.66) T(13.200
x 2 /0 -0. 627 -0.188 -1 545 -0.307 1.388
P 0.531 0. 851 0.878 0.331 0.239

Nete: The measrement data confonming to the normal distribution are expressed as mean= standard deviation(x~ = s); for the
measirement datanot conforming to the nommal distribution or with unequal vanances, the median (P23, P75)is used Highrefers to
high-expression group; Low refers to low-expression group M refers to male; SBP refers to systolic blood pressive; DEP refers to
diastolic blood pressure; Hp refers to hypertension: DM refers to diabetes; WEC refers to white blood cell coumt; RBC refers tored blood
cell count; Mono® refers to the percentage of monocytes; PLT refers to platelet count; WH:hi,re fers to hemoglobin; %re farsto %ﬁn;

TGrefers to tnglycendes; HDL-C refers to high-densty lipoprotein cholesterol; LDL-C refers to low-density lipoprotein cholesteral;
CHOL refers to total cholestercl; DD refers to D-dirmer; AL T refers to % Wmm% CERErefers tocreatinine; UA refers to

wnic acid: UREA refers to urea; HE refers to heart rate; NT-pro BNP refers to N-tenminal pro-brain natriuretic peptide precursor; CREA

refersto 5353\.%; GLU refersto glucose; CRP refersto Creactive protein; HSP22 refers to heat shodk protein 22; HSP27 refers to heat

shock protein 2 7; HSPG0 refers to heat shock protein 60.

The univariate binary Logistic regression analysis revealed that peak levels of HSP22, HSP27,
and HSP60 were all risk factors for MACE occurrence (P < 0.05). The multivariate binary Logistic
regression model, after adjusting for creatinine and NT-proBNP, confirmed that HSP22 had an OR of
1.85 (95% CI: 1.32 - 2.59, P =0.002), HSP27 had an OR of 2.12 (95% CI: 1.45 - 3.10, P < 0.001), and HSP60
had an OR of 2.37 (95% CI: 1.63 - 3.45, P < 0.001). These three factors remained independent risk
factors for MACE occurrence in STEMI patients undergoing emergency PCI, Table 5.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 5. Odds Ratio of 3d HSP22/HSP27 and 8h HSP60 after PCI as Predictive Factors for MACE.

Table 5 Odds Ratio of 3d HSP22/HSP27 and §h HSP60 after PCI as Predictive Factors for MACE

Univariate logistic regression Multivariate logistic regression
B OR(95%CT) P B OR(95%CT) P
HS5P22 7.895 2684.28 (28.71-250985.85) <20.001 7.78 2394.25 {1047-547725.01 0.005
HSP27 1.63 5.13 (1.88-13.89) <.0.001 1.67 529 (1.65-16.94) 0.005
HS5P60 6.882 97429 (20.27-46832.95) <20.001 11.90 | 14773166 £65.72-313043274.707 0.002

Note: The multivariate binary Logistic regression model adjusted for creatinine and N-terminal pro-brain patrjuretic peptide.

4. Discussion

In recent years, significant progress has been made in the research on the pathogenesis of CVD.
Multiple studies have demonstrated that endothelial cell damage and inflammatory responses are
crucial in atherosclerosis [11,12]. The activation of inflammatory pathways and endothelial cell
damage, along with the accumulation of lipid, fibrous components, and calcium, are essential factors
contributing to the progression of atherosclerosis and, ultimately, to vascular stenosis [13]. This kind
of cell damage can be attributed to various factors, such as oxidative stress, lipid peroxidation, and
high cholesterol levels [14,15]. In such an environment of damage and stress, cells activate a series of
protective mechanisms, including the expression and release of heat shock proteins [16]. Increasing
the expression of such heat shock proteins may serve as a cellular protective mechanism, aiming to
alleviate endothelial cells” stress, injury, and inflammatory responses [17]. Moreover, an increasing
amount of evidence indicates that there is a significant correlation between elevated levels of
inflammatory factors and biomarkers in patients with coronary artery disease and adverse clinical
outcomes [18-20].

HSP22 belongs to HSPs and is mainly expressed in the heart, brain, skeletal muscle, and various
cancers [21]. Previous studies on human and animal models have shown that HSP22 in the
myocardium after acute and chronic ischemia can be significantly induced and released. Specifically,
HSP22 increases in hypoxic and hibernating myocardium, indicating an adaptive response to
hypoxia. Therefore, HSP22 is a cellular protective protein that prevents irreversible ischemic damage
to cardiomyocytes in hypoxic and hibernating states. In vitro studies using isolated cardiomyocytes
have shown that overexpression of HSP22 protects cardiomyocytes from stress-induced apoptosis by
activating the PI3K/Akt/Smad 1/5/8 survival signaling pathway [22]. The research findings indicate
that overexpression of HSP22 can significantly enhance the PI3K activity of cardiomyocytes and the
phosphorylation levels of Akt and Smad 1/5/8. Additionally, some studies have revealed the close
connection between HSP22 and inducible nitric oxide synthase (iNOS) and demonstrated that the
anti-apoptotic effect of HSP22 in cardiomyocytes depends on its induction of iNOS [23,24]. Moreover,
overexpression of HSP22 increases the expression and activity of iNOS in cardiomyocytes and cardiac
tissues, while the deletion or silencing of HSP22 weakens the expression of iNOS.The key point is
that inhibiting iNOS eliminated the cardioprotective effect induced by HSP22. In transgenic (TG)
mice with the HSP22 gene, it was found that HSP22 increased a AAA-related protein named valosin-
containing protein (VCP). HSP22 co-localizes with AKT and VCP [25],and interacts with these two
proteins, mainly existing in the nuclear part of cardiomyocytes. Then, activating transcription factors
activates the atomic factor k- light chain enhancer (NF-kB) of B cells to induce the expression of iNOS
in cardiomyocytes. It is worth noting that the down-regulation of HSP22 will increase stress-induced
cardiomyocyte death, thereby accelerating the transition from cardiac overload to heart failure
during this period [26]. Lack of HSP22 will also disrupt the energy metabolism homeostasis of the
heart and increase oxidative damage, thereby leading to cardiac dilation and functional impairment
[27]. Therefore, HSP22 may be a new therapeutic target for cardiovascular diseases. HSP27 has a
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relative molecular mass of approximately 27 kDa and is ubiquitous in various cells and organ tissues.
It has functions such as binding and stabilizing the cytoskeleton and can regulate the expression of
genes directly related to vascular wall inflammation by activating NF-xB [28]. The possible
mechanism of HSP27 in anti-atherosclerosis is: In acute stress states such as ischemia, hypoxia, and
high pressure, some proteins in the cells undergo denaturation, causing the level of HSP27 in the
body to increase and inducing its phosphorylation [29]. Phosphorylated HSP27 (pHSP27) stabilizes
the integrity and viability of the cell membrane by inhibiting Bax, up-regulating glutathione
reductase, and reducing reactive oxygen species within the cell [30]. It activates the NF-«B signaling
pathway to induce granulocyte-monocyte colony-stimulating factor and binds to ATP-binding
transporter Al and transporter G1, thereby promoting the efflux of total cholesterol [31]. It also
inhibits the uptake ability of macrophages for acetylated low-density lipoprotein, suppresses the
formation of foam cells, stimulates the secretion of IL-10 through the p38 signaling pathway, reduces
the expression of scavenger receptor A, regulates the release of pro-inflammatory factors, and inhibits
the progression of inflammatory responses [32,33]. pHSP27 can enhance the re-association of actin,
inhibit its degradation, and strengthen the aggregation ability of fibrous actin, ultimately achieving
the purpose of inhibiting the progression of atherosclerosis. HSP60 is a highly conserved heat shock
protein that plays essential roles and provides protection within cells [34]. HSP60 is mainly located
in mitochondria and assists in protein folding, assembly, and transportation [35]. Outside the cell,
HSP60 can act as a molecular chaperone, interacting with other proteins and participating in various
biological processes [36]. The experiments conducted by Jing Tian et al. provided direct evidence that
exogenous HSP60 activates the TLR 4-MyD 88-p38/NF-kB signaling pathway and induces
inflammatory responses in cardiomyocytes. Moreover, it was demonstrated that endogenous HSP60
released by ischemic cardiomyocytes promotes the induction of cytokines through the TLR 4-MyD
88-p38/NF-kB pathway [37]. Clinical studies also suggest that HSP60 can induce inflammation, and
anti-HSP60 antibodies may promote atherosclerosis [38]. Anti-HSP60 indicates endothelial injury and
can serve as a new risk factor for atherosclerosis and a valuable diagnostic marker for patients with
mixed connective tissue disease [39]. Furthermore, the polymorphism of the HSP60 gene is associated
with the pathological grading and incidence of atherosclerosis to some extent. The study by Wang S
et al. demonstrated that HSP60 can bind to MHC II on the surface of antigen-presenting cells and
be recognized by CD4+ T cells. This indicates that HSP60 can act as an antigen in atherosclerotic
plaques, triggering an immune response against HSP60 [40].

This study systematically analyzed HSP22, HSP27, and HSP60 expression characteristics in
patients with STEMI. The following significant findings were obtained. Serological tests revealed that
the levels of HSP22, HSP27, and HSP60 in STEMI patients at admission were significantly higher than
those in patients with stable coronary heart disease (P <0.05), and it was the first time to confirm that
all three can be used as a combined serum biomarker combination for the diagnosis of STEMI.
Dynamic monitoring revealed that the peak levels of HSP22, HSP27, and HSP60 have predictive
value for MACE events. The combined detection of these three can further enhance the predictive
efficacy. Preliminary analysis showed that the sensitivity of the combined detection of HSP22 and
HSP27 was as high as 100%, but its specificity was relatively low (53.4%). To verify the reliability of
the data, we took the following measures: multiple confirmations of the detection methods of
HSP22/27 for inter-batch differences and repeatability, repeated detection of HSP22 and HSP27 on
the third day after surgery to determine the accuracy of the data. Considering that the current results
may be related to insufficient sample size, we could also introduce inflammatory indicators on the
third day after surgery (such as white blood cell count C-reactive protein), combine Logistic
regression to construct a new model, and use the Youden index to reselect the critical value to balance
sensitivity and specificity. However, the above supplementary experiments could not be completed
due to the late detection time of HSP22/27 (patients have been discharged). Unlike previous studies
that focused on single indicator research limitations, this study, for the first time, simultaneously
confirmed that the serum levels of all three were significantly higher in STEMI patients than in
patients with stable coronary heart disease (P < 0.05), providing a new triad of serological biomarker
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combinations for the early differential diagnosis of STEMI. In addition, the research results also
showed differences in the prediction time windows of different HSP - HSP22 and HSP27 on the third
day after surgery and HSP60 on the first day after surgery, respectively, which had predictive values
for MACE. This temporal specificity provided precise time node guidance for clinical monitoring.
The optimization of dynamic monitoring schemes and the design of differentiated HSP monitoring
time axes (HSP60 focused on the first day after surgery, HSP22/HSP27 focused on the third day after
surgery) provided the evidence-based basis for reducing unnecessary frequent tests in clinical
practice. Unlike previous studies that focused on single indicator research limitations, this study, for
the first time, simultaneously confirmed that the serum levels of all three were significantly higher in
STEMI patients than in patients with stable coronary heart disease (P < 0.05), providing a new triad
of serological biomarker combinations for the early differential diagnosis of STEMI. This study has
several limitations: Firstly, the relatively small sample size (n=88 in the STEMI group) and low
incidence of MACE events (15 cases) may result in insufficient statistical power, necessitating future
multicenter, large-scale studies to validate the generalizability of the conclusions further. Secondly,
the control group exclusively comprised patients with stable coronary artery disease, excluding
healthy individuals, which may underestimate the specificity of HSPs in acute myocardial infarction
(AMI). Additionally, the single-center design may limit the results due to regional population
characteristics (e.g., the influence of climate and dietary habits on baseline HSP levels), and the
applicability of cutoff values has not been validated across different geographical or ethnic groups.
Lastly, the short follow-up period (6 months) precluded the assessment of HSPs’ predictive value for
long-term prognosis in STEMI patients undergoing emergency PCI. Future research should extend
the follow-up duration to clarify the long-term prognostic significance of HSPs, explore combined
detection strategies with other biomarkers, and enhance the clinical applicability of the findings by
incorporating healthy controls and conducting cross-regional validation.

Author Contributions: Conceptualization,Yaning Hu and Yuansheng Liu; methodology,Yuansheng Liu;
validation, Tao Qu.,Chuanjun Chen and Yueping Wang; formal analysis,Fengxu Lin and Yaning Hu;
investigation,Yaning Hu and Yuansheng Liu.; resources,Tao Qu.,Chuanjun Chen and Yueping Wang;writing —
original draft preparation, Yaning Hu; writing—review and editing, Tao Qu.,Chuanjun Chen.; visualization, Tao
Qu.,Chuanjun Chen; supervision,Tao Qu.,Chuanjun Chen; project administration,Tao Qu.,Chuanjun Chen;
funding acquisition, Tao Qu.,Chuanjun Chen. All authors have read and agreed to the published version of the
manuscript.

Funding: This work was supported by the Metallurgical Safety and Health Branch of the Chinese Society for
Metals (Grant No.jkws202304).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration of
Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of Inner Mongolia Baogang

Hospital (protocol code 2024-MER-039 and May 8th,2024 of approval).” for studies involving humans.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Acknowledgments: During the preparation of this manuscript/study, the author(s) used SPSS 23.0 and Graph
Pad Prism 8.0 for the purposes of statistical analysis. The authors have reviewed and edited the output and take

full responsibility for the content of this publication.

Conlflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to

publish the results.

Abbreviations

The following abbreviations are used in this manuscript:

CVD Cardiovascular diseases
STEMI ST-segment elevation myocardial infarction
PCI Percutaneous coronary intervention
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MACE Major adverse cardiovascular events
HSPs Heat shock proteins

HSP22 Heat shock protein 22

HSP27 Heat shock protein 27

HSP60 Heat shock protein 60
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