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Assessment of selected adhesion molecules
and lymphocyte subpopulations in children
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Abstract
Purpose: The aim of the study was to assess the expression of selected adhesion molecules on mononuclear cells
of peripheral blood and lymphocyte subpopulations in children with IgA nephropathy (IgAN).
Material and methods: 14 children with IgAN and 20
healthy controls were included in the study. Flow cytometry
was used to determine the expression of such adhesion
molecules as L selectin (CD62L), VLA-4 integrin (CD49d),
intracellular molecule ICAM-1 (CD54) and cytotoxic lymphocyte molecule CTLA-4 (CD152), as well as the lymphocyte antigens: CD3, CD4, CD8, CD19, CD1656 (NK), CD4
and CD8 RO+ and RA+.
Results: The findings revealed that the expression of
the adhesion molecules VLA-4 and CTLA-4 did not differ
from that of the healthy controls (p>0.05). However, the
expression of CD62L (L-selectin) was increased (p<0.05).
The expression of ICAM-1 was reduced, but not significantly, compared to the control group (p>0.05). We found
a decrease in the expression of NK cells (CD1656) and
CD4/ CD8 ratio, and an increase in CD8 cells (p<0.05).
In the group of 9/14 children, with proteinuria over
1.0 g/ 24 hours, a decreased expression of CD4 was additionally found (p<0.05).
Conclusions: The children with IgAN show: 1. Changes
in peripheral lymphocyte subpopulations involving an
increase in CD8 cells and a decrease in CD1656(NK) cells,
a reduction in the CD4/CD8 ratio, and additionally in cases
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with proteinuria a reduction in CD4 cell count, 2. Increased
expression of L-selectin (CD62L) on periferal blood mononuclear cells.
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Introduction
IgA nephropathy is one of the most common immunological
diseases of renal glomeruli in adults. It differs from SchönleinHenoch purpura, being more common in children in the lack
of generalised changes. The final diagnosis of IgA nephropathy
is based on renal biopsy and finding immune deposits in glomerular mesangium, which consist of complement and immunoglobulins with a quantitative predominance of immunoglobulin
A (IgA). The immunological process leading to the formation of
IgA deposits is stimulated mainly by viral and bacterial antigens
[1]. These deposits induce a number of reactions with a release
of cytokines, growth factors and adhesion molecules, and their
interactions enhancing inflammation or repair processes. These
processes result in the accumulation of the amorphous matrix in
the glomeruli and their sclerosis [2]. Adhesion molecules play
a special role in the persistent injury of renal glomeruli in different immunological diseases. The knowledge of the pathogenic
role of adhesion molecules in IgA nephropathy can facilitate
proper treatment. In the animal model it has been shown that
blocking of the adhesion molecules with monoclonal antibodies
tempers the course of such diseases as lupus erythematosus,
rheumatoid arthritis or Graves–Basedow disease [3,4]. It has
been revealed that adhesion molecules, i.e. selectins, integrins
and intracellular adhesion molecules [1,7,10], are the sensitive
markers of progression in many diseases [3-9]. The earlier studies, especially those using flow cytometry, have demonstrated
the role of T-cell associated disturbances of cellular response
in the pathogenesis of IgAN. First of all, the abnormalities
affect CD4 and CD8 lymphocyte subsets, which has also been
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Table 1. Clinical and laboratory characteristics of examined children IgAN
erythrocyturia

patient

age (years)

histhopathologic
type (WHO)

micro

macro

proteinuria
mg/kg b.v./24h

1

14

II

+

2

13

II

+

6.1

_

+

13.4

3

6

II

_

+

2.6

4

9

_

II

+

24.4

5

_

7

II

+

+

2.5

_

6

6

II

+

+

5.4

_

7

8

II

+

28.9

_

8

13

II

+

15.7

_

9

11

III

+

11.8

_

10

16

IV

+

11

14

IV

+

+

12

15

V

+

+

13

14

V

+

14

16

V

+

confirmed in our own study [11]. In recent years, the role of
adhesion molecules in the etiopathogenesis and the course of
glomerulonephritis was emphasised. According to literature
survey, an increase in adhesion molecules has been shown in
neoplastic diseases, in diabetes, hypertension, in patients with
impaired renal function, and also in chronic glomerulonephritis
[6-9,12]. However, very few data are available on the expression
of different adhesion molecules in the subpopulations of peripheral mononuclear cells in the course of IgA nephropathy. Most
of the studies are concerned with the assessment of particular
adhesion molecules in serum or tissues.
In order to enrich the knowledge on the role of adhesion
molecules in IgA nephropathy we decided to assess the expression of L-selectin, VLA-4 integrin, intracellular adhesion molecule ICAM-1 and the receptor of T-lymphocytes – CTLA-4 on
the monoclonal cells of peripheral blood.
L-selectin (CD62L, LEC-CAM-1, LAM-1) is expressed on
almost all leucocytes. Its role is to facilitate binding of leucocyte
glycoprotein to endothelial cells and their passage through
the blood capillary wall, and homing the peripheral lymphatic
organs by T-lymphocytes. It is the main receptor of homing for
circulating unstimulated lymphocytes [10,13,14].
VLA (CD49d/CD29) (very late antigen) is a subunit of
integrin 4 1, which possesses 4 chains and 1 chain and is distributed on lymphocytes, monocytes, granulocytes, platelets and
other cells. It is a receptor localised on the surface of unstimulated lymphocytes, which is bound to the cytoplasmatic protein
to transmit the signal to the cell. It has an affinity to fibronectin,
which is an extracellular matrix protein, and is responsible for
reciprocal adhesion of cells and their adherence to the extracellular matrix. During lymphocyte stimulation by antigens, VLA-4
production is elevated [2,9,10].
The ICAM-1 (CD54) is a vascular adhesion molecule situated mainly on high endothelial cells. It is a ligand for integrins.
It is also a receptor which facilitates cell penetration by some
viruses. Apart from endothelial cells, ICAM-1 molecules are
expressed on lymphocytes, fibroblasts, epithelium and other
cells [3,15-19,20].
The CTLA-4 is a co-stimulator, which blocks the lymphocyte proliferation. It is an antigen of cytotoxic T-lymphocytes.

+

+

oedema

9.9

_

128.4

+

61.7

+

110.5

+

82.3

+

The stimulation of CTLA-4 receptors on T-lymphocytes leads to
the inhibition of their proliferation, by inducing their apoptosis.
The aim of the study was to assess: 1. The expression of
selected adhesion molecules on mononuclear cells of peripheral
blood, 2. The subpopulations of peripheral blood lymphocytes
in children with IgAN.

Material and methods
The study group consisted of 14 children ( - 3,
- 11)
aged 4 - 16 years (mean 11.6 ± 3.7), with IgAN (group I). In
9/14 children (subgroup A) constant proteinuria (> 1.0 g/24 h)
was observed and in 4/14 nephrotic syndrome was found. The
control group (C) consisted of 20 healthy children ( - 13 - 7)
aged 6 - 17 years (mean 14.0 ± 3.1), without erythrocyturia and
proteinuria.
For analysis, 1 ml venous blood samples taken to probes
containing K2EDTA were used. White blood cell counts
with smear, lymphocyte subpopulations and some adhesion
molecules were determined. Flow cytometry, using a Coultier
analyser and monoclonal antibodies (f. Becton Dickinson) was
applied to assess peripheral blood lymphocyte subpopulations:
CD3, CD4, CD4RO, CD4RA, CD8, CD8RO, CD8RA, CD19,
CD56, and adhesion molecules: L selectin (CD62L), VLA-4
integrin (CD49d), intracellular adhesion molecules ICAM-1
(CD54) and cytotoxic lymphocyte molecules CTLA-4 (CD152)
on mononuclear cells of blood. The study was performed before
treatment of the children.
Statistical analysis was based on a computer program Statistica 6.0, with the t-Students test and Pearson correlation tests.
A p value < 0.05 was considered statistically significant.
The study was approved by the Ethical Committee, Medical
University of Białystok.

Results
Tab. 1 presents clinical and laboratory characteristics the
group of children with IgAN. Haevy proteinuria (> 10 mg/kg
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Table 2. The mean values of lymphocyte subpopulations of peripheral blood in healthy children (C) and children with IgAN (I). Nine
children with IgAN groups with heavy proteinuria are presented as subgroup A
Group C
n = 20

white cell
count G/l

T CD3
%

T CD4
%

T CD8
%

B CD19
%

NK CD1656
%

CD4/CD8

X

6.20

70.56

43.50

27.26

13.56

12.30

1.58

SD

1.16

6.24

5.62

2.69

3.70

4.30

0.29

3.5 - 8.5

59.1 - 80.8

30.5 - 50.9

22.2 - 32.8

6.5 - 20.0

6.8 - 18.8

1.11 - 2.05

X

7.25

68.88

35.26

33.43

17.66

8.52

1.15

SD

1.49

8.53

12.10

8.12

9.12

4.13

0.54

min–max

5.2 - 9.6

51.6 - 82.8

12.7 - 52.3

17.8 - 44.0

6.5 - 41.0

2.9 - 14.2

0.3 - 2.0

pIzK

0.0887

0.8185

0.1203

0.0204

0.1548

0.0037

0.0421

X

71.61

35.60

34.38

15.71

8.57

1.11

SD

7.99

10.29

6.29

7.22

3.85

0.49

57.0 - 82.8

20.3 - 47.4

24.0 - 44.0

6.5 - 26.7

3.5 - 14.2

0.5 - 1.9

0.9132

0.03557

0.0051

0.6862

0.0419

0.0025

min–max
Group I n =14

Group A n = 9

min–max
pAzK

Table 3. The expression the adhesion molecules on lymphocyte of peripheral blood in children with IgAN (I), subgroup IgAN with heavy
proteinuria (A), and healthy children (C)
Group C
n = 20

L-selectin
(CD62L) %

ICAM-1
(CD54) %

VLA-4
(CD49d) %

CTLA-4
(CD152) %

x

51.91

73.90

51.34

4.35

SD

16.97

18.39

8.79

1.91

18.1-76.1

16.6-98.1

28.4-66.0

1.6-7.3

x

68.15

59.81

51.30

5.89

SD

18.03

17.39

13.71

3.05

32.7-87.6

25.7-90.0

16.7-72.7

2.2-12.2

x

79.91

65.21

58.30

5.97

SD

23.22

15.32

14.67

3.01

18.8-98.2

17.1-84.5

16.9-84.6

2.3-13.1

min–max
Group I n = 14

min–max
Subgroup A

min–max

Figure 1. Comparison of the adhesion molecules on lymphocyte
of peripheral blood in children with IgAN (I), IgAN subgroup
with heavy proteinuria (A) vs control group (C)
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b.v./24 h) was observed in 9 children. In 4 children was observed
nephrotic proteinuria (> 50 mg/kg b.v./24 h). All the examined
children revealed erythrocyturia and periodical haematuria

as the predominant clinical symptoms. Renal biopsy showed:
II degree of the disease progression in 8 children, III degree
in 1 child, IV degree in 2 children, and V degree in 3 children,
according to the histhopathological classification proposed
WHO [21,22].
All the examined children with IgA nephropathy had
normal white cell counts (7.2 ± 1.4 G/l), which did not differ from those of healthy controls (p> 0.05). Mean values of
peripheral blood lymphocyte subpopulations in the examined
groups of children are shown in Tab. 1. In group I, including
all the children with IgAN, we found a reduced number of
CD4 and CD1656 (NK) cells and elevated number of CD8 and
CD19 (B lymphocytes), compared to the control group (C).
However, the differences were statistically significant only for
CD8 and CD1656 cells (p< 0.05), compared to healthy children
(p< 0,05). The CD4/ CD8 ratio was significantly depressed
(p< 0.05). In subgroup A, including the children with IgAN,
who had not only erythrocyturia, but also constant proteinuria
(more than 1.0 g/24 hours), we additionally revealed a reduced
CD4 lymphocyte count (p< 0.05).
The mean expressions of the adhesion molecules are
presented in Tab. 2. In group I, the children with IgAN, showed an
increased expression of CD62L cells (L-selectin) in comparison
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with the healthy controls (C) (p< 0.05). However, the reduced
expression of ICAM-1 molecule was not statistically significant.
No differences were observed between the expression of integrin
VLA-4 and CTLA-4 (p> 0.05). Fig. 1 presents data concerning
the expression of adhesion molecules in our patients (group
I and subgroup A) vs. healthy controls (C). In subgroup A,
including the IgAN children with constant proteinuria, increased
expression of L-selectin (CD62L) (p< 0.01) and a statistically
insignificant increase in integrin VLA- 4 expression were found
(p> 0.05). In the group of patients, no linear correlation was
observed between L- selectin and B lymphocytes (r = - 0.183),
NK cells (r = 0.111), CD4 lymphocytes (r = 0.089), irrespective
of the severity of pathological changes in the urine. However,
a very weak negative linear correlation was found between the
expression of L-selectin and CD4/CD8 (r= - 0.327).

Discussion
Mononuclear cells play a very important role in the pathogenesis of IgA nephropathy. Their accumulation in the kidneys
is conditioned by the adhesive interaction between the cells and
the adequate ligands [15,21,23-27]. We assessed the expression
of three main types of adhesion molecules and lymphocyte subpopulations in children with IgAN confirmed in the histopathological examination. The findings revealed that the expression
of L-selectin on peripheral blood mononuclear cells in children
with IgAN was increased and the expression of ICAM-1 was
decreased, in comparison with healthy children. However, only
the difference in the mean L-selectin expression was statistically
significant. The expressions of VLA-4 and CTLA-4 were similar
to those observed in the control group. Our findings suggest
that L-selectin, which takes part in leucocyte migration and
adhesion to endothelium, might play an important role in the
pathogenesis of IgAN. Similar results were obtained by Kannel-de March et al. [13], who observed increased proportion
of T and B lymphocytes and increased L-selectin expression
on T-lymphocytes in their patients. The authors assume that
overproduction of CD62 L cells may be related to the increased
adhesion of lymphocytes and their homing in the lymphoid tissues in IgAN. Sakatsumi [28] used flow cytometry to assess the
antigen expression of T-lymphocytes and monocytes in the urine
of patients with different glomerulopathies, including IgAN.
They showed the presence of CD45RO+ and CD62L - T-effector cells, like in renal glomeruli. The authors believe that the
analysis of antigen expression on T-lymphocytes in the urine
of children with IgAN can facilitate monitoring of the disease
activity. The highest expression of these cells was found in
patients with heavy proteinuria and impaired renal function.
However, CD62L+ lymphocytes were present in the lymphatic
follicles, where active cells change into memory cells.
Many reports indicate that vascular adhesins, represented
by the intracellular adhesion molecule ICAM-1, also play an
important role in the pathogenesis of IgAN [15-18,26,29]. The
evidence for that fact is the expression of ICAM-1 on renal cells
in patients with IgAN. The study of Arrizabalage [15] suggests
that the cellular ICAM-1 in renal tubules and interstitial tissue
takes part in leucocyte adhesion. The expression of ICAM-1 in

renal tubules is induced by macrophages and interstitial and glomerular T-cells, especially CD8 cells [27]. It has been shown that
such cytokins as TNF- and interleukin 1 together with mononuclear cells induce the regulation of ICAM-1. The authors
assume that the cellular expression of ICAM-1 in renal tubules
and interstitial tissue may be a marker of tubulointerstitial damage in IgA nephropathy. Ootaka [29] showed that ICAM-1 took
part in the induction of proteinuria in IgAN. Tomico [19] found
an increased expression of ICAM-1 in the renal glomeruli of
patients with IgAN. However the expression did not correlate
with the immunological complex, containing IgA. Up to now,
ICAM-1 expression on renal tissue has been mainly evaluated
[5,15-17,19,26,29]. Few investigators have assessed serum levels
of soluble ICAM-1 molecules in IgAN [20,30]. In our study, the
expression of ICAM-1 on peripheral blood mononuclear cells
was evaluated. A little decrease in ICAM-1 was found in the
children with IgAN, compared to healthy controls. A decrease
in ICAM-1 expression on peripheral blood mononuclear cells
may indicate their utilisation in the immunological process.
However, in our examination the decreased expression of
ICAM-1 in the study group did not differ statistically significantly from the values in the control group.
In the immunological diseases, integrins are of pathogenic
importance [10]. Namie and colleagues [2] estimated the expression of integrins on peripheral lymphocytes and monocytes of
patients with IgAN. They found the increased expression of
integrins: VLA-4 and VLA-5. The activation of VLA-4 (fibronectin receptor) on peripheral mononuclear cells indicates its
participation in the process of glomerulosclerosis in the course
of IgAN. In our investigations the expression of VLA-4 on
peripheral lymphocytes and monocytes in patients with IgAN
did not differ from that of healthy children. We noted no
changes in the expression of the CTLA-4 molecule, either.
The present study revealed a thymus-dependent lymphocyte
activation in children with IgAN. This finding was supported by
the increased number of CD8 T-cells and decreased CD4/CD8
ratio. Similar results were obtained in our earlier studies in
children with Schönlein-Henoch nephropathy [11]. It was also
confirmed by other authors, who studied IgAN [23,25,27]. The
status of CD4 and CD8 T-lymphocytes is defined by the presence
of the receptors CD54RA+ and CD54RO+ on their surface.
CD4 or CD8+CD45RA+ cells are the naive lymphocytes, which
have not got into contact with the antigens yet and which after
the antigen stimulation change into CD4 or CD8+CD45RO+
memory lymphocytes [31-33]. In our examinations, antigen
expression on lymphocytes did not differ from that observed
in the healthy controls. On the other hand, a decreased count
of CD1656 cells (NK) was found. One of the properties of NK
cells is their participation in the cellular antibody-dependent
cytotoxity. In that case a decreased number of NK cells on
the peripheral cells in IgAN may indicate their involvement
in the immunological process in the kidney [1,11,24,34]. In the
urine of 9/14 examined children constant proteinuria (more
than 1.0 g/ 24 hours) was found. A detailed analysis showed an
increase in the expression of L-selectin and a reduction in the
number of CD4 and CD8 cells – more pronounced than in the
children without proteinuria. We noted increased expression of
VLA-4 integrin, as well.
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Our results confirm the observations of other authors that
in IgAN children with concomitant proteinuria, lymphocyte
subpopulations and some adhesion molecules, and particularly
L-selectin are more involved in the immunological process than
in patients with mild course of the disease.
Our results should be further evaluated in a larger study
cohorts. There is still an open question: can inhibition of expression of adhesive molecules by neutralizing antibodies, he used as
a therapeutic treatment of IgAN.

Conclusions
The children with IgAN show:
• changes in peripheral blood lymphocyte subpopulations
involving an increase in CD8 cells and a decrease in CD1656
(NK) cells, a reduction in the CD4/CD8 ratio, and additionally
in cases with proteinuria a reduction in CD4 cell count.
• increased expression of L-selectin (CD62L) on peripheral
blood mononuclear cells.
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