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Objective: Acute ST-segment elevation myocardial infarction (STEMI) is a serious cardiovascular event, and timely diagnosis and intervention are essential to improve prognosis. As a novel biomarker, serum cyclophilin A (CyPA) may play an important role in the development and progression of STEMI.



Methods: Two hundred and sixty-four patients with acute STEMI and 264 healthy controls were included in this study. The association of CyPA with STEMI was assessed by multivariate logistic regression analysis, and the potential value of CyPA in predicting STEMI risk was assessed using receiver operating characteristic curve (ROC) and reclassification analysis. In addition, calibration curves and decision curve analysis (DCA) were used to test the reliability of CyPA in predicting STEMI risk.



Results: The results showed that serum CyPA levels were significantly higher in patients with acute STEMI than in healthy controls (P < 0.001). Multivariate logistic regression analysis indicated that CyPA level was an independent risk factor for acute STEMI (OR = 1.15, 95% CI: 1.09, 1.23). In Model 3, each unit increase in CyPA was associated with a 17% increased risk of STEMI (P < 0.0001). Compared with Q1, the Q4 group (OR = 157.45, 95% CI: 65.19, 420.54) had a dramatically increased risk of STEMI. CyPA was found to have a non-linear relationship throughout the range by restricted cubic spline (RCS) analysis. The AUC of ROC curve analysis in model C was 0.994, which was significantly improved compared with model B (P = 0.01); the net reclassification index (NRI) was 0.0682 (P = 0.00029), and the comprehensive discriminant improvement index (IDI) was 0.0438 (P < 0.0001). The calibration curve showed that model C was more stable, and DCA showed that model C had better net yield, which was superior to model A and model B.



Conclusion: This study showed that serum cyclophilin A levels were closely associated with the development of acute ST-segment elevation myocardial infarction. CyPA may become a potential biomarker for acute STEMI.
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1 Introduction

Serum cyclophilin A (CyPA), an important cytokine, has attracted significant attention in cardiovascular disease research in recent years. Acute ST-segment elevation myocardial infarction (STEMI) is a serious cardiovascular event characterized by a complex pathogenesis involving various physiological and pathological processes. CyPA plays a critical role in myocardial ischemia and reperfusion injury, and elevated levels of CyPA in STEMI patients suggest its potential as a biomarker (1, 2). Research indicates that CyPA is not only involved in inflammatory responses but is also closely related to processes such as cell apoptosis and cardiac remodeling, which may position it as a key player in the occurrence and progression of STEMI (3).

Clinical studies have shown that serum levels of CyPA are closely associated with the occurrence, severity, and prognosis of STEMI. One study indicated that CyPA levels in STEMI patients were significantly higher than those in healthy controls and positively correlated with the severity of myocardial injury (4). Moreover, changes in CyPA levels in patients with acute coronary syndrome (ACS) have been regarded as important indicators for assessing disease stability and prognosis, further emphasizing its significance in clinical applications (5). Elevated levels of CyPA are not only related to the severity of myocardial injury but may also serve as an independent risk factor for predicting cardiovascular events (6, 7). For instance, some studies have found that increased CyPA levels are associated with worsening left ventricular function after myocardial infarction, suggesting its potential role in the cardiac remodeling process (8, 9).

The clinical application of CyPA holds great promise, particularly in the early identification of high-risk patients and optimization of treatment strategies. By monitoring CyPA levels, clinicians can better assess the risk of STEMI patients, enabling the development of personalized treatment plans. The use of this biomarker not only aids in improving the early diagnosis of STEMI but may also enhance patient outcomes and reduce the incidence of cardiovascular events (10, 11). Although some studies have shown that CyPA has certain correlation in cardiovascular diseases such as coronary heart disease, the clinical application value of CyPA has not been systematically verified in the field of early diagnosis and risk prediction of acute ST-segment elevation myocardial infarction (STEMI). Most previous studies have focused on disease-related analysis, lacking a large sample size, and a comprehensive assessment of the independent efficacy and incremental value of CyPA in STEMI risk stratification by multidimensional statistical tools. In addition, the clinical discrimination and stability of CyPA combined with traditional risk factors are rarely quantitatively analyzed by NRI, IDI and decision curve at home and abroad.Therefore, a deeper investigation into the mechanisms by which CyPA functions in STEMI and its potential as a biomarker is of significant clinical importance and necessity for advancing early diagnosis and intervention in cardiovascular diseases. Consequently, this study aims to explore the correlation between CyPA and acute ST-segment elevation myocardial infarction, as well as its value in risk prediction.



2 Study subjects and methods


2.1 Study subjects

This study conducted a retrospective analysis of 264 STEMI patients who underwent emergency percutaneous coronary intervention (PCI) at our hospital between December 2021 and December 2024, serving as the experimental group. The inclusion criteria were as follows: (1) All patients met the diagnostic criteria for ST-segment elevation myocardial infarction (STEMI) in the Practice for the Diagnosis and Treatment of Acute Myocardial Infarction (12). Specifically, they presented with typical clinical symptoms of myocardial ischemia (e.g., chest pain), elevated markers of myocardial injury (e.g., troponin), and ST segment elevation in at least two leads on the electrocardiogram. In addition, all included patients received standardized treatment in strict accordance with the above guidelines, including timely reperfusion therapy [preferred percutaneous coronary intervention (PCI) or thrombolytic therapy if necessary] and secondary preventive measures, such as antiplatelet drugs, statins, β-blockers, and angiotensin converting enzyme inhibitors or receptor antagonists (ACEI/ARBs); (2) patients completed myocardial enzyme profiles, troponin tests, coronary angiography, and electrocardiography, and were able to tolerate emergency PCI; (3) patients were aged 18 years or older; and (4) patients' clinical data were complete. Exclusion criteria included: (1) a history of myocardial infarction; (2) severe metabolic disorders; (3) significant organ dysfunction, such as severe liver or kidney impairment; (4) severe infections; (5) coagulation disorders; and (6) recent history of major surgery or trauma. Additionally, we selected a control group consisting of 284 patients who presented with chest pain during the same period and had negative results from coronary angiography or coronary CT angiography. To ensure the rigor of the study, a retrospective calculation was performed using the logistic regression binary variable sample size formula based on a two-sided alpha of 0.05, a power of 80%, and an expected OR of 1.7 (case-control ratio 1:1) for CyPA and STEMI suggested in the literature, resulting in a minimum required sample size of 206 (103 in each group). The actual sample size in this study far exceeds the minimum requirement, ensuring the reliability and statistical power of the analysis. This study was approved by the Ethics Committee of the Second People's Hospital of Hefei (2020-KE-058). Informed consent was obtained from all participants and/or their legal guardians. Studies involving human research participants were conducted in accordance with the Declaration of Helsinki.



2.2 Study methods


2.2.1 Data collection

Through the hospital's electronic medical record system, we collected the basic demographic characteristics and clinical information of STEMI patients at the time of admission. This information included the patients' age, gender, body mass index (BMI), smoking and drinking habits, as well as histories of hypertension and diabetes. Additionally, we recorded various hematological parameters, such as neutrophils, lymphocytes, monocytes, hemoglobin, and platelets. Furthermore, we included data on glycated hemoglobin, albumin, urea, creatinine, uric acid, total and direct bilirubin, as well as triglycerides (TG), total cholesterol (TC), high-density lipoprotein (HDL), low-density lipoprotein (LDL), estimated glomerular filtration rate (eGFR), left ventricular ejection fraction (LVEF), fasting plasma glucose (FPG), glycated hemoglobin (HbA1c), and cystatin C (CysC).



2.2.2 Serum cyclophilin A (CyPA) determination

The CyPA level was measured using the enzyme-linked immunosorbent assay (ELISA) method, with kits provided by CUSABIO. The procedure was strictly followed as outlined below:

(1.) Allow all reagents to reach room temperature (18–25°C) for at least 30 min, and prepare the reagents as previously described. (2.) Sample addition: Set up wells for the standard and test samples. Add 100 µl of either the standard or test sample to each well, gently mix by shaking, then cover with a plate seal and incubate at 37°C for 2 h. (3.) Dispose of the liquid and dry the wells without washing. (4.) Add 100 µl of biotin-labeled antibody working solution to each well, cover with a new plate seal, and incubate at 37°C for 1 h. (5.) Discard the liquid from each well, dry them, and wash the plate 3 times, with each wash soaking for 2 min at 200 µl per well, then dry again. (6.) Add 100 µl of horseradish peroxidase-labeled streptavidin working solution to each well, cover with a new plate seal, and incubate at 37°C for 1 h. (7.) Remove the liquid from each well, dry them, and wash the plate 5 times, each wash soaking for 2 min at 200 µl per well, then dry again. (8.) Sequentially add 90 µl of substrate solution to each well and allow color development at 37°C in the dark for 15–30 min. (9.) Sequentially add 50 µl of stop solution to each well to terminate the reaction. (10.) Within 5 min of stopping the reaction, measure the optical density (OD value) of each well at a wavelength of 450 nm using a microplate reader. Finally, use the OD values of the samples to determine their corresponding concentrations from the standard curve, or calculate the regression equation for the standard curve using the concentration of the standards and their OD values, and then substitute the sample OD values into the equation to obtain the sample concentrations.



2.2.3 Models establishment and validation

Multivariate logistic regression analysis was used to identify independent risk factors for STEMI and to establish three predictive models: Model A is the CyPA model, Model B is based on independent clinical risk factors, and Model C combines CyPA with clinical risk factors. The clinical applicability of Model C was assessed using the net reclassification improvement index (NRI), integrated discrimination improvement index (IDI), receiver operating characteristic curve (ROC), calibration curve, and decision curve analysis (DCA). An NRI value greater than 0 indicates that the new model is superior to the old model, while a negative value suggests the opposite. The IDI reflects the change in the predictive ability difference between the two models; a higher value indicates a stronger predictive capability of the new model. Specifically, an IDI greater than 0 signifies an improvement, less than 0 indicates a negative improvement, and equal to 0 suggests no change. For details regarding the clinical risk factors identified through multivariate logistic regression analysis, please refer to Supplementary Table S1.



2.2.4 Statistical methods

Statistical analyses and graphing were performed using SPSS 26.0 and R 4.2.1. Measurement data were expressed as mean ± standard deviation, independent sample t-test was used for comparison between the two groups; enumeration data adoption rate (%) was expressed, chi-square test was used for comparison between the two groups. Additionally, Univariate and multivariate logistic regression analyses were used to predict independent factors for STEMI risk. CyPA levels were categorized into four groups based on quartiles (Q1, Q2, Q3, Q4), with Q1 serving as the control group. The relationship between CyPA and STEMI risk was analyzed using multivariate logistic regression models: Model 1 included no adjustments for covariates; Model 2 adjusted for age, sex, BMI, smoking, drinking, hypertension, and diabetes; and Model 3 further adjusted for neutrophils, albumin, fasting plasma glucose (FPG), LDL, HDL, and left ventricular ejection fraction (LVEF). The relationship between CyPA and STEMI risk was explored across the entire range using restricted cubic splines (RCS). We also conducted receiver operating characteristic (ROC) curve analysis and reclassification analysis to assess the potential value of CyPA in predicting STEMI risk, including the net reclassification index (NRI) and integrated discrimination improvement (IDI). Reliability was assessed through calibration curves and decision curve analysis (DCA) for the prediction of STEMI risk with CyPA. All statistical analyses were two-tailed, and a P-value of <0.05 was considered statistically significant.





3 Results


3.1 Characteristics of study participants

This study included a total of 528 participants, with 264 in the control group and 264 in the STEMI group. The basic characteristics of the participants are as follows: the mean age of the STEMI group was 57.86 ± 13.10 years, while that of the control group was 61.83 ± 10.62 years (P < 0.001). Regarding gender, there were 368 males (69.70%) and 160 females (30.30%), with a significantly higher proportion of males in the STEMI group compared to the control group (P < 0.001). In terms of body mass index (BMI), the average BMI of the STEMI group was 25.35 ± 3.79, while the control group had an average BMI of 25.93 ± 3.51 (P = 0.069). Concerning hematological parameters, the STEMI group exhibited significantly higher levels of neutrophils, monocytes, and hemoglobin compared to the control group (P < 0.001). Among the biochemical indices, direct bilirubin, indirect bilirubin, creatinine, uric acid, and fasting blood glucose levels were all significantly higher in the STEMI group than in the control group (P < 0.05). In terms of lifestyle, there were 308 smokers (58.33%), 101 alcohol consumers (19.13%), 180 patients with hypertension (34.09%), and 259 patients with diabetes (49.05%) among the participants. The incidence of hypertension and diabetes was significantly higher in the STEMI group than in the control group (P < 0.001). Additionally, the level of CyPA in the STEMI group (22.01 ± 9.68) was significantly higher than that in the control group (13.89 ± 7.25), with P < 0.05. Detailed results can be found in Table 1.


TABLE 1 Comparison of general clinical characteristics between STEMI group and Non-STEMI group.
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3.2 Relationship between CyPA and STEMI risk

Table 2 presents the correlation between CyPA levels and the risk of STEMI. In Model 1, for each 1-unit increase in CyPA, the risk of STEMI rises by 11% (OR: 1.11, 95% CI: 1.09–1.14). In Model 2, this risk increases by 13% (OR: 1.13, 95% CI: 1.09–1.16). In the further adjusted Model 3, for each additional unit of CyPA, the risk of STEMI increases by 17% (OR: 1.17, 95% CI: 1.14–1.22). In the quartile analysis, the highest quartile (Q4) of CyPA demonstrates a significantly increased risk of STEMI compared to the lowest quartile (Q1) (OR: 157.45, 95% CI: 65.19–420.54).


TABLE 2 Relationship between CyPA and STEMI risk.
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3.3 RCS analysis of the association between CyPA and STEMI risk

According to Table 2, there is a clear increasing trend in STEMI risk from Q1 to Q4. To further validate the relationship between CyPA and STEMI risk, we performed a smooth curve fitting analysis. Figure 1 illustrates that as the CyPA values increase, the risk of STEMI shows a nonlinear upward trend. The statistical tests also confirm this nonlinear relationship (Non-linearity P < 0.001).


[image: Figure 1]
FIGURE 1
RCS analysis of the association between CyPA and STEMI risk.




3.4 ROC and reclassification analyses

We assessed the value of CyPA in predicting the risk of STEMI using ROC curves and reclassification analysis (see Table 3 and Figure 2). In the ROC analysis, the area under the curve (AUC) for Model A was 0.758 (95% CI: 0.716–0.801), Sensitivity: 0.540, specificity: 0.935, Youden Index: 0.475; Cut-off Value: 0.644; while Model B had an AUC of 0.988 (95% CI: 0.982–0.994), Sensitivity:0.962, specificity:0.927,Youden Index: 0.889; Cut-off Value: 0.399; and Model C achieved an AUC of 0.994 (95% CI: 0.990–0.997),Sensitivity:0.962, specificity: 0.943, Youden Index: 0.905; Cut-off Value: 0.382;. In the reclassification analysis, the net reclassification index (NRI) was 0.0682 (95% CI: 0.0313–0.105), and the integrated discrimination improvement (IDI) was 0.0438 (95% CI: 0.0263–0.0613), further indicating that CyPA significantly improves the prediction of STEMI risk.


TABLE 3 ROC curve and reclassification analysis for three models.
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FIGURE 2
ROC curve analysis.




3.5 Calibration curve and decision curve analysis

The calibration curve shown in Figure 3 indicates that Model C is closer to the ideal curve compared to Models A and B, suggesting that Model C has a higher stability. Figure 4 presents the decision curves for Models A, B, and C when predicting the risk of STEMI. All models demonstrate effectiveness across the threshold probability range of 1% to 99%, and within this range, Model C provides a greater net benefit than Models A and B. This indicates that when the threshold probability is set between 1% and 99%, Model C can deliver significant clinical net benefits for patients.


[image: Figure 3]
FIGURE 3
Calibration curve.
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FIGURE 4
Decision curve analysis.





4 Discussion

This study systematically investigated the value of CyPA in predicting the risk of STEMI. The results showed that CyPA levels were significantly higher in STEMI patients than in controls; CyPA was able to predict the occurrence of STEMI as an independent risk factor, and this association remained robust even after accounting for traditional cardiovascular risk factors. Further analysis showed that the discriminatory ability and clinical application value of CyPA were significantly improved after it was included in the traditional risk prediction model. Taken together, this study supports the potential of CyPA as a novel biomarker for STEMI risk assessment and provides new ideas and evidence for precise stratification and early warning of cardiovascular disease.These findings are consistent with previous research, which also highlighted the important role of CyPA in cardiovascular diseases, particularly in the context of acute coronary syndrome and myocardial infarction (13–15).

CyPA is an important cytokine that has garnered significant attention in cardiovascular disease research in recent years. CyPA not only plays a vital biological role within cells, but also participates in various pathological processes through its extracellular actions. Studies have demonstrated that CyPA is crucial in myocardial ischemia and reperfusion injury, and its elevated levels in patients with acute ST-segment elevation myocardial infarction (STEMI) suggest its potential as a biomarker (2, 16). CyPA promotes inflammatory responses and platelet activation by interacting with receptors such as CD147 (EMMPRIN) and RAGE (receptor for advanced glycation end products), thereby playing an essential role in the onset and progression of cardiovascular diseases (3, 17, 18). Furthermore, the release of CyPA is closely associated with oxidative stress; this oxidative stress not only stimulates CyPA secretion but also exacerbates myocardial injury and inflammatory responses by enhancing its extracellular activity (19, 20). Therefore, monitoring CyPA levels may provide new insights for the early diagnosis and risk assessment of cardiovascular diseases.

Acute ST-segment elevation myocardial infarction (STEMI) is a serious cardiovascular event characterized by a complex pathogenesis involving various physiological and pathological processes. The occurrence of STEMI is closely linked to inflammatory responses, oxidative stress, and platelet activation, with CyPA playing a significant role in these processes. Research has shown that CyPA levels in STEMI patients are significantly higher than those in healthy controls and are positively correlated with the severity of myocardial injury (10, 21). In one study, elevated CyPA was identified as an independent risk factor for predicting STEMI, and its changes were considered important indicators for assessing disease stability and prognosis in patients with acute coronary syndrome (ACS) (11, 22). Furthermore, alterations in CyPA levels have shown potential clinical value in the prognostic assessment of STEMI patients, particularly concerning cardiac remodeling and functional recovery (23, 24). Therefore, in-depth investigation into the mechanisms of CyPA in STEMI and its potential as a biomarker holds significant clinical importance for advancing early diagnosis and intervention in cardiovascular diseases.

In recent years, a growing body of evidence has explored the role of Cyclophilin A (CyPA) in cardiovascular diseases, particularly in the context of acute ST-segment elevation myocardial infarction (STEMI). Several international studies, such as Satoh et al. (2013) and Shinohara et al. (2010), have reported that plasma CyPA levels are significantly elevated in patients with acute coronary syndromes compared to controls and may serve as a novel biomarker of coronary artery disease activity (5, 25). The strengths of these studies include their innovative identification of CyPA as a potential clinical marker and well-defined study endpoints. However, their sample sizes were relatively small, and most were conducted in single centers and among predominantly Caucasian populations, which may limit the generalizability of their findings. In addition, some lacked comprehensive adjustment for conventional cardiovascular risk factors or detailed assessment of CyPA's contribution to risk prediction models.

In exploring the mechanisms of action of CyPA, the study found that it interacts with receptors such as CD147 (EMMPRIN) and RAGE (receptor for advanced glycation end products) to promote inflammation and platelet activation (5, 26, 27). The release of CyPA is closely related to oxidative stress, which not only enhances the secretion of CyPA but also exacerbates myocardial injury and inflammatory responses by increasing its extracellular activity (28–31). This research validated the nonlinear relationship between CyPA and STEMI risk through smooth curve fitting, further supporting the complex mechanisms by which CyPA operates in cardiovascular diseases.

In addition, this study evaluated the predictive value of CyPA for STEMI risk using ROC curves and reclassification analysis. This indicates the potential of CyPA as a biomarker, surpassing previous research findings (2, 32). Model A with CyPA alone as a predictor had significantly weaker discriminatory power than Model B based on multiple clinical variables, a phenomenon that is in line with current consensus in the field of coronary heart disease risk prediction. Traditional clinical risk factors (e.g., age, sex, hypertension, diabetes, smoking, dyslipidemia, etc) are able to reflect the pathogenesis of STEMI from multiple levels and thus have strong independence and broad applicability for risk judgment (33). When CyPA was added further to the clinical model (Model B), even if it brought only a slight ROC improvement (Model C), it suggests that CyPA may have a gain effect on STEMI risk identification. It should be pointed out that when the basic clinical model has performed very well, it is often difficult to achieve significant improvement with the addition of a single biomarker, which is in line with a marginal decreasing effect. However, even small improvements in model performance may complement individualized decision-making in specific clinical scenarios such as screening of high-risk populations and subgroup assessment. Therefore, CyPA can be used as a supplement to existing clinical assessment tools, and large samples and multicenter cohorts are needed to further confirm its clinical value in the future. The calibration and decision curve analyses showed that model C closely aligned with the ideal curve compared to models A and B, demonstrating its stability and effectiveness in clinical applications. These results are consistent with earlier studies that also highlighted the importance of CyPA in assessing cardiovascular disease risk (34, 35).

Interestingly, our results showed higher hemoglobin levels in STEMI patients. Multiple explanations for this phenomenon may exist. First, during acute myocardial infarction, dehydration or decreased plasma volume due to stress, vomiting, or decreased food intake leads to hemoconcentration, which increases the surface of hemoglobin (36). Second, increased hemoglobin may be associated with chronic hypoxic conditions, such as smoking patients or patients with chronic lung diseases, which are also high risk factors for coronary heart disease (37, 38). In addition, large cohort studies have shown a possible J-shaped relationship between hemoglobin levels and cardiovascular risk, ie, both anemia and polycythemia are associated with adverse cardiovascular outcomes (39). Therefore, the increased hemoglobin in STEMI patients in this study may be a result of a combination of the above mechanisms. Future clinical studies are needed to clarify the prognostic significance of elevated hemoglobin in this population.

Compared with the above studies, this study has the following advantages: (1) the sample size is large and the case-control is balanced, enhancing the statistical power and representativeness; (2) on the basis of combined multivariate analysis, the discriminant power and reclassification ability of CyPA after adding to the model are systematically assessed, and the clinical net benefit is analyzed using the clinical decision curve for the first time; (3) the population involved is actually hospitalized STEMI patients in mainland China, and the results are more meaningful in local practice.

The differences in the conclusions of different current studies may come from many aspects: first, the inclusion criteria and case composition are different, some studies focus on patients with specific complications, and some are small sample single-center observations. This study includes a wider range of real-world cases and reduces the selection bias; second, there are differences in the detection methods, sample collection time points and analysis means of CyPA, which may lead to different absolute values and cut-off values; third, whether different studies adjust the traditional risk factors and whether a comprehensive prediction model is constructed may affect the evaluation intensity of CyPA independent prediction value and gain effect.

We believe that CyPA, as a molecule reflecting inflammatory response and oxidative stress injury, is able to provide unique information on the pathological process of STEMI. As a complementary biomarker, CyPA is expected to play an important role in risk stratification, prognostic assessment, etc. in STEMI or suspected STEMI patients in the future. Compared with high-sensitivity troponin (hs-cTn) commonly used in clinical practice, CyPA is not only able to assist in the quantitative assessment of acute myocardial injury, but may also compensate for the limited specificity of hs-cTn in some special populations (such as patients with chronic kidney disease or those with chronic myocardial injury). In the future, the accuracy of STEMI diagnosis, risk stratification and prognosis can be improved by combining multiple biomarkers (such as combined detection of CyPA and hs-cTn). It should be pointed out that CyPA, as an emerging marker, its specific clinical application value still needs to be further validated in larger samples, multicenter and prospective studies.

However, this study has several limitations. First, sample size constraints: Although this study included 528 participants, the sample size remains relatively small, which may affect the external validity and statistical significance of the results. Second, single-center study: Conducting this research at a single center may introduce selection bias and limit the generalizability of the findings. Multicenter studies could provide more representative results. Third, lack of long-term follow-up: This study did not include long-term follow-up of patients, making it impossible to assess the relationship between CyPA levels and long-term outcomes in STEMI patients. Fourth, potential confounding factors: Although multivariable analysis was performed, there may still be uncontrolled confounding factors, such as patients' lifestyle and comorbidities, which could influence the relationship between CyPA and STEMI. Fifth, insufficient mechanistic research: This study primarily focused on the correlation and predictive value of CyPA levels, lacking an in-depth exploration of its potential mechanisms. Future research should consider investigating the biological mechanisms of CyPA in the occurrence of STEMI. Lastly, insufficient validation of clinical application: While the results indicate that CyPA has good sensitivity and specificity for predicting STEMI risk, further validation in clinical practice is necessary to confirm its actual utility as a biomarker.



5 Conclusions

In summary, this study not only validated the correlation between CyPA levels and the risk of STEMI but also provided comprehensive evidence through various statistical analyses, highlighting the potential clinical utility of CyPA as a biomarker. Future research should further investigate the mechanisms through which CyPA operates in different cardiovascular diseases, particularly its specific role in patients with STEMI. This will aid in uncovering CyPA as a potential therapeutic target in cardiovascular diseases and provide a theoretical foundation for the development of novel treatment strategies. Moreover, the incorporation of other biomarkers may further enhance the accuracy of risk assessment for STEMI, offering more comprehensive decision support for clinical practices. Large-scale, multicenter clinical studies are needed to validate the effectiveness and reliability of CyPA as a biomarker, thereby establishing a solid foundation for its application in clinical practice.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

This study was approved by the Ethics Committee of the Second Peoples Hospital of Hefei (2020-KE-058). Informed consent was obtained from all participants and/or their legal guardians. Studies involving human research participants were conducted in accordance with the Declaration of Helsinki.



Author contributions

YW: Conceptualization, Writing – original draft, Writing – review & editing. LW: Methodology, Writing – review & editing. CF: Formal analysis, Writing – review & editing. ZC: Conceptualization, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This research is funded by the Natural Science Project of Bengbu Medical University in 2020 (2022byzd213).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2025.1566129/full#supplementary-material



Abbreviations

STEMI, ST-segment elevation myocardial infarction; ROC, receiver operating characteristic curve; CyPA, serum cyclophilin A; AUC, area under curve; NRI, net reclassification improvement; IDI, integrated discrimination improvement; BMI, body mass index; HB, hemoglobin; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; UA, uric acid; FPG, fasting plasma glucose; TG, triglyceride; TC, total cholesterol; HDL, high density lipoprotein; LDL, low density lipoprotein; HbA1c, glycosylated hemoglobin; LVEF, left ventricular ejection fraction.



References

1. Dejanović VV, Stevuljević JK, Vukašinović A, Miljković M, Kafedzic S, Zdravković M, et al. Oxidative stress and inflammatory markers PTX3, CypA, and HB-EGF: how are they linked in patients with STEMI? Angiology. (2020) 71(8):713–20. doi: 10.1177/0003319720921724

2. Seizer P, Fuchs C, Ungern-Sternberg SN, Heinzmann D, Langer H, Gawaz M, et al. Platelet-bound cyclophilin A in patients with stable coronary artery disease and acute myocardial infarction. Platelets. (2016) 27(2):155–8. doi: 10.3109/09537104.2015.1051466

3. Hernandez I, Tesoro L, Ramirez-Carracedo R, Diez-Mata J, Sanchez S, Saura M, et al. Ivabradine induces cardiac protection against myocardial infarction by preventing cyclophilin-A secretion in pigs under coronary ischemia/reperfusion. Int J Mol Sci. (2021) 22(6):2902. doi: 10.3390/ijms22062902

4. Satoh K, Fukumoto Y, Sugimura K, Miura Y, Aoki T, Nochioka K, et al. Plasma cyclophilin A is a novel biomarker for coronary artery disease. Circ J. (2013) 77(2):447–55. doi: 10.1253/circj.CJ-12-0805

5. Huang CH, Chang CC, Kuo CL, Huang CS, Lin CS, Liu CS. Decrease in plasma cyclophilin A concentration at 1 month after myocardial infarction predicts better left ventricular performance and synchronicity at 6 months: a pilot study in patients with ST elevation myocardial infarction. Int J Biol Sci. (2015) 11(1):38–47. doi: 10.7150/ijbs.10271

6. Wang WL, Yuan YJ, Xue FS, Liao X, Wang Q, Xiong J, et al. Extracellular cyclophilin A may be a potential target to protect against myocardial reperfusion injury. Med Hypotheses. (2011) 77(5):734–8. doi: 10.1016/j.mehy.2011.07.026

7. Heinzmann D, Bangert A, Müller AM, von Ungern-Sternberg SN, Emschermann F, Schönberger T, et al. The novel extracellular cyclophilin A (CyPA)—inhibitor MM284 reduces myocardial inflammation and remodeling in a mouse model of troponin I -induced myocarditis. PLoS One. (2015) 10(4):e0124606. doi: 10.1371/journal.pone.0124606

8. Rath D, von Ungern-Sternberg S, Heinzmann D, Sigle M, Monzien M, Horstmann K, et al. Platelet surface expression of cyclophilin A is associated with increased mortality in patients with symptomatic coronary artery disease. J Thromb Haemost. (2020) 18(1):234–42. doi: 10.1111/jth.14635

9. Pahk K, Joung C, Song HY, Kim S, Kim WK. SP-8356, a novel inhibitor of CD147-cyclophilin A interactions, reduces plaque progression and stabilizes vulnerable plaques in apoE-deficient mice. Int J Mol Sci. (2019) 21(1):95. doi: 10.3390/ijms21010095

10. Rits MA, van Dort KA, Kootstra NA. Polymorphisms in the regulatory region of the cyclophilin A gene influence the susceptibility for HIV-1 infection. PLoS One. (2008) 3(12):e3975. doi: 10.1371/journal.pone.0003975

11. Yan J, Zang X, Chen R, Yuan W, Gong J, Wang C, et al. The clinical implications of increased cyclophilin A levels in patients with acute coronary syndromes. Clin Chim Acta. (2012) 413(7-8):691–5. doi: 10.1016/j.cca.2011.12.009

12. Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, et al. Fourth universal definition of myocardial infarction (2018). J Am Coll Cardiol. (2018) 72(18):2231–64. doi: 10.1016/j.jacc.2018.08.1038

13. Satoh K. Cyclophilin A in cardiovascular homeostasis and diseases. Tohoku J Exp Med. (2015) 235(1):1–15. doi: 10.1620/tjem.235.1

14. Tekin A, Can M, Çakır MO, Mungan AG, Güven B. Cyclophilin A and D levels in acute coronary syndrome and their relationship with cardiovascular risk factors. Turk Kardiyol Dern Ars. (2023) 51(8):531–6. doi: 10.5543/tkda.2023.98302

15. Palacín M, Rodríguez I, García-Castro M, Ortega F, Reguero JR, López-Larrea C, et al. A search for cyclophilin-A gene (PPIA) variation and its contribution to the risk of atherosclerosis and myocardial infarction. Int J Immunogenet. (2008) 35(2):159–64. doi: 10.1111/j.1744-313X.2008.00755.x

16. Xu S, Jiang J, Zhang Y, Chen T, Zhu M, Fang C, et al. Discovery of potential plasma protein biomarkers for acute myocardial infarction via proteomics. J Thorac Dis. (2019) 11(9):3962–72. doi: 10.21037/jtd.2019.08.100

17. Seizer P, Gawaz M, May AE. Cyclophilin A and EMMPRIN (CD147) in cardiovascular diseases. Cardiovasc Res. (2014) 102(1):17–23. doi: 10.1093/cvr/cvu035

18. Chen L, Zeng Z, Luo H, Xiao H, Zeng Y. The effects of CypA on apoptosis: potential target for the treatment of diseases. Appl Microbiol Biotechnol. (2024) 108(1):28. doi: 10.1007/s00253-023-12860-2

19. Mahesutihan M, Yan J, Midilibieke H, Yu L, Dawulin R, Yang WX, et al. Role of cyclophilin A in aggravation of myocardial ischemia reperfusion injury via regulation of apoptosis mediated by thioredoxin-interacting protein. Clin Hemorheol Microcirc. (2024) 87(4):491–513. doi: 10.3233/CH-242142

20. Cheng F, Yuan W, Cao M, Chen R, Wu X, Yan J. Cyclophilin A protects cardiomyocytes against hypoxia/reoxygenation-induced apoptosis via the AKT/Nox2 pathway. Oxid Med Cell Longevity. (2019) 2019:2717986. doi: 10.1155/2019/2717986

21. Miyamoto HD, Ikeda M, Ide T, Tadokoro T, Furusawa S, Abe K, et al. Iron overload via heme degradation in the endoplasmic Reticulum triggers ferroptosis in myocardial ischemia-reperfusion injury. JACC Basic Transl Sci. (2022) 7(8):800–19. doi: 10.1016/j.jacbts.2022.03.012

22. Dejanović V V, Bogavac-Stanojević N, Kotur Stevuljević J, Vukašinović A, Stefanović A, Kafedzic S, et al. Circulating levels of inflammatory parameters pentraxin-3, cyclophilin and heparin-binding epidermal growth factor-like growth factor in patients with ST-elevation myocardial infarction. Scand J Clin Lab Invest. (2020) 80(1):66–72. doi: 10.1080/00365513.2019.1698058

23. Cao M, Yuan W, Peng M, Mao Z, Zhao Q, Sun X, et al. Role of CyPA in cardiac hypertrophy and remodeling. Biosci Rep. (2019) 39(12):BSR20193190. doi: 10.1042/BSR20193190

24. Seizer P, Ochmann C, Schönberger T, Zach S, Rose M, Borst O, et al. Disrupting the EMMPRIN (CD147)-cyclophilin A interaction reduces infarct size and preserves systolic function after myocardial ischemia and reperfusion. Arterioscler Thromb Vasc Biol. (2011) 31(6):1377–86. doi: 10.1161/ATVBAHA.111.225771

25. Satoh K, Fukumoto Y, Sugimura K, Miura Y, Aoki T, Nochioka K, et al. Plasma cyclophilin A as a marker for coronary artery disease. Circ J. (2013) 77(3):723–9. doi: 10.1253/circj.CJ-12-0805

26. Seizer P, von Ungern-Sternberg SNI, Haug V, Dicenta V, Rosa A, Butt E, et al. Cyclophilin A is a ligand for RAGE in thrombo-inflammation. Cardiovasc Res. (2024) 120(4):385–402. doi: 10.1093/cvr/cvad189

27. Seizer P, Ungern-Sternberg SN, Schönberger T, Borst O, Münzer P, Schmidt EM, et al. Extracellular cyclophilin A activates platelets via EMMPRIN (CD147) and PI3K/akt signaling, which promotes platelet adhesion and thrombus formation in vitro and in vivo. Arterioscler Thromb Vasc Biol. (2015) 35(3):655–63. doi: 10.1161/ATVBAHA.114.305112

28. Satoh K, Nigro P, Berk BC. Oxidative stress and vascular smooth muscle cell growth: a mechanistic linkage by cyclophilin A. Antioxid Redox Signal. (2010) 12(5):675–82. doi: 10.1089/ars.2009.2875

29. Jiang L, Li W, Gong XL, Wang GY, Zhao F, Han L. Curcumin alleviates myocardial inflammation, apoptosis, and oxidative stress induced by acute pulmonary embolism by regulating microRNA-145-5P/insulin receptor substrate 1 axis. J Physiol Pharmacol. (2024) 75(1). jpp.2024.1.03/jpp.2024.1.03

30. ShamsEldeen AM, Fawzy A, Ashour H, Abdel-Rahman M, Nasr HE, Mohammed LA, et al. Hibiscus attenuates renovascular hypertension-induced aortic remodeling dose dependently: the oxidative stress role and Ang II/cyclophilin A/ERK1/2 signaling. Front Physiol. (2023) 14:1116705. doi: 10.3389/fphys.2023.1116705

31. Li W, Liu W, Chen C, Fan W, Zhang H, Liu W, et al. Effect of extracellular cyclophilin A on inflammatory response and anti-inflammatory activity of antibody against cyclophilin A. Sheng Wu Gong Cheng Xue Bao. (2018) 34(1):90–101. doi: 10.13345/j.cjb.170102

32. Yin X, Subramanian S, Hwang SJ, O'Donnell CJ, Fox CS, Courchesne P, et al. Protein biomarkers of new-onset cardiovascular disease: prospective study from the systems approach to biomarker research in cardiovascular disease initiative. Arterioscler Thromb Vasc Biol. (2014) 34(4):939–45. doi: 10.1161/ATVBAHA.113.302918

33. Morrow DA. Cardiovascular risk prediction in patients with stable and unstable coronary heart disease. Circulation. (2015) 131(22):1927–35. doi: 10.1161/CIRCULATIONAHA.109.852749

34. Xue C, Sowden MP, Berk BC. Extracellular and intracellular cyclophilin A, native and post-translationally modified, show diverse and specific pathological roles in diseases. Arterioscler Thromb Vasc Biol. (2018) 38(5):986–93. doi: 10.1161/ATVBAHA.117.310661

35. Satoh K, Shimokawa H, Berk BC. Cyclophilin A: promising new target in cardiovascular therapy. Circ J. (2010) 74(11):2249–56. doi: 10.1253/circj.CJ-10-0904

36. Mair J, Lindahl B, Hammarsten O, Müller C, Giannitsis E, Huber K. How is cardiac troponin released from injured myocardium? Eur Heart J Acute Cardiovasc Care. (2018) 7(6):553–60. doi: 10.1177/2048872617748553

37. Wannamethee SG, Perry IJ, Shaper AG. Hematocrit, hypertension and risk of stroke. J Intern Med. (1994) 235(2):163–8. doi: 10.1111/j.1365-2796.1994.tb01050.x

38. Sharma S, Merghani A, Mont L. Exercise and the heart: the good, the bad, and the ugly. Eur Heart J. (2015) 36(23):1445–53. doi: 10.1093/eurheartj/ehv090

39. Pan WH, Li LA, Chen CJ. Age and mortality rate of polycythemia Rubra Vera in Taiwan. Cancer. (1990) 65(11):2353–7.2346920



OPS/images/fcvm-12-1566129-g002.jpg
Sensitiy (TPR)

HModel A AUC: 0.758 (95%C10.716-0.801)
9 Model B AUC: 0.988 (95%C1.0.982-0.994)
Model C AUC: 0.994 (85%C10.990-0.997)






OPS/images/fcvm-12-1566129-g001.jpg
RN M
2






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Correlation between serum cyclophilin A and acute ST-segment elevation myocardial infarction and its predictive value

		1 Introduction



		2 Study subjects and methods



		2.1 Study subjects



		2.2 Study methods



		2.2.1 Data collection



		2.2.2 Serum cyclophilin A (CyPA) determination



		2.2.3 Models establishment and validation



		2.2.4 Statistical methods



















		3 Results



		3.1 Characteristics of study participants



		3.2 Relationship between CyPA and STEMI risk



		3.3 RCS analysis of the association between CyPA and STEMI risk



		3.4 ROC and reclassification analyses



		3.5 Calibration curve and decision curve analysis











		4 Discussion



		5 Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Cardiovascular Medicine

Correlation between serum
cyclophilin A and acute STsegment
elevation myocardial
infarction and its predictive value





OPS/images/fcvm-12-1566129-g004.jpg
‘Standardized Net Benefit

00 02 04 08 08 10
High Risk Threshold
r T T T T 1
1:100 4 32 a 1001

23
‘CostBenefit Ratio





OPS/images/fcvm-12-1566129-g003.jpg
‘Observed Probability






OPS/images/fcvm-12-1566129-t001.jpg
Variables Total (n = 528) Non-STEMI (n = 264) STEMI (n = 264) Statistic

Age, mean =D 59.84+12.08 6183 1062 5786+13.10
BMI, mean = SD 25642366 25932351 25352379
Neutrophils, mean = SD 616314 419180 813295
Lymphocytes, mean + SD 1.74+0.79 1.78 £ 0.56 1.71£0.97
Monocyte, mean =SD 0492022 040017 059023
HB, mean + SD 134.46 + 16.18 131.11 £15.20 137.82 £ 1645
Platelets, mean = SD 203.95 7240 19760 72,18 2103127221
Albumin, mean = SD 3993 2411 1079:448 39072350
Creatinine, mean = D 7033 +18.08 67.03= 1537 73621993
BUN, mean + SD 5892195 5742155 603228
GFR, mean = SD 9269+17.48 91.86 = 1601 9352+ 1884
UA, mean = SD 347.32+107.17 336.08 = 11145 358.57 = 101.70
FPG, mean = SD 6432251 583174 7042297
TG, mean + SD 1.88 = 0.98 1.80 + 1.01 1.95+0.95
TC, mean = SD 436= 111 412-113 460104
LDL, mean = SD 2832097 2572092 309094
HDL, mean = SD L112027 1192029 1042024
HbALc, mean = SD 667170 674183 660=155
LVEF, mean +SD 60.08 +7.56 62.66 +4.83 57.50 + 8.83
CyPA, mean + SD 17.95 +9.46 13.89+7.25 22.01+9.68
Sex, n (%)

Female 160 (30.30) 118 (44.70) 42 (1591)
Male 368 (69.70) 146 (55.30) 22 (84.09)
Smoke, n (%)

No 220 (41.67) 118 (44.70) 102 (38.64)
Yes 308 (58.33) 146 (55.30) 162 (61.36)
Alcohol, n (%)

No 427 (80.87) 189 (71.59) 238 (90.15)
Yes 101 (19.13) 75 (28.41) 26 (9.85)
No 348 (65.91) 241 (91.29) 107 (40.53)

Yes 180 (34.09) 23 (871) 157 (59.47)
Diabetes, n (%) 150.67 <0.001
No | 269 (50.95) | 64 24.24) | 205 (7.65)

Yes | 259 (49.05) | 200 (75.76) | 59 (22.35)

BMI, body mass index; HB, hemoglobin; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; UA, uric acid, FPG, fasting plasma glucose; TG, triglyceride; TC, total
iclasiarols FIDL: il diishty Reomrotil; LDX. oo ety Rpcistiutic: FATC, ahicomistd hainnaetiti: TVIEE. it vatricils siection Buctlsn  CyPA: s andophili A,





OPS/images/fcvm-12-1566129-t003.jpg
Models AUC (95% CI) | Pvalue | P for comparision | NRI (categorical) | P value IDI

Model A 0.758 (0.716, 0.801) <0.0001 = = -
Model B 0.988 (0.982, 0.994) <0.0001 - = = - -
Model C 0.994 (0.990, 0.997) <0.0001 001 0.0682 (0.0313, 0.105) 000029 | 0.0438 (0.0263,0.0613) | <0.0001

Model B, clinical risk factors; Model C, clinical risk factors + CyPA; clinical risk factors, alcohal, hypertension, diabetes, neutrophils, albumin, FPG, LDL, HDL, LVEF; NRI, net reclassification

index, IDI: integrated discrimination improvement.
*Indicates comparison to Model B.
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