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Summary 

 

Background: Atherogenesis involves the migration of leukocytes into vascular 

subendothelial space, a process mediated by endothelial and leukocyte cell adhesion 

molecules. Endothelial molecules are assessed indirectly via serum levels, but  

leukocyte molecules can be assessed directly. We have therefore hypothesised that 

leukocyte adhesion molecules are  altered to a greater degree in 

hypercholesterolemia than serum endothelial adhesion molecules.  

Methods: We examined 29 subjects with hypercholesterolemia and 27 controls at 

baseline and after 12 weeks of atorvastatin treatment (20 mg/day). Expression of the 

leukocyte integrins CD11a, CD11b, CD18, and CD 49d and of L-selectin was 

measured by flow cytometry. Serum ICAM-1, E-selectin and vonWillebrand factor 

were measured by ELISA.  

Results: Expression of leukocyte adhesion molecules was significantly higher in 

patients at baseline than in controls, except for CD11a. Expression significantly 

decreased after atorvastatin in most adhesion molecules except for CD11b. In 

contrast, there was no effect of hypercholesterolemia and/or atorvastatin on the 

serum endothelial molecules.  

Conclusion: Leukocyte but not endothelial adhesion molecules were influenced by 

hypercholesterolemia and by lipid lowering treatment. Leukocyte molecules may 

therefore be a more sensitive marker of atherogenesis than endothelial molecules. 

Our results support the role of increased leukocyte adhesiveness in atherogenesis. 

 

Key words: atherosclerosis; cell adhesion molecules; cholesterol; endothelium; 

leukocytes 
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Introduction 

 

The infiltration of the subendothelial space with leukocytes plays an important role  in 

atherogenesis. Leukocytes serve as precursors for the formation of foam cells, impair 

endothelial dysfunction, maintain the inflammatory infiltration of the plaque and 

influence myointimal proliferation (Huo and Ley 2001). Moreover, they also contribute 

to the development of acute atherothrombotic events: during later stages of plaque 

development they produce proteolytic enzymes, thus decreasing the mechanical 

stability of plaque and increasing the risk of plaque rupture (Galis and Khatri 2002). 

 

The adhesion and transendothelial migration of leukocytes from blood into 

subendothelial space is mediated by cell adhesion molecules, which are expressed 

on the surface of both leukocytes and endothelial cells (McGorisk and Treasure 

1996; Hansson et al. 2002; Rosenfeld, 2002; Krieglstein and Granger 2001; 

Meerschaert and Furie 1995). Various proatherogenic factors increase the 

expression of adhesion molecules by endothelial cells in vitro (Huo and Ley 2001; 

Ragab et al. 1996), and it was assumed until recently that the transendothelial 

migration of leukocytes is regulated mainly through the expression of endothelial 

adhesion molecules. Increased serum concentrations of these molecules was also 

observed in persons with hyperlipidemia and other risk factors for atherosclerosis, 

and lipid lowering treatment resulted in their decrease (Kowalski et al. 2003). 

Changes observed in patients, however, are usually not very pronounced (Semaan 

et al. 2000), likely due to the fact that serum concentrations of adhesion molecules 

are only an indirect measure of their endothelial expression. 
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Recent work suggests that modulation of the expression of leukocyte adhesion 

molecules independently and substantially contribute to the regulation of leukocyte 

transendothelial migration. Atherogenic lipoproteins up-regulate the expression of 

these molecules both in vitro (Lehr et al. 1995; Ragab et al. 1996; Kawakami et al. 

2002) and in clinical conditions (Serrano et al. 2001; Kassirer et al. 1999), and 

cholesterol reduction by pharmacological as well as non-pharmacological means was 

recently demonstrated to decrease monocyte integrin and lipopolysaccharide 

receptor expression and reduce leukocyte adhesion to the endothelium (Serrano et 

al. 2001; Weber et al. 1997; Rovers et al. 1998). 

 

In contrast to endothelial cells, expression of adhesion molecules on leukocytes can 

be measured directly by examining peripheral blood leukocytes. Thus, leukocyte 

expression of adhesion molecules may be a more sensitive indicator of the vessel 

wall inflammation than plasma concentrations of endothelial adhesion molecules. We 

therefore compared leukocyte and endothelial adhesion molecules in patients with 

severe isolated hypercholesterolemia and in healthy persons, and studied the effect 

of pharmacological lipid lowering  in hypercholesterolemia. 

 

 

Methods 

 

Subjects and study design 

 

Patients with primary hypercholesterolemia were included in the study. The subjects 

were over 18 years old, with serum total cholesterol >7.0 mmol/l after 4 weeks of a 
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lipid-lowering diet, without any lipid-lowering medication. Patients with 

hypertriglyceridemia (triglycerides >4.5 mmol/l), secondary hyperlipidemia, manifest 

vascular disease, diabetes, malignancy or other major disease were excluded. The 

control group consisted of healthy subjects  with total cholesterol<6.0 mmol/l and 

triglycerides<2.0 mmol/l) matched for age, sex, body mass index (BMI), and smoking 

status (Table 1). 

Hypercholesterolemic patients were treated with atorvastatin 20 mg o.d. for 12 

weeks. Clinical and laboratory examinations were performed at baseline and at the 

end of the treatment period. In the control group, only baseline examination was 

performed. Blood for laboratory tests was drawn after an overnight fast. All subjects 

signed an informed consent; the study protocol was approved by the Local Ethics 

Committee. The study conforms with the principles outlined in the Declaration of 

Helsinki. 

 

Measurement of leukocyte adhesion molecules 

 

We examined the expression of L-selectin (CD62L), α-subunits of β-2 integrins  LFA-

1 (CD11a) and Mac-1 (CD11b),  β-1 integrinVLA-4 (CD49d) and of the β-subunit of β-

2 integrins (CD18). Measurements were performed within 2 hours of blood sampling. 

EDTA-anticoagulated blood was cooled down immediately after collection and kept at 

4˚C until processing to avoid in-vitro leukocyte activation. 

 

The expression of adhesion molecules was measured by an immunofluorescence 

method using single-step staining with monoclonal antibodies. 100 µl of whole blood 

was incubated for 15 minutes with the relevant antibody at room temperature; after 
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that, erythrocytes were lysed with 2 ml of the FACS lysis solution (for 7 min) with 

subsequent centrifugation and rinsing once with PBS. The fluorescence was 

quantified by the flow cytometry (FACSCalibur, Becton – Dickinson, Mountain View, 

CA, USA); lymphocytes, monocytes and neutrophils were identified according to their 

light-scattering properties and were analyzed separately. A specific fluorescence was 

used as a measure of antigen expression, which was calculated as the difference 

between the fluorescence of cells labelled with the specific antibody and the non-

specific fluorescence of cells labelled with the control antibody (Fig. 1)., We used the 

following murine monoclonal antibodies, conjugated either with fluorescein 

isothyocyanate (FITC) or phycoerythrin (PE), for antigen detection: Anti-CD11a/FITC 

(clone MEM-25), anti-CD11b/FITC (clone CR3 Bear-1), anti-CD18/FITC (clone CLB-

LFA-1/1) and anti-CD62L/PE (clone DREG-56), all from Caltag Laboratories, 

Burlingame, USA, and anti-CD49d/FITC (clone HP2/1) and non-specific control 

antibody (FITC and PE-labeled, clone 679.1Mc7) from Immunotech, Marseille, 

France. All the antibodies were of the IgG1 isotype. 

 

Other laboratory measurements 

 

Serum concentrations of endothelial adhesion molecules were measured by the 

enzyme immunoassay technique using commercially available kits; we examined 

intercellular adhesion molecule 1 (ICAM-1), E-selectin (RD Systems, Abingdon, UK) 

and the von Willebrand factor (IMTEC Immunodiagnostik, Berlin, Germany). The sera 

for these measurements were kept at –85°C until analysis. Serum total cholesterol, 

triglyceride and high-density lipoprotein (HDL)-cholesterol levels were measured 

using automated analyser methods; low-density lipoprotein (LDL)-cholesterol 
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concentrations were calculated using the Friedewald formula. Biochemical markers 

of renal, liver and skeletal muscle function included serum transaminases, creatinine, 

creatine kinase and a full blood count. 

 

Statistics 

 

The results are expressed as a mean ± standard deviation (S.D.). For 

expression/concentration of adhesion molecules, the Mann-Whitney U test was used 

to compare the differences between the controls and patients; Wilcoxon´s paired test 

was used to compare the values before and after treatment. Differences in the 

remaining variables were tested by the two-sample or paired t test as appropriate. 

Spearman correlation was used to test for the relationship between variables. All 

statistical tests are two-sided. 

 

 

Results 

 

Twenty-nine  control subjects and 27 patients with hypercholesterolemia were 

included in the study; all patients completed the entire treatment period. The average 

follow-up time was 89 ± 8 days. The treatment was well tolerated; neither clinically 

manifest side effects nor significant change in safety laboratory parameters were 

noted throughout the study. 
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Baseline characteristics of the study groups are shown in Table 1. The groups were 

comparable with respect to age, sex, and body mass index. No difference in the 

incidence of hypertension or in smoking history was found. 

 

Serum levels of total and LDL-cholesterol and of triglycerides were higher in the 

patients than in the controls (Table 1); all these parameters were significantly 

reduced by atorvastatin treatment. HDL-cholesterol levels were not different in 

patients and controls and no change was evident after  therapy. 

 

The expression of leukocyte adhesion molecules in the study subjects is shown in 

Table 2 and Fig. 2. There was increased expression of L-selectin and of all the 

integrins except for CD11a in the patients compared to controls. The difference was 

marginally significant for CD18 and it was not significant for CD49d on monocytes. 

The atorvastatin treatment resulted in a significant decrease of all the integrins 

except for CD11b; in the case of L-selectin, there was a significant decrease in 

neutrophils but not in lymphocytes and monocytes. The magnitude of the differences 

between patients and controls was similar in all leukocyte subpopulations 

(lymphocytes, monocytes and neutrophils); similarly results were found for   the 

changes in their expression after atorvastatin treatment. There were neither 

significant correlations between the expression of cell adhesion molecules and lipid 

levels nor between on-treatment changes of lipid levels and of the expression of 

adhesion molecules. The white blood counts including differential counts were similar 

in patients and controls and they were not influenced by the treatment. 
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Serum ICAM-1 concentration was elevated in the patients; the E-selectin and von 

Willebrand factor concentrations were similar in patients and controls. There was no 

significant change in the levels of any of these molecules after atorvastatin treatment 

(Table 1). 

 

Discussion 

 

Our results demonstrate that the leukocyte expression of most cell adhesion 

molecules studied was greater in patients with hypercholesterolemia than in controls. 

Twelve weeks of lipid lowering treatment with atorvastatin resulted in a decrease in 

leukocyte expression of adhesion molecules. Our results support the role of 

increased leukocyte adhesiveness in the development of atherosclerosis. 

 

Factors affecting leukocyte adhesion to endothelial cells have been investigated in 

vitro; however, there are  few data on the expression of leukocyte adhesion 

molecules under clinical conditions. The leukocyte recruitment into the subendothelial 

space depends on several groups of molecules. It is initiated by leukocyte rolling, 

which is mediated by loose interactions between selectins and their glycoprotein 

counterligands. During this interaction, integrins on the leukocyte surface become 

activated, and strong adhesion of leukocytes to the endothelial cells then becomes 

possible through the interaction between the leukocyte integrins and endothelial 

ICAMs and vasclular cell adhesion molecule-1. The final step is the leukocyte 

migration across the endothelium (Rosenfeld 2002; Serrano et al. 2001; Wautier et 

al. 1999). Most authors have studied  a limited number of these molecules. In the 

present study, we examined L-selectin  and several  integrins, and provide a broader 
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evaluation of leukocyte expression of adhesion molecules  . In patients with 

hyperlipidemia and atherosclerosis, CD11b molecule was studied most frequently 

and increased expression was described in comparison with healthy controls 

(Serrano et al. 2001; Kassirer et al. 1999; Mazzone et al. 1997). However, this 

increase was only moderate (Weber et al. 1997) or even absent (de Bont et al. 1999) 

in some studies. The effect of the lipid lowering treatment also varied from a 

considerable decrease of CD11b expression over moderate decrease up to no effect 

at all. In addition to the CD11b, an increased expression of integrins CD11a (Rezaie-

Majd et al. 2003), CD18 (Rezaie-Majd et al. 2003) and CD49d (Uno et al. 1995) were 

described in patients with hyperlipidemia or atherosclerosis, which decreased after 

the  lipid lowering treatment; decreased (Serrano et al. 2001) or normal (Kassirer et 

al. 1999) L-selectin expression was also observed. 

 

Thus, the available data on the leukocyte expression of cell adhesion molecules 

under clinical conditions are  not consistent. The contradictory nature of some results 

is likely contributed to by  methodological differences. Most authors examined 

isolated leukocytes (Weber et al. 1997; Rovers et al. 1998; Rezaie-Majd et al. 2003; 

Uno et al. 1995), whereas some other works used whole blood (Serrano et al. 2001; 

Kassirer et al. 1999; Mazzone et al. 1997). Further potentially important differences in 

the methods are the temperature of the sample storage and the processing and 

anticoagulants used for blood sampling. All these factors can affect the results of 

measurements . In-vitro manipulation leads to leukocyte activation, which up-

regulates the expression of most adhesion molecules; however, in the case of L-

selectin, the leukocyte activation results in cleaving of its molecules from the cell 

surface  and thus decreases  expression (Serrano et al. 2001). The effect of in-vitro 
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manipulation is more pronounced at higher temperatures (20 to 37°C), whereas it is 

nearly absent at 4°C. A considerable activating factor for leukocytes is gradient 

centrifugation used in isolating leukocytes (Wautier et al. 1999). Also, Ca2+ ions are 

necessary for the activation of integrins, and thus, using EDTA as an anticoagulant 

(vs. e.g.heparin) suppresses this process. Therefore, results obtained with methods, 

which include leukocyte separation and use manipulations at room temperature, 

probably reflect a potential of leukocytes for stimulation than the actual level of the 

leukocyte activation in-vivo. In our work we attempted to prevent the in-vitro 

stimulation; thus, we assume that our results reflect the actual expression of cell 

adhesion molecules in the study subjects. 

 

When evaluating the leukocyte expression of integrins, it is also necessary to take 

into account the fact that the leukocyte adhesion to the endothelium depends not 

only on the integrin expression (i.e. number molecules on the cell surface) but also 

on conformational changes of these molecules – so called activation. In some cases, 

the conformational changes of integrins can affect the leukocyte adhesiveness more 

substantially than the changes of their expression (Diamond and Springer, 1993). In 

agreement with this, in a work by Webber, the decrease of the leukocyte 

adhesiveness after a statin treatment was more pronounced than the decrease of the 

integrin expression (Weber et al. 1997). 

 

In our study, we evaluated the expression of adhesion molecules on lymphocytes, 

monocytes and neutropihls separately; it is of interest that the results  in these three 

leukocyte subpopulations were  similar. The magnitude of the change in the 

expression of each adhesion molecule after the atorvastatin treatment was similar in 
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all three leukocyte subpopulations; similarly, the difference in expression between 

patients and controls was similar in all leukocyte subpopulations for any molecule 

tested.  In most studies published to date, only monocytes were examined (Weber et 

al. 1997; Rovers et al. 1998; Rezaie-Majd et al. 2003; Uno et al. 1995), obviously due 

to the fact that they are precursors for macrophages and foam cells and their role in 

atherogenesis therefore appears most straightforward. However, both lymphocytes 

and neutrophils contribute to atherogenesis. In advanced human plaques, T-cells 

constitute approximately 10 to 20% of the cell population, and they are often 

localized at the vulnerable, rupture-prone sites of the lesions (Jonasson et al. 1986; 

Van der Wal et al. 1994). Finally, blood neutrophils play a crucial role in ischemia-

reperfusion injury, infiltrating the damaged tissue and causing microcirculatory 

dysfunction (Jordan et al. 1999). The importance of lymphocytes, monocytes as well 

as neutrophils for the development of atherosclerosis and of its complications is thus 

comparable. The mechanisms responsible for increased leukocyte adhesiveness in 

hypercholesterolemia are not yet fully understood, but they are likely to be at least 

partially different between cell types. It is therefore somewhat surprising that these 

leukocyte subpopulations were similarly affected by hyperlipidemia and that they 

responded similarly to the lipid-lowering treatment.  

 

In contrast to the leukocyte expression of adhesion molecules, there was only an 

irregular increase in serum concentrations of endothelial activation markers in 

patients with hyperlipidemia (increase of ICAM-1 only), and these markers were not 

influenced by the lipid-lowering treatment. This observation is surprising because the 

regulatory role of endothelium for leukocyte recruitment into the sites of inflammation 

or injury has been demonstrated (McGorisk and Treasure 1996; Hansson et al. 
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2002), ICAM-1 and E-selectin playing a major role in this process (Krieglstein and 

Granger 2001; Meerschaert and Furie 1995; Huo and Ley 2001). Von Willebrand 

factor is a soluble protein produced by endothelial cells, which promotes platelet 

adhesion and aggregation (Folsom et al. 1997; Ruggeri and Ware 1992). 

Experimental work also demonstrated an increase in the expression of cell adhesion 

molecules by endothelial cells induced by atherogenic lipoproteins as well as 

decrease in their expression after several lipid-lowering agents (Li et al. 2002; Yuan 

et al. 2001). Direct examination of endothelial cells (in contrast to leukocytes) is, 

however, practically impossible in the clinical settings and therefore, the serum 

concentrations of endothelial molecules are used as an indirect marker of their 

endothelial expression. Increased concentrations of endothelial adhesion molecules 

and von Willebrand factor in the blood were observed in persons with hyperlipidemia 

or with other risk factors for atherosclerosis, and the hypolipidemic lipid-lowering 

treatment resulted in their decrease (Kowalski et al. 2003; Semaan et al. 2000; 

Folsom et al. 1997; Wang et al. 2004; Hernandez et al. 2003). Changes observed in 

patients, however, are typically not pronounced (Kowalski et al. 2003; Semaan et al. 

2000; Hernandez et al. 2003), and in some studies, there have been no changes at 

all in the serum concentrations of cell adhesion molecules in subjects with 

hyperlipidemia (Rosenson et al. 2004; Sbarouni et al. 2000). A likely reason for this 

partial discrepancy between experimental and clinical observations is, that the 

measurement of serum concentrations of adhesion molecules is not a very sensitive 

indicator of their endothelial expression. 

 

The mechanism of the effect of statins on leukocyte adhesiveness are not completely 

elucidated. One likely mechanism is the effect through cholesterol reduction. 
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Decrease of leukocyte adhesion molecules was observed after cholesterol lowering 

by LDL-apheresis (Rovers et al. 1998; Uno et al. 1995), and in this case of non-

pharmacological treatment, the effect on leukocytes cannot be explained in any other 

way than by a cholesterol decrease itself. Moreover, in our as well as in other studies 

expression of adhesion molecules was increased in subjects with 

hypercholesterolemia. These observations support the direct association between 

CAM expression of adhesion molecules and lipid levels, which is probably mediated 

through scavenger receptors. However, statins may affect leukocyte function through 

other mechanisms, independent of lipid lowering. In vitro, statins had direct effect on 

the expression of leukocyte adhesion molecules in vitro (Weber et al. 1997; 

Kawakami et al. 2002; Rezaie-Majd et al. 2003). This effect of statins may be 

mediated by the inhibition of the intracellular isoprenoid mediators, with subsequent 

blocking of the nuclear factor-κ-B, interference with the signal pathway of Rho/Rho-

kinase and affecting the cytoskeleton (Kawakami et al. 2002; Rodriguez-Fernandez 

at al., 2001). In addition, statins may affect leukocyte function through other indirect 

mechanisms, such as decreasing endothelial activation and reducing oxidative stress 

and susceptibility of LDL particles to oxidation; these effects may reduce stimulation 

of leukocytes by activated endothelium and by products of oxidative damage and 

thus reduce expression of adhesion molecules.  

 

In clinical settings, it is difficult to separate these diverse effects of statins on 

leukocytes . Nevertheless, it may be of interest that in our study, changes in the 

expression of adhesion molecules after the atorvastatin treatment did not correlate 

with changes in blood lipids; also, CD11a expression decreased below levels 

observed in controls. This might suggest that some lipid-independent mechanisms 
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could have contributed to the effect of atorvastatin on leukocytes. It therefore 

appears likely that the effect of statins on leukocyte adhesiveness has both lipid 

lowering-dependent and independent components, and this question requires further 

investigation. 

 

 

Conclusion 

 

In patients with hyperlipidemia, there was an increased leukocyte expression of most 

cell adhesion molecules studied, which was considerably decreased after the 

atorvastatin treatment. The question that arises is whether this novel effect on 

leukocyte function contributes to the anti-atherogenic effect of atorvastatin. It is 

tempting to speculate that reducing leukocyte recruitment would reduce plaque 

inflammation, improve plaque stability and limit ischemia-induced injury. Future 

research is needed to clarify whether the effect on leukocytes contributes to the 

clinical benefits of statin treatment in patients at risk of atherosclerosis.   
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Table 1. Baseline characteristics and serum levels of lipids and cell adhesion molecules of 
the study subjects. 
 

 Control subjects Patients Patients 

  before treatment after treatment 

Number  29 27  

Sex (male/female) 9 / 20 8 / 19  

Age [years] 47.8 ± 6.5 52.3 ± 11.5  

BMI [kgm-2] 25.2 ± 3.4 26.7 ± 4.3  

Hypertension  6 (21%) 9 (33%)  

Smoking 5 (17%) 9 (33%)  

TC [mmol/l] 5.14 ± 0.72 8.59 ± 1.60a 5.87 ± 1.12 x 

LDL-C [mmol/l] 2.99 ± 0.64 6.20 ± 1.39 a 3.67 ± 0.94 x 

HDL-C [mmol/l] 1.61 ± 0.32 1.63 ± 0.32  1.61 ± 0.33 

TG [mmol/l] 1.21 ± 0.66 1.67 ± 0.63 b 1.33 ± 0.37 y 

ICAM-1 [mg/l] 405 ± 126 479 ± 136 c 495 ±136 

E-selectin [mg/l] 56.3  ± 36.0 58.5 ± 38.3 59.4 ± 34.5 

vWF [U/ml] 0.99 ± 0.89 0.84 ± 0.42 0.99 ± 0.47 

 

BMI – body mass index, TC - total cholesterol, TG – triglycerides, HDL-C - HDL-cholesterol, 
LD-C - LDL-cholesterol, vWF – von Willebrand factor. Hypertension and smoking are 
presented as the number (percentage) of patients with the condition. 
a P<0.001, b P<0.01, c P<0.05  patients vs. controls  
x P<0.001, y P<0.01, z P<0.05  patients before vs. after treatment 
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Table 2. Leukocyte expression of cell adhesion molecules in the study subjects.  

 Control subjects Patients Patients 

  before treatment after treatment 

CD11a    

Lymphocytes 80,7 ± 28,3 80,8 ± 20,7 58,8 ± 21,3 x 

Monocytes 159 ± 55 151 ± 26 113 ± 33 x 

Neutrophils 36,2 ± 10,3 35,4 ± 6,6 26,0 ± 7,3 x 

CD11b    

Lymphocytes 2,33 ± 1,58 5,60 ± 3,58 a 5,42 ± 2,95 

Monocytes 21,8 ± 13,3 52,5 ± 25,9 a 64,8 ± 21,7 

Neutrophils 23,2 ± 13,6 52,3 ± 25,1 a 62,5 ± 17,1 

CD18    

Lymphocytes 18,1 ± 6,2 25,6 ± 12,1 c 20,0 ± 7,5 z 

Monocytes 45,6 ± 16,2 65,0 ± 31,4 c 50,2 ± 13,6 y 

Neutrophils 23,0 ± 10,2 35,4 ± 17,7 c 27,6 ± 9,6 z 

CD49d    

Lymphocytes 20,7 ± 4,0 24,6 ± 5,6 c 21,5 ± 5,1z 

Monocytes 32,0 ± 10,4 34,8 ± 7,8 30,5 ± 8,3 z 

L-selectin    

Lymphocytes 315 ± 62 411 ± 153 c 385 ± 119 z 

Monocytes 368 ± 83 488 ± 179 c 411 ± 145 

Neutrophils 291± 96 453 ± 177 b 354 ± 134 

 

Expression of cell adhesion molecules in lymphocytes, monocytes and neutrophils in healthy 
persons and in patients with hypercholesterolemia before and after 12 weeks of atorvastatin 
treatment. The results (in the arbitrary fluorescence units) are shown as mean ± S.D.. The 
expression of CD49d on monocytes was essentially not detectable and it is therefore not 
shown; CD11b expression on lymphocytes was very low and the relevance of its 
measurement is thus limited. 
a P<0,001, b P<0.01, c P<0.05 patients vs. controls 
x P<0.001, y P<0.01, z P<0.05 patients before vs. after treatment 
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Figure 1. Evaluation of leukocyte expression of cell adhesion molecules. 

The expression adhesion molecules was measured by flow cytometry, using a single-step 
staining with monoclonal antibodies. a) Lymphocytes (Ly), monocytes (Mo) and neutrophils 
(Ne) were identified based on their light scattering properties (forward scatter (FSC) vs. side 
scatter (SSC)). b) The specific fluorescence  (Fspec) was used as a measure of antigen 
expression, which was calculated as a difference between the total fluorescence of cells 
labelled with the relevant antibody (Ftot) and non-specific fluorescence of cells labelled with 
the control antibody (Fbgd); the fluorescence is expressed in the arbitrary units. The example 
of CD18 expression in lymphocytes is shown in this figure; black line – patient before 
treatment, gray line – patient after treatment, filled area – control antibody-stained sample.  

a 

b 
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Figure 2. Leukocyte expression of cell adhesion molecules in the study subjects.  

Expression of cell adhesion molecules in lymphocytes (left column), monocytes (middle 
column) and neutrophils (right column) in healthy persons (circles) and in patients with 
hypercholesterolemia before (filled squares) and after 12 weeks of atorvastatin treatment 
(open squares). The results (in the arbitrary fluorescence units) are shown as mean ± S.D. 
and as individual values. The expression of CD49d on monocytes was essentially not 
detectable (ND = non-detectable values); CD11b expression on lymphocytes was very low 
and the relevance of its measurement is thus limited. The significance levels are shown in 
the figures; NS- not significant. 
 


