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Abstract 
Background: Acute coronary syndrome (ACS) is a very common cause of 
hospitalizations worldwide each year. Despite Troponin is considered the 
gold standard in diagnosis of ACS. Several molecules have been investigated 
to identify predictive biomarkers of diagnosis. Among these, Galectin-3 has 
emerged as a promising diagnostic biomarker of (ACS). We aimed to evaluate 
galectin-3 levels in patients with acute coronary syndrome (ACS) and its rela-
tion to severity of coronary artery disease. Methods: Seventy two patients 
with ACS who underwent primary percutaneous coronary intervention (PCI) 
and 20 age-matched healthy controls were enrolled in our study .The severity 
of coronary artery disease and the burden of atherosclerosis was assessed with 
Gensini score and with the number of affected vessels. Galectin-3 levels were 
measured on admission by using ELISA with a commercially kit. Result: The 
mean age of the observational case control study was 55.9 ± 11.9 and 68 pa-
tients (73.9%) of the study were male. Median galectin-3 levels were signifi-
cantly higher in ACS patients (20.25 ng/mL [11.9 - 39.0] vs. 8.9 ng/mL [4.6 - 
24.0], P = 0.001). Patients were classified into three groups according to the 
number of involved vessels. Median galectin-3 levels were also significantly 
different among groups (one vessel: 18.9 (12 - 35.2) ng/mL, two vessels: 19 
(11.9 - 35) ng/mL, three vessels 32 (12 - 39) ng/mL, P = 0.007). There was a 
strong correlation between galectin-3 levels and Gensini score (r = 0.500, P = 
0.001). Conclusion: Galectin-3 levels were elevated in patients with ACS and 
there was a strong correlation between galectin-3 and severity of coronary 
artery disease. 
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1. Introduction 

Acute coronary syndrome (ACS) encompasses a spectrum of clinical disorders 
of myocardial ischemia or infarction, and still is the first cause of death in the 
world, especially in the first hours. Acute coronary syndrome (ACS) presents as 
unstable angina, non-ST segment elevation myocardial infarction (NSTEMI) or 
ST-segment elevation myocardial infarction (STEMI). There are various etiolo-
gies underpinning ACS, but the predominant disease mechanism is atheroscle-
rosis, with the potential for subsequent plaque disruption leading to thrombosis 
and cessation of myocardial blood flow. Atherosclerosis is a progressive disease 
of plaque deposition, which consists of lipids, smooth muscle cells, and calcium 
within the layers of the blood vessel. It is thought to be triggered by the deposi-
tion of cholesterol-containing plasma lipoproteins in the subendothelium at 
points of altered flow hemodynamics, leading to inflammatory changes in en-
dothelial cells [1]. 

If complete occlusion of the coronary blood supply occurs, this results in a 
STEMI, whereas NSTEMI results from a transient or incomplete obstruction of 
flow [2]. 

Percutaneous coronary intervention (PCI) is the most effective method to re-
store coronary perfusion in acute ST segment elevation myocardial infarction 
(STEMI), where coronary flow can be restored in 85% of patients [3]. 

Galectin-3 is a soluble B-galactoside-binding lectin that mediates different 
pathways of inflammation and fibrosis [4]. It is expressed by activated macro-
phages and regulates several inflammatory cells including lymphocytes, neutro-
phils, monocytes and mast cells [5]. Studies have shown that galectin-3 induces 
the migration of monocytes and macrophages, triggers antioxidant secretion 
from active phagocytic cells, promotes fibroblasts proliferation and increases 
collagen synthesis [6]. A genetic mutation in galectin-3 has been shown to im-
pede these pathways causing inadequate phagocytosis and impaired immune 
response [7]. Those properties emphasize the pivotal role of galectin-3 in in-
flammation and fibrosis, motivating numerous studies evaluating the function of 
galectin-3 in cardiovascular diseases [8]. Although several studies have been 
conducted to assess the association of galectin-3 in heart failure and remodeling, 
less is known about the role of galectin-3 in coronary artery disease and in ACS. 
In this study, we aimed to evaluate the galectin-3 levels in patients with ACS and 
the relation of galectin-3 with the severity of the coronary artery disease by gen-
sini score and number of involved vessels. 

2. Methods 

Study population: 
The study was conducted on 72 patients with acute coronary syndrome 

(ACS), presenting as ST-segment elevation myocardial infarction (STEMI) or 
non-ST segment elevation myocardial infarction (NSTENII) undergoing coro-
nary angiography. 
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And 20 healthy age and sex matched individuals, (control group) presented to 
National Heart Institute and menoufia university hospitals during the period 
from march 2018 till September 2018 and The diagnosis of acute coronary syn-
drome was based on the criteria of ESC/ACC/AHA by ST elevated myocardial 
infarction diagnosis was based on typical chest pain and new ST segment eleva-
tion in 2 or more contiguous leads of at least 0.25 mV in men below the age of 40 
years old, at least 0.2 mV in men over the age of 40 years old, or at least 0.15 mV 
in women measured at the J point in leads V2 & V3 0r at least 0.1 mV in other 
leads or new onset of complete left bundle-branch block. And Non-ST elevated 
myocardial infarction was based on elevated cardiac enzymes with typical chest 
pain and/or electrocardiographic changes suggestive of myocardial ischemia. 

Information regarding risk factors including age, gender, Diabetes mellitus, 
hypertension, hyperlipidemia, and smoking status was obtained. Hypertension 
was defined as blood Pressure > 140/90 mmHg on >2 occasions during office 
measurements or use of antihypertensive treatment. Diabetes mellitus was de-
fined as fasting blood glucose > 126 mg/dL or use of antidiabetic treatment. 
Hyperlipidemia was considered to be present in patients with fasting total cho-
lesterol ≥ 200 mg/dL or triglyceride ≥ 150 mg/dL. 

The severity of the coronary artery disease was assessed by Gensini score and 
with the number of involved vessels. Transthoracic echocardiography was per-
formed for each patient immediately after admission to hospital using a com-
mercially available machine (PHILIPS HD7 XE) with a 3.5-MHz transducer. 
And informed consent was obtained from each patient. 

Laboratory: 
Venous blood samples were obtained immediately after admission. CBC, CK, 

CK MB, troponin I, Plasma glucose, creatinine, urea, was measured by using 
standard methods. 

Blood samples were centrifuged after 30 minutes of sampling. Serum was iso-
lated and stored at −20˚C for galectin-3 measurement. After collecting all serum 
samples, galectin-3 was measured by Solid phase enzyme linked immunosorbent 
assay (ELISA) with a commercially available kit at menoufia university hospital, 
Egypt. 

Statistical Analysis: Data were analyzed using Statistical Program for Statistic-
al Program for Social Science (SPSS) version 23.0 for windows (SPSS Inc., Chi-
cago, IL, USA) and NCSS 12 for windows (NCSS LCC., Kaysville, UT, USA). 
Quantitative data were expressed as mean ± standard deviation (SD). Qualitative 
data were expressed as frequency and percentage. 

3. Results 

72 patients and 20 controls were studied to test the hypothesis that elevated the 
galectin-3 levels in patients with ACS and its association with the severity of the 
coronary artery disease. 

The mean age of the patients was 56.3 ± 12.7 years and 51.6 ± 7.7 years in 
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controls. The baseline demographics, risk factors and laboratory findings of the 
enrolled subjects are summarized in Table 1 below. 

As regard type of STEMI (by ECG), there were 44 of patients of group I with 
anterior MI, 23 patients with inferior MI and 5 patients with lateral. 

As regard galectin 3, the median galectin 3 level of the patients was 20.25 (11.9 
- 39.0) in patients group I. And 8.9 (4.6 - 24.8) in controls group II. The com-
parative study between the two groups shows a significant difference (P < 0.001) 
(Figure 1) and summarized in Table 2. 

ROC analysis showed that a galectin-3 cut off value of ≥12.5 ng/mL predicted 
ACS with 88.9% sensitivity and 70% specificity (P < 0.001) (Figure 2). 

Patients were classified into three groups according to the number of involved 
vessels. Median galectin-3 levels were showed significant difference among 
groups (one vessel: 18.9 (12 - 35.2) ng/mL, two vessels: 19 (11.9 - 35) ng/mL, 
three vessels 32 (12 - 39) ng/mL, (P = 0.007) (Figure 3) and summarized in Ta-
ble 3. 

There was a strong correlation between galectin-3 levels and gensini score (r = 
0.500, P = 0.001) (Figure 4) and summarized in Table 4. 

 
Table 1. Comparison between the studied groups regarding the demographic data. 

Demographic data ACS Controls Test P-value 

Count (%) 72 (78.3%) 20 (21.7%)  (Sig.) 

Age (years)     

Mean ± SD 56.3 ± 12.7 51.6 ± 7.7 1.597 • 0.110 

Median (Range) 57 (34 - 86) 52 (37 - 66)  (NS) 

Gender     

Male 54 (75%) 14 (70%) 0.203 ‡ 0.652 

Female 18 (25%) 6 (30%)  (NS) 

Risk factors     

HTN 30 (41.7%) 10 (50%) 0.442 ‡ 0.506 

    (NS) 

DM 33 (45.8%) 7 (35%) 0.747 ‡ 0.387 

    (NS) 

Smoking 56 (77.8%) 12 (60%) 2.566 ‡ 0.109 

    (NS) 

Dyslipidemia 9 (12.5%) 3 (15%) 0.086 ‡F 0.719 

    (NS) 

Family history of IHD 10 (13.9%) 3 (15%) 0.016 ‡F 1.000 

    (NS) 
 

• Mann Whitney U test. ‡ Chi-square test. ‡F Fisher’s Exact test. P < 0.05 is significant. Sig.: significance. 
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Table 2. Comparison between the studied groups regarding the cardiac biomarkers. 

Cardiac biomarkers ACS Controls Test P-value 

Count (%) 72 (78.3%) 20 (21.7%)  (Sig.) 

Troponin     

Negative 7 (9.7%) 20 (100%) 61.523 ‡ <0.001 

Positive 65 (90.3%) 0 (0%)  (HS) 

CK-total (IU/L)     

Mean ± SD 725.2 ± 778.1 96.6 ± 29.0 5.759 • <0.001 

Median (Range) 478 (57 - 3242) 96 (54 - 156)  (HS) 

CK-MB (IU/L)     

Mean ± SD 66.2 ± 56.7 16.8 ± 3.4 5.988 • <0.001 

Median (Range) 40 (16 - 333) 16.5 (11 - 23)  (HS) 

Galectin-3 (ng/mL)     

Mean ± SD 22.7 ± 8.1 10.7 ± 6.3 5.251 • <0.001 

Median (Range) 20.25 (11.9 - 39.0) 8.9 (4.6 - 24.8)  (HS) 

• Mann Whitney U test. ‡ Chi-square test. P < 0.05 is significant. Sig.: significance. 
 

Table 3. Comparison between single, two and three vessel disease regarding galectin-3 
level. 

N. of vessel One vessel Two vessel Three vessel Test P-value 

affected disease disease disease  (Sig.) 

Count (%) 29 27    

 (40.3%) (37.5%) (22.2%)   

Galectin-3 (ng/mL)      

Mean ± SD 20.8 ± 6.8 20.8 ± 6.7 29.3 ± 9.7 10.016 0.007 

Median 18.9 19 32 K (S) 

(Range) (12 - 35.2) (11.9 - 35) (12 - 39)   

KKruskal Wallis test. P < 0.05 is significant. Sig.: significance. 
 

Table 4. The correlation analysis of galectin-3 and other variables within ACS group. 

  Galectin-3 (ng/mL) 

Age (years) Correlation Coefficient 0.211 

 Sig. (2-tailed) 0.076 

Ejection fraction (%) Correlation Coefficient −0.199 

 Sig. (2-tailed) 0.094 

Wall motion score index (WMSI) Correlation Coefficient 0.004 

 Sig. (2-tailed) 0.972 

Hemoglobin (g/dL) Correlation Coefficient −0.057 

 Sig. (2-tailed) 0.636 

INR Correlation Coefficient −0.o66 

 Sig. (2-tailed) 0.582 

Creatinine (mg/dL) Correlation Coefficient 0.077 

 Sig. (2-tailed) 0.522 
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Continued 

CK-total (IU/L) Correlation Coefficient 0.012 

 Sig. (2-tailed) o.923 

CK-MB (IU/L) Correlation Coefficient −0.039 

 Sig. (2-tailed) 0.742 

Gensini score Correlation Coefficient 0.500 

 Sig. (2-tailed) <0.001 (HS) 

P < 0.05 is significant. Sig.: significance. 
 

 
Figure 1. Galectin-3 levels in both group. 

 

 
Figure 2. Roc of glectin 3 in acute coronary syndrome. 
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Figure 3. Comparison between single, two and three vessel disease regarding ga-
lectin-3 level. 

 

 
Figure 4. The correlation analysis of galectin-3 and gensini score within ACS 
group. 

4. Discussion 

Galectins are lectins with β-galactoside-binding domains. According to chemical 
structure, they are divided into 3 types: prototype, chimera and tandem. Among 
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the fifteen Galectins identified up to now, Galcten-3 is the only one belonging to 
the chimera type. It is normally expressed in several cytotypes, e.g. in endothelial 
cells, epithelial cells, activated microglia, inflammatory cells (mainly macro-
phages) and various tissues, including spleen, stomach, colon, liver, kidney, 
heart, uterus, ovary and pancreas [9]. Galcten-3 is a highly versatile protein in-
volved in various physiological and pathological processes, as cell growth, angi-
ogenesis, cancerogenesis, and inflammation. Particularly, it has a pivotal role in 
triggering inflammation in a wide range of acute as well as chronic conditions, 
including neurological degeneration, autoimmune diseases, atherosclerosis and 
heart failure, diabetes, wound repair, response to infection, lung, kidney and liv-
er disease, and many other conditions [10]. Under certain conditions, as ischemic 
injury, Galcten-3 is over-expressed in attempt to regulate and maintain cell sur-
vival [11] Finally, Galcten-3 is involved in adverse cardiac remodeling and fibro-
sis; particularly, it has been shown that Gal-3 induces cardiac fibroblasts to pro-
liferate and deposit type I collagen in the myocardium [12] [13]. 

In our study, the mean age of the patients was 56.3 ± 12.7 years and 51.6 ± 7.7 
years in controls. We found elevated galectin-3 levels in patients with acute co-
ronary syndrome as compared to control group. The median galectin 3 level of 
the patients was 20.25 (11.9 - 39.0) in patients group I .And 8.9 (4.6 24.8) in 
controls group II. The comparative study between the two groups shows a sig-
nificant difference (P = 0.001). These results were in agreement with the results 
reported by E. Gucuk Ipeka et al., study [14]. 

We observed that galectin 3 in acute coronary syndrome has high sensitivity 
compared to E. Gucuk Ipek a et al. [14] and this result may refer to a large 
number of patients compared to that study which has nineteen patients with 
acute coronary syndrome and seventeen age matched controls while we have se-
venty two patients with acute coronary syndrome and twenty age matched con-
trol. Also previous studies also reported similar findings as Falcone C. et al. [15] 
and also Menini S. et al. [16]. 

Papaspyridonos et al. [17] Demonstrated elevated galectin-3 expression in un-
stable atherosclerotic plaques. The expression was positively correlated with age 
and plaque size, suggesting the role of galectin-3 in progression of the atheroge-
nesis in chronic phase. 

In our study we found There was a strong correlation between galectin-3 le-
vels and gensini score (r = 0.500, P = 0.001). 

These results confirms the role of galectin-3 in chronic inflammation and 
atherogenesis and were in agreement with (Menini S. et al.; E. Gucuk Ipek a et 
al.; and Aksan G et al.; [14] [16], Gucuk Ipeka et al. and colleagues investigated 
the link between galectin 3 and severity of coronary artery disease and reported 
that galectin-3 have a significant positive correlation with Gensini score (r = 
0.625, P = 0.00). 

The results of the present study are also concordent with Aksan et al. who re-
ported that in the correlation analysis, serum galectin-3 showed significant cor-
relation with the Gensini score (r = 0.715, P < 0.001). 
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The association between Gensini scores and galectin-3 suggests that galectin-3 
may predict the severity of the coronary artery disease in clinical practice, and 
may become an additional tool in identifying high-risk patients. These results 
were in agreement with the results reported by E. Gucuk Ipek a et al., [14]. 

Also, in our study we found Patients were classified into three groups accord-
ing to the number of involved vessels. Median galectin-3 levels were significant 
difference among groups (one vessel: 18.9 (12 - 35.2) ng/mL, two vessels: 19 
(11.9 - 35) ng/mL, three vessels 32 (12 - 39) ng/mL, P = 0.007). 

These results were not in agreement with the results reported by E. Gucuk 
Ipek a et al., [14] and this may be attributed to a large number of patients in our 
study and difference in test sensitivity compared to previous study. 

As regard EF%, the mean ejection fraction of the patients was 50.4 ± 10.7 in 
group I and 61.3 ± 4.6 in controls group II. The comparative study between the 
two groups shows significant difference. 

We observed that patients with impaired ejection fraction tended to have 
higher levels of galectin-3 but that difference did not reach statistical signific-
ance. 

These results were not in agreement with the results reported by E. Gucuk 
Ipek a et al., [14] which showed the reverse correlation between galectin 3 level 
and ejection fraction in patients with acute coronary syndrome with statistical 
significance and this may be attributed to early presentation of patients to our 
tertiary heart center where all investigations were done as fast as possible which 
was not enough period to impaired the global function. 

We observed also that the mean creatinine level of the patients was 1.03 ± 0.35 
in group I. And 0.78 ± 0.12 in controls group II. The comparative study between 
the two groups shows a difference but that difference did not reach statistical 
significance. 

But these results are disconcordant with E. Gucuk Ipek a et al., [14] which re-
ported that higher plasma galectin-3 levels were found to be associated with im-
paired renal function and poor survival rates 

In Comparison to the previous researchs in the literature, we observed the 
difference of galectin-3 concentrations in our case-control study with previous 
study Falcone C et al., [15] and E. Gucuk Ipek a et al., [14] in which the re-
searchers analyzed galectin-3 with a different commercial ELISA kit and also we 
calculate the galectin 3 in plasma instead of serum. 

One of the most serious limitations in our study was the lack of follow up 
which interfere with documentation of complications and outcomes and kinetics 
of galectin-3 levels during hospital stay. 

These limitations were overcame by previous study Milner et al., E. Gucuk 
Ipek a et al., and Falcone C et al., [14] [15] which reported that Gal-3 levels 
change following a STEMI according to timing of reperfusion. They found Gal-3 
to be elevated in patients immediately after STEMI and significantly decreased 
within 24 hour proportionally with increasing time since reperfusion. 
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Some Authors evaluated the potential role of Galctin-3 as a predictive marker 
of mortality, HF, atrial fibrillation (AF) and re-infarction in ACS patients [18] 
[19] [20] [21] [22]. 

5. Conclusion 

According to our findings, elevated galectin-3 in patients had acute coronary 
syndrome and there was strong correlation between galectin 3 level and severity 
of coronary artery disease which reflected by gensini score and number of in-
volved vessels, so galectin 3 may become a promising biomarker for diagnosis of 
coronary artery disease and provide complementary information for assessment 
of severity of coronary artery. 
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