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The role of cell adhesion molecules 
(ICAM-1 and VCAM-1) in acute ischemic stroke

Role adhezních molekul (ICAM-1 a VCAM-1) při akutní ischemické cévní 

mozkové příhodě

Abstract
Aim: Cerebral ischemia is associated with the infi ltration of infl ammatory cells to the ischemic 

region. Cell adhesion molecules mediate the recruitment of the leukocytes to the infarct zone. 

The study aimed to explore the associations between cell adhesion molecules and acute ischemic 

stroke, neurological impairment, cerebral ischemia and clinical outcome of stroke patients. 
Materials and methods: The study involved 153 patients categorized into two groups: patients with 

acute ischemic stroke and patients with risk factors who did not have a stroke. Blood samples were 

collected to analyze the serum level of intercellular adhesion molecule 1 (ICAM-1) and vascular cell 

adhesion molecule 1 (VCAM-1). National Institutes of Health Stroke Scale was used to determine 

the neurological disability of stroke patients. Cerebral CT was performed during the fi rst 24 h 

after stroke onset and evidences of early ischemic lesions were recorded. The stroke cases were 

divided into subgroups according to the Trial of ORG 10172 in Acute Stroke Treatment (TOAST) 

classifi cation. Results: A signifi cantly higher level of VCAM-1 was observed in stroke patients. There 

was no relation between VCAM-1 level and stroke subtypes. Based on VCAM-1 level, we were 

able to predict the degree of neurological defi cit with 28.6% precision. We found a signifi cant 

relationship between VCAM-1 level and the presence of ischemic lesions. Patients with VCAM-1 

levels > 740 ng/mL had a 3.45-fold increased risk of ischemic lesions on CT. VCAM-1 levels showed 

no association with the time of the serum test and the clinical outcome. Conclusion: Our fi ndings 

suggest that VCAM-1 might serve as a biomarker for acute ischemic stroke. The serum levels of 

ICAM-1 cannot be used as a biomarker for the diagnosis and prognosis of ischemic stroke.

Souhrn
Cíl: Cerebrální ischemie je spojena s infi ltrací zánětlivých buněk do ischemické oblasti. Buněčné 

adhezní molekuly zprostředkovávají shromažďování leukocytů v místě infarktu. Cílem studie 

bylo prozkoumat spojitost mezi buněčnými adhezními molekulami a akutní ischemickou cévní 

mozkovou příhodou, neurologickým postižením, cerebrální ischemií a klinickými výsledky 

u pacientů s cévní mozkovou příhodou. Materiál a metody: Do studie bylo zařazeno 153 pacientů 

rozdělených do dvou skupin: pacienti s akutní ischemickou cévní mozkovou příhodou a pacienti 

s rizikovými faktory, kteří cévní mozkovou příhodu neměli. Byly odebrány vzorky krve s cílem 

analyzovat hladinu intercelulární adhezní molekuly 1 (intercellular adhesion molecule 1; ICAM-1) 

a vaskulární buněčné adhezní molekuly 1 (vascular cell adhesion molecule 1; VCAM-1) v séru. 

Ke stanovení neurologické disability u pacientů s cévní mozkovou příhodou byla použita škála 

National Institutes of Health Stroke Scale. Během prvních 24 hodin po nástupu cévní mozkové 

příhody byla provedena CT mozku a byly zaznamenány důkazy časných ischemických lézí. Případy 

cévní mozkové příhody byly rozděleny do podskupin podle klasifi kace Trial of Org 10172 in Acute 

Stroke Treatment (TOAST). Výsledky: U pacientů s cévní mozkovou příhodou byla zaznamenána 

významně vyšší hladina VCAM-1. Mezi podtypy cévní mozkové příhody a hladinou VCAM-1 nebyla 

žádná souvislost. Na základě hladiny VCAM-1 jsme byli schopni predikovat stupeň neurologického 

defi citu s 28,6% přesností. Zjistili jsme významný vztah mezi hladinou VCAM-1  a výskytem 

ischemických lézí. U pacientů s hladinou VCAM-1 > 740 ng/ml bylo 3,45× vyšší riziko ischemických 

lézí na CT. U hladiny VCAM-1 nebyla mezi dobou testování séra a klinickým výsledkem prokázána 

žádná souvislost. Závěr: Naše zjištění svědčí o tom, že v případě akutní cévní mozkové příhody by 

VCAM-1 mohla sloužit jako biomarker. Hladinu ICAM-1 v séru nelze jako biomarker pro diagnózu 

a prognózu ischemické cévní mozkové příhody použít. 
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Introduction
Cerebral ischemia is associated with the in-

fi ltration of infl ammatory cells to the ische-

mic region [1–3]. Cell adhesion molecules 

(CAMs) are immunoglobulin-like structures 

which function is to maintain, organize and 

mediate the migration of leucocytes to the 

vessel wall, followed by stable adhesion and 

migration into it [4,5]. Representatives of this 

group are intercellular adhesion molecule 

1 (ICAM-1) and vascular cell adhesion mole-

cule 1 (VCAM-1), with a proven role in endo-

thelial dysfunction and atherosclerosis pro-

cesses [6]. The study aimed to explore the 

associations between CAMs and acute is-

chemic stroke, neurological impairment, ce-

rebral ischemia and short-term clinical out-

come of stroke patients.

Materials and methods
An observational, cross-sectional study has 

been conducted for 6 months (from Novem-

ber 2017 through May 2018) and included 

153 patients under medical observation at 

the Department of Neurology, Medical Uni-

versity Plovdiv, Bulgaria. The inclusion crite-

ria were risk factors for ischemic stroke, such 

as a history of arterial hypertension, carotid 

atherosclerosis, diabetes mellitus, atrial fi -

brillation and cardiovascular disease (is-

chemic heart disease, valvular heart disease, 

heart failure and others). The exclusion crite-

ria were autoimmune diseases, cancer and 

infl ammatory diseases. The selection was 

made by means of medical history, physical 

examination and laboratory investigations. 

Patients were divided into two main groups: 

patients with acute ischemic stroke who 

were not treated with recombinant tissue 

plasminogen activator (rt-PA) and patients 

with risk factors but without a history of is-

chemic stroke. Stroke patients were selected 

not to be treated with reperfusion therapies, 

as in the literature there are data that throm-

bolytic agents could alter the serum con-

centration of CAMs within the fi rst 24 h [7]. 

The recruitment of patients from the second 

group was done at the outpatient clinic and 

included patients with vascular risk factors. 

The information about comorbidity in all pa-

tients was collected through medical his-

tory, physical examination, laboratory inves-

tigations, electrocardiogram monitoring and 

extracranial carotid duplex ultrasound inves-

tigation. Venous blood samples (4.5 mmol/ l 

blood, Monovette [Sarstedt, Nümbrecht, 

Germany]) from all patients were taken in 

the morning between 6–8 a. m. as atraumat-

ically as possible. The samples were centri-

fuged at 2,500 rpm for 10 min and stored 

at –20 °C until the time of the analysis, but 

not longer than 2 months, according to the 

manufacturer’s instructions. The manners of 

withdrawal, processing and storage of blood 

samples and the choice of bio logic mate-

rials were following the requirements and 

the recommendations given by the manu-

facturer to compensate for the factors of re-

sult variation and for standardization of the 

preanalytical stage. Serum concentrations 

of sICAM-1 and sVCAM-1 were determined 

using ELISA assay (Bender MedSystems, 

Vienna, Austria) after its local validation. In 

the literature, there are no standard refer-

ence ranges for VCAM-1 and ICAM-1. 

In stroke subgroup, the time between the 

stroke onset and the blood sample taking 

was recorded. The time of blood collection 

after the stroke ranged between 6 to 48 h 

with a median of 24 h. The National Insti-

tutes of Health Stroke Scale (NIHSS) was used 

to determine the neurological disability of 

stroke patients on hospital admission and at 

discharge. Short-term clinical outcome (with 

improvement, without change, with deterio-

ration) was analyzed in stroke patients based 

on the dynamics of the neurological defi -

cit assessed by NIHSS. Cerebral CT was per-

formed in the same group of patients during 

the first 24 h after stroke onset and evi-

dences of early ischemic lesions (evidences 

for hypo-attenuating brain tissue, obscura-

tion of lentiform tissue, dense middle cere-

bral artery sign, insular ribbon sign, loss of 

sulcal eff acement, loss of gray-white inter-

face, early mass eff ect) were recorded. The 

stroke cases were divided into subgroups 

according to the Trial of Org 10,172 in Acute 

Stroke Treatment (TOAST) classifi cation [8]. In 

the non-stroke group, the blood tests were 

done on the day of the other investigations.

Data were analyzed using the statistical 

software SPSS (IBM, Armonk, NY, USA), Ver-

sion 25 and Med-Calc Statistical Software 

(MedCalc, Ostend, Belgium), Version 18.11.3. 

The continuously measured variables were 

screened for normality using the Kolmogo-

rov-Smirnov test. The normally distributed 

ones were described through the mean val-

ues and standard deviations (SD), whereas 

the non-normally distributed ones were 

presented with the medians and interquar-

tile ranges (IQR). To examine signifi cant dif-

ferences between the two groups, we per-

formed independent sample t-tests when 

normality was observed (Kolmogorov-

Smirnov p > 0.05) and the Mann Whitney 

U test when normality was not present (Kol-

mogorov-Smirnov p < 0.05). Comparisons 

of more than two groups of normally dis-

tributed variables were performed through 

one-way analysis of variance (ANOVA), and 

when normality was not observed through 

the Kruskal-Wallis test. The dia gnostic po-

tential of ICAM-1 and VCAM-1 was evaluated 

through the receiver operating characteris-

tic (ROC) curve analysis. The optimal crite-

rion was used to recode VCAM-1 into pos-

itive and negative cases and to calculate 

the odds ratio (OR) with the incidence of is-

chemic lesions evident on cerebral CT. For 

stroke patients, we examined the associa-

tion between ICAM-1 and VCAM-1 and the 

neurological defi cit measured by NIHSS, the 

time of CAMs blood testing, and stroke out-

come at hospital discharge using a correla-

tion analysis. Pearson correlation analysis 

was employed when variables were meas-

ured continuously and were normally dis-

tributed, and Spearman correlation was 

used in all other cases. Frequency data were 

presented as numbers and percentages and 

when they were relevantly examined using 

the Fisher’s exact test. The results were inter-

preted as statistically signifi cant if the p val-

ues were < 0.05.

Results
Demographic and clinical 

characteristics of the patients

The study involved 153 patients with a mean 

age of 65.08 ± 10.65 years, of whom 71 (46.4%) 

were females (Tab. 1). Seventy-nine patients 

(51.63%) had an acute ischemic stroke and 

74 (48.37%) did not have an ischemic stroke. 

The mean age, sex distribution, presence of 

carotid atherosclerosis, arterial hypertension, 

and diabetes did not diff er signifi cantly be-

tween stroke and non-stroke patients. A sig-

nifi cantly higher percentage of the patients 

with ischemic stroke had atrial fi brillation 

and cardiovascular diseases. VCAM-1 levels 

were signifi cantly higher in stroke patients, 

whereas ICAM-1 levels did not diff er signifi -

cantly between the two groups. 

Analysis of ICAM-1 and VCAM-1 levels 

in particular subtypes of ischemic 

stroke

To investigate variations in ICAM-1 levels de-

pending on the subtype of stroke according 

to the TOAST classifi cation, we performed 

a comparative analysis using the Kruskal-

Wallis test. The results showed no statisti-
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cally significant association between the 

level of ICAM-1 and the subtype of stroke 

(P = 0.801) (Fig.  1).

The median levels of VCAM-1 showed 

a wider variation across ischemic stroke 

subtypes (Fig.  2) with the highest value 

(1,970 ng/ mL) observed in atherosclerotic 

stroke and the lowest one in stroke from an-

other cause (850 ng/ mL); however, the sta-

tistical analysis showed no signifi cant dif-

ference (P = 0.276). We consider this is due 

to the small sample size of the stroke-sub-

type subgroups and suggest that increasing 

the sample size will increase the likelihood 

of fi nding a signifi cant association between 

stroke-subtype and VCAM-1 levels. 

Analysis of the relationship between 

ICAM-1/ VCAM-1 levels and early 

ischemic lesions on cerebral CT scan

We investigated the dia gnostic potential of 

ICAM-1 and VCAM-1 levels as indicators of 

ischemic lesions using the receiver operat-

ing characteristic (ROC) curve analysis. The 

results (Fig.  3) showed a lack of prognos-

tic ability ofICAM-1 (AUC = 0.546; P = 0.517) 

and a weak but signifi cant relationship be-

tween VCAM-1 values and the presence of 

early ischemic lesions on cerebral CT scan 

taken within the fi rst 24 h from the stroke 

onset (AUC = 0.637; 95% CI: 0.501–0.772; 

P = 0.019). The associated criterion value dis-

tinguishing patients with ischemic lesions 

from patients without ischemic lesions was 

VCAM-1 level > 740 ng/ mL (95% CI: 670–

1,140 ng/ mL) with sensitivity of 78% and 

specifi city of 58%.

Based on the criterion value (VCAM-1 

level > 740 ng/ mL), we categorized patients

into two groups, positive (VCAM-1 level

> 740 ng/ mL) and negative (VCAM-1 level

≤ 740 ng/ mL), and calculated the odds ratio 

(OR) of CT ischemic lesions with VCAM-1 se-

ropositivity. The results showed a 3.45-times 

higher risk of ischemic lesions in patients with 

VCAM-1 values > 740 ng/ mL (OR = 3.45; 95% 

CI: 1.5–7.92; P = 0.003). 

Analysis of the relationship 

between ICAM-1 and VCAM-1 levels, 

neurological defi cit, time of the 

blood test, and clinical outcome at 

hospital discharge in patients with 

ischemic stroke

Evaluation of the relationship between 

ICAM-1 and VCAM-1 levels with neurolog-

ical defi cit (NIHSS), time of the blood test 

sampling (hours after stroke onset) and clin-

ical outcome at hospital discharge in pa-

tients with ischemic stroke (improvement, 

without change, deterioration) was carried 

out using a correlation analysis (Tab. 2). The 

results showed no signifi cant correlations 

between the levels of ICAM-1 and the three 

observed variables. Regarding VCAM-1, we 

found a signifi cant positive linear relation 

with neurological defi cit (NIHSS), while for 

the other two variables, no signifi cant rela-

tionship was found.

Figure 4 illustrates the positive linear rela-

tionship between VCAM-1 levels and neuro-

logical defi cit. Higher VCAM-1 values were 

associated with higher NIHSS values and 

vice versa, with R-square = 28.6% and ad-

justed coeffi  cient of determination R-square 

(adj.) = 27.1%. 

Tab. 1. Characteristics of stroke and non-stroke patients.   

Variables Stroke patients
N = 79

Non-stroke patients
N = 74 P

age (years) 

mean (± SD)
65.81 (± 11.38) 64.31 (± 9.83) 0.386t

sex; N (%)

   male

   female 

46 (58.2%)

33 (41.8%)

36 (48.6%)

38 (51.4%
0.259f

carotid plaque; N (%) 64 (81.0%) 56 (75.7%) 0.439f

arterial hypertension; N (%) 70 (88.6%) 59 (79.7%) 0.182f

diabetes; N (%) 20 (25.3%) 29 (39.2%) 0.083f

atrial fi brillation; N (%) 55 (69.6%) 2 (2.7%) < 0.001f

cardiovascular disease; N (%) 43 (54.4%) 27 (36.5%) 0.035f

ICAM-1 (ng/mL) 

median (IQR)
428 (243.50) 450 (182.50) 0.714U

VCAM-1(ng/mL) 

median (IQR)
1547.50 (1326.25) 807.50 (1052.50) 0.019U

t t-test for independent samples; f Fisher’s exact test; U Mann-Whitney U test 

ICAM-1 – intercellular adhesion molecule 1; IQR – interquartile range; N – number; SD – stan-

dard deviation; VCAM-1 – vascular cell adhesion molecule 1

Fig. 1. Median levels of VCAM-1.
VCAM-1 – vascular cell adhesion molecule 1

Obr. 1. Hodnoty mediánů hladin proteinu VCAM-1.
VCAM-1 – vaskulární buněčná adhezní molekula 1 (vascular cell adhesion molecule 1)
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Discussion
Infl ammation plays an important role in the 

pathogenesis of ischemic stroke and the re-

cruitment of infl ammatory cells appears to 

exacerbate ischemic brain injury [4]. Cell ad-

hesion molecules are involved in the recruit-

ment of leucocytes into post-ischemic brain 

tissue, with their adhesion and migration 

into endothelial cells [4,5,9].

In order to investigate the relationship 

between CAMs (ICAM-1 and VCAM-1) and 

ischemic stroke, we analyzed the serum 

concentrations in two main target groups 

(patients with acute ischemic stroke and 

patients with risk factors, but without ex-

perienced cerebrovascular accident) and 

traced their distribution to diff erent etiolog-

ical stroke subtypes, neurological defi cits 

(NIHSS), time of blood tests sampling and 

short-term clinical outcome after stroke.

Our study showed no association of 

ICAM-1 level with ischemic stroke, so it can-

not be used as a reliable bio marker for stroke 

dia gnosis and prognosis. No correlations 

were found between ICAM-1 levels and 

the etiological subtype of strokes. Regard-

ing neurological defi cit, time of blood tests 

sampling, and short term outcome after 

stroke, serum ICAM-1 levels did not show 

a statistically signifi cant relationship. In the 

context of ischemic stroke, ICAM-1 is one of 

the most studied CAMs [10]. Studies on the 

dynamics of serum ICAM-1 levels in the fi rst 

hours after stroke showed contradictory re-

sults. Numerous independent studies found 

an increase within the fi rst 24 h after the ac-

cident [11–13]. Another study comparing 

stroke patients with healthy controls proved 

no dependence [14]. The results regarding 

the relationship between ICAM-1 levels and 

the outcome of ischemic stroke are also con-

tradictory. Two studies did not show a corre-

lation with ICAM-1 values and stroke severity 

in the fi rst week, 10 days, and 3 months after 

the accident [14,15]. According to Sotgiu et 

al [12], high levels of ICAM-1 at the beginning 

of the accident were associated with more 

extensive cerebral infarctions and a poorer 

3-month prognosis. Wang et al [16] found 

that the serum level of sICAM-1 on admis-

sion was associated with neurological dete-

rioration in ischemic stroke.

VCAM-1 is the other type of CAM with 

a proven role in the pathophysiological 

mechanisms of ischemic stroke [10]. Studies 

comparing patients with and without 

stroke found higher serum VCAM-1 values 

in the stroke group [12,14]. In our study, we 

Fig. 2. Median levels of ICAM-1.
ICAM-1 – intercellular adhesion molecule 1

Obr. 2. Hodnoty medianů hladin proteinu ICAM-1.
ICAM-1 – intercelulární adhezní molekula 1 (intercellular adhesion molecule 1)
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also observed signifi cantly higher levels of 

sVCAM-1 in stroke patients compared to 

the control group of patients with vascu-

lar risk factors, who did not experience cer-

ebrovascular accident. The mean value of 

sVCAM-1 in patients with ischemic stroke 

was 1,516.60 ± 947 ng/ mL. Although there 

are still no generally accepted reference 

ranges for CAMs, if we use the data ob-

tained by Deneva et al [17] for the values of 

VCAM-1 (170.42–478.36 ng/ mL) in healthy 

controls for the Bulgarian population, we 

see that the levels obtained by us are signifi -

cantly above the normal range.

Despite the lack of statistical signifi cance, 

the level of VCAM-1 showed a defi nite rela-

tionship with the subtypes of stroke, with 

the highest value observed in strokes due to 

atherosclerosis of the large arteries. This fact 

seems logical, given the role of CAMs in the 

processes of endothelial dysfunction and 

atherogenesis [6,18,19].

Supanc et al [14] studied the role of CAMs 

in different etiological subtype of stroke. 

Tab. 2. Results of the correlation analysis for the relationship between ICAM-1 and VCAM-1 levels with neurological defi cits, CAMs 
blood test time, and clinical outcome at hospital discharge in patients with ischemic stroke.    

ICAM-1 VCAM-1
Parameters Correlation coeffi  cient P Correlation coeffi  cient P

neurological defi cit (NIHSS) 0.960 0.507а 0.535 < 0.01**а

time of the CAMs blood test sampling 

(hours after stroke onset)
0.251 0.079а –0.040 0.783а

clinical outcome at hospital discharge in patients 

with stroke
0.0088 0.542b –0.152 0.291b

CAM – cell adhesion molecule; ICAM-1 – intercellular adhesion molecule 1; NIHSS – National Institutes of Health Stroke Scale; VCAM-1 – vascular 

cell adhesion molecule 1; a Pearson correlation; b Spearman correlation  

Fig. 4. Signifi cant linear relationship between VCAM-1 level and neurological defi cit.
NIHSS – National Institutes of Health Stroke Scale; VCAM-1 – vascular cell adhesion molecule 1

Obr. 4. Významný lineární vztah mezi hladinou VCAM-1 a neurologickým defi citem.
NIHSS – National Institutes of Health Stroke Scale; VCAM-1 – vaskulární buněčná adhezní molekula 1 (vascular cell adhesion molecule 1)
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