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Background: The relationship between galectin-3 (Gal-3) and coronary artery disease (CAD) has not been fully elucidated.

Aim: This study aimed to determine the relationship between the presence and severity of CAD and serum Gal-3 levels.

Patients and Methods: Three-hundred thirty-one consecutive CAD patients were enrolled as the study group. An additional 62 patients without CAD were enrolled as the control group. Serum Gal-3 levels were separately compared between the non-CAD and CAD groups, among the stable CAD and Acute coronary syndrome (ACS) groups, and between CAD patients with low and high SYNTAX scores (SSs). The 1-year cumulative rate of major adverse cardiac events (MACEs) was also compared among ACS patients by Gal-3 levels.

Results: Serum Gal-3 was significantly higher in the CAD group than in the non-CAD group 3.89 (0.16–63.67) vs. 2.07 (0.23–9.38) ng/ml, P < 0.001. Furthermore, serum Gal-3 was significantly higher in the non-ST-segment elevation ACS (NSTE-ACS) group than that in the stable CAD group, 4.72 (1.0–16.14) vs. 2.23 (0.65–23.8) ng/ml, P = 0.04 and higher in the ST-segment elevation myocardial infarction (STEMI) group than that in the stable CAD group 7.87 (0.59–63.67) vs. 2.23 (0.65–23.8) ng/ml, P < 0.001. Serum Gal-3 level was an independent predictor of ACS compared with stable CAD group (OR = 1.131, 95% CI: 1.051–1.217, P = 0.001) as well as high SS (OR = 1.030, 95% CI: 1.021–1.047, P = 0.038) after adjust other confounding risk factors. Acute coronary syndrome patients with Gal-3 levels above the median (gal-3 = 4.78 ng/ml) showed a higher cumulative MACE rate than those with Gal-3 levels below the median. After adjusting other confounding risk factors, Gal-3 remained an independent risk factor for the cumulative rate of MACEs in ACS patients (6% higher rate of MACEs incidence per 1 ng/ml increment of Gal-3).

Conclusion: Galectin-3 correlated with the presence of CAD as well as coronary stability and complexity. Galectin-3 may be valuable in predicting mid-term prognosis in ACS patients.
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INTRODUCTION

Cardiovascular diseases (CVDs) remain the leading cause of death worldwide (1). Atherosclerosis is a major cause of stroke and CVDs (2) and is characterized by the excessive accumulation of lipoprotein in macrophages, monocyte chemo-attraction in vascular lesions, and the infiltration of vascular smooth muscle cells (VSMCs) into the sub-endothelial space (3). Inflammation mediated by macrophages plays an important role in the initiation and progression of atherosclerosis (3, 4).

Galectin-3 (Gal-3) is a pro-inflammatory cytokine that is mainly secreted by activated macrophages (5). It is a circulating 35 kDa β-galactosidase-binding lectin and the unique chimera-like galectin member of the vertebrate family (6). It has one C-terminal carbohydrate recognition domain connected to a long N-terminal domain, and in the human genome, it is encoded solely by LGALS3, located on chromosome 14, locus q21-22 (5, 6). Galectin-3 has several biological functions, including intracellular and short-distance signaling, regulation of gene expression, cell-to-cell interaction, and exchanges between cells and the extracellular matrix (ECM) (7, 8). Over-expression of Gal-3 has been observed in patients with decompensated congestive heart failure (CHF). In addition, Gal-3 may play an important role in the inflammatory response, fibrosis and scar formation, cardiac remodeling, and heart failure in the clinical setting of acute myocardial infarction (AMI) (9).

Recently, clinical data have suggested that Gal-3 is closely correlated with coronary atherosclerosis (9–13). However, the precise role of Gal-3 in coronary artery disease (CAD) has not yet been fully elucidated, and more data are needed to systemically explore the association between serum Gal-3 levels and atherosclerotic plaque burden and stability. We therefore performed a retrospective cohort clinical study to explore the relationship between peripheral Gal-3 levels and the presence of CAD as well as plaque burden and stability. The value of Gal-3 in predicting mid-term prognosis in acute coronary syndrome (ACS) patients was also evaluated.



PATIENTS AND METHODS


Study Population

This is a single-center, retrospective cohort study. From January 1 to December 1, 2018, we continuously enrolled 393 consecutive patients who underwent coronary angiography due to suspected coronary heart disease. Patients who met one of the following criteria were excluded: (1) patients with acute or chronic infectious diseases or autoimmune diseases or recently used drugs that affect the immune response; (2) patients with severe heart failure, liver or kidney dysfunction; (3) patients complicated with any kind of tumor; and (4) patients who refused to sign the informed consent form and did not want to participate in this research.



Methods

First, the enrolled patients were divided into the control (non-CAD group, n = 62) and CAD groups (n = 331). Serum Gal-3 levels were compared between the two groups. Then, we did subgroup analysis and all the enrolled CAD patients were further divided into the stable CAD, non-ST-segment elevation ACS (NSTE-ACS) group and ST-segment elevation myocardial infarction (STEMI) group. Serum Gal-3 levels were compared among the three groups. The SYNTAX score (SS) was then calculated for all CAD patients, and the serum Gal-3 level was also compared between the low SS (<22) group and the high SS (≥22) group. We performed multivariate logistic regression analysis to explore the correlation between serum Gal-3 and ACS compared with stable CAD and high SS compared with low SS.



Clinical Data Collection

The patient's medical history, sex, age, body mass index (BMI), and laboratory test results such as white blood cell (WBC) count, the serum creatinine (CR), fasting glucose (FG) level, glycosylated hemoglobin level, hs-CRP, left atrial diameter, and left ventricular ejection fraction (LVEF) according to echocardiography, Killip grades, medication treatment during hospitalization were obtained and collected from the hospital medical record system.



Definitions

Coronary artery disease was defined as ≥50% luminal diameter stenosis of at least one major epicardial coronary artery. ST-segment elevation myocardial infarction was defined as follows: (i) There is evidence of myocardial injury which is defined as an elevation of cardiac troponin values with at least one value above the 99th percentile upper reference limit. (ii) Patients with persistent chest discomfort or other symptoms suggestive of ischemia. (iii) ST-segment elevation in at least two contiguous leads (14). Non-ST-segment elevation ACS was defined according to 2020 European Society of Cardiology (ESC) Guidelines (15) and was stated as follows: patients with acute chest discomfort but no persistent ST-segment elevation. ECG changes may include transient ST-segment elevation, persistent or transient ST-segment depression, T-wave inversion, flat T waves, or pseudonormalization of T waves; or the ECG may be normal.

Stable CAD was defined according to the 2013 ESC guidelines recommended (16).



Galectin-3 Detection

The blood sample was collected from the cubital vein in an ethylene diaminetetraacetic acid (EDTA) vacuum tube, placed in a 4°C refrigerator, allowed to stand for 4 h, and centrifuged at 1,000 × g for 15 min. Then, the supernatant was collected and placed in a −80°C refrigerator for later inspection. The assay was performed and calibrated according to the manufacturer's protocol using an enzyme-linked immunosorbent assay. Measurements were performed in duplicate, and the results were averaged. The standard curve ranged between 0.47 and 30.0 ng/ml. The limit of detection was 0.29 ng/ml, and the intra- and inter-assay reproducibility coefficients of variation were 7.5 and 5.4%, respectively.



Coronary Angiography and SYNTAX Score

All patients underwent coronary angiography in the catheter lab of the Department of Cardiology in our hospital. Coronary arteriography was conducted using the standard Judkins technique (17). The results of the angiography were judged by two experienced specialists. The SS of each of the selected patients in this study was calculated by the online SS calculator version 2.1 (www.syntaxscore.com).



Follow-Up

All enrolled ACS patients were followed up for 12 months. Major adverse cardiac events (MACEs) are defined as re-infarction, worsening heart failure, or recurrent angina. The survival time without a MACE is the time before the first MACE during follow-up. Data were obtained through outpatient or telephone interviews.



Statistical Analysis

Statistical analysis was performed using the SPSS package, version 17.0 (Chicago, Illinois, USA). To test differences between the groups, the Student's t-test was used for numerical variables with a regular distribution, and the Mann–Whitney U-test was employed if there was an irregular distribution. Categorical variables were analyzed with the chi-squared and Fisher's exact tests. Logistic regressions were used to assess the relationship between serum gal-3 and ACS, high SS. The initial model adjusted for age and gender. A second model additionally adjusted for SBP, WBC, Cr, LDL-c, apoB 100, FG, and LVEF. Kaplan-Meier analysis was used to compare the cumulative rate of MACEs. We used the median Gal-3 level as the cut-off value to divide the ACS patients into a high Gal-3 (>4.78 ng/ml, n = 118) and low Gal-3 (≤ 4.78 ng/ml, n = 118) group. The 1-year cumulative rate of MACEs was compared between ACS patients whose Gal-3 level was above and below the median level. Multivariate logistic regression analysis was performed to explore the correlation between Gal-3 and 1 year of MACEs in ACS patients in this study. A p-value of < 0.05 was regarded as statistically significant.




RESULTS


Serum Galectin-3 Expression in Patients With CAD vs. No CAD

The baseline characteristics of the patients in CAD and control groups are shown in Table 1. Compared with that in the no-CAD group, a higher proportion of the patients in the CAD group had a history of hypertension. The biochemical results showed that the WBC count and fasting blood glucose, glycosylated hemoglobin, CR, and hs-CRP levels were higher in the CAD group than in the non-CAD group. The levels of low-density lipoprotein cholesterol (LDL-C) and ApoB100 were also higher in the CAD group. The level of serum Gal-3 in the CAD group was significantly higher than that in the non-CAD group, 3.89 (0.16–63.67) vs. 2.07 (0.23–9.38) ng/ml, P < 0.001. To further clarify the relationship, we subsequently adjusted confounding risk factors such as age, gender, SBP, WBC, Cr, LDL-c, apoB 100, FG, and LVEF. Serum Gal-3 remained an independent risk factor for CAD with an increase of 1 ng/ml in Gal-3 associated with a 21% higher rate of presence of CAD (OR = 1.21, 95% CI: 1.07–1.38, P = 0.003, Table 2).


Table 1. The baseline clinical and biochemical characteristics of the study with CAD or no-CAD.
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Table 2. Association between serum Gal-3 and presence of CAD.
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Serum Galectin-3 Expression in Patients With STEMI vs. NSTE-ACS vs. Stable CAD

We further divided the CAD patients into the stable coronary heart disease group (stable-CAD, n = 95), Non-ST segment elevation myocardial infarction (NSTE-ACS, n = 97) and STEMI (n = 139). The serum Gal-3 level in the NSTE-ACS group was higher than those in the stable CAD group, 4.72 (1.0–16.14) vs. 2.23 (0.65–23.8) ng/ml, P = 0.04. The same trend was found in the STEMI group compared with the stable-CAD group 7.87 (0.59–63.67) vs. 2.23 (0.65–23.8) ng/ml, P < 0.001 see in Table 3. Univariate and multivariate logistic regression analysis showed that after adjusting for other risk factors, Gal-3 was an independent risk factor for ACS, with an OR = 1.131 (95% CI: 1.051–1.217, P = 0.001) (Table 4). Receiver operator characteristic (ROC) analysis showed that the area under the curve for serum Gal-3 level predicting ACS was 0.746 (95% CI: 0.696–0.797) and the best cut-off value was 3.93 ng/ml, with a specificity of 79% and a sensitivity of 60% (Figure 1).


Table 3. The baseline clinical and biochemical characteristics of STEMI vs NSTE-ACS vs Stable CAD vs. non-CAD in the study.
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Table 4. Logistic regression analysis for risk factors attributing to ACS presence in the study.
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[image: Figure 1]
FIGURE 1. Receiver operating characteristic (ROC) plot of serum level of galetcin-3 predicting presence of ACS. Area under the curve was 0.746, 95% CI (0.696–0.797), P < 0.001. When the cut-off value of galectin-3 was 3.93 ng/ml, the sensitivity was 60% with specificity 79% for predicting the presence of ACS.




Serum Galectin-3 Expression in Patients With High vs. Low SYNTAX Scores

To explore the correlation between the level of serum Gal-3 and the plaque burden of CAD, we calculated the coronary SS of each CAD patient and divided the patients into a low SS (<22, n = 248) and a high SS group (≥22, n = 83). The serum Gal-3 expression of the high SS group was significantly higher than that of the low SS group 5.62 (1.64–60.15) vs. 3.48 (0.16–63.67) ng/ml, P = 0.037, see in Table 5. Spearman correlation analysis showed that the serum Gal-3 levels were positively correlated with SS (r = 0.397, P < 0.001) (Figure 2). Multivariate logistic regression analysis showed that after adjusting for other risk factors, serum Gal-3 level remained a risk factor for high SS (OR = 1.030, 95% CI: 1.021–1.047, P = 0.038) (Table 6).


Table 5. The baseline clinical and biochemical characteristics of the low SS group and High SS group.
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FIGURE 2. Positive correlation of serum Gal-3 with Syntax Score (SS), r = 0.397, P < 0.001.



Table 6. Univariate and multivaiate logistic regression analysis for risk factors attributing to high SS (SS>22) in the CAD patient.
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The Value of Serum Gal-3 Level in Predicting 1-Year MACEs in ACS Patients

Four patients were lost during follow-up, three of which were in the Gal-3 >4.78 ng/ml group while the other one was in the Gal-3 ≤ 4.78 ng/ml. Kaplan-Meier analysis showed that 1-year MACEs were significantly higher in the high Gal-3 group (Gal-3 >4.78 ng/ml) than in the low Gal-3 group (Gal-3 ≤ 4.78 ng/ml), P = 0.036 (Figure 3). Logistic regressions showed that after adjusting other confounding risk factors, Gal-3 remained an independent risk factor for the cumulative rate of MACEs in ACS patients. A 6% higher rate of presence of MACEs per 1 ng/ml increment in Gal-3 level (Table 7).


[image: Figure 3]
FIGURE 3. Kaplan-Meier's curves for 1 year MACE according to levels above or below median of serum Gal-3 in patients with ACS. One-year MACE events were significantly higher in Gal-3 >4.78 ng/ml group than that in the Gal-3 = 4.78 ng/ml group, P = 0.036 (Breslow). ACS, acute coronary syndrome.



Table 7. Association between serum Gal-3 and incident rate of MACEs.
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DISCUSSION

The main findings of the present study were as follows. (1) Serum Gal-3 was significantly higher in CAD patients than in non-CAD patients and was higher in ACS patients than in stable CAD patients. (2) Galectin-3 was an independent predictor of the presence of CAD as well as the presence of non-stable CAD (ACS). (3) Galectin-3 positively correlated with the complexity of CAD and was an independent risk factor for a high SS. (4) A high level of serum Gal-3 was associated with a higher rate of MACEs in ACS patients over the 1 year of follow up.

Inflammation and oxidative stress play a key role in all stages of atherosclerosis, from initiation to progression of atheromatous plaque, finally leading to ACS (18). In recent years, the role of many new inflammatory-related markers in CVD has been explored, including secret frizzled related proteins (19, 20), gut microbiota produced trimethylamine N-oxide (TMAO) (21), Gal-3 (22), etc. Galectin-3 is a macrophage- and endothelium-derived mediator actively involved in the regulation of many aspects of inflammatory cell behavior (12). It has been found to be involved in proliferation, macrophage chemotaxis, phagocytosis, neutrophil extravasation, and deposition of type-1 collagen in the ECM, resulting in adverse matrix remodeling (23). Clinically, limited data have shown that plasma Gal-3 is significantly higher in CAD patients than in non-CAD patients. However, the precise role of Gal-3 in CAD remains unclear; more data are needed to determine the association between circulating Gal-3 and atherosclerosis. Abayomi Oyenuga et al. showed that higher levels of Gal-3 were associated with greater carotid atherosclerosis (24). In the present study, we found that serum Gal-3 was significantly higher in CAD patients than in non-CAD patients and that Gal-3 was an independent predictor of the presence of CAD. Our data are consistent with previous results (11). Furthermore, we found that Gal-3 levels were positively correlated with WBC count and hs-CRP levels. Although this correlation was weak, these data support the hypothesis that Gal-3 is involved in inflammation and contributes to the formation of atherosclerosis.

Galectin-3 is not only involved in the formation of atherosclerotic plaques but may also contribute to plaque destabilization. To date, it hasn't reached an agreement on the role of Gal-3 on plaque stability, and clinical study and experimental study showed conflicting results (12, 18, 25–29). Current evidence has shown that Gal-3 may play a dual role in plaque instability (22). Our study showed that serum Gal-3 was higher in ACS patients than in stable CAD and non-CAD patients and was an independent predictor of the presence of ACS with a specificity of 79% and a sensitivity of 60% for a cut-off value of 3.93 ng/ml. Our data was in favor of the conception that gal-3 was positively correlated with plaque destabilization. To date, no firm conclusions about the action of Gal-3 (pro-inflammatory vs. anti-inflammatory) during atherosclerosis evolution in rodents have been drawn. More data are needed to clarify the relationship between coronary plaque destabilization and plasma levels of Gal-3.

The SS was developed as a tool to assess the complexity of coronary lesions in the SYNTAX (Synergy between Percutaneous Coronary Intervention with TAXUS and Cardiac Surgery) study. This score adds many characteristics to the simple definition of the number of diseased vessels related to the severity of CAD and has also been indicated to have the prognostic ability (30). To date, few studies have explored the correlation between Gal-3 and SS (18, 31). Aksan et al. found that the plasma concentration of Gal-3 was higher in high SS CAD patients but was not an independent risk factor for high SS after adjusting for other confounding risk factors (19). Turan et al. found that Gal-3 was independently associated with SS (31). In this study, we found that Gal-3 levels were positively correlated with SS. The serum Gal-3 level was shown to be a risk factor for high SS, even after adjusting for other risk factors. The different number of samples and high cut-off SS values may have contributed to the differences in the results. Our data indicated that Gal-3 could be used as a valuable biomarker for the assessment of the severity of CAD.

In our study, we found that serum Gal-3 was positively correlated with LDL-C and ApoB100. It is well known that the interaction between dyslipidemia and inflammation is the basis of atherosclerosis, and many inflammatory factors are involved in the regulation of lipid metabolism disorders (3, 32). This may be evidence that Gal-3 directly regulates cholesterol metabolism, which is an interesting topic that deserves further exploration.



LIMITATIONS

This study has several limitations. First, it is a single center retrospective cohort study and investigated only a relatively small number of patients, further prospective studies with larger sample sizes should be conducted to explore the relationship between Gal-3 and CAD. Second, as it was an observational study, we could not exclude residual confounding factors, despite we had adjusted for potential covariates as much as possible. Thirdly, timing of interventional treatment for ACS was an important confounding risk factor that has an impact on the prognosis. However, data were lacking in our study, which was one of the limitations of the study. Finally, we did not assess serial changes in circulating levels of Gal-3 among STEMI patients and there was evidence that showed that Gal-3 was in dynamic changes during acute phage.



CONCLUSION

Galectin-3 correlated with the presence of CAD as well as coronary stability and complexity. Galectin-3 may be valuable in predicting mid-term prognosis in ACS patients.
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Lipoprotein(a); LVEF, leftventicular ejection fraction; Gal-3, galectin-3; *P<0.05.
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