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Assays that measure markers of inflammation in cardio-
vascular disease have become an important part of the 
clinical laboratory repertoire.1 Acute myocardial infarction 
(AMI), is currently the leading cause of death in developed 
countries.2  AMI is caused by coronary artery occlusion 
due to local thrombosis, precipitated by rupture of an 
unstable atherosclerotic plaque and by the interactions of 
numerous inflammatory, prothrombotic, and vasoactive 
factors. Acute coronary syndrome (ACS) has come to be 
understood as a combination of factors involving inflam-
mation and thrombosis that precede AMI.2,3
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Galectins are a family of β-galactoside–binding lectins.4 
Galectins bind to cell-surface and extracellular matrix 
glycans and thereby affect a variety of cellular processes. 
Galectins are also detectable in the cytosol and nucleus 
and may influence intracellular signaling pathways through 
interactions with cytoplasmic and nuclear proteins.5,6 Recent 
studies indicate that galectins are important components 
of many physiological and pathological processes. Immune 
and inflammatory responses, tumor development and 
progression, neural degeneration, atherosclerosis, diabetes 
mellitus, and wound repair are among these processes.5,6 

The wide distribution of the galectins in both species 
and tissues suggests that these proteins are functionally 
diverse.4,7,8 The presence of galectin-3 (Gal-3) in the 
epithelium, and activated tissue macrophages prompted 
us and others4,7-9 to investigate the involvement of galectins 
in inflammatory processes, including AMI8 and ACS.9

Interleukin-6 (IL-6) and tumor necrosis factor–alpha 
(TNF-α) have been identified as proinflammatory 
cytokines. TNF-α is a multifunctional circulating cytokine 
derived from macrophages and endothelial and smooth 
muscle cells. TNF-α plays a major role in the cytokine 
cascade because it stimulates the synthesis of the other 
cytokines. IL-6, is a pleiotropic cytokine with a broad 

ABSTRACT

Objective: To investigate the concentrations of plasma cytokines and 
Galectin-3 (Gal-3) as inflammatory markers in patients with acute 
myocardial infarction (AMI). 

Methods: The study population consisted of 29 patients with AMI 
and 29 healthy control subjects. We measured Gal-3, tumor necrosis 
factor–alpha (TNF-α), and interleukin-6 (IL-6) levels in plasma using 
enzyme-linked immunosorbent assays (ELISAs). We measured levels of 
C-reactive protein (CRP) via the nephelometric method. 

Results: Patients with AMI showed significantly higher plasma Gal-
3, TNF-α, and IL-6 levels compared with controls. Gal-3 levels were 
positively and significantly correlated with plasma IL-6, TNF-α, and 
CRP levels in the control and patient groups. 

Conclusion: Our findings suggest that Gal-3 can be a new circulating 
biomarker of inflammation associated with AMI.
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range of humoral and cellular immune effects relating 
to inflammation, host defense, and tissue injury.10,11 The 
release of proinflammatory cytokines such as IL-6 and 
TNF-α is known to play a pivotal role in the development of 
systemic inflammatory response.11 We measured plasma 
levels of IL-6 and TNF-α in patients with AMI to assess the 
inflammatory response in these patients.

C-reactive protein (CRP) is an acute and fast increasing major 
acute-phase protein that is released following infection and 
tissue injuries in humans. CRP has been used as a marker of 
inflammation in the setting of AMI.12-14

ACS encompasses a spectrum of coronary disease, 
including myocardial infarction. Early diagnosis and risk 
stratification are needed to correctly determine the needs 
for hospitalization and treatment. We measured pro-
inflammatory cytokines and Gal-3 in patients with AMI.

Materials and Methods 

Patients

Twenty-nine patients admitted to Cerrahpasa Medical 
Faculty with AMI less than 12 hours from the onset of 
symptoms were enrolled in the study; blood samples were 
drawn 24 hours from the onset of symptoms. The subjects 
were categorized into 2 groups, namely, a control group (n 
= 29), which consisted of 10 female and 19 male healthy 
volunteers without coronary artery disease (CAD), and the 
patient group (n = 29), which consisted of 8 female and 21 
male patients. The study was approved by the Hospital 
Ethics Committee; all patients gave written informed 
consent to participate in the study. We excluded patients 
who had a history of hematological, neoplastic, renal, 
liver, or thyroid disease, and patients receiving treatment 
with anti-inflammatory drugs. Patients with infectious or 
autoimmune diseases or familial hyperlipidemia also were 
excluded from the study. Clinical and biochemical data 
were collected from subjects after enrollment. 

Characteristics of the patient and control groups are 
given in Table 1. Histories and the results of physical 
examination, electrocardiogram (ECG) testing, chest 
radiography testing, and routine laboratory tests showed 
no evidence of CAD in the controls. 

AMI is caused by myocardial ischemia leading to 
myocardial injury and necrosis. The ACC criteria for AMI 

are met when a rise and/or fall of cardiac biomarkers is 
observed, along with supportive evidence in the form of 
typical symptoms, suggestive changes via ECG, or imaging 
evidence of new loss of viable myocardium or new regional 
wall motion abnormality.

Blood Samples
We collected blood from patients and healthy controls 
into 0.109-M trisodium citrate tubes (Vacutainer; 
Becton, Dickinson, and Company; Franklin Lakes, 
NJ) by antecubital vein venipuncture. For enzymatic 
immunoassay assays (ELISA), blood samples were 
immediately centrifuged at 3000 rpm for 10 minutes at 
room temperature, and the aliquots of plasma were stored 
at −80°C for 1 month.

Determination of Concentration of Gal-3
We measured plasma Gal-3 concentration using a 
commercial ELISA kit for human Gal-3 (Lot no.31642003, 
Bender MedSystems, Vienna, Austria) according to 
the manufacturer’s instructions. Accordingly the limit 
of detection of human Gal-3, defined as the analyte 
concentration resulting in an absorbance significantly 
higher than that of the dilution medium (mean [SD] plus 2), 
was determined to be 0.12 ng/mL (ie, the mean [SD] of 6 
independent assays). The detected human Gal-3 levels in 
plasma samples ranged between 4.67 and 10.30  
ng/mL, with a mean level of 7.07 ng/mL (as determined by 
the manufacturer). The interassay coefficient of variation 
of the Galectin-3 ELISA is 11.4%, and the intra-assay 
coefficient of variation is 6.4% as determined by the 
manufacturer.

Table 1. Demographic Data of Control Individuals 
and Patients With AMI

Variable Patients with AMIa Controlsb

Age (minimum–maximum) 48-80 y 55-80 y
Height (minimum–maximum) 155-184 cm 175-180 cm
Weight (minimum–maximum) 59-96 kg 75-90 kg
% of probands per BMI categoryc Normal: 59% Normal: 70%

Overweight: 41% Overweight: 20%
Diabetes mellitus 41% 0%
Dislipidemia 62% 10%
Hospital stay (minimum–maximum) 2-7 d 0

AIM, acute myocardial infarction; BMI, body mass index 
an = 29 (8 women, 21 men). 
bn = 29 (10 women, 19 men). 
cBody mass index is calculated as weight in kilograms divided by height in meters 
squared. As defined by the Centers for Disease Control and Prevention, for adults, 
normal BMI range is defined as 18.5-24.9, overweight as 25.0-29.9, and obese as 
≥30.0. None of the participants qualified as underweight (ie, having a BMI score of 
<18.5). 
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Determination of IL-6 and TNF-α Levels
IL-6 and TNF-α were measured using a commercially 
available ELISA (lot no. 7106577; Assaypro, St. Charles, 
MO and Life Technologies Corporation, Carlsbad, CA; 
lot no.062805, respectively) in plasma samples from our 
cohort. The minimum detectable concentration of IL-6 is 
<10 pg per/mL. The detection limit of TNF-α is  
0.7 pg/mL. The interassay coefficients of variations 
of TNF-α and IL-6 ELISA assays are 3.9% and 7.5%, 
respectively; the intra-assay coefficients of variations are 
6.4% and 4.9%, respectively.

Determination of CK-MB, Troponin I,  
and CRP Levels

CRP was measured by a nephelometric method (Siemens 
AG, Munich, Germany). We measured CK-MB with an 
autoanalyzer (Abbott C8000, Abbott Laboratories, Abbott 
Park, IL) and serum cardiac troponin I (cTnI) levels using 
the chemiluminescence immunoassay method via the DPC 
IMMULITE Analyzer (Siemens AG). We evaluated CRP, CK-
MB, and cTnI concentrations after 24 hours from the onset 
of symptoms. All blood samples for cardiac markers were 
centrifuged at 3000 rpm for 5 minutes to separate the serum.

Statistical Analysis
For the descriptive statistics, after having checked the 
normality of the variables using the Kolmogorov-Smirnov 
test, we used an independent sample t-test to compare the 
serum levels of all variables. We used Pearson correlation 
testing for the correlations. Statistical analyses were 
performed using SPSS (Statistical Package for Social 
Sciences, Chicago, IL) software for Windows (version 11.5). 
Values are presented as mean (SD); a P value of less than 
.05 was considered significant.

Results 
CK-MB activities were significantly higher (P <.001) in the 
patient group compared with the control group (mean [SD], 
1.28 [.32] μkat/L and .18 [.07] μkat/L, respectively) (Table 2). 
cTnI concentrations were significantly higher (P <.005) in the 
patient group compared with the controls (19.14 [28.33] μg/L 
and 0.13 [0.04] μg/L, respectively) (Table 2). 

A significant increase was observed in Gal-3 levels of 
patients with AMI compared with healthy subjects (mean 
[SD], 10.14 [2.08] ng/mL and 8.24 [1.64] ng/mL, respectively; 
P <.005) (Table 3). TNF-α levels increased significantly in 
the plasma of patients with AMI compared with healthy 

subjects (18.62 [1.68] and 12.35 [1.52] pg/mL, respectively; 
P <.001) (Table 3). IL-6 levels also increased significantly 
in the plasma of patients with AMI (170.21 [14.13] pg/mL) 
compared with healthy subjects (140.79 [11.19] pg/mL;  
P <.001; (Table 3). CRP concentration increased 
significantly in patients with AMI, compared with controls 
(87.81 [29.52] nmol/L vs 9.05 [3.24] nmol/L, respectively; P 
<.001) in patients with AMI (Table 3).

In the patient group, plasma Gal-3 levels were significantly 
and positively correlated with plasma IL-6 and TNF-α levels 
(r = 0.427 and r = 0.382 respectively; P <.05). Moreover, in 
the patient and control groups (n = 58), plasma Gal-3 levels 
were significantly and positively correlated with plasma 
IL-6, TNF-α, and CRP levels (r = 0.488, r = 0.514, and r = 
0.517, respectively; P <.01). Positive correlations were also 
observed between IL-6 and CRP levels and between IL-6 
and TNF-α levels (r = 0.742, r = 0.682 respectively; P <.01).

Discussion
Recently, researchers have focused on the potential role 
of circulating markers of inflammation in ACS as risk 
predictors among those who have suffered an acute 
cardiovascular event. Our findings suggest that Gal-3 is a 
biomarker of inflammation in AMI. However, our knowledge 
of the actual role of Gal-3 in ACS has not been elucidated.

Inflammation is a key component of atherosclerosis, from 
fatty streak formation to plaque rupture, subsequent 
thrombosis, and progressive mechanical and dynamic 
obstruction. When the fibrous cap of arterial plaque is 
ruptured, tissue factors (thromboplastin) in the necrotic 
core are released which leads to increased inflammation, 
cell adhesion, and coagulation cascade that at the end 
causes thrombus formation.15,16 Recent research has 
focused on the potential role of circulating markers of 
inflammation in ACS as risk predictors among those who 

Table 2. Mean Serum Concentrations of 
Cardiac Markersa

Variable CK-MB (μkat/L ) cTnI (μg/L) (<0.4)

Control, mean (SD)b .18 (.07) 0.13 (0.04)
AMI, mean (SD)b 1.28 (.32) 19.14 (28.33)
P value <.001 <.005

CK-MB, creatine kinase–myocardial band; LDH-2, lactate dehydrogenase 2; cTnI, 
cardiac troponin I  
aP <.05 is considered significant.  
bn = 29.
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have experienced an acute cardiovascular event.17 We 
assessed the inflammatory responses of patients with AMI 
by measuring IL-6, TNF-α, CRP, and Gal-3 levels. 

Gal-3 is one of several tissue factors suspected to be 
involved in atherosclerosis. Gal-3, regulates adhesive 
interactions between the cell and extracellular matrix 
and mediates signal transduction events accordingly it 
participates in organogenesis, angiogenesis, inflammation, 
and autoimmune disorders.17 Falcone et al18 measured 
plasma Gal-3 in patients with CAD, and suggested that 
Gal-3 could be a useful biomarker of atherosclerotic 
plaques and, particularly, their destabilization. Tsai et al8 
found that circulating Gal-3 levels were significantly higher 
in patients with AMI compared with controls; Grandin et al9 
found that Gal-3 is associated with the risk of developing 
heart failure after ACS.  

Nachtigal et al17 investigated the potential contribution 
of Gal-3 to the development and progression of 
atherosclerotic lesions in mice. They found intense 
immunostaining for Gal-3 in foam cells that were present 
in the atheromatous plaques in the artery walls. Galectins 
produced by circulating blood cells or endothelial cells 
have been reported18-21 to induce leukocyte attachment 
to the endothelium by cross-linking carbohydrates on 
the respective cell surfaces. The expression of Gal-3 
is highly upregulated when monocytes differentiate 
into macrophages, a step in atherogenesis that follows 
monocyte recruitment from the peripheral blood to 
the artery wall and also occurs when in vivo or in vitro 
macrophages or aortic smooth muscle cells are loaded 
with lipids and transformed into foam cells. Like the 
activated macrophages, plaque foam cells may secrete 
Gal-3, a potent chemoattractant for monocytes and 
macrophages, and thus enhance the recruitment of these 
cells to the artery wall.17,22,23

The localization of Gal-3 within the tissue microenvironment 
may be extracellular, cytoplasmic, or nuclear; Gal-3 has 

a concentration-dependent ability to be monomeric or to 
form oligomers. These properties impart great flexibility, 
making Gal-3 a specific regulator of many biological 
systems, including inflammation. Therefore, Gal-3 can 
be viewed as a regulatory molecule that acts at various 
stages along the continuum, from acute inflammation 
to chronic inflammation and tissue fibrogenesis.24 In our 
study, Gal-3 levels were significantly increased in the 
plasma of patients with AMI compared with controls. The 
increase might be due to upregulation of Gal-3, especially 
at inflammatory sites, as a result of disruption of arteries 
and macrophage production and secretion. Consistent 
with this finding, certain studies in the literature5,11,17,20 
have reported the presence of an increased level of Gal-3 
in physiological and pathological processes, including 
immune and inflammatory responses, wound repair, and 
atherosclerosis. However, knowledge about the contribution 
of Gal-3 in patients with AMI is still scarce; further studies 
are necessary to elucidate this mechanism.

In the human body, several cytokines are involved in the 
inflammatory processes; these cytokines have overlapping, 
antagonistic, and synergic effects on many cell types 
and upregulate and downregulate the production of other 
cytokines and inflammatory mediators.24-26 The release of 
proinflammatory cytokines, such as IL-6 and TNF-α, has 
been reported25 to play a pivotal role in the development 
of systemic inflammation. The production of IL-6 from 
macrophages is induced by IL-1 and TNF-α. Endothelial 
cells are capable of producing IL-6 when stimulated with a 
variety of inflammatory mediators.26 IL-6 levels have been 
shown to be elevated with infections and inflammation. 
High IL-6 levels are associated with unfavorable outcomes 
in different disease processes, including unstable angina 
and septic shock.26 IL-6 acts on hepatic cells to produce 
acute-phase proteins, such as fibrinogen and CRP. A strong 
correlation has been shown27 between IL-6 and CRP levels. 
In our study IL-6 levels were positively correlated with 
CRP levels (r = 0.742; P <.01). Also, IL-6 has procoagulant 
properties that may influence the course of ACS.28-30 

Table 3. Mean Plasma Concentrations of Gal-3, TNF-α, IL-6, and Serum CRP in Patients With AMIa

Variable Gal-3 (ng/mL) TNF-α (pg/mL) IL-6 (pg/mL) CRP (nmol/L)

Control, mean (SD)b 8.24 (1.64) 12.35 (1.52) 140.79 (11.19) 9.05 (3.24)
AMI, mean (SD)b 10.14 (2.08) 18.62 (1.68) 170.21 (14.13) 87.81 (29.52)
P value <.005 <.001 <.001 <.001

Gal-3, Galectin-3; TNF-α, tumor necrosis factor––alpha; IL-6, interleukin-6; CRP, C-reactive protein. 
aP <.05 is considered significant.  
bn = 29.

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article-abstract/45/4/336/2657864 by guest on 11 June 2020



340  Lab Medicine Fall  2014 | Volume 45, Number 4 www.labmedicine.com

Science

Biasucci31 demonstrated the elevation of IL-6 in unstable 
angina and the prognostic value of cytokine levels in 
the course of hospitalization. Neumann32 found elevated 
concentrations of IL-6 in the coronary sinus blood 
of patients with AMI before and after recanalization, 
compared with arterial blood. He suggested that the 
vascular endothelium was the predominant source of this 
cardiac IL-6. Further, one should assume the possibility 
of important systemic effects if cardiac liberation of IL-6 
is ongoing.31 Therefore, our finding of elevated IL-6 levels 
in patients with AMI is consistent with those of other 
investigators. 

TNF-α, a polypeptide with hormone-like properties, is 
derived from leukocytes/macrophages but not from 
endothelial cells. Elevated TNF-α levels have been found 
in patients with advanced congestive heart failure.32 
Moreover, it has been shown26 that TNF-α is cardiotoxic 
and can produce cardiomyopathy, left ventricular 
remodeling, and pulmonary edema. In AMI, significant 
changes in TNF-α have mainly been associated with 
extensive myocardial damage, signs of heart failure, 
and the presence of heart-rhythm disturbances.26,35,36 
Wang et al37 reported significantly higher levels of TNF-α 
in patients with ACS compared with healthy controls. 
Also, Vaddi35 reported that secretion of TNF-α by 
mononuclear leukocytes increased progressively during 
a 48-hour period and was consistently higher in patients 
with AMI compared with controls. Similarly, in our 
study, TNF-α values were significantly higher in patients 
with AMI compared with controls. According to our 
results and those of other researchers, we speculate 
that TNF-α and IL-6 production may be involved in the 
development of AMI.

CRP is a useful inflammatory marker for ACS as it has 
been reported to be present in the atherosclerotic plaques, 
in monocytes and tissue macrophages of the necrotic 
core of the lesions. CRP in the necrotic core of lesions that 
are prone to plaque rupture may promote atherogenesis. 
CRP also stimulates monocyte release of proinflammatory 
cytokines such as IL-1, IL-6, and TNF-α;35,38 also, it has 
been reported26 that the production of CRP in the liver is 
mainly induced by IL-6. Several reports12-14 have suggested 
that serum CRP can predict increased risk of coronary 
heart disease. Serum concentration of CRP has been 
interpreted as an indication of overall inflammatory activity 
within the body. Also, CRP amplifies the underlying 
cytokine signal in the disease process.39 Accordingly, in the 
present study, CRP levels were significantly increased in 
the patient group.

In this study, Gal-3 levels were slightly, but significantly 
increased in a small cohort study of patients with AMI 
compared with controls. Moreover, our report of positive 
correlations determined between Gal-3 and IL-6,  
TNF-α, and CRP levels may contribute to the growing 
body of literature in this field suggests that this marker 
is associated with inflammation. Limitations of our study 
included a small sample size, and the absence of Gal-3 
measurements before AMI. Accordingly, more studies 
in larger populations are necessary to strengthen the 
notion that Gal-3 can be a new biomarker indicating the 
occurreance of AMI. LM
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