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Objective: It was aimed to determine whether levels of glial fibrillary acidic 
protein (GFAP) and Galectin-3 contribute to the diagnosis of cerebral infarction 
in clinically suspected ischemic stroke patients with normal computerized cranial 
tomography (CCT) in the emergency department. Materials and Methods: In this 
study, patients above the age of 18 years who presented to emergency department 
of Firat University between December 2011-November 2012 and were diagnosed 
with cerebral infarction were included. Exclusion criteria were as follows: symptom 
onset exceeding 24 hours, trauma, pregnancy, acute myocardial infarction, acute 
pulmonary embolism, chronic renal insufficiency and steroid therapy. Results: A 
total of 90 participants, forty patients with ischemic infarction who were diagnosed 
by CCT and clinical findings (Normal CCT in 17 patients and CCT with an area 
of infarction in 23 patients) and fifty healthy controls, were included in this study. 
Compared with the control group, levels of Galectin-3 and GFAP were found to be 
significantly increased in patients with ischemic infarction (P <0.001 and P = 0.01, 
respectively). It was found that levels of Galectin-3 and GFAP were significantly 
increased in ischemic stroke patients with normal CCT compared to the control 
group (P = 0.04 and P = 0.025, respectively). In ROC curve analysis, we detected 
%70.59 sensitivity and 70% specificity (AUC = 0.684, P = 0.0213, 95% CI: 0,558-
0.792) with a cutoff value of 33.24 ng/ml for GFAP and 76.47% sensitivity and 
68% specificity (AUC = 0.734, P = 0.0048, 95% CI: 0.611-0.834) with a cutoff 
value of 0.84 ng/ml for Galectin-3. No correlation was found between National 
Institutes of Health Stroke Scale (NIHSS) scores and Galectin-3 and GFAP (r = 
0.251, P = 0.118 and r = 0.164, P = 0.311, respectively). Conclusion: The levels 
of Galectin-3 and GFAP were increased in acute ischemic stroke patients.
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to the central nervous system, and thus, an increase 
in GFAP expression is observed.[5] Increased levels of 
GFAP have been demonstrated in studies on ischemic 
stroke patients, trauma patients with accompanying 
brain damage, and discrimination of ischemic stroke and 
intracerebral hemorrhage.[1,6-10] GFAP has been reported to 
increase to its maximum levels in 2–4  days in ischemic 
stroke patients.[1,11] However, there are also studies 
indicating increased levels of GFAP within first 6 h.[6,8]

Introduction

Stroke, included in cerebrovascular diseases, is one of 
the most important causes of mortality and disability. 

To determine prognosis and clarify the pathophysiology, 
biomarker studies are carried out in the diagnosis of 
cerebrovascular diseases.[1-3]

Glial fibrillary acidic protein  (GFAP) and galectin-3 
are among these biomarkers. GFAP, abundant in the 
cytoplasm of fibrous astrocytes in the brain, is a 50-kDa 
intracellular protein and is an intermediate filament that 
is essentially expressed by astrocytes. It is also found in 
oligodendroglia, ependymal cells, and Schwann cells.[1,4]  
Glial cells initiate a cellular response in case of an injury 
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Galectin-3 is approximately 30-kDa and is a member of 
the beta-galactoside-binding lectin family.[12] Galectin-3, 
which is found on the cell surface and in the cytoplasm, 
has been reported to be expressed by basophils, mast 
cells, eosinophils, neutrophils, and peripheral blood 
monocytes that differentiate into macrophages.[13]  
Galectin-3 expression actively regulates cell 
proliferation, cell differentiation, and activation of viral 
proteins during inflammation.[14-16] Galectin-3 levels and 
galectin-3 positive cells have been reported to increase 
in atherosclerotic lesions that are rich in foam cells. 
Galectin-3 positive cells were close to a lipid core, or 
to the areas with fibrosis, hemorrhage, or thrombosis in 
these atherosclerotic lesions.[17] Furthermore, the levels 
of galectin-3 have been reported to increase in ischemic 
brain damage, and it was proposed that it might play a 
role in the postischemic tissue remodeling by taking part 
in angiogenesis and neurogenesis.[18-20]

Computerized cranial tomography (CCT) remains 
the mainstay of imaging modality for diagnosis in 
the emergency department. Detection of pathological 
changes is possible typically after 6–18 h although 
ischemia can be visible within the first 2 h. Diffusion-
weighted magnetic resonance imaging  (MRI) is more 
sensitive than CT and is frequently used for the diagnosis 
of ischemic stroke.[21-23]

In this study, it was aimed to determine whether levels 
of GFAP and galectin-3 contribute to the diagnosis of 
cerebral infarction in clinically-suspected ischemic stroke 
patients with normal CCT in the emergency department.

Materials and Methods

A total of ninety participants, forty patients who 
presented to Emergency Department of Firat University 
between December 2011 and November 2012 and 
fulfilled the WHO cerebral infarction criteria and fifty 
healthy controls, were included in this study. Patients 
with determined ischemic stroke were divided into two 
groups, namely ischemic stroke patients with a normal 
CCT (n = 17) and ischemic stroke patients with areas of 
infarction on CCT (n = 23). The healthy control group 
included healthy volunteers. Local Ethics Committee 
approval was obtained before the study was initiated. 
In addition, written consent was obtained from all 
participants enrolled in the study.

Inclusion criteria were as follows: Being diagnosed as 
having cerebral infarction, 18 years of age and over, 
acute onset, having persistent complaints, admission 
within 24 h, nontrauma patients, and patients who 
agreed to participate in the study. Patients with trauma, 
pregnancy, acute myocardial infarction, acute pulmonary 
embolism, chronic renal failure, and patients on steroid 

therapy were excluded from the study.

Patient data and National Institutes of Health Stroke 
Scale (NIHSS)[24] scores were recorded in the standard 
data form. NIHSS is a tool used to examine neurological 
function in patients with ischemic stroke and gives 
an idea about the long-term prognosis. The NIHSS is 
subdivided into five major areas including the level 
of consciousness, visual assessment, motor functions, 
sensory function and neglect, and cerebellar functions. 
The individual scores from each item are summed to 
calculate a patient’s total NIHSS score. The maximum 
possible score is 42, with the minimum score being  
a 0.[25,26]

Five milliliter blood samples were collected from 
the antecubital veins for serum GFAP and galectin-3 
level measurements. Serum samples were allowed to 
clot 10–15 min and the sera were collected following 
centrifugation for 10 min at 1000 × g. The obtained sera 
were stored at -70°C for later use after being placed in 
Eppendorf tubes for each patient.

Measurement of serum galectin-3 levels
Serum galectin-3 levels were analyzed via Human 
Galectin-3 Platinum Elisa Kit (Catalog No: BMS279/2, 
Bender MedSystems GmbH, Vienna, Austria) in 
accordance with the analysis procedure specified in the 
catalog. Absorbance was read spectrophotometrically via 
ELx800™ Absorbance Microplate Reader at 450 nm. 
BioTek. ELx50™ Microplate Strip Washer was used as 
an automatic microplate washer.

Measurement of serum glial fibrillary acidic 
protein levels
Serum GFAP levels were analyzed via Human Glial 
Fibrillary Acidic Protein Elisa Kit (Catalog No: 
E90068hu, Uscn Life Science Inc., Wuhan, China) in 
accordance with the analysis procedure specified in the 
catalog. Absorbance was read spectrophotometrically via 
ELx800™ Absorbance Microplate Reader at 450 nm. 
BioTek™ ELx50™ Microplate Strip Washer was used as 
an automatic microplate washer.

Statistical analysis
Statistical analysis was performed using SPSS (21.0 
software, Chicago, IL, USA). Numerical data, qualitative 
data, and nonnormally distributed data were expressed as 
mean ± standard deviation, percentage, and median (inter 
quantifier ratio, 25–75%), respectively. Kolmogorov–
Smirnov and the Shapiro–Wilk normality tests were used 
to determine the distribution of continuous variables. 
Mann–Whitney U-test was used in determining the 
relationship between two independent, nonnormally 
distributed groups. Receiver operating characteristic 
(ROC) curve analysis was used to assess the utilization 
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Compared with the control group, significantly increased 
levels of galectin-3 and GFAP were detected in 
cerebral infarction patients (P < 0.001 and P < 0.001, 
respectively). In addition, no significant difference was 
detected between clinically-suspected ischemic stroke 
patients with normal CCT and patients with areas of 
infarction on CCT in terms of galectin-3 and GFAP (P = 
0.366 and P = 0.924, respectively).

The levels of galectin-3 and GFAP were significantly 
increased in clinically-suspected ischemic stroke patients 
with normal CCT compared to the control group (P = 
0.04 and P = 0.025, respectively). A ROC curve analysis 
was performed to assess the usefulness of galectin-3 
and GFAP levels in assisting the diagnosis of ischemic 
stroke in clinically-suspected ischemic stroke patients 
with normal CCT. In ROC curve analysis, we detected 
70.59% sensitivity and 70% specificity (AUC = 0.684, P 
= 0.0213, 95% CI: 0.558–0.792) with a cutoff value of 
33.24 ng/ml for GFAP, and 76.47% sensitivity and 68% 
specificity (AUC = 0.734, P = 0.0048, 95% CI: 0.611–
0.834) with a cutoff value of 0.84 ng/ml for galectin-3 
were detected [Figure 1].

No correlation was found between NIHHS, and galectin-3 
and GFAP (r = 0.251, P = 0.118 and r = 0.164, P = 
0.311, respectively) [Table 3].

of levels of GFAP and Galectin-3 in the diagnosis 
of ischemic stroke. ROC curve analysis results were 
expressed as specificity (%), sensitivity (%), area under 
the curve (AUC), P value, and 95% confidence interval 
(CI). Spearman’s correlation test was used to determine 
the correlation of scales and scores that consist of ordinal 
data. P < 0.05 was considered statistically significant.

Results

In this study, data of 40 patients diagnosed with ischemic 
infarction (17 patients with a normal CCT and 23 
patients with areas of infarction on CCT) and 50 healthy 
individuals were analyzed. General characteristics of 
the patients with ischemic stroke were given in Table 1. 
Galectin-3 and GFAP levels and comparisons were given 
in Table 2.

Figure 1: Receiver operating characteristic curve of serum glial fibrillary 
acidic protein and serum galectin-3

Table 1: Demographic and clinical characteristics of 
patients with ischemic stroke

Ischemic stroke patients (n=40)
Gender female (%) 21 (52.5)
Age median (mean±SD) 70.72±9.8
Admission time (Median) 
(IQR)

180 (90-300)

History of CVD, n (%) 8 (20)
History of HT, n (%) 25 (62.5)
History of DM, n (%) 6 (15)
History of IHD, n (%) 16 (40)
History of hyperlipidemia, 
n (%)

22 (55)

Atrial fibrillation, n (%) 4 (10)
Smoking, n (%) 3 (7.5)
NIHSS (Median) (IQR) 3 (1.25-4)
CVD=Cerebrovascular disease; HT=Hypertension; DM=Diabetes 
mellitus; IHD=İschemic heart disease; NIHSS=National Institutes 
of Health Stroke Scale; SD=Standard deviation; IQR=Inter 
quantifier ratio

Table 2: Galectin‑3 and glial fibrillary acidic protein 
levels and comparison of data of the study groups

Study groups n Median (IQR)
Galectin‑3 

(ng/ml)
GFAP (ng/ml)

Ischemic stroke 
patients with a normal 
CCTa

17 0.95 (0.84-
1.845)

39.80 (26.94-
44.53)

Ischemic stroke 
patients with areas of 
infarction on CCTb

23 1.11 (0.95-1.67) 39.61 (28.63-
43.56)

Healthy controlsc 50 0.81 (0.72-0.93) 24.69 (10.66-
36.66)

For galectin‑3; P=0.366 (comparison of Groups a and b) and P<0.001 
(comparison of Groups a and c); For GFAP; P=0.924 (comparison 
of Groups a and b) and P<0.001 (comparison of Groups a and c). 
GFAP=Glial fibrillary acidic protein; IQR=Interquantifier ratio; 
CCT=Computerized cranial tomography

Table 3: Correlation table of National Institutes of 
Health Stroke Scale score with galectin‑3 and glial 

fibrillary acidic protein
NIHSS Galectin‑3 GFAP
Sperman's correlation coefficient 
(r) 

0.251 0.164

P 0.118 0.311
GFAP=Glial fibrillary acidic protein; NIHSS=National Institutes 
of Health Stroke Scale
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to increase galectin-3 levels during inflammation. This 
information shows that galectin-3 is affected seriously 
from physiological and pathological events and that 
it is involved in inflammatory responses.[28] In an 
experimental animal study by Yang et al.[16] on induced 
ischemic brain damage in mice, they reported increased 
levels of galectin-3 and suggested that it might play a 
role in the postischemic tissue remodeling by taking part 
in angiogenesis and neurogenesis. There are not enough 
clinical studies in the literature regarding galectin-3 levels 
in ischemic stroke patients. We detected that galectin-3 
levels could be used to support the diagnosis of ischemic 
stroke, especially during acute phase, where patients 
have normal CCT with no visible ischemic lesions.

Conclusion

The levels of galectin-3 and GFAP were increased in 
acute ischemic stroke patients. Furthermore, the levels of 
galectin-3 and GFAP were increased in the early stages 
of acute ischemic stroke patients that CCT was normal.

Study limitations
Limitations of our study are as follows: (1) The volumes 
of the ischemic area on CCT were not calculated (2) the 
affected cranial artery was not identified (3) absence 
of diffusion MRI of patients with clinically-suspected 
infarction but with normal CCT (4) lower numbers of 
clinically-suspected ischemic stroke patients with normal 
CCT (5) control group including healthy individuals 
(without chronic illness). For the use of inflammatory 
markers, it might be more appropriate if the patient and 
the control groups included individuals with similar 
clinical characteristics. Repetitive measurements of 
biomarkers at certain hours would provide guidance 
regarding biomarker levels in response to treatment and 
how long inflammation lasts in future studies.
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