
The infiltration of leukocytes, mainly composed of
monocytes/macrophages, into the glomeruli and the
interstitium is one of the characteristic findings in re-
nal tissues of diabetic nephropathy [1]. Monocytes/
macrophages, which infiltrate the glomeruli and in-

terstitium, are considered to play an important role
in the progression of glomerulosclerosis [2, 3]. van
Goor et al. [4] reported that the depletion of macro-
phages prevented the progression of glomeruloscle-
rosis in rats after renal ablation. Recently, the analo-
gous pathologic mechanisms between atherosclerosis
and glomerulosclerosis [5, 6] and the role of macro-
phages in the progression of atherosclerosis were re-
ported [7, 8]. The infiltration of leukocytes into in-
flammatory or atherosclerotic lesions is mediated by
adhesion molecules, which are expressed on vascular
endothelial cells and leukocytes. However, little is
known about the mechanism of leukocyte infiltration
into diabetic renal tissues.

Selectins are leukocyte adhesion molecules, which
mediate leukocyte infiltration into the inflammatory
lesions. The selectin family is composed of three
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Summary In diabetic nephropathy leukocytes, mainly
composed of monocytes/macrophages, which accumu-
late in the glomeruli and the interstitium, play an im-
portant part in the progression of glomerulosclerosis.
The infiltration of leukocytes into inflammatory tis-
sues or atherosclerotic lesions is mediated by adhesion
molecules, which are expressed on the vascular endo-
thelial cells, although little is known about the mecha-
nism of leukocyte infiltration into diabetic renal tis-
sues. P- and E-selectin are leukocyte adhesion mole-
cules, which are expressed on the vascular endothelial
cells and promote the adhesion of leukocytes to the
endothelium. We investigated the expression of P-
and E-selectin in the kidney tissue of patients with dia-
betic nephropathy and compared it with that of pa-
tients with other glomerular diseases (minimal change
nephrotic syndrome, membranous nephropathy, IgA
nephropathy, mesangioproliferative glomerulone-

phritis, and lupus nephritis). Expression of P- and E-
selectin were both significantly increased in the glom-
eruli and the interstitium of patients with diabetic
nephropathy as compared with those with other glom-
erular diseases. P- and E-selectin were both expressed
along the glomerular capillaries and the peritubular
capillaries in the interstitium. Neither P- nor E-selec-
tin were correlated with the number of infiltrated leu-
kocytes in the glomeruli, however, interestingly the
E-selectin expression on peritubular capillaries was
correlated with the number of infiltrated CD14 posi-
tive cells in the interstitium. These results suggest that
E-selectin may play a key role in leukocyte infiltration
into the renal interstitium in patients with diabetic
nephropathy. [Diabetologia (1998) 41: 185±192]
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molecules named P-, E- and L-selectin [9]. E-selectin
is expressed on endothelium and contributes to
monocyte adhesion to endothelium [10, 11]. E-selec-
tin is expressed on the endothelium at the site of
atherosclerosis [12,13] and the serum levels of soluble
E-selectin are elevated in patients with hyperlipid-
aemia [14] and diabetes mellitus [15±17]. On the oth-
er hand, P-selectin that is expressed on endothelium
or released from platelets contributes to neutrophils
or monocytes rolling on the endothelium [18,19]. Re-
cently, up-regulation of P-selectin in arteries, veins,
and capillaries of choroid has been reported in pa-
tients with diabetes [20].

In glomerular diseases, damage to endothelial cells
induces release of chemoattractants, adhesion be-
tween circulating leukocytes and endothelium, and
migration of leukocytes into the kidney tissues [21±
23]. The role of the adhesion molecules in glomerulo-
nephritis has been reported [24±26] and also the man-
agement of blocking the leukocyte-endothelium ad-
hesion mechanism to prevent the progression of
glomerulonephritis [27, 28]. However, there is little
information about the role of selectin molecules in
patients with glomerular diseases, especially those
with diabetic nephropathy. In the present study, in or-
der to clarify the mechanism of leukocyte infiltration
into the glomeruli and the interstitium in diabetic
nephropathy, we examined the expression of P-selec-
tin and of E-selectin in the renal tissues of patients
with diabetic nephropathy and glomerulonephritis.
Moreover we also evaluated the expression of inter-
cellular adhesion molecule-1 (ICAM-1), glycoprotein
IIb/IIIa (GP IIb/IIIa) as a marker for platelets, CD14
as markers of macrophages and CD11a as markers of
leukocytes in these renal tissues.

Subjects and methods

A total of 51 Japanese patients were studied (25 males and 26 fe-
males aged 10 to 79, mean 40.9 years) (Table 1). All underwent
percutaneous renal biopsy. Diagnoses were: diabetic nephropa-
thy (7), minimal change nephrotic syndrome (MCNS) (5),
membranous nephropathy (MN) (7), IgA nephropathy (12),
membranoproliferative glomerulonephritis (MPGN) (3), and
lupus nephritis (12). Five normal control subjects were studied.
We performed the biopsy for the diabetic patients with pro-
teinuria to examine whether they have other glomerular diseas-
es or not, and we selected the seven cases with only diabetic
nephropathy in this study. All the cases had non-insulin-depen-
dent diabetes (NIDDM) with diabetic retinopathy.

Biopsy specimens were routinely stained with haematoxy-
lin-eosin (HE), periodic acid-Schiff (PAS), periodic acid-meth-
enamine (PAM), and Masson stains, and stained against hu-
man IgG, IgA, IgM, C3, C1 q, and fibrinogen by immunofluo-
rescence (Cappel, Durham, N. C., USA). Electron microscopic
studies were also performed.

Primary antibodies. We used mouse monoclonal antibody
(mAb) against human P-selectin (Throm/6(c2); Monsan,
Uden, Netherlands), mouse mAb against human E-selectin
(C126CI0B7; Bender Medical Systems, Heidelberg, Germa-
ny), mouse mAb against human ICAM-1 (6.5B5; DAKO,
Glostrup, Denmark), mouse mAb against human GP IIb/IIIa
(5B12. DAKO), mouse mAb against CD14 (RPA-M1; Zymed,
San Francisco, Calif., USA), and mouse mAb against human
CD11a (MHM24, DAKO).

Immunoperoxidase staining. Immunohistochemical staining
was carried out as described previously [29]. Kidney tissue
specimens were snap frozen in OCT-compound and cut in 4-
mm thick sections at ±20 °C. The slides on which these sections
were mounted were air dried and fixed in cold acetone for
10 min. They were incubated for 20 min in normal horse serum
(Vectastain elite ABC kit; Vector Laboratories, Burlingame,
Calif., USA) with avidin blocking (Vector), then incubated
for 1 h in primary antibody with biotin blocking agent (Vec-
tor). The incubation time with secondary biotinylated horse
anti-mouse IgG antibody (Vectastain elite ABC kit) and per-
oxidase-avidin complex substrates (Vectastain elite ABC kit)
was each 30 min. Between the incubations with secondary anti-
body and that with peroxidase-avidin complex substrates, per-
oxidase blocking with methanol and 0.3 % H2O2 was carried
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Table 1. Clinical characteristics of patients

Diagnosis Number
of cases

Age
(years)

Urinary protein
(g/day)

Serum albumin
(g/l)

BUN
(mmol/l)

Cr
(mmol/l)

CCr
(ml/s)

Normal 5 42.0 (35±65) 0.05 (0.0±0.1) 35.5 (30.5±40.2) 5.43 (2.86±8.21) 94.3 (46.3±106.8) 5730 (4200±7320)

Diabetic nephro-
pathy 7 62.9 (43±79) 2.28 (0.3±4.6) 33.9 (22.6±41.3) 9.00 (3.57±17.6) 178.9 (47.2±445.0) 3132 (138±5694)

MCNS 5 23.0 (10±46) 6.74 (2.93±27.1) 21.0 (11.0±41.5) 8.32 (3.53±17.6) 89.0 (62.3±130.8) 3198 (2328±4710)

Membranous
nephropathy 7 55.3 (47±63) 3.44 (2.49±4.0) 23.1 (18.3±27.8) 4.57 (4.05±5.29) 79.2 (78.3±80.1) 6258 (4602±8700)

IgA nephropathy 12 31.2 (15±61) 2.00 (0.13±6.3) 36.9 (24.0±45.5) 5.50 (2.86±7.89) 95.2 (55.2±154.0) 3624 (1380±7740)

MPGN 3 52.7 (19±74) 6.82 (0.65±15.0) 30.4 (27.2±32.4) 7.39 (3.75±12.7) 89.3 (57.9±127.3) 3390 (2280±5970)

Lupus nephritis 12 28.4 (23±57) 2.04 (0.61±4.2) 28.9 (17.2±37.1) 6.32 (3.11±12.1) 64.1 (44.5±106.8) 4662 (2400±8640)

Data are means (range)
MCNS, Minimal change nephrotic syndrome; MPGN, membranoproliferative glomerulonephritis; BUN, blood urea nitrogen;
Cr, creatinine; CCr, creatinine clearance



out for 30 min. All incubations at room temperature were fol-
lowed by two washings in phosphate buffered saline, pH 7.2,
for 10 min each. The sections, in Tris buffer, pH 7.6, were ex-
posed to diaminobenzidine and H2O2 for 7 min. Slides were
counterstained with Mayer's-haematoxylin and dehydrated in
a graded series of ethanol and xylene, then mounted in a xy-
lene-based medium.

Statistical analysis. We semiquantitatively evaluated the inten-
sity of staining of P-selectin, E-selectin, GP IIb/IIIa, ICAM-1
in the glomeruli as follows: 0, 1 + , 2 + , 3 + , 4 + [30].

· 0 = no staining of the glomerular tuft.
· 1 = staining of 1 to 25 % of the glomerular tuft.
· 2 = staining of 25 to 50 % of the glomerular tuft.
· 3 = staining of 50 to 75 % of the glomerular tuft and showing
focally increased staining.
· 4 = strong staining of more than 75 % of the glomerular tuft.

We counted the number of CD14 or CD11a positive cells in
the glomeruli. In the interstitium, we evaluated the number of
positive peritubular capillaries for P-selectin or E-selectin, the
number of positive cells for CD14 or CD11 a, the number of
positive lumens of GP IIb/IIIa.

In addition, we evaluated the degree of diabetic nephropa-
thy. The degree of glomerulosclerosis was graded 0±4 accord-
ing to Gellman et al. [31], and the degree of interstitial fibrosis
was graded 0±3: 0 = no fibrosis, 1 = mild, 2 = moderate, 3 = se-
vere.

Statistical significance (defined as p < 0.05) was evaluated
by using Spearman's correlation coefficient between each
staining marker and the clinical data in diabetic nephropathy
and was evaluated by using the Kruskal-Wallis test between
each disease.
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Fig.1 a±f. Immunoperoxidase staining for adhesion molecules
and marker of leukocytes in diabetic nephropathy. P-selectin
(a) and E-selectin (b) in the glomeruli were stained along cap-
illaries of the glomeruli. ICAM-1 was visible in the mesangial
area and capillaries in the glomeruli (c). Glycoprotein IIb/IIIa
was visible in the lumina of capillaries in the glomeruli (d).
Both selectins were observed at peritubular capillaries in the
interstitium.(P-selectin staining, e) CD14-positive cells were
visible in the glomeruli and the interstitium (f)



Results

Normal kidneys. Neither P-selectin nor E-selectin
was detected in the glomeruli or the interstitium.
ICAM-1 was observed along the capillaries of the
glomeruli and the vascular endothelium of peritubu-
lar capillaries in the interstitium. Expression of GP
IIb/IIIa was evident in the lumina of capillaries in a
few glomeruli and of vessels in the interstitium.
Some cells that expressed CD14 and CD11a were
identified in the glomeruli and also scattered through
the interstitium.

Diabetic nephropathy. Staining for P-selectin and E-
selectin were observed in diabetic nephropathy
(Fig.1a, b and e). P-selectin and E-selectin were both
evident in the endothelial cells of capillaries in the
glomeruli (Fig.2a and b) and those of peritubular cap-

illaries of the interstitium (Fig.2c and d). GP IIb/IIIa
was present in the lumina of glomerular capillaries
and peritubular capillaries (Fig.1 d). However, the dis-
tribution of GP IIb/IIIa was not correlated with that of
P-selectin and E-selectin. CD14 positive cells were in-
creased in the glomeruli and the interstitium (Fig.1 f).

We assessed the correlation between the clinical
data, the degree of diabetic nephropathy, and the ex-
pression of selectins in seven cases of NIDDM (Ta-
ble 2). The correlation between urinary protein and
sclerosis grade (r = 0.854), urinary protein and inter-
stitial fibrosis (r = 0.905), sclerosis grade and intersti-
tial fibrosis (r = 0.917) was significant (p < 0.05), but
there was no correlation between glycated haemoglo-
bin and other clinical data, between the grading of P-
or E-selectin and other clinical data including glycat-
ed haemoglobin.

On the other hand, the correlation between each
staining marker in the glomeruli and those in the in-
terstitium are represented in Table 3. In the glomeru-
li, expression of selectins was not correlated with the
number of CD14 or CD11a positive cells (Table 3).
In the interstitium, E-selectin positive vessels were
correlated with the number of CD14 positive cells
and CD11a positive cells, although P-selectin positive
vessels were not correlated with the infiltrated leuko-
cytes (Table 3).
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Fig.2 a±d. Enlarged photomicrographs of immunoperoxidase
stain for P- and E-selectin. Staining for P-selectin on endotheli-
um of capillary in the glomerulus (a), E-selectin on endotheli-
um of capillary in the glomerulus (b), P-selectin on endotheli-
um of peritubular capillary in the interstitium (c), and E-selec-
tin on endothelium of peritubular capillary in the interstitium
(d). These photographs are high magnification



Primary glomerulonephritis. Except in a few cases of
IgA nephropathy, the glomeruli were not stained for
P-selectin or E-selectin (Fig.3a and b). In the intersti-
tium, P-selectin and E-selectin were stained along the
peritubular capillaries. However, ICAM-1 was
stained along the capillaries of the glomeruli and ves-
sels of the interstitium.

Lupus nephritis. Expression of P-selectin and E-se-
lectin was observed in some cases of lupus nephritis.
We recognized P-selectin and E-selectin along the en-
dothelial side of capillaries of the glomeruli and peri-
tubular capillaries of the tubular interstitium (Fig.4a
and b). CD14 and CD11a positive cells were in-
creased in the glomeruli and the interstitium.

Expression of P- and E-selectin in several types of
glomerular disease. The P- and E-selectin scores in
glomerular disease are summarized in Table 4. We
represented the intensity of staining as mean ± SEM/
one glomerulus in the glomeruli or mean ± SEM/
mm2 in the interstitium. In the patients with diabetic
nephropathy, P- and E-selectin expression was signif-
icantly increased compared to that in the patients

with other glomerular diseases, except E-selectin ex-
pression in the glomeruli compared to that in patients
with lupus nephritis.

Discussion

The present study investigated expression of P- and
E-selectin in kidney specimens obtained from pati-
ents with NIDDM, as compared to those from pati-
ents with other primary or secondary glomerular dis-
eases. Interestingly, the grade of selectin expression
in diabetic nephropathy was significantly higher than
that in normal control subjects and in other glomeru-
lar diseases, including lupus nephritis and MPGN, in
which infiltration of numerous macrophages was ob-
served in the glomeruli (Table 4). A previous study
reported that P- and E-selectin is expressed on extra-
glomerular vascular endothelium in human glomeru-
lonephritis [32]. Pall et al. [33] reported that E-selec-
tin is expressed in the glomeruli of patients with dia-
betic nephropathy and severe pyelonephritis. Comin-
acini et al. [17] reported that the increased level of
plasma soluble E-selectin is found and correlated
with glycated haemoglobin in the patients with diabe-
tes. On the other hand, Steiner et al. [15] reported
that the serum level of E-selectin is independent of
glycaemic control. In our study, no relationship be-
tween the glycaemic control, urinary protein or other
clinical data and the grade of selectin expression was
found. However, the number of infiltrated CD14 pos-
itive cells into the interstitium was correlated with the
intensity of E-selectin on peritubular capillaries in
the interstitium.

P-selectin is known to be found both in endothelial
cells and in platelets. In our study, P-selectin is con-
sidered to be expressed on the endothelial cell sur-
face because the distribution of P-selectin was not
correlated with that of GP IIb/IIIa.

Concerning the mechanism of elevated expression
of P- and E-selectin, Kim et al. [34] reported that a
high glucose concentration did not induce expression
of selectin molecules on human aortic endothelial
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Table 2. Clinical features and expression of P- and E-selectin in diabetic patients

Sex Age
(years)

Urinary
protein
(g/day)

CCr
(ml/s)

HbA1c

(%)
Cholesterol
(mmol/l)

Sclerosis
grade

Interstitial
fibrosis

P-selectin E-selectin

glom inter glom inter

M 65 0.3 4998 8.1 3.75 1 1 1 5.3 1 1.2
F 79 1.12 5694 7.5 3.80 1 1 0 3.6 0 3.6
M 43 0.6 5076 4.9 3.90 1 1 1 5.0 1 12.0
M 63 2.0 1068 6.5 3.90 2 1 3 15.0 3 15.0
M 65 4.25 3720 6.2 4.71 2 2 3 8.1 2 6.3
M 79 3.1 1218 5.0 6.67 3 2 1 15.0 1 5.6
M 46 4.6 138 4.4 3.85 4 3 1 5.9 0 7.1

glom, Glomerulus; inter, interstitium
In the glomeruli, the intensity of staining with P- or E-selectin
was represented as 0 to 4 grades; in the interstitium, the inten-

sity of staining with P- or E-selectin was represented as num-
bers of positive peritubular capillaries/mm2

Table 3. Correlation coefficient between each staining marker
in diabetic nephropathy

Glomeruli P-selectin E-selectin ICAM-1 GP IIb/IIIa CD14

P-selectin 1
E-selectin 0.887a 1
ICAM-1 - 0.569 - 0.642 1
GP IIb/IIIa 0.353 0.497 - 0.655 1
CD14 0.193 0.305 0.208 - 0.564 1
CD11a 0.141 0.198 0.000 - 0.239 0.679

Interstitium P-selectin E-selectin ICAM-1 GP IIb/IIIa CD14

P-selectin 1
E-selectin 0.360 1
ICAM-1 0.080 0.158 1
GP IIb/IIIa - 0.378 - 0.143 - 0.158 1
CD14 0.280 0.927b 0.000 - 0.111 1
CD11a 0.306 0.857a - 0.158 - 0.143 0.927a

a p < 0.05; b p < 0.01



cells. In our preliminary experiments, a high glucose
concentration did not induce expression of P- and E-
selectin on human umbilical vein endothelial cells, as
detected by immunofluorescence (data not shown).
Thus, there is no evidence that a high glucose concen-
tration can induce selectin expression. Richardson
et al. [35] reported the possibility that elevation of
LDL-cholesterol and triglyceride accelerates expres-
sion of selectin on aortic endothelium. This mecha-
nism was not confirmed in our study, because selectin
was not expressed in the glomeruli of patients with
nephrotic syndrome in whom severe hyperlipidaemia
was present. It was recently demonstrated that ad-
vanced glycation endproducts (AGE) accumulate in

diabetic kidney tissues. Mitsuhashi et al. [36] report-
ed that AGE content in the renal cortex of streptozo-
tocin-induced diabetic rats is increased, as compared
with normal controls [36]. Miyata et al. [37] demon-
strated that pyrraline is detected in the glomeruli of
patients with diabetic nephropathy. We also demon-
strated that AGE accumulates in the glomeruli and
the tubuli of patients with diabetic nephropathy and
of streptozotocin-induced diabetic rats [29, 38].
AGE is known to stimulate the production of tu-
mour-necrotizing factor-a (TNF-a) and interleukin-1
(IL-1) via the AGE receptor [39]. Schmidt et al. [40]
reported that AGE induce expression of vascular
cell adhesion molecule-1 (VCAM-1) on human en-
dothelial cells. AGE receptor is expressed on macro-
phages, vascular endothelial cells, and glomerular
mesangial cells [41]. Because expression of P- and E-
selectins is induced by inflammatory cytokines, such
as TNF-a and IL-1, [42] expression of selectins may
be enhanced by AGE that accumulate in the kidney
in diabetic nephropathy.

Concerning the role of macrophages in diabetic
nephropathy, Furuta et al. [1] reported that glomeru-
lar macrophages, but not lymphocytes, are involved
in the progression of glomerular sclerosis. As for in-
terstitial lesions, several reports have been published
that tubulo-interstitial change is an important factor
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Fig.3 a, b. Immunoperoxidase staining for P-selectin (a) and
E-selectin (b) in the glomeruli in MCNS. There was no staining
in the glomeruli

Fig.4 a, b. Immunoperoxidase staining for P-selectin (a) and
E-selectin (b) in the glomeruli in lupus nephritis. Both P-selec-
tin and E-selectin were observed along capillaries in the glom-
eruli



in the progression of diabetic nephropathy [43±45].
Bohle et al. [46] reported that macrophages and T-
lymphocytes play important roles in tubulo-intersti-
tial damage in diabetic nephropathy. In our study,
macrophage infiltration was correlated with E-selec-
tin positive endothelium in the renal interstitium.
Thus, E-selectin supposedly mediates the infiltration
of macrophages into the kidney interstitium. Howev-
er, it remains unclear whether selectins actually par-
ticipate in macrophage infiltration into the glomeruli,
because there was no correlation between expression
of selectins and the degree of infiltration of macro-
phages in the glomeruli.

The present study showed that P- and E-selectin
were up-regulated in the renal tissue of patients with
diabetic nephropathy. Especially, E-selectin may be
important to tubulo-interstitial injury by promoting
the infiltration of macrophages into the renal intersti-
tium.
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