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Abstract The aims of the study are (1) assessment of cell

surface expression of adhesion molecules CD11b and

CD62L on peripheral blood neutrophils in patients with type

2 diabetes and microangiopathy; (2) analysis of serum levels

of soluble adhesion molecules: E-selectin (sE-selectin),

soluble intercellular adhesion molecule-1 (sICAM-1),

soluble vascular cell adhesion molecule-1 (sVCAM-1) and

von Willebrand factor (vWF) and; (3) evaluation of sys-

temic inflammatory markers like interleukin-6 (IL-6),

soluble interleukin-6 receptor (IL-6Rs), high sensitivity

C-reactive protein (hsCRP) and fibrinogen. Thirty patients

with type 2 diabetes and microangiopathy were enrolled in

the study. The study group was compared to 22 patients with

type 2 diabetes without microangiopathic compliations. The

control group included 20 healthy volunteers. Flow

cytometry was used to analyse surface expression of adhe-

sion molecules. Both inflammatory markers and soluble

adhesion molecules were determined by immunoenzymatic

assay. A significant increase in neutrophil surface CD11b

expression (P \ 0.01) as well as decrease in surface CD62L

expression (P \ 0.01) were observed in the group with

diabetic microangiopathy in comparison with diabetic group

without microangiopathic complications and healthy con-

trols. Moreover, significantly higher concentrations of

sICAM-1 (P \ 0.05), sVCAM-1 (P \ 0.05), sE-selectin

(P \ 0.05), vWF (P \ 0.01), hsCRP (P \ 0.01), IL-6

(P \ 0.01) and fibrinogen (P \ 0.001) were also found in

patients with microangiopathy in comparison with the

control group. IL-6Rs concentrations did not significantly

vary between groups. We concluded (1) diabetic microan-

giopathy is accompanied by increase in CD11b expression

and decrease in CD62L expression on peripheral blood

neutrophils; (2) in diabetic microangiopathy rise in CD11b

expression indicates neutrophil activation and intensified

adhesion; (3) the development of diabetic microangiopathy

is accompanied by an increase in soluble adhesion mole-

cules and inflammatory markers concentrations in the blood.
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Introduction

In accordance with the latest views, a chronic, subclinical

inflammatory process plays a key role in the development

of diabetic vascular complications [1]. An increasing

amount of data sugests leukocyte involvement in the

pathogenesis of vascular lesions in diabetes [2–11]. Acti-

vation of leukocytes leads to their increased adhesion to the

vascular wall and is also connected with increase in the

production of a wide range of potentially cytotoxic factors

(free radicals, TNF-a), factors damaging the vascular

basement membrane (free radicals, metalloproteinases),

factors activating an inflammatory process in vascular wall

(IL-1, TNF-a, IFN-c, arachidonic derivatives) or stimulat-

ing fibroblast proliferation (TGF-b, FGF, PDGF).

Increase in cellular adhesion and production of the

above-mentioned factors in diabetes may lead to acceler-

ated atherosclerosis development and small vessel lesion—

a process typical for diabetic microangiopathy. Leukocyte

adhesion to the endothelium is considered a key component

in the process of leukocyte-associated vascular damage
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induction [2–5, 12, 13]. A central role in leukocyte adhe-

sion and migration is played by adhesion molecules

especially selectins (E-selectin, L-selectin), integrins and

immunoglobulin superfamily molecules (ICAM-1, VCAM-

1). These molecules and their ligands take part in a mul-

tistep leukocyte-endothelium interaction process [14].

Leukocyte surface L-selectin (CD62L) and endothelium

surface E-selectin play a significant role at the initial

‘‘rolling leukocytes’’ stage of the process. Integrins are

heterodimers containing alpha and beta subunits. Those

containing identical beta subunits and differing in alpha

structure are grouped into specific subfamilies, i.e. beta1,

beta2, beta3 [14]. The MAC-1 integrin (CD11b/CD18),

belonging to the beta2 subfamily binding ICAM-1 located

on the endothelium cells. Leukocytes activation leads to

increase in beta2-integrin expression, enabling permanent

inter-cell contact. It is considered thad surface expression

of beta2-integrin is a marker of leukocyte activation.

Until now, most studies analysing leukocytes’ role in the

pathogenesis of diabetic vascular complications related to

experimental diabetes in animal models [3–7, 15]. Less

observations have been made in people. In a few studies

higher beta2-integrin (CD11b/CD18) expression were

confirmed on neutrophils and monocytes in patients with

diabetes [16–18]. Most studies dedicated to leukocyte

adhesion molecule expression referred to diabetic patients

with atherosclerotic lesions [10, 17, 20, 21]. As opposed to

macroangiopathy, scant studies provide data on adhesion

molecule expression in the case of diabetic microangiop-

athy [11]. Furthermore, it remains unclear which factors in

diabetes are responsible for increase in leukocyte surface

beta2-integrin expression. No connection has been estab-

lished between markers of metabolic balance in diabetes

(glycaemia, HbA1c) and beta2-integrin expression [19,

22]. It must also be mentioned that not all authors have

confirmed a rise in surface beta2-integrin expression on

leukocytes in patients with diabetes [20, 21]. The obtained

results can be affected by diabetes type, duration of the

disease, vascular complications and level of metabolic

balance.

In light of these facts, attempts were made to assess

neutrophil activation in patients with type 2 diabetes and

microangiopathic complications. Activation of neutrophils

were analysed in context of selected markers of endothelial

activation/dysfunction, systemic inflammatory markers as

well as metabolic and clinical parameters of the disease.

The aims of the study wereo

1. To assess surface CD11b expression (MAC-1 subunit

belonging to the beta2-integrin subfamily) as well as

surface CD62L (L-selectin) expression on peripheral

blood neutrophils in patients with type 2 diabetes and

microangiopathy.

2. To analyse markers of vascular endothelium activation /

dysfunction basing on serum levels of soluble adhesion

molecules (sE-selectin), intercellular adhesion molecules

(sICAM-1), soluble vascular cell adhesion molecule-1

(sVACM-1) and von Willebrand factor (vWF).

3. To evaluate serum levels of inflammatory markers:

interleukin-6 (IL-6), soluble interleukin-6 receptor (IL-

6Rs), high sensitivity C-reactive protein (hsCRP) and

fibrinogen.

Subjects and methods

Subjects

Thirty patients with type 2 diabetes and microangiopathic

complications (retinopathy, nephropathy) were enrolled in

the study (11 female and 19 male), aged from 40 to 65 years

(mean 57.0 ± 5.9). Duration of the disease ranged from 5 to

30 years (mean 11.03 ± 8.50). The study group consisted

of subjects with diabetic retinopathy (confirmed by oph-

talmoscopy or fluorescein angiography) as well as diabetic

nephropathy—at the microalbuminuric or proteinuric stage,

with creatinin levels within normal range (\124 lmol/l).

Microalbuminuria was diagnosed when two out of three

tests performed during 6 months showed increase in albu-

minuria. The albumin/creatinin index was determined in a

morning urine sample. Results above C30 lg/mg were

considered abnormal. Results were deemed relevant only in

patients free from diabetic metabolic imbalance and urinary

tract infections. Criteria for proteinuria were set at protein

levels of C0.5 g in a 24-h urine collection.

Considering that microalbuminuria in type 2 diabetes is

not an entirely specific indicator of diabetic nephropathy,

all patients enrolled into the study group with microalbu-

minuria underwent tests in order to confirm presence of

diabetic retinopathy. In such context, microalbuminuria

was regarded as an indicator of glomerular lesion in the

course of diabetic nephropathy.

The study group was compared to patients with type 2

diabetes without microangiopathic compliations. This

group was consisted of 22 patients with type 2 diabetes (10

female and 12 male), aged from 40 to 65 years (mean

56.0 ± 6.2), diabetes duration mean 5.32 ± 1.70 years.

All patients enrolled into this group have normal albu-

minuria (\30 lg/mg), lack of retinopathy signs, ankle/

brachial index within normal range ([1.0), normal ultra-

sound assessment of carotid arteries and no history and

symptoms of cardiovascular disease.

Enrollment was conducted among patients hospitalised

at the Department of Angiology, Hypertension and Dia-

betology of Wroclaw Medical University. Diabetes was
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diagnosed in accordance with current standards from the

Polish Diabetologic Association [23]. To make certain that

the assortment to the studied group concerned only the

patients with type 2 diabetes, all of the patients on insulin

had taken exclusively oral hypoglicaemic drugs for at least

6 years from the diagnosis of diabetes.

Exclusion criteria were: signs of infection or inflam-

mation in the course of the last 3 months, ischemic heart

disease, cerebrovascular lesions and other macroangio-

pathic complications, glucocorticosteroid or NSAID intake

(except for ASA up to 325 mg/day), confirmed neoplastic

disease, liver insufficiency, renal insufficiency (serum

creatinin levels [124 lmol/l).

The control group included 20 healthy age- and sex-

matched volunteers (9 female, 11 male) aged from 40 to

65 years (mean 55.4 ± 7.5).

Approval of the Ethics Committee of Wroclaw Medical

University was obtained for conducting the study. Written

informed consent was obtained from each patient.

Methods

Clinical evaluation

Based on body weight and height, the body mass index

(BMI) was calculated [body mass (kg)/height2 (m)]. Blood

pressure was measured in sitting position, at rest (mean of

three measurements performed in 5-min intervals). All tests

were performed from a single blood sample collected from

the cubital vein after an overnight fast.

Staining cells with anti-CD11b/FITC,

anti-62L/TC, anti-CD45/RPE

Three-milliliter blood samples were collected on heparin,

then submitted to proper testing 30 min following sample

collection. Neutrophils were identified by light and size

scattering and using anti-CD45/RPE phycoerythrin-labeled

monoclonal antibodies. In order to identify adhesion mol-

ecules on neutrophil surface, anti-CD11b/FITC fluorescein-

labeled monoclonal antibodies, as well as anti-CD62L/TC

‘‘tricolor’’ monoclonal antibodies were applied. Isotype

control antibodies IgG1/FITC/RPE and IgG1/TC were also

used.

A measure of 5 ll anti-CD45/RPE, 5 ll anti-CD11b/

FITC and 5 ll anti-CD62L/TC antibodies were added to

100 ll blood on heparin. Samples were incubated for

15 min in the dark at room temperature; 100 ll lysate were

then added and incubated under similar conditions for

another 10 min. Samples were then diluted with 1 ml dis-

tilled water and centrifuged (1,0009g, 10 min). After

decanting the supernatant, samples were suspended in PBS

and analysed by flow cytometry.

Assessing CD11b and CD62L expression

CD11b and CD62L expression was assessed by flow cytom-

etry using DAKO Galaxy Flow Cytometer (Partec GmbH)

and FloMax 2.3D software (Partec). Over 20,000 cells were

submitted for analysis at each try. Surface expression of

adhesion molecules was quantitated as mean channel fluo-

rescence (MCF). Negative control for non-specific flow

cytometric background was performed with an isotype-mat-

ched, fluorescent, non-binding monoclonal antibody.

Reagents

Antibodies as follows: anti-CD11b/FITC, anti-CD45/RPE,

anti-CD62L/TC, IgG1/FITC/RPE, IgG1/TC from CALTAG

Laboratories, Philadelphia, USA.

Determining serum levels of adhesion molecules

sE-selectin levels were determined by ELISA using an assay

from R&D SYSTEMS, Minneapolis, USA (cat.nr BBE 2B);

test sensitivity 0.1 ng/ml; intra- and inter-assay variation at

4.8 and 5.7%, respectively. sICAM-1 levels were evaluated

by ELISA using an assay from Bender MedSystems GmbH,

Vienna, Austria (cat. nr BMS201); test sensitivity 3.3 ng/ml;

intra- and inter-assay variation at 4.1 and 7.66%, respec-

tively. sVCAM-1 levels were assessed by ELISA using an

assay from Bender MedSystems GmbH, Vienna, Austria

(cat. nr BMS232CE) test sensitivity 0.59 ng/ml; intra- and

inter-assay variation at 3.1 and 5.2%, respectively.

Determining serum levels of IL-6 and IL-6Rs

IL-6 levels were determined by ELISA using assay from

Bender MedSystems GmbH, Vienna, Austria (cat. nr

BMS213/2CE); test sensitivity 0.92 pg/ml; intra- and inter-

assay variation at 3.4 and 5.2%, respectively. IL-6Rs levels

were determined by ELISA using assay from Bender

MedSystems GmbH, Vienna, Austria (cat. nr BMS214) test

sensitivity 0.01 ng/ml; intra- and inter-assay variation at

1.7 and 2.2%, respectively.

Determining serum C-reactive protein (CRP) levels

CRP levels were determined by ELISA using a high-sen-

sitivity assay from DRG International, Inc., USA (cat. nr

EIA-3954); test sensitivity 0.1 mg/l; intra- and inter-assay

variation at 2.3–7.5% and 2.5–4.1%, respectively.

Determining plasma von Willebrand factor levels

vWF levels were determined by ELISA using assay from

Asserachrom vWF, Diagnostica Stago; Asnieres, France,
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test sensitivity 2%; intra- and inter-assay variation at

5.8–6.3% and 3.0–7.2%, respectively. The remaining bio-

chemical tests were routinely conducted in a clinical

laboratory. Blood counts were performed using a16-

parameter automatic hematology analyzer ABX MICROS

60 OT, from ABX Diagnostics, France. Concentrations of

the following parameters were assessed: glucose (using an

enzymatic assay from Analco Medical Trade), insulin

(using the Microparticle Enzyme Immunoassay from

ABBOTT), HbA1c (by immunoturbidimetry, using UNI-

MATE HBA1C from Roche), lipid levels (using Liquick

enzymatic assay from Cormay), fibrinogen (using Behring

Coagulation Timer). Basing on obtained insulin and fasting

glucose levels, the insulin resistance index (HOMA IR)

was calculated (HOMA Calculator v2.2 -http://www.dtu.

ox.ac.uk).

Statistics

Results were expressed as means ± standard deviation.

Comparisons between diabetic patients and healthy con-

trols were performed using the Wilcoxon signed rank test.

Correlation was tested using Spearman’s Rank Correlation.

All statistical analyses were performed using Statistica 7.1

(StatSoft, Inc.). For all analyses, significance was defined

as a P value \0.05.

Results

Clinical profile

Selected clinical and laboratory parameters as well as

treatment programs are located in Tables 1, 2. Higher BMI,

systolic blood pressure, glucose, triglyceride, HbA1c levels

and lower serum HDL levels were found in diabetic

patients in comparison with healthy controls. Significantly

higher leukocytosis were also observed in both diabetic

groups.

CD11b and CD62L expression on neutrophil surface

Significantly higher surface expression of CD11b was

found in patients with microangiopathy in comparison with

healthy volunteers and patients with diabetes without

microangiopathic complications. There were no differences

in CD11b expression between diabetes without microangi-

opathy and controls. While surface expression of CD62L on

Table 1 Clinical characteristics

of subjects

Values are mean ± SD

NS not significant

Patients

with diabetic

microangiopathy

Group A

Patients with

diabetes without

microangiopathy

Group B

Control

subjects

Significance

N 30 22 20

Sex (F/M) 11/19 10/12 9/11 NS

Age (years) 57.0 ± 5.9 56.0 ± 6.2 55.4 ± 7.5 NS

Duration of diabetes

(years)

11.03 ± 8.50 5.32 ± 1.7 A vs. B, P \ 0.05

BMI (kg/m2) 31.15 ± 3.41 31.59 ± 5.73 25.55 ± 1.70 A/B vs. control, P \ 0.05; A

vs. B, NS

Cigarette smokers

(%)

75 62 75 NS

Hypertension (%) 78 70 NS

Systolic blood

pressure (mmHg)

142.77 ± 18.69 133.70 ± 14.00 118.94 ± 8.09 A/B vs. control, P \ 0.05; A

vs. B, P \ 0.05

Diastolic blood

pressure (mmHg)

81.38 ± 10.56 80.70 ± 6.33 77.00 ± 6.31 NS

Retinopathy (%) 100

Microalbuminuria

(%)

27

Proteinuria (%) 47

Insulin treatment 20/30 (66%) 10/22 (45%)

Sulphonylurea 9/30 (30%) 15/22 (68%)

Metformin 21/30 (70%) 17/22 (72%)

Tiazolidinediones 1/30 (3%) 2/22 (9%)
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neutrophils in patients with diabetic microangiopathy was

significantly lower than in controls and patients with dia-

betes without microangiopathic complications (Table 3).

Soluble adhesion molecule and vWF levels

In patients with microangiopathy, sICAM-1, sVCAM-1,

sE-selectin and vWF concentrations were significantly

higher than those of the control group. Moreover, an

increase in sICAM-1 and sVCAM-1 concentrations were

observed in patients with microangiopathy in comparison

with diabetes without microangiopathic complications

(Table 2).

Concentrations of inflammatory markers

HsCRP and IL-6 levels were significantly higher in both

diabetic groups than in controls. In patients with micro-

angiopathy fibrinogen level was elevated in comparison

with controls. IL-6Rs concentrations did not significantly

vary between groups (Table 2).

Parameter correlations

In the group of patients with microangiopathy, a positive

correlation was established between neutrophil surface

CD11b expression and serum sICAM-1 concentration

Table 2 Laboratory data of the study subjects

Patients with diabetic

microangiopathy

Group A

Patients with diabetes

without microangiopathy

Group B

Control

subjects

Significance

N 30 22 20

Leukocyte count (103/mm3) 7.32 ± 1.24 6.64 ± 1.24 5.50 ± 0.54 A/B vs. control, P \ 0.01; A vs B,

P \ 0.05

Neutrophils (103/mm3) 4.33 ± 1.14 3.85 ± 1.02 3.25 ± 0.73 A vs. control, P \ 0.05; A vs. B,

NS; B vs. control, NS

Monocytes (101/mm3) 14.23 ± 3.12 15.44 ± 3.34 16.33 ± 2.93 NS

Lymphocytes (103/mm3) 2.92 ± 0.63 2.24 ± 0.54 2.23 ± 0.49 NS

Erythrocytes (106/mm3) 4.81 ± 0.30 4.98 ± 0.39 5.01 ± 0.40 NS

Hemoglobin (mmol/l) 8.12 ± 0.49 8.15 ± 0.54 8.04 ± 0.37 NS

Platelets (103/mm3) 245.09 ± 68.83 264.59 ± 75.39 256.15 ± 32.28 NS

HbA1c (%) 8.43 ± 2.19 8.33 ± 1.71 5.5 ± 0.3 A/B vs contr.; P \ 0.05A vs B; NS

Fasting glucose (mmol/l) 9.41 ± 7.58 10.03 ± 8.20 5.06 ± 0.23 A/B vs contr.; P \ 0.05A vs B; NS

Total cholesterol (mmol/l) 6.50 ± 3.50 5.49 ± 1.22 5.34 ± 0.91 NS

LDL cholesterol (mmol/l) 2.94 ± 1.12 2.98 ± 1.74 3.16 ± 0.85 NS

HDL cholesterol (mmol/l) 1.27 ± 0.36 1.13 ± 0.32 1.61 ± 0.25 A/B vs contr.; P \ 0.05A vs B; NS

Triglycerides (mmol/l) 2.54 ± 1.29 2.86 ± 1.74 1.31 ± 0.40 A/B vs contr.; P \ 0.05A vs B; NS

Serum creatinine (lmol/l) 95.47 ± 29.17 82.21 ± 16.79 86.63 ± 13.26 NS

Serum urea (mmol/l) 6.59 ± 2.21 5.77 ± 2.26 5.01 ± 0.71 NS

SE-selectin (ng/ml) 51.48 ± 16.04 43.53 ± 19.77 35.35 ± 17.17 A vs. control, P \ 0.05; A vs. B,

NS; B vs. control, P \ 0.05

sICAM-1 (ng/ml) 435.30 ± 95.59 359.86 ± 80.03 351.84 ± 84.19 A vs. control, P \ 0.05; A vs. B,

P \ 0.05; B vs. control, NS

SVCAM-1 (ng/ml) 878.44 ± 170.39 710.83 ± 199.86 686.54 ± 138.69 A vs. control, P \ 0.05; A vs. B,

P \ 0.05; B vs. control, NS

vWF (% standard) 127.67 ± 26.54 120.30 ± 33.58 104.11 ± 21.32 A vs. control, P \ 0.01; A vs. B,

NS; B vs. control, NS

IL-6 (pg/ml) 2.54 ± 1.39 2.06 ± 1.26 1.14 ± 0.45 A/B vs. control, P \ 0.01; A vs. B,

NS

IL-6R(s) (ng/ml) 166.40 ± 41.17 154.28 ± 38.87 149.82 ± 23.78 NS

HsCRP (mg/l) 3.51 ± 3.47 4.19 ± 3.70 1.26 ± 1.36 A vs. control, P \ 0.01; A vs. B,

NS; B vs. control, P \ 0.001

Fibrinogen (g/l) 3.42 ± 0.61 3.09 ± 0.76 2.80 ± 0.31 A vs. control, P \ 0.001; A vs. B,

NS; B vs. control, NS

Values are mean ± SD

NS not significant
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(q = 0.46; P \ 0.05) as well as a negative correlation

between CD11b expression and duration of diabetes

(q = -0.41; P \ 0.05). The degree of proteinuria signifi-

cantly correlated with sICAM-1 (q = 0.53; P \ 0.01) and

sE-selectin (q = 0.42; P \ 0.05) levels. A strong positive

correlation was found between sE-selectin and sICAM-1

levels (q = 0.6; P \ 0.001). The concentration of

sVCAM-1 correlated with HbA1c values (q = 0.52;

P \ 0.01). Analysing all study subjects together, a positive

correlation between leukocytosis and BMI was established

(q = 0.31; P \ 0.01).

Discussion

In our study subjects, a significant increase in surface

CD11b expression on peripheral blood neutrophils (PMNs)

was demonstrated. This findings indicate increased activity

of PMNs in patients with type 2 diabetes complicated by

microangiopathy. Basing mostly on observations from

experimental diabetes in animal models, it is possible that

the elevated CD11b expression on PMNs surface, as shown

in our study, may have impact on the development of

microangiopathic complications in diabetes. Joussen et al.

[4] proved that, in diabetic animal models, retinal leuko-

cyte (granulocyte and monocyte) adhesion is responsible

for endothelial cell damage and necrosis. It has also been

proved that leukocyte-surface beta2-integrin and endothe-

lium-surface ICAM-1 molecules are involved in leukocyte

adhesion. Similarly, it has also been demonstrated that the

administration of anti-beta2-integrin and anti-ICAM-1

antibodies reduces leukocyte adhesion to vessel walls, also

limiting retinal leukostasis (entrapment of leukocytes in the

retinal microcirculation) and preventing endothelial dam-

age. Barouch et al. [3], likewise, demonstrated increase in

surface beta-integrin (CD11b, CD18) expression on PMNs

in experimental diabetic animal models, together with

increased retinal adhesion. In vitro administration of spe-

cific anti-CD18 and anti-CD11b antibodies inhibited the

increase in PMNs adhesion. A similar inhibitory effect was

obtained in vivo following anti-CD18 administration.

Increased adhesion of PMNs in the choroid was also

reported in diabetic humans, these changes being very

similar to those found within the retina [24]. It may be

possible that PMNs activation, as observed in our study,

may correspond to an increase in PMNs adhesion, thus

contributing to the progression of diabetic retinopathy.

After thorough analysis of the available data, no studies

were found concerning neutrophil surface CD11b expres-

sion in patients with type 2 diabetes complicated by

microangiopathy. This probably is the first report

unequivocally documenting the increase in surface

expression of the adhesion molecule CD11b, leukocyte

activation marker in patients with type 2 diabetes and

microangiopathy complications (retino- and nephropathy).

Meanwhile, neutrophil surface CD62L (L-selectin)

expression in the study group was significantly lower in

comparison with the control group. This should be linked

with neutrophil activation, as leukocyte stimulation occurs

with concomittant reduction in surface L-selectin expres-

sion [2, 14, 25]. Following activation, L-selectin molecules

are removed from the leukocyte surface through proteoly-

sis and appear in peripheral blood as ‘‘soluble’’ forms [25].

MacKinnon et al. [2] noted a reduction in CD62L

(L-selectin) expression on lymphocytes in a study con-

cerning patients with type 1 as well as type 2 diabetes and

retinopathy. They also demonstrated that lymphocytes

from patients with retinopathy show increased adhesion to

the endothelium in vitro. The authors link decrease in

L-selectin expression with lymphocyte activation and

augmented retinal adhesion. Our observations converge

with these data. Although our study did not concern lym-

phocytes, similar lower CD62L expression was observed

on PMNs. It may be presumed that reduced L-selectin

expression in patients with microangiopathy derives from

PMNs activation, a fact corroborated in this study by an

demonstrated increase in CD11b expression (a leukocyte

activation marker) (Fig 1).

Table 3 CD11b and CD62L expression on peripheral blood neutrophils

Patients with diabetic

microangiopathy Group A

Patients with diabetes

without microangiopathy

Group B

Control subjects Significance

N 30 22 20

CD11b Neutrophiles (MCF) 6.20 ± 2.99 3.88 ± 1.34 3.34 ± 0.96 A vs. control, P \ 0.01; A vs. B,

P \ 0.01; B vs. control, NS

CD62L Neutrophiles (MCF) 22.72 ± 5.71 27.36 ± 4.28 27.47 ± 6.17 A vs. control, P \ 0.01; A vs. B,

P \ 0.01; B vs. control, NS

Values are mean ± SD

NS not significant, MCF mean channel fluorescene
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The obtained results concur with current outlooks stat-

ing that microangiopathy development is linked with an

underlying, low-intensity chronic inflammatory process

involving leukocyte activation, augmented endothelial

adhesion and entrapment of leukocytes in the microcircu-

lation [4, 5]. Furthermore, higher serum IL-6, hsCRP and

fibrinogen levels (but within normal range) in microang-

iopathic patients, as compared to healthy controls, confirm

a systemic subclinical activation of inflammatory pro-

cesses. Similarly increased surface CD11b expression

reflects PMNs activation. Remarkably, there is absence of

correlations between CD11b / CD62L expression and

selected inflammatory markers (hsCRP, fibrinogen, IL-6,

IL6Rs). This indicates that analysis of systemic inflam-

matory markers does not correspond to PMNs activation.

Furthermore, significantly higher serum levels of

sE-selectin, sICAM-1, sVCAM-1 and vWF were found in

the study group, which undoubtedly reflects endothelial

activation/damage in diabetic microangiopathy. A simul-

taneously observed PMNs activation process suggests their

increased endothelial adhesion. Moreover, a significant

positive correlation between CD11b expression (beta2-

integrin subunit) on PMNs and serum sICAM-1 level was

established in patients with diabetic microangiopathy. The

ICAM-1 molecule is an endothelial receptor for beta2-

integrins and participates in leukocyte adhesion to the

vascular wall. The above correlation indirectly shows a link

between PMNs activation and endothelial activation/dys-

function in studied patients.

At this point, the question arises ‘‘Which factor is

responsible for PMNs activation in diabetic angiopathy?’’

The level of PMNs activation, reflected by CD11b

expression, did not correlate with metabolic balance in

diabetes (glycaemia, HbA1c, insulinaemia), BMI or with

blood pressure values. This lack of correlation between

leukocyte activation and metabolic parameters in patients

with microangiopathy has also been confirmed in other

studies [19, 22]. Thus, the nature of the factors responsible

for PMNs activation in diabetic microangiopathy remains

unclear. PMNs activation may primarily occur in areas of

damaged microcirculation under the influence of local

factors. Under these conditions, a certain quantity of PMNs

remains trapped in capillaries, while the rest remain

accessible for evaluation in peripheral blood. The link

between increased CD11 expression and the presence of

microangiopathy may be confirmed by lack of differences

in CD11 expression between patients with diabetes without

microangiopathy and control group. The increased CD11b

Fig. 1 FACS analysis of

CD11b and CD62 L expression

on peripheral blood neutrophils

in patient with diabetic

microangiopathy
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expression on PMNs was observed only in patients with

microangiopathy and was significantly elevated in com-

parison with both diabetes without microangiopathic

complications and control group. The increase in CD11b

expression isn’t related to presence of diabtes per se. Al-

tough diabetes duration in patients with microangiopathy

was significantly longer than in patients without micro-

angiopathic complications but it doesn’t explain an

increase in CD11b expression on PMNs due to negative

correlation observed between CD11b expression and

duration od diabetes in our study.

Reassuming, in patients with microangiopathy, the acti-

vation of inflammatory mechanisms was confirmed,

reflected by an increase in systemic levels of IL-6, hsCRP

and fibrinogen. Simultaneously, activation of PMNs in

peripheral blood was demonstrated, as shown through

higher surface expression of CD11b, thus indicating

increased PMNs adhesion to vessel walls. Lower CD62L

(L-selectin) expression was also determined in PMNs from

patients with microangiopathy. This probably is the con-

sequence of a natural process, removing L-selectin from

PMNs’ cell surface following their activation. Raised levels

of markers of endothelial activation/dysfunction (sE-selec-

tin, sICAM-1, sVCAM-1 and vWF) were also found in the

study group, a fact which additionally correlated with

PMNs activation level and degree of microangiopathy. This

is confirmed by a positive correlation between PMNs sur-

face CD11b expression and sICAM-1, as well as the

interdependence between sE-selectin and sICAM-1 con-

centrations and degree of proteinuria.

Declaration of competing interests None to declare.
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