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Galectin‑1 is associated 
with the severity of coronary artery 
disease and adverse cardiovascular 
events in patients undergoing 
coronary angiography
Ruey‑Hsing Chou1,2,3,4, Shao‑Sung Huang1,4,5*, Chin‑Sung Kuo4,7, Shen‑Chih Wang8,9, 
Yi‑Lin Tsai1,3, Ya‑Wen Lu1,3, Chun‑Chin Chang1,3,4, Po‑Hsun Huang1,2,3,4* & 
Shing‑Jong Lin1,3,4,5,6,10,11

Galectin-1, a β-galactoside-binding lectin mediating inflammation and neovascularization, is reported 
to attenuate ventricular remodeling after myocardial infarction. But its role in stable coronary artery 
disease (CAD) has not been fully elucidated. This study aimed to identify the relationship between 
the circulating galectin-1 level and the severity of CAD in patients with suspected CAD. Pre-procedure 
galectin-1 and high-sensitivity C-reactive protein (hs-CRP) concentrations were measured in 834 
subjects who underwent scheduled coronary angiography. Subjects were grouped into tertiles of the 
galectin-1 levels. SYNTAX scores were calculated to evaluate the severity of CAD. All patients were 
followed until January 2019 or the occurrence of major adverse cardiovascular events (MACE). Patients 
with higher galectin-1 concentrations were older; had greater prevalence of hypertension, diabetes, 
chronic kidney disease, and heart failure; and were more likely to present with higher hs-CRP levels 
and SYNTAX scores. During the follow-up period of 1.3 ± 1.1 years, patients in the highest tertile of 
galectin-1 were associated with a greater risk of MACE after adjustment for age, sex, comorbidities, 
co-medications, serum levels of hemoglobin, creatinine, hs-CRP, ejection fraction, SYNTAX scores, 
and revascularization modalities (adjusted hazard ratio 10.95, 95% confidence interval 2.29–52.47, 
p = 0.003). Galectin-1 showed better discriminatory performance than hs-CRP, and non-inferior 
performance to SYNTAX scores, in predicting the incidence of MACE.

Galectins form a group of proteins that can bind to β-galactoside sugars by N-linked or O-linked glycosylation 
through their carbohydrate recognition domains1. Lectin–glycan interactions are involved in numerous physi-
ological and pathological processes, including the regulation of immunity, inflammation, wound healing, and 
angiogenesis2,3. Galectin-1, the first galectin identified, consists of two subunits of 14.5 kDa (135 amino acids) 
and is localized on cell surfaces and in cytoplasm. Galectin-1 may act extracellularly by cross-linking glycocon-
jugates on cell surfaces, or intracellularly by influencing a variety of signaling pathways1. Its main physiological 
function is as an anti-inflammatory mediator, repressing the innate and adaptive immune response4. Recent 
evidence indicates that galectin-1 plays an essential role in cardiovascular pathophysiology by moderating acute 
and chronic inflammatory responses5. Increased galectin-1 expression has been found in the cardiomyocytes 
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of patients with myocardial infarction (MI), heart failure, and Chagas cardiomyopathy6. Galectin-1-deficient 
mice have been reported to show enhanced cardiac inflammation and worse ventricular remodeling after acute 
MI7. Nevertheless, evidence for the role of galectin-1 in chronic coronary artery disease (CAD) is very limited. 
Although animal and cell line studies have been conducted, no clinical study has demonstrated the relationship 
between galectin-1 and CAD.

In this single-center observational study, we aimed to investigate the relationships of the serum galectin-1 con-
centration to the severity of CAD and the occurrence of subsequent cardiovascular events in patients undergoing 
elective coronary angiography. We hypothesized that increasing pre-procedure serum galectin-1 concentrations 
would be associated with more severe CAD and worse clinical outcomes in patients with suspected CAD. To 
explore the role of galectin-1 in inflammation, we also measured the pre-procedure serum concentrations of 
high-sensitivity C-reactive protein (hs-CRP), a widely used inflammatory biomarker that is known to predict 
cardiovascular outcomes8. To validate the diagnostic and prognostic values of galectin-1, we compared its pre-
dictive power with that of hs-CRP.

Methods
Patient enrollment and galectin‑1 measurement.  From January 2011 to August 2018, we retro-
spectively screened 855 patients aged > 18 years who were admitted for scheduled cardiac catheterization due 
to stable angina and suspected CAD in the Taipei Veterans General Hospital. After excluding 21 cases with 
documented CAD or admitted for revascularization, we enrolled 834 patients in this study. Information about 
patients’ age, sex, body mass index (BMI), smoking history, comorbidities, and co-medications was collected via 
detailed chart review. Pre-procedure blood samples were obtained after at least 8 h of fasting. The hemoglobin 
and serum levels of glucose, creatinine, cholesterol, and triglycerides were determined using routine laboratory 
methods with a Hitachi 7600 autoanalyzer (Hitachi Ltd., Tokyo, Japan). Serum hs-CRP levels were determined 
using a commercial enzyme-linked immunosorbent assay (Beckman Coulter Inc., Brea, CA, USA). Serum galec-
tin-1 concentrations were also determined by commercial enzyme-linked immunosorbent assay (R&D Systems, 
Inc., Minneapolis, MN, USA); the sensitivity was 0.129 ng/mL and the assay range was 0.3–20 ng/mL. Intra- and 
inter-assay coefficients were 5.7–8.8% and 7.5–9.5%, respectively. All patients were grouped into tertiles [n = 278 
(33.3%) each] according to their baseline serum galectin-1 concentrations (low, galectin-1 level < 16.1 ng/mL; 
median, galectin-1 level ≥ 16.1  ng/mL and ≤ 22.7  ng/ml; high, galectin-1 level > 22.7  ng/mL). A flowchart of 
patient enrollment and grouping is provided as Fig. 1. This research was conducted according to the principles 
expressed in the Declaration of Helsinki. All participants provided written informed consent, and the study was 
approved by the Research Ethics Committee of Taipei Veterans General Hospital.

Severity of CAD and study endpoints.  Two experienced interventional cardiologists interpreted all 
coronary angiograms. SYNTAX scores were calculated to estimate the severity of CAD9. Each coronary lesion 
with ≥ 50% stenosis in a vessel with a diameter > 1.5 mm was scored. The study cohort was further divided into 
tertiles of SYNTAX score (0, 1–22, and > 22) for the evaluation of prognosis10. Additionally, left ventriculography 
was performed to estimate left ventricular ejection fractions (LVEFs).

Figure 1.   Flowchart of patient enrollment and follow-up. CAD, coronary artery disease; CAG, coronary 
angiography; MACE, major adverse cardiovascular events.
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Modalities of revascularization, including percutaneous coronary intervention (PCI) and coronary artery 
bypass grafting (CABG), were obtained by chart review. Prescriptions of medications after CAG, including 
aspirin, clopidogrel, angiotensin-converting enzyme inhibitor (ACEi)/angiotensin receptor blocker (ARB), 
beta-blocker, and statin, were also recorded. All patients were advised to visit outpatient clinics 1 week after the 
procedure, then every 3 months for a refill of medications. Their medical records were reviewed regularly until 
the occurrence of major adverse cardiovascular events (MACE), including target vessel revascularization, non-
fatal MI, non-fatal stroke, and death. Target vessel revascularization was defined as balloon dilatation or stent 
deployment over a previously treated lesion. Non-fatal MI was defined as the elevation of cardiac troponins with 
ischemic symptoms. Non-fatal stroke was defined as the presence of a new neurological deficit with evidence of 
cerebral infarction, verified by imaging analysis. Detailed definitions of MACE have been provided in our previ-
ous work11. All study subjects were followed until January 2019. No subject dropped out of the study.

Statistical analysis.  Clinical and laboratory data were compared using the Kruskal–Wallis test for con-
tinuous variables (expressed as medians and interquartile ranges) and Chi-squared test for categorical vari-
ables (expressed as counts and percentages). Spearman’s rank correlation test was used to assess correlations 
between galectin-1 levels and hs-CRP levels, SYNTAX scores, and other variables. The incidence of MACE was 
calculated, and survival curves were generated using the Kaplan–Meier method. Survival was compared among 
patients with different galectin-1 levels, hs-CRP concentrations, and SYNTAX scores using the log-rank test. 
Cox proportional-hazard regression analysis was performed to identify risk factors for MACE. To assess the 
independent ability of the galectin-1 level to predict MACE, age, sex and factors that were significant in univari-
able regression analysis were adjusted for in the multivariable regression analysis. Areas under receiver operating 
characteristic (ROC) curves (AUCs) were used to evaluate the accuracy of galectin-1, hs-CRP, and SYNTAX 
scores in predicting the incidence of MACE. Pairwise comparison between two AUCs was performed using 
the method of DeLong et al12. Data were analyzed using SPSS version 18.0 (SPSS Inc., Chicago, IL, USA) and 
MedCalc version 11.4.2.0 (MedCalc Software, Mariakerke, Belgium). p values < 0.05 were regarded as significant.

Results
Baseline characteristics.  In total, 834 patients who underwent elective coronary angiography were 
enrolled for analysis. The mean age of the study population was 66.8 ± 12.3 years, and 68.2% of the patients were 
male. The clinical and demographic characteristics of the patients are summarized in Table 1. Patients in the low 
and high galectin-1 groups did not differ with respect to sex, smoking status, or serum level of fasting glucose 
or total cholesterol. However, compared with patients in the lowest galectin-1 tertile, those with higher serum 
galectin-1 concentrations were older; had greater prevalence of hypertension, diabetes, and chronic kidney dis-
ease; with higher percentages of using aspirin, clopidogrel, ACEi/ARB, beta-blocker; and were more likely to 
present with higher levels of serum creatinine, triglycerides, and hs-CRP, higher BMI and SYNTAX scores. Indi-
viduals with higher galectin-1 levels also had greater prevalence of heart failure, peripheral artery disease, and 
prior history of stroke. Galectin-1 and hs-CRP concentrations correlated positively with age, BMI, WBC count, 
fasting glucose level, and SYNTAX score, and were associated negatively with the hemoglobin concentration and 
LVEF. The SYNTAX score also correlated significantly with age, LVEF, and the hemoglobin, fasting glucose, cre-
atinine, and total cholesterol levels. Correlations between the circulating galectin-1 level, hs-CRP level, SYNTAX 
score, and various clinical variables are summarized in Supplemental Table 1.

Study endpoints and the prognostic value of galectin‑1.  Totally 452 (54.2%) patients were found 
to have significant CAD, including 183 (21.9%) cases of single-vessel disease (SVD) and 269 (32.3%) cases of 
multiple vessel disease (MVD). Four-hundreds and thirty-eight patients (n = 438, 52.5%) underwent revasculari-
zation, either by PCI (n = 403, 48.3%) or by CABG (n = 35, 4.2%). Patients with higher galectin-1 concentrations 
were with higher prevalence of MVD, with higher rate of receiving PCI or CABG, and placed more stents while 
undergoing PCI (Table 2). After CAG, patients with higher galectin-1 concentrations were also received more 
prescriptions of aspirin, clopidogrel, ACEi/ARB, and beta-blocker.

During the follow-up period of 1.3 ± 1.1 years, 103 (12.4%) MACE occurred, consisting of 73 (8.8%) cases of 
target vessel revascularization, 9 (1.1%) non-fatal MIs, 3 (< 0.1%) non-fatal strokes, and 18 (2.2%) deaths. Patients 
in the high galectin-1 group exhibited more target vessel revascularization, non-fatal MI, and all-cause mortality 
than did those in the low galectin-1 group. The incidence of MACE was significantly higher in patients with high 
galectin-1 levels than in those with low galectin-1 levels (23.4% vs. 7.9%, p < 0.001). However, the association 
between the galectin-1 level and incident ischemic stroke was not significant. Kaplan–Meier survival analysis was 
performed to investigate the potential impact of baseline galectin-1 levels on adverse event–free survival. Patients 
in the highest galectin-1 tertile had a significantly lower incidence of MACE-free survival than did patients in 
the lowest galectin-1 tertile (log-rank p < 0.001; Fig. 2). Moreover, patients with higher hs-CRP concentrations 
or higher SYNTAX scores had significantly lower incidences of MACE-free survival.

Hypertension, diabetes, heart failure, peripheral artery disease, the usage of clopidogrel or ACEi/ARB; serum 
levels of hemoglobin, creatinine, hs-CRP, and galectin-1; MVD, SYNTAX scores, LVEF, and revascularization 
with PCI or CABG were all significantly associated with the incidence of MACE in univariable Cox regression 
analysis (Table 3). Patients in the highest galectin-1 tertile had a significantly greater risk of MACE after adjust-
ment for age, sex, serum hs-CRP concentration, and SYNTAX score [adjusted hazard ratio (aHR) 5.70, 95% 
confidence interval (CI) 2.24–14.47, p < 0.001]. The highest tertile of galectin-1 remained independently associ-
ated with the occurrence of MACE after adjustment for age, sex, hypertension, diabetes, heart failure, peripheral 
artery disease, the usage of clopidogrel or ACEi/ARB, serum levels of hemoglobin, creatinine, hs-CRP, LVEF, 
SYNTAX score, MVD, and revascularization with PCI or CABG (aHR 10.95, 95% CI 2.29–52.47, p = 0.003). 
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In contrast, the association between the serum hs-CRP concentration and MACE became insignificant in the 
multivariable regression analysis.

Predictive power of galectin‑1.  ROC curves characterizing the ability of the serum galectin-1 level, hs-
CRP concentration, and SYNTAX score to predict the incidence of MACE are presented in Fig. 3. The SYNTAX 
score had the greatest AUC (0.862), followed by the serum galectin-1 level (0.802) and hs-CRP concentration 
(0.696). In pairwise comparisons, the SYNTAX score (p < 0.001) and serum galectin-1 concentration (p = 0.004) 
showed significantly better discriminatory performance than did the serum hs-CRP concentration. The differ-
ence in AUCs between the SYNTAX score and serum galectin-1 concentration was not significant. The serum 
galectin-1 level was non-inferior to the SYNTAX score for the prediction of MACE incidence in patients with 
suspected CAD.

Discussion
In this single-center observational study involving 834 patients who underwent elective coronary angiography, 
the pre-procedure serum galectin-1 concentration was associated significantly with the severity of CAD and 
subsequent occurrence of MACE. The serum galectin-1 level was an independent predictor of MACE, even after 
adjustment for comorbidities and the SYNTAX score. As a biomarker, the predictive power of galectin-1 was 
superior to that of hs-CRP and non-inferior to the SYNTAX score. To our knowledge, this work was the first 
longitudinal study to investigate the relationship between the circulating galectin-1 level and the occurrence of 
MACE in patients with suspected CAD. These findings provide novel evidence of the role of galectin-1 in the 
pathogenesis of atherosclerosis.

Galectin-1 is an evolutionarily conserved β-galactoside–binding lectin that controls immune cell homeosta-
sis in acute and chronic inflammation6. Galectin-1 is expressed prominently on the surfaces of inflammatory 

Table 1.   Baseline characteristics of the study cohort by tertiles of serum galectin-1 concentrations. ACEi, 
angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CAD, coronary artery disease; 
Hs-CRP, high sensitive C-reactive protein; LV ejection fraction, left ventricular ejection fraction; MACE, major 
adverse cardiovascular events.

Characteristic
Tertile 1 (n=278)
Galectin 1 < 16.1

Tertile 2 (n=278)
Galectin 1: 16.1–22.7

Tertile 3 (n=278)
Galectin 1 > 22.7 p

Age (years) 61.0 (54.8–71.0) 67.0 (60.0–75.0) 72.0 (61.0–80.3) < 0.001

Male, n (%) 188 (67.6) 184 (66.2) 197 (70.9) 0.479

Smoking, n (%) 79 (28.4) 99 (35.6) 99 (35.6) 0.115

Body mass index (kg/m2) 24.7 (22.5–27.6) 25.9 (23.9–28.5) 25.3 (23.0–28.0) 0.005

Comorbidities

Hypertension 153 (55.0) 185 (66.5) 219 (78.8) < 0.001

Diabetes 67 (24.1) 90 (32.4) 123 (44.2) < 0.001

Chronic kidney disease 5 (1.8) 7 (2.5) 71 (25.5) < 0.001

Heart failure 10 (3.6) 8 (2.9) 44 (15.8) < 0.001

Peripheral arterial disease 21 (7.6) 12 (4.3) 39 (14.0) < 0.001

Previous stroke 14 (5.1) 12 (4.3) 25 (9.0) 0.047

Co-medications

Aspirin 129 (46.4) 120 (43.2) 151 (54.3) 0.026

Clopidogrel 34 (12.2) 39 (14.0) 60 (21.6) 0.006

ACEi/ARB 62 (22.3) 85 (30.6) 105 (37.8) < 0.001

Beta-blocker 54 (19.4) 69 (24.8) 85 (30.6) 0.010

Statin 85 (30.6) 96 (34.5) 83 (29.9) 0.443

Laboratory data

Hemoglobin (g/dL) 13.5 (12.5–14.3) 13.4 (12.4–14.3) 12.3 (10.8–13.7) < 0.001

Fasting glucose (mg/dL) 98.0 (87.3–119.0) 98.0 (89.0–114.0) 102.0 (89.0–130.8) 0.089

Creatinine (mg/dL) 0.9 (0.8–1.1) 1.0 (0.9–1.2) 1.3 (1.1–1.9) < 0.001

Total cholesterol (mg/dL) 160.0 (143.0–182.0) 159.0 (137.0–181.5) 158.0 (136.5–182.0) 0.328

Triglycerides (mg/dL) 99.0 (71.0–138.5) 107.0 (77.0–148.8) 112.0 (86.5–160.0) 0.001

Hs-CRP (mg/dL) 0.1 (0.0–0.2) 0.1 (0.0–0.3) 0.2 (0.1–0.7) < 0.001

Galectin 1 (ng/mL) 13.3 (10.2–14.7) 18.7 (17.4–20.5) 29.3 (25.5–38.5) < 0.001

Cardiac catheterization

Single vessel disease, n (%) 55 (19.8) 69 (24.8) 59 (21.2) 0.336

Multiple vessel disease, n (%) 69 (24.8) 80 (28.8) 120 (43.2) < 0.001

SYNTAX score 0.0 (0.0–5.0) 0.0 (0.0–7.0) 7.0 (0.0–16.1) < 0.001

LV ejection fraction (%) 59.0 (54.6–62.2) 58.0 (52.0–63.0) 55.9 (49.0–60.9) 0.009
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macrophages4, activated T lymphocytes13, and tolerogenic dendritic cells14. Through cross-linking of cell surface 
glycoconjugates, galectin-1 may blunt proinflammatory cytokine synthesis, engage T-cell apoptosis, promote the 
expansion of T regulatory cells, and deactivate antigen-presenting cells6. In intracellular signaling, galectin-1 
also contributes to neovascularization by enhancing the vascular endothelial growth factor receptor 2 pathway15. 
Because of its prominent anti-inflammatory and pro-angiogenic activities, galectin-1 is suggested to play a crucial 
role in cardiovascular pathophysiology7.

Galectin-1 is found in the heart tissues16–18, and is expressed in the cytosolic compartments of cardiomyo-
cytes with an organized striated pattern similar to the sarcomeric actin18. Moreover, galectin-1 is upregulated 
in inflammatory microenvironments19 and is an essential component of the hypoxia-regulated transcriptome20. 
Therefore, galectin-1 has been proposed to be a key mediator of post-MI ventricular remodeling, and of heart 
failure7. In vitro, cardiomyocytes upregulate and secrete galectin-1 soon after hypoxia in response to proinflam-
matory cytokines7. Increased galectin-1 expression in heart tissues was observed in a mouse model of MI16 and 
in patients with advanced heart failure7.

Atherosclerosis is a complex process with multifactorial etiologies, including abnormal lipid metabolism, 
inflammation, endothelial dysfunction, fibroproliferation, and angiogenesis. The progression of atherosclerotic 
plaque can lead to several cardiovascular diseases, such as CAD, MI, heart failure, and stroke, which remain the 
major causes of death worldwide. Inflammation plays a vital role in the development of atherosclerosis21; it can 
influence lipoprotein transfer to the vessel wall. Proinflammatory cytokines, such as tumor necrosis factor-α, 
increase the binding of low-density lipoprotein (LDL) cholesterol to the endothelium22. Inflammation also stimu-
lates leukocytes to release reactive oxygen species and oxidize LDL. Macrophages engulfing oxidized LDL trans-
form into foam cells, which are deposited in the subendothelial space, forming the fatty streak of atherosclerotic 
plaque23. As galectin-1 can modulate the inflammatory response in cardiomyocytes, galectin-dependent signaling 
is an attractive target for the diagnosis and treatment of cardiovascular disease.

The exact mechanism linking galectin-1 to CAD remains unclear. Previous reports have implicated a pos-
sible pathway between galectin-1 and MI7,16. In an animal study of MI induced by coronary artery ligation, 
increased galectin-1 expression was identified in the cardiomyocytes of infarct areas 7 days after tissue ischemia7. 
Compared with their wild-type counterparts, mice lacking galectin-1 (Lgals1−/−) were found to have enhanced 
cardiac inflammation, attenuated heart function, and dilated heart chambers after non-reperfused MI7. In in vitro 
studies24,25, galectin-1 promoted apoptosis of Th1 and Th17 lymphocytes, which is associated with myocardial 
injury and adverse remodeling after MI26, and results in a shift toward a Th2-dominant cytokine24. Furthermore, 
treatment with recombinant galectin-1 mitigated the cardiac damage of MI in Lgals1−/− mice7.

Several pathways may explain the associations between galectin-1 elevation and the incidence of MACE 
observed in our study. As galectin-1 has protective effects against acute MI, elevated serum galectin-1 levels may 
reflect the compensation of chronic vascular inflammation in patients with CAD. However, in contrast to the 
robust evidence for MI, evidence suggesting that galectin-1 attenuates inflammation in stable CAD is very limited 
and controversial. ApoE−/− mice fed a high-cholesterol diet showed increased galectin-1 expression in athero-
sclerotic plaques, but the expression did not increase further over time27. In addition, statin therapy inhibited 

Table 2.   Modalities of revascularization, medications after coronary angiography (CAG), and adverse 
cardiovascular events based on tertiles of serum galectin-1 levels. Values are number (%). ACEi, angiotensin-
converting enzyme inhibitor; ARB, angiotensin receptor blocker; MI, myocardial infarction; MACE, major 
adverse cardiovascular event.

Galectin-1 Tertiles

p

<16.1 ng/mL 16.1–22.7 ng/mL >22.7 ng/mL

(n = 278) (n = 278) (n = 278)

Types of revascularization

Percutaneous coronary intervention (PCI) 108 (38.8) 138 (49.6) 157 (56.5) < 0.001

Number of stents 2.0 (1.0–3.0) 2.0 (1.0–3.0) 2.0 (1.0–4.0) 0.001

Coronary artery bypass grafting (CABG) 10 (3.6) 7 (2.5) 18 (6.5) 0.055

Number of grafts 3.0 (3.0–3.0) 3.0 (3.0–4.0) 3.0 (3.0–4.0) 0.155

Medications after CAG, n (%)

Aspirin 179 (64.4) 192 (69.1) 216 (77.7) 0.002

Clopidogrel 118 (42.4) 144 (51.8) 169 (60.8) < 0.001

ACEi/ARB 77 (27.7) 102 (36.7) 132 (47.5) < 0.001

Beta-blocker 59 (21.2) 75 (27.0) 92 (33.1) 0.007

Statin 120 (43.2) 140 (50.4) 137 (49.3) 0.187

Adverse cardiovascular events, n (%)

Target vessel revascularization 17 (6.1) 13 (4.7) 43 (15.5) < 0.001

Nonfatal MI 1 (0.4) 1 (0.4) 7 (2.5) 0.018

Nonfatal stroke 0 (0.0) 1 (0.4) 2 (0.7) 0.367

Death 4 (1.4) 1 (0.4) 13 (4.7) 0.001

Overall MACE 22 (7.9) 16 (5.8) 65 (23.4) < 0.001
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Figure 2.   Kaplan–Meier curves of freedom from major adverse cardiac events by tertiles of serum (A) 
galectin-1, (B) high-sensitive C-reactive protein (hsCRP) concentration, or by (C) difference of SYNTAX scores.
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the expression of galectin-3, but did not affect galectin-127. Another possible explanation is that galectin-1 is an 
early-stage byproduct of atherosclerosis. Galectin-1 was reported to be involved in the adhesion and prolifera-
tion of vascular smooth muscle cells (SMCs)28. Galectin-1 messenger RNA levels are significantly increased in 
growing SMCs compared with resting SMCs29. Instead of a potent antioxidant acting against vascular inflamma-
tion, galectin-1 is more likely to be a mediator involved in the development of atherosclerosis in chronic CAD.

Although the association between galectin-1 and stroke has been established30, no clinical study has inves-
tigated the role of galectin-1 in patients with CAD. Our study findings suggest that progressive increases in the 
serum galectin-1 concentration are associated with the severity and prognosis of CAD. In the present study, the 
circulating galectin-1 level correlated with the WBC count and serum hs-CRP level, reflecting the physiological 
role of galectin-1 in modulating inflammation. Furthermore, the predictive power of galectin-1 for MACE was 
superior to that of hs-CRP. As an acute-phase protein synthesized in the liver, hs-CRP is elevated in CAD and all 
inflammation-associated diseases21. Compared with systemic inflammation, galectin-1 elevation may proceed 
via a different mechanism in myocardial injury, making it more specific to cardiovascular disease. In a mouse 
model of MI, galectin-1 expression was found to peak as early as 20 min after coronary artery ligation16, followed 
by another peak on day 77. This bimodal phenomenon may reflect the expression of galectin-1 by different cells 
after MI: ischemic cardiomyocytes in the early phase and leukocytes to attenuate inflammation in the delayed 
phase. Our findings, in agreement with previous reports, support the role of galectin-1 in vascular inflammation 
and atherosclerosis in patients with CAD.

Several limitations of this study should be addressed. First, the study population was relatively small and was 
recruited from a single center. Further research with larger samples is required to confirm our findings. Second, 
the patients enrolled in our study were older (mean age 66.8 ± 12.3 years) and had a high prevalence of comorbidi-
ties. Caution should be taken while applying our results to younger populations. Finally, due to the retrospective 
nature of this study, we could not investigate changes in the galectin-1 concentration in the follow-up period. 

Table 3.   Multivariable Cox proportional hazard analysis for serum galectin-1, hsCRP concentration, and 
anatomical SYNTAX score (SYNTAX Sc) to the incidence of major adverse cardiovascular events (MACE). 
* = adjusted for age, gender, hs-CRP, and SYNAX scores. ✝ = adjusted for age, gender, and variables with p 
value < 0.05 in the univariable analysis. ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin 
receptor blocker; BB, beta-blocker; BMI, body mass index; CABG, coronary artery bypass grafting; Hb, 
hemoglobin; HDL, high-density lipoprotein; HF, heart failure; HTN, hypertension; hs-CRP, high sensitivity 
C-reactive protein; LVEF, left ventricular ejection fraction; MVD, multiple vessel disease; PAD, peripheral 
arterial disease; PCI, percutaneous coronary intervention; TC, total cholesterol; TG, triglycerides.

Univariable Model 1* Model 2✝

Variables Crude HR (95% CI) P Adjusted HR (95% CI) P Adjusted HR (95% CI) p

Galectin-1

tertile 1 Reference Reference Reference

tertile 2 0.63 (0.33–1.20) 0.161 1.79 (0.60–5.36) 0.297 4.42 (0.76–25.81) 0.099

tertile 3 2.35 (1.45–3.82) 0.001 5.70 (2.24–14.47) <0.001 10.95 (2.29–52.47) 0.003

Age 1.01 (1.00–1.03) 0.115 1.01 (0.99–1.03) 0.320 1.01 (0.98–1.05) 0.415

Gender 1.47 (0.94–2.31) 0.094 1.10 (0.59–2.06) 0.755 0.79 (0.33–1.87) 0.593

BMI 0.98 (0.94–1.03) 0.451

HTN 2.60 (1.54–4.37) < 0.001 1.30 (0.44–3.86) 0.633

Diabetes 1.89 (1.28–2.78) 0.001 1.77 (0.87–3.58) 0.113

HF 2.81 (1.69–4.68) < 0.001 1.70 (0.72–4.01) 0.224

PAD 2.34 (1.42–3.85) 0.001 2.13 (0.71–6.33) 0.176

Stroke 1.52 (0.77–3.00) 0.234

Aspirin 1.41 (0.95–2.08) 0.085

Clopidogrel 1.78 (1.13–2.79) 0.013 0.52 (0.22–1.26) 0.148

ACEi / ARB 1.99 (1.35–2.94) 0.001 0.89 (0.44–1.80) 0.747

BB 1.26 (0.82–1.95) 0.292

Hb 0.81 (0.73–0.89) < 0.001 1.26 (1.04–1.54) 0.021

Creatinine 1.18 (1.12–1.25) < 0.001 1.15 (1.01-1.30) 0.035

TC 1.00 (0.99–1.00) 0.094

TG 1.00 (1.00–1.00) 0.053

hsCRP 1.12 (1.06–1.17) < 0.001 1.08 (0.99–1.18) 0.099 1.12 (0.91–1.37) 0.293

MVD 4.55 (3.01–6.86) < 0.001 1.49 (0.54–4.12) 0.443

SYNTAX Sc 1.06 (1.05–1.08) < 0.001 1.05 (1.04–1.07) <0.001 0.99 (0.94–1.04) 0.678

LVEF 0.97 (0.95–0.99) 0.003 1.00 (0.97–1.03) 0.942

Received PCI 3.38 (2.16–5.31) < 0.001 11.80 (2.48–56.07) 0.002

Received CABG 2.72 (1.45–5.08) 0.002 10.93 (0.88–137.59) 0.064
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The discovery that the serum galectin-1 level is continuously elevated in patients who experience MACE would 
have a greater clinical impact.

In conclusion, the circulating galectin-1 level was associated with the severity of CAD and subsequent occur-
rence of MACE in patients with suspected CAD. The predictive power of galectin-1 was superior to that of 
hs-CRP and non-inferior to that of the SYNTAX score. These findings provide novel evidence of galectin-1′s 
involvement in vascular inflammation and suggest that galectin-1 is an independent prognostic marker of CAD.

Received: 16 March 2020; Accepted: 2 November 2020

Figure 3.   C-statistics and pairwise comparison of the ROC curves between serums C-reactive protein (hsCRP), 
galectin-1, and SYNTAX score (SYNTAX Sc) in prediction the incidence of major adverse cardiovascular events 
(MACE). Comparisons between 2 AUCs were performed using the method of DeLong et al. AUC, area under 
the curve of ROC; ROC curve, receiver operating characteristic curve.



9

Vol.:(0123456789)

Scientific Reports |        (2020) 10:20683  | https://doi.org/10.1038/s41598-020-77804-6

www.nature.com/scientificreports/

References
	 1.	 Barondes, S. H., Cooper, D. N., Gitt, M. A. & Leffler, H. Galectins, structure and function of a large family of animal lectins. J. Biol. 

Chem. 269, 20807–20810 (1994).
	 2.	 Mendez-Huergo, S. P., Blidner, A. G. & Rabinovich, G. A. Galectins, emerging regulatory checkpoints linking tumor immunity 

and angiogenesis. Curr. Opin. Immunol. 45, 8–15 (2017).
	 3.	 Brinchmann, M. F., Patel, D. M. & Iversen, M. H. The role of galectins as modulators of metabolism and inflammation. Mediat. 

Inflamm. 2018, 9186940 (2018).
	 4.	 Cerliani, J. P. et al. Expanding the universe of cytokines and pattern recognition receptors: galectins and glycans in innate immunity. 

J. Clin. Immunol. 31, 10–21 (2011).
	 5.	 van der Hoeven, N. W. et al. The emerging role of galectins in cardiovascular disease. Vascul. Pharmacol. 81, 31–41 (2016).
	 6.	 Seropian, I. M. et al. Galectin-1 as an emerging mediator of cardiovascular inflammation: mechanisms and therapeutic opportuni-

ties. Mediat. Inflamm. 2018, 8696543 (2018).
	 7.	 Seropian, I. M. et al. Galectin-1 controls cardiac inflammation and ventricular remodeling during acute myocardial infarction. 

Am. J. Pathol. 182, 29–40 (2013).
	 8.	 Morrow, D. A. et al. C-reactive protein is a potent predictor of mortality independently of and in combination with troponin t 

in acute coronary syndromes: a TIMI 11a substudy. Thrombolysis in myocardial infarction. J. Am. Coll. Cardiol. 31, 1460–1465 
(1998).

	 9.	 Morice, M. C. et al. Five-year outcomes in patients with left main disease treated with either percutaneous coronary intervention 
or coronary artery bypass grafting in the synergy between percutaneous coronary intervention with taxus and cardiac surgery 
trial. Circulation 129, 2388–2394 (2014).

	10.	 Kang, J. et al. Usefulness of the baseline syntax score to predict 3-year outcome after complete revascularization by percutaneous 
coronary intervention. Am. J. Cardiol. 118, 641–646 (2016).

	11.	 Chou, R. H. et al. CHADS2 score predicts risk of contrast-induced nephropathy in stable coronary artery disease patients undergo-
ing percutaneous coronary interventions. J. Formos. Med. Assoc. 115, 501–509 (2016).

	12.	 DeLong, E. R., DeLong, D. M. & Clarke-Pearson, D. L. Comparing the areas under two or more correlated receiver operating 
characteristic curves: a nonparametric approach. Biometrics 44, 837–845 (1988).

	13.	 Fuertes, M. B. et al. Regulated expression of galectin-1 during t-cell activation involves lck and fyn kinases and signaling through 
MEK1/ERK, p38 MAP kinase and p70S6 kinase. Mol. Cell Biochem. 267, 177–185 (2004).

	14.	 Ilarregui, J. M. et al. Tolerogenic signals delivered by dendritic cells to t cells through a galectin-1-driven immunoregulatory circuit 
involving interleukin 27 and interleukin 10. Nat. Immunol. 10, 981–991 (2009).

	15.	 Croci, D. O. et al. Glycosylation-dependent lectin-receptor interactions preserve angiogenesis in anti-VEGF refractory tumors. 
Cell 156, 744–758 (2014).

	16.	 Al-Salam, S. & Hashmi, S. Galectin-1 in early acute myocardial infarction. PLoS ONE 9, e86994 (2014).
	17.	 Ashraf, G. M. et al. Purification, characterization, structural analysis and protein chemistry of a buffalo heart galectin-1. Amino 

Acids 39, 1321–1332 (2010).
	18.	 Dias-Baruffi, M. et al. Differential expression of immunomodulatory galectin-1 in peripheral leukocytes and adult tissues and its 

cytosolic organization in striated muscle. Glycobiology 20, 507–520 (2010).
	19.	 Rabinovich, G. A. & Croci, D. O. Regulatory circuits mediated by lectin-glycan interactions in autoimmunity and cancer. Immunity 

36, 322–335 (2012).
	20.	 Le, Q. T. et al. Galectin-1: a link between tumor hypoxia and tumor immune privilege. J. Clin. Oncol. 23, 8932–8941 (2005).
	21.	 Pant, S. et al. Inflammation and atherosclerosis–revisited. J. Cardiovasc. Pharmacol. Ther. 19, 170–178 (2014).
	22.	 Hulsmans, M. & Holvoet, P. The vicious circle between oxidative stress and inflammation in atherosclerosis. J. Cell Mol. Med. 14, 

70–78 (2010).
	23.	 Hulsmans, M., Van Dooren, E. & Holvoet, P. Mitochondrial reactive oxygen species and risk of atherosclerosis. Curr. Atheroscler. 

Rep. 14, 264–276 (2012).
	24.	 Toscano, M. A. et al. Differential glycosylation of TH1, TH2 and TH-17 effector cells selectively regulates susceptibility to cell 

death. Nat. Immunol. 8, 825–834 (2007).
	25.	 Toscano, M. A., Martinez Allo, V. C., Cutine, A. M., Rabinovich, G. A. & Marino, K. V. Untangling galectin-driven regulatory 

circuits in autoimmune inflammation. Trends Mol. Med. 24, 348–363 (2018).
	26.	 Cheng, X. et al. TH1/TH2 functional imbalance after acute myocardial infarction: Coronary arterial inflammation or myocardial 

inflammation. J. Clin. Immunol. 25, 246–253 (2005).
	27.	 Lee, Y. J. et al. Spatial and temporal expression, and statin responsiveness of galectin-1 and galectin-3 in murine atherosclerosis. 

Korean Circ. J. 43, 223–230 (2013).
	28.	 Moiseeva, E. P., Williams, B., Goodall, A. H. & Samani, N. J. Galectin-1 interacts with beta-1 subunit of integrin. Biochem. Biophys. 

Res. Commun. 310, 1010–1016 (2003).
	29.	 Moiseeva, E. P., Javed, Q., Spring, E. L. & de Bono, D. P. Galectin 1 is involved in vascular smooth muscle cell proliferation. Car-

diovasc. Res. 45, 493–502 (2000).
	30.	 He, X. W. et al. Serum levels of galectin-1, galectin-3, and galectin-9 are associated with large artery atherosclerotic stroke. Sci. 

Rep. 7, 40994 (2017).

Acknowledgements
This study was supported, in part, by research Grants from the Ministry of Science and Technology of Taiwan 
(MOST 104-2314-B-075-047), the Novel Bioengineering and Technological Approaches to Solve Two Major 
Health Problems in Taiwan sponsored by the Taiwan Ministry of Science and Technology Academic Excellence 
Program (MOST 108-2633-B-009-001), the Ministry of Health and Welfare (MOHW106-TDU-B-211-113001), 
and Taipei Veterans General Hospital (V105C-0207, V106C-045, V109B-010, V109D50-003-MY3-1). These 
funding agencies had no influence on the study design, data collection or analysis, decision to publish, or prepa-
ration of the manuscript.

Author contributions
Research idea and study design: R.H.C., S.S.H., P.H.H.; data acquisition: R.H.C., Y.L.T., Y.W.L; data analysis/
interpretation: R.H.C., C.S.K., S.C.W.; statistical analysis: R.H.C., C.C.C; supervision or mentorship: P.H.H., 
S.S.H., S.J.L. All authors had full access to all of the data in the study and can take responsibility for the integrity 
of the data and the accuracy of the data analysis.

Competing interests 
The authors declare no competing interests.



10

Vol:.(1234567890)

Scientific Reports |        (2020) 10:20683  | https://doi.org/10.1038/s41598-020-77804-6

www.nature.com/scientificreports/

Additional information
Supplementary information is available for this paper at https​://doi.org/10.1038/s4159​8-020-77804​-6.

Correspondence and requests for materials should be addressed to S.-S.H. or P.-H.H.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

© The Author(s) 2020

https://doi.org/10.1038/s41598-020-77804-6
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Galectin-1 is associated with the severity of coronary artery disease and adverse cardiovascular events in patients undergoing coronary angiography
	Methods
	Patient enrollment and galectin-1 measurement. 
	Severity of CAD and study endpoints. 
	Statistical analysis. 

	Results
	Baseline characteristics. 
	Study endpoints and the prognostic value of galectin-1. 
	Predictive power of galectin-1. 

	Discussion
	References
	Acknowledgements


