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The purpose of the present study was to assess the correlations among expression of L-selectin
in renal tissues, serum levels of soluble L-selectin, and renal injuries in patients with IgA nephropa-
thy (IgAN). The serum levels of soluble L-selectin from 37 IgAN patients and 30 healthy controls
were measured by the human soluble L-selectin immunoassay. To examine the localization of L-
selectin, we immunohistochemically stained three serial sections from all biopsy specimens of 37
IgAN patients. The expression of L-selectin in renal tissues was detected by L-strepto-avidin biotin
method. We observed marked expression of L-selectin in the cells infiltrated into interstitium, but not
in those without interstitial cell infiltration. The serum levels of soluble L-selectin in IgAN patients
(1.2+02 ug/ml) was significantly higher than those in healthy controls (0.8+0.1 ug/ml) . There was
a significant positive correlations between grade of interstitial cell infiltration and serum levels of L-
selectin (r=0.44, p<001). However, there was no significant correlation between serum levels of sol-
uble L-selectin and clinical parameters such as extent of proteinuria, creatinine clearance and serum
IgA levels. These findings suggest that L-selectin may play some roles in the interstitial changes and
measurement of serum soluble L-selectin may be useful to evaluate the extent of interstitial cell infil-
tration in IgAN patients.
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Introduction

IgA nephropathy (IgAN) is generally recog-
nized worldwide as one of the most common pri-
mary glomerulonephritides and characterized by
glomerular mesangial deposition of IgA and C3 in
renal specimens”. Surveys of patients with pri-
mary glomerulonephritis that were conducted in
1985 and 1993 by the Research Group on Progres-
sive Renal Diseases in Japan revealed a high

prevalence of IgAN and a relatively poor progno-
sis for patients?. Accumulation of leukocytes
within the glomerulus and interstitium of the kid-
ney is now accepted as one of the key pathoge-
netic mechanisms in both experimental and hu-
man glomerulonephritis”. The three main groups
of adhesion molecules involved in leukocyte-
endothelial cell interactions are the selectins, the

integrins and cetain members of the immuno-



globulin supergene family. At least, three se-
lectins have been characterized. E-selectin is ex-
pressed predominantly by cytokine activated en-
dothelium, L-selectin by circulating leukocytes
and P-selectin by activated endothelial cells and
platelets”. Chaudhury et al® reported a marked
increase in E-selectin and P-selectin expression
on the extraglomerular vascular endothelium,
with prominent interstitial infiltrates, in some bi-
opsy samples from IgAN patients. They also
showed a large number of L-selectin-positive cells
were present within glomerular and interstitial
infiltrates in affected kidneys. However, the role
of the selectin family on the progression of [gAN
has not been fully understood.

The purpose of the present study was to evalu-
ate the correlation among the expression of L-
selectin in renal tissues, serum levels of soluble L-
selectin, and renal injuries in IgAN patients.

Materials and Methods

Patient

Thirty-seven IgAN patients (18 males and 19
females) were examined in this study. The mean
age at renal biopsy was 384 + 2.2 years. Routine
microscopic, electron microscopic, and immuno-
fluorescence analyses were performed for the di-
agnosis of IgAN. Patients whose biopsy speci-
mens stained predominently for IgA in the
glomerular mesangial areas were included in this
study after the exclusion of patients with sys-
temic lupus erythematosus, Henoch-Schonlein
purpura, cirrhosis, or other systemic diseases.
The clinical and laboratory data of the 37 patients
at renal biopsy were evaluated in regard to dis-
ease duration (months), blood pressure (mmHg),
urinary red cell sediment (count/high power
field) , 24-hour urinary protein excretion (g/day) ,
2 hour-creatinine clearance (ml/min), and serum
IgA levels (mg/dl). Informed consent was ob-
tained prior to the study. All serum samples ob-
tained from patients without an infectious proc-
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ess were stored at —20 C until assay.

Thirty age-matched healthy controls were en-
rolled in this study for measurement of serum
levels of soluble L-selectin.

Histological examination

The histological findings of IgAN were as-
sessed by two renal pathologists without any
knowledge of the clinical data. Each specimens
were examined light microscopically for glomeru-
lar, interstitial, and vascular changes as previ-
ously described”. The percentage of glomeruli
exhibiting glomerular obsolescence, crescent for-
mation, and glomerular tuft adhesion to Bow-
man’s capsule were examined. Interstitial chan-
ges were evaluated on the basis of inflammatory
cell infiltration was graded into four degrees of
severity: grade 0, no abnormality; grade 1, mild:
grade 2, moderate; grade 3, severe. Vascular
changes concerning arterio- and arteriolosclerosis
were also evaluated using a similar grading scale:
grade 0, no abnormality; grade 1, mild; grade 2,
moderate; grade 3, severe.

Serial frozen sections of 2-um thickness were
prepared from 37 cases of IgAN. As the normal
control, we used renal tissues obtained from 5 pa-
tients with minor glomerular abnormality. As
previously described”, for immunohistochemistry
to detect L-selectin, 2-mm sections were incu-
bated with a monoclonal antibody to human L-
selectin (CD62L, DAKO Japan, Kyoto, Japan) at
a dilution of 1: 40 for 60 min at room temperature.
After washing, the sections were stained using
LSAB method and observed using a light micros-
copy. Negative controls comprised both normal
and diseased kidneys in which the primary anti-
body was omitted or in which an irrelevant anti-
body was used instead of antibody to L-selectin.

Measurement of serum soluble L-selectin con-
centration

To quantify L-selectin levels in the serum,
enzyme-linked immunoadsorbent assay (ELISA)



Table 1 Clinical findings of patients with IgA nephropathy

Age (years)
Sex (males/females)
Duration at renal biopsy (months)
Blood pressure (mmHg)

Systoric

Diastoric
Urinary protein (g/day)
Urinary red blood cells (/HPF)
Creatinine clearance (ml/min)
Serum IgA (mg/dl)

384 * 22 (15 ~ 68)
18/19

945 + 1538 (0 ~ 408)
1255 + 238 (94 ~ 176)
785 £ 15 (63 ~ 100)

1.3 02 01~ 37)
2065 + 64.0 (1 ~ 1,000)
840 * 45 (40.1 ~ 149.0)
3248 = 294 (112 ~ 1,250)

was applied according to the manufacturer’s pro-
tocols (R & D Systems, Minneapolis, MN, USA).
Briefly, the samples of serum were diluted to 1:
100 with sample buffer. A murine monoclonal
anti-human antibody specific for L-selectin was
precoated onto a microtiter plates. Standards and
samples were pipetted into the wells and any L-
selectin present were bound by the immobilized
antibody. After being washed away any unbound
compounds, an enzyme linked polyclonal anti-
body specific for human L-selectin was added to
the wells. Following a wash to remove any un-
bound antibody-enzyme reagent, a substrate so-
lution was added to the wells and color developed
in proportion to the amount of L-selectin bound in
the initial step. The color reaction was stopped
and the intensity of the color was measured. Re-
sults were expressed as pg/ml. The lower detec-
tion limit of this assay was less than 0.3 ng/ml.

Statistical analysis

Data are presented mean + SEM. Statistical
analyses were performed using commercially
available personal computer software, Stat-View
45. Mann-Whitney U test was employed for ana-
lyzing differences between the two groups. Pear-
son’ s correlation analysis was used to observe
the relationship between serum L-selectin con-
centration and other clinical or pathological pa-
rameters. P less than 0.05 is considered statisti-
cally significant.

Table 2 Pathological findings of patients with IgA

nephropathy
Glomerus
Global sclerosis (%) 243 £ 38 (0~ 76)
Crescent (%) 99 = 2.1 (0 ~ 50)
Adhesion (%) 233 * 34 0~ 75
Interstitium
Fibrosis (0~ 3) 15 =02 -
Cell infiltration (0 ~ 3) 14 £ 03 -
Vascular change (0~ 3) 08 £ 02 -
Results

Clinical and pathological findings of IgAN
patients

Table 1 shows the clinical and laboratory data
of 37 patients. Disease duration at renal biopsy
ranged from 0 to 408 months (mean: 94.5 + 15.8
months). Urinary protein loss ranged from 0.1 g/
day to 3.7 g/day, with the mean being 1.3+0.2 g/
day. Creatinine clearance was from 40.1 to 149.0
ml/min, with the mean being 84.0 = 4.5 ml/min, so
renal function varied from normal to renal failure.

Table 2 demonstrates the results of histological
findings in IgAN patients enrolled in this study.
The percentages of glomerular changes were
global sclerosis: 24.3 = 3.8%, crescent: 9.9 + 2.1%,
adhesion: 23.3 = 34%, and the grades of intersti-
tial changes were fibrosis: 1.5 = 0.2, cell infiltra-
tion: 1.4+ 0.3, vascular change: 0.8 = 0.2.

Immunohistochemical localization of L-selec-
tin in IgAN patients
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Fig.1 Immunohistochemical localization of L-selectin in a control kidney (a) andin

a kidney from a IgAN patient (b), X

To examine the localization of L-selectin, we
immunohistochemically stained three serial sec-
tions from all biopsy specimens of 37 IgAN pa-
tients. A few numbers of L-selectin-positive cells
were present in the interstitium in a control kid-
ney (Fig. 1a).In an IgAN patient, the expression
of L-selectin was remarkably increased in
periglomerular region, interstitium, and in focal
cellular infiltrates (Fig. 1b).

Serum concentration of soluble L-selectin in
IgAN patients

As shown in Fig. 2, a significant increase in se-
rum concentrations of soluble L-selectin was
found in IgAN patients (1.2+0.2 pg/ml) as com-
pared with healthy controls (0.8 0.1 ug/ml) (p
<0.05).

Correlation of serum soluble L-selectin con-
centrations with hematological parameters in
IgAN patients

To evaluate the significance of serum L-
selectin concentration on renal function in IgAN
patients, we performed a simple regression analy-
sis between serum concentration of soluble L-
selectin and other clinical parameters. There was
no correlation between serum concentrations of

soluble L-selectin and clinical parameters such as

200.

Soluble L-selectin (wg/ml)

0.25 -

Control

IgAN

Fig. 2 Serum concentrations of soluble L-selectin in
IgAN patients (n=37) and in age-matched healthy
controls (n=30)

Results represent the mean * SEM, *p <005 vs.
controls.

grade of urinary red cell sediment (r= —0.127, p
=0.4619), and serum IgA levels (r= —0.135,p=
0.432). As shown in Fig. 3 and Fig. 4, no signifi-
cant correlation was detected between serum
concentrations of soluble L-selectin and renal
functions estimated by Ccr (r= — 0158, p =
0.3604) and proteinuria (r=0.087, p=0.6143).
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Fig. 3 Correlation between serum concentration of
soluble L-selectin and creatinine clearance (Ccr) in
37 IgAN patients.
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Fig. 4 Correlation between serum concentration of
soluble L-selectin and urinary protein excretion
(Up) in 37 IgAN patients.

L-
selectin concentration and histological parame-

Relationship between serum soluble

ters in IgAN patients

To confirm the role of L-selectin on histological
injury in IgAN patients, we examined the corre-
lation between serum concentration of soluble L-
selectin and histological parameters in 37 IgAN
patients. As shown in Fig. 5, there was a positive
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Grade of interstitial cell infiltration

Fig. 5 Relationship between serum concentration of
soluble L-selectin and grade of interstitial cell infil-
tration in 37 IgAN patients.

correlation between serum concentration of sol-
uble L-selectin and grade of interstitial cell infil-
tration (r=044, p<0.01). There was no signifi-
cant correlation between serum concentration of
soluble L-selectin and extent of other histological
parameters such as crescent formation (r= —
0.099, p=0569) and adhesion (r= —0039, p=
0.8236) in glomeruli and interstitial fibrosis (r=
0.215,p=0.078).
Discussion

In the present study we found that the expres-
sion of L-selectin was remarkably increased in
periglomerular region, interstitium, and in focal
cellular infiltrates in IgAN patients. Moreover, a
significant increase in serum concentration of sol-
uble L-selctin in IgAN patients as compared with
healthy controls. There was a positive correlation
L-
selectin and grade of interstitial cell infiltration.

between serum concentration of soluble
These findings suggest that L-selectin may play
some roles in the interstitial changes in IgAN pa-
tients.

Infiltration of leukocytes into glomerular and
interstitial regions of the kidney is a key event in
the pathogenesis of human glomerulonephritis.
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This process is mediated by specific adhesion
molecules, some of which are expressed in a coor-
dinated fashion following endothelial cell activa-
tion. L-selectin plays a critical role in the attach-
ment of leukocytes to activated endothelium?® .
This adhesion molecule is constitutively ex-
pressed on leukocytes, including granulocytes,
monocytes and most lymphocytes?, and is lost at
the end of cell activation”. As previously re-
ported by Chaudhury et al”, biopsies with ad-
vanced IgAN with significant interstitial cell infil-
tration and strong expression of L-selectin in the
interstitial infiltrates. On the other hand, biopsies
from patients with early IgAN without interstiti-
tial infiltrates had negligible expression of the L-
selectin. Regardless of the nature and severity of
the initial insult, there may be a common path-
way that is responsible for progressive renal dys-
function followed by interstitial changes in IgAN.
This could involve altered adhesion molecule ex-
pression.

A recent study" reported higher proportions
of T and B lymphocytes expressing higher
amounts of L-selectin in IgAN patients. Con-
versely, serum levels of soluble L-selectin were
not different from controls, but significantly
higher than serum levels in patients suffering
from other renal diseases. They suggested that
this over-expression of L-selectin might be in-
volved in an enhanced efficiency of lymphoid cell
homing to lymphoid tissues in IgAN. The present
study has shown a significant increase in serum
concentration of soluble L-selectin in IgAN pa-
tients as compared with healthy controls. Even
though the causes of the discrepancy are not ob-
vious, patient populations of the two studies may
be different, especially concerning the grade of
interstitial changes.

Previous reports showed that the L-selectin
ligands detected by a rat L-selectin and human
IgG chimeric molecule (rLEC-IgG) were ex-

pressed in the distal tubules of kidneys, whereas
no leukocyte traffic was seen under physiological
conditions in animal models. The role of L-selectin
ligands in leukocyte infiltration into the kidney in-
terstitium was investigated using an ureteric ob-
struction model™ ™" . Interstitial infiltration of
mononuclear cells was observed not only in ob-
structive nephropathy, but also in glomeru-
lonephritis including IgAN and rejection of trans-
planted kidney". Infiltrating inflammatory cells
were likely to contribute to the progression of re-
nal tissue injury’®'”. Thus, a therapeutic strategy
based on blocking L-selectin-ligand interactions
might be an effective new treatment for renal in-
flammatory diseases. Indeed, mononuclear cell in-
filtration was significantly inhibited by intrave-
nous injection of a neutralizing monoclonal anti-
body against L-selectin, indicating the possible in-
volvement of a L-selectin-mediated pathway'?.

In this study, we have clearly shown that ele-
vated serum concentration of soluble L-selectin is
significantly correlated with grade of interstitial
cell infiltration. Taken together, L-selectin may
play some roles in the interstitial changes and
measurement of serum soluble L-selectin may be
useful to evaluate the extent of interstitial cell in-
filtration in IgAN patients.
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