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Background: Markers of bone and extracellular matrix (ECM) remodeling may be associated with adverse outcomes in atherosclerotic cardiovascular disease. Podocan is a newly discovered ECM glycoprotein, previously not studied in a chest pain population. We wanted to study the association between Podocan levels on admission and the risk of adverse outcomes in a chest pain population with suspected acute coronary syndromes.

Methods: A total of 815 patients from the Risk markers in Acute Coronary Syndrome (RACS) trial with suspected coronary chest pain were followed for 7 years. Blood samples were taken immediately after inclusion and stored in the biobank. Associations between Podocan and endpoints were assessed with Cox proportional hazards analyses.

Results: The median admission level of Podocan was 0.674 ng/ml (0.566–0.908 ng/ml). No significant association was found between Podocan quartile levels and all-cause death, neither at 1 year nor 2- or 7-years follow-up (p > 0.05 for all). Furthermore, no significant association could be shown between Podocan and cardiac death, myocardial infarction (MI), stroke, or the composites of all-cause death/MI/stroke or cardiac death/MI/stroke (p > 0.05 for all). Similarly, in a subgroup of patients with Troponin T-positive (n = 432) there was no significant association between Podocan and any of the outcome measures (p > 0.05 for all endpoints and points in time).

Conclusion: Podocan, a novel ECM biomarker, is not associated with all-cause mortality or other major cardiovascular adverse events in patients admitted with acute chest pain suspected to be of coronary origin.

Clinical Trials.gov Identifier: NCT00521976.
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INTRODUCTION

Biomarkers have emerged as a key tool in the current management of patients with the acute coronary syndrome (ACS), both concerning diagnosis (e.g., troponins) and risk assessment (e.g., Estimated Glomerular Filtration Rate [eGFR] and Brain Natriuretic Peptide [BNP]) (1). Our understanding of the pathophysiological basis for ACS is also evolving as new biomarkers emerge and show new processes to be central both in disease development and progression. Sometimes this may eventually lead to new therapeutic strategies as the case has been in the unravelment of the central role of inflammation in ACS (2). Markers of bone metabolism and extracellular matrix (ECM) proteins may be associated with adverse outcomes in both ischemic heart disease and heart failure, but their role and underlying mechanisms are yet to be fully understood (3–6).

Podocan, a recently discovered ECM glycoprotein in the small leucin-rich repeat proteoglycan (SLRP) family, binds collagen type 1, the most abundant collagen type in atherosclerotic plaques (7, 8). It was originally discovered in the kidney basal membrane, but has also been found in myocardial tissue, aortic tissue, and coronary atheroma as well as in vascular smooth muscle cells (SMC) (7, 9, 10). As the biomarker field progresses, several aspects of the cascade of atherosclerosis are illuminated. Similar to inflammation, fibrosis is an integral part of atherosclerosis involving ECM remodeling and its bidirectional interaction with inflammation as an important mediator (4). Podocan has been shown to inhibit excessive arterial repair after injury in preclinical trials (11). This could suggest that Podocan may have a protective role against scar formation and fibrosis after myocardial injury. Contrary to this, abstracts have shown an increased risk of adverse events from higher Podocan levels in patients with angiographic evidence of coronary artery disease (12, 13) potentially reflecting that excessive Podocan levels may impair tissue healing As the role of ECM and fibrosis is still explored, Podocan as a novel and unestablished biomarker in this field should be investigated further in larger clinical cohorts. At present, there are only abstracts published on the association between Podocan and clinical outcomes in coronary artery disease (CAD) and no studies investigating Podocan in an undifferentiated chest pain population.

The objective of the current study was to evaluate the role of Podocan as a new biomarker of prognosis in an acute chest pain population suspected of having ACS.



MATERIALS AND METHODS


Design and Study Population

The Risk in Acute Coronary Syndrome (RACS–ClinicalTrials.gov Identifier: NCT00521976) was a single-center, prospective, cohort study on consecutive patients admitted with a history of chest pain, or symptoms suggestive of ACS to Stavanger University Hospital, Stavanger, Norway, in the period from November 2002 to September 2003 (14). Exclusion criteria were age under 18 years, unwillingness or incapacity to provide informed consent and prior inclusion in the same study. The planned follow-up was 24 months, but the study was later expanded to include 7 years of follow-up. Baseline clinical data were collected during hospitalization and follow-up was done by patient interviews by phone at 30 days, 6 and 12 months, and 2 and 7 years. In cases where data collection was not possible to obtain by phone, this was retrieved through contact with the patient's general practitioner, nursing home, or close relatives. Hospital records were used to confirm data. Written informed consent was obtained from all patients, and the study was approved by the Regional Board of Research Ethics and the Norwegian Health authorities and conducted in accordance with the Helsinki Declaration. Blood samples were stored in a biobank approved by the Norwegian Health Authorities.



Endpoints

The following endpoints were recorded in the study: All-cause death, cardiac death, myocardial infarction (MI), stroke, the composite of all-cause death, MI and stroke as well as the composite of cardiac death, MI, and stroke. Cardiac death was defined as death after definite MI, or chest pain over 20 min, or a history of ischemic heart disease and no other clear cause of death (15). MI was defined as symptoms of coronary ischemia with rising and fall of Troponin T (TnT) with levels ≥ 0.05 ng/ml. For the composite endpoints, only the first MI or stroke was recorded. The term ACS in this study includes ST-elevation MI (STEMI), Non–ST-elevation MI (NSTEMI), and unstable angina pectoris (UAP). STEMI was defined as ST-elevation in ECG and TnT>0.05 ng/ml (upper limit of normal at the study laboratory during this study period). NSTEMI was defined as chest pain without ST elevation in ECG and a TnT level > 0.05 ng/ml. UAP was defined as chest pain without ST-elevation and with TnT levels < 0.05 ng/ml. Non–ACS was defined as all other conditions, such as arrhythmias and unspecified chest pain, without ECG changes or positive TnT. A TnT positive subgroup was used for stratified analysis, rather than the patients with adjudicated ACS. This was chosen because modern assays are more sensitive and some of the patients with intermediary TnT levels on the contemporary assay would probably be regarded as MI today. To increase sensitivity in our analysis, we used a cut-off value of TnT > 0.01 ng/ml (the lower level of detection of the analysis used) to identify our subgroup.



Laboratory Analysis

Baseline laboratory variables were collected from hospital records. Data on BNP, high sensitivity C-Reactive Protein (hsCRP), and TnT analyses are reported earlier together with information concerning blood sampling, transport, and storage (16).

Podocan was analyzed in blood sampled immediately upon hospital admission with a commercially available enzyme-linked immunosorbent assay-based analysis of ethylene diamine-tetra-acetic acid (EDTA)-plasma (Abbexa Ltd, Cambridge, United Kingdom, Cat# abx370876, RRID AB_2904494) at our cooperating research laboratory at Rikshospitalet, Oslo, Norway, in 2021. Intra- and inter-assay coefficients of variations for Podocan were <10%.



Statistical Analysis

Baseline characteristics are presented by Podocan quartiles. Categorical variables are shown as frequency and percentage and tested across quartiles of Podocan using Chi-Square tests. Continuous variables are presented as a median and interquartile range and compared across quartiles of Podocan by Kruskal-Wallis tests. Biomarkers, such as BNP, were analyzed as quartiles. Survival analysis is presented as Kaplan-Meier plots grouped by quartiles of Podocan and equality of survival curves tested by log-rank tests. Receiver Operating Characteristics (ROC) curves and Area Under ROC (AUROC) were used to assess Podocan's ability to predict endpoints. Univariable Cox regression assessed Podocan quartiles' independent relation to endpoints before the primary analysis, a multivariable Cox proportional hazards regression model, with stepwise adjustment of variables. In the first step, relevant confounding variables were assessed, and only significant variables were included in the next step, introducing Podocan. The potential confounders were; age, sex, diabetes mellitus, hypertension, current smoking, dyslipidemia, prior heart disease (angina or MI), heart failure, prior medication use (statins, beta blockers, angiotensin converting enzyme inhibitors (ACEI) or angiotensin receptor blockers (ARB), diuretics and acetylsalicylic acid (ASA), discharge diagnosis (STEMI/NSTEMI/UAP/Non–ACS), primary revascularization within 50 days of index event, as well as quartiles of BNP, eGFR (Modification of Diet in Renal Disease [MDRD]) and hsCRP, as well as TnT>0.01 ng/ml. A two-sided p < 0.05 was considered statistically significant. As this study is exploratory in origin, no adjustments were introduced for multiple comparisons. With no published clinical studies on Podocan in chest pain patients, estimating event rates for quartiles of Podocan would be impossible beforehand, and hence no sample size calculation was done. All available patients from the RACS-material were analyzed in our study. All analyses were performed using SPSS version 25 (IBM, Armonk, New York, USA).




RESULTS


Admission Levels of Podocan and Baseline Characteristics

A total of 871 patients were enrolled in the RACS study and samples for Podocan measurement were available for 815 patients (93.6%). There was no loss to follow-up. The median level of Podocan in the study was 0.674 ng/ml (0.566–0.908). The distribution of Podocan is shown in Supplementary Figure S1. The baseline characteristics of the population are given in Table 1. There was no significant difference in any of the baseline characteristics between quartiles of Podocan. During 7 years of follow-up, there were 315 deaths, 187 MIs, and 50 strokes for patients with known Podocan values. The frequencies of all outcomes are shown in Table 2. Frequencies of 7-years outcomes by discharge diagnosis are provided in Supplementary Table S1.


Table 1. Baseline characteristics of the study population.
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Table 2. Frequencies of outcomes.
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Podocan and Its Relation to Adverse Clinical Outcomes

The incidence of all-cause death did not differ between quartiles of Podocan at 7 years (p = 0.706). Kaplan-Meier plots for the event rates by quartiles of Podocan are shown in Figure 1. The log-rank test did not show any significant differences in the survival curves for the Podocan quartiles (p = 0.839), and the results of ROC analysis indicated no potential role for Podocan to predict fatal outcomes (AUROC=0.512, p = 0.574). Neither univariable nor multivariable Cox regression analyses could demonstrate any significant association between Podocan and all-cause mortality (p = 0.840 and 0.992, respectively) with similar results at 1- and 2-years follow-up.


[image: Figure 1]
FIGURE 1. Kaplan-meier plots of endpoints by quartile of podocan, (A) all-cause death, (B) myocardial infarction, (C) stroke and (D) composite of all-cause death, myocardial infarction, or stroke.


Concerning the composite of all-cause death/MI/stroke or the individual endpoints of MI or stroke alone, no difference was seen in univariable or multivariable analyses between Podocan quartiles at 7 years or other time points (p > 0.05 for all). The same results were found for cardiac death and the composite of cardiac death/MI/stroke at 1 and 2 years. Details are given in Table 3.


Table 3. Association between podocan and all endpoints in the total population.
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Podocan in the TnT Positive Subpopulation

Of the 815 patients included in the study, 432 (53.0%) had TnT >0.01 ng/ml. The median level of Podocan was 0.686 ng/ml (0.567–0.924 ng/ml). During 7 years of follow-up, 204 all-cause deaths, 137 MIs, and 25 strokes occurred in this subgroup. As in the total population, baseline characteristics did not differ across quartiles of Podocan (p > 0.05 for all, details in Supplementary Table S2). Moreover, similar to the total population, no association could be demonstrated for Podocan with all-cause death or any other outcome measures at any time point, neither in univariable nor in multivariable Cox regression (p > 0.05 for all, details in Table 4). Due to zero events in a combination of variables, the hazard ratio for a 2-years stroke in the multivariable Cox regression could not be computed.


Table 4. Association between Podocan and all endpoints in the TnT positive subpopulation.
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DISCUSSION

In this first study in the literature to assess Podocan in patients with suspected ACS, we did not find that Podocan was associated with all-cause or cardiac mortality, or with MI, stroke, or composites of these individual endpoints. Similar results were found in patients with elevated troponins.

To the best of our knowledge, no peer-reviewed articles on the role of Podocan in cardiovascular (CV) disease have so far been published. However, there are some abstracts on this topic available in the literature (12, 13, 17–19). Data from these indicate an association of Podocan with major adverse CV events among patients with angiographically documented CAD, which is in contrast to our results in the present study. However, the inherent shortcomings of a scientific report in abstract format make the reconciliation of the overall findings in these series difficult. As there are no studies investigating levels of Podocan in the general population or chest pain/ACS, we cannot compare the levels from our material to others, neither in the total material or subgroup.

Podocan is part of the SLRP-family, consisting of five “branches” based on conservation, protein, and genetic similarities (20). Podocan was discovered as the first member of a new class (Class 5) of non–canonical SLRPs, differing in the C-terminal cysteine clusters, but sharing 20 leucine-rich repeat sections with strong homology to the canonical class 1 and 2 (20). Podocan also shares functional properties with other SLRPs by binding collagen type 1 and inhibiting cell growth through increased expression of p21 (7). Preclinical research suggests that Podocan acts through inhibition of the wingless T-Cell Factor (Wnt-TCF)-pathway (11). The Wnt-TCF pathway is a regulatory pathway for smooth muscle cell growth and subsequently, Podocan is part of the regulatory process for fibrosis in blood vessels. The same study showed that mice deficient in Podocan had increased, prolonged, and excessive neointima formation after injury (11). Similarly, human smooth muscle cells with overexpression of Podocan had reduced activity of the WnT-TCF pathway, paving the way for a theory of Podocan being protective of fibrosis and possibly a marker of beneficial outcomes after atherosclerotic events. This was supported by an abstract showing increased cardiac hypertrophy in Podocan deficient mice after induced pressure overload (18). Contrary to this, abstracts investigating patients with angiographic confirmed CAD showed a positive association between measurable Podocan and increased risk of adverse CV events, hence questioning the protective role of Podocan (12, 13). Another study failed to find a significant association between Podocan and pulse-wave velocity, a known predictor of CV risk (21). In conclusion there is a scarcity of, and conflicting evidence of the effects and association of Podocan to risk in CV disease. While experimental data may suggest a protective role of Podocan in CV disease, the natural dynamics and pathophysiological effects are still uncertain.

There may be several reasons for Podocan not showing an association to outcomes in our study. As atherosclerosis and the evolution of CV disease after an index event is vastly complex, there is always the possibility of the preclinical finding being tempered by other processes or feedback loops in clinical practice. There is also the possibility of the murine experiments not being generalizable to humans, and Podocan not having the effects in humans as found in mice (22). As stated, the dynamics of Podocan are unknown, and hence our finding of a lack of association may be a question of sampling time after the index event. Also, as in any quantitative study, our lack of significant findings may be a question of sample size, and our study being underpowered to find the existing associations. Additionally, it is important to underscore that whereas inhibition of fibrogenesis and ECM remodeling may be beneficial by protecting against excessive fibrosis, too much inhibition by, e.g., high levels of Podocan may attenuate infarct healing following MI and may, therefore, be harmful, illustrating the dual roles of a mediator such as Podocan. Finally, the balance between canonical and non–canonical Wnt signaling is finely tuned by other secreted Wnt agonists and antagonists and local effects in the vasculature may not necessarily be reflected by systemic levels. Thus, our findings do not mean Podocan has no role in ACS progression but rather that it does not exhibit prognostic characteristics.


Strengths and Limitations

Including over 800 patients, this is a relatively large biomarker study. The study population was old with a median age of over 70 years. However, with a consecutive enrolment, this study population is representative of patients admitted into emergency rooms in our area. As our study was originally designed to follow patients for 2 years, and only later expanded to 7 years, we only have follow-up data for cardiac death for up to 2 years. There was no loss to follow-up, but no cause specific death was adjudicated for the 7-years data. The blood samples have been stored in a biobank for up to 18 years before the present analyses. Effects of long-term storage on Podocan are not known, and no studies investigating this are published to date. As all samples in our study were equally exposed, the effects on results should be random and negligible. We believe that our biobank material is still able to give insights into any associations between Podocan and endpoints, that would in any instance need to be verified in other studies. Although the ethnicity in the study area is mainly Scandinavian, the lack of data on ethnicity may have hampered our conclusion.

Medication and treatment are major determinants of outcomes after ACS. As an exploratory study, we did not aim to adjust for all confounders and quantify the effect of Podocan on outcomes. As such, only medication before admission and invasive treatment within 50 days were included in the statistical model. There was no change in standards of treatment during the inclusion period.

There is a lack of research on the dynamics of Podocan in peripheral blood in the process of vascular injury and healing, hence the optimal time window for sampling is unknown. Even though our results could be affected by this, the complete lack of signal in our material makes Podocan unlikely to be a good predictor of risk.




CONCLUSION

In this first study on patients with acute chest pain admitted to the hospital for suspected ACS, Podocan, a novel glycoprotein and Wnt pathway inhibitor were not associated with all-cause mortality or CV morbidity. More research is needed to confirm our findings.
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“Model adjusted for significant confounding variables among age, sex, diabetes melitus, hypertension, current smoking, cyslipidemia, prior heart discase, heart feiure, prior medication,
index diagnosis, primery revasculerization within 50 days, BNP, éGFR, CRR, and peak TnT.

* Coefficients did not converge, calculation not possible.

Mi, Myocardial Infarction; NA, Not applicable.
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*Model adjusted for significant confounding variables among age, sex, diabetes melitus, hypertension, current smoking, cyslipidemia, prior heart disease, heart faire, prior medication,
index diagnosis, primary revascularization within 50 days, BNP. éGFR, CRR, and peak TnT.

Mi, Myocardial Infarction.
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