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Glomerular vascular cell adhesion molecule-1
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Abstract
Aims-To study the expression of cell ad-
hesion molecules in the renal biopsy speci-
mens of patients with systemic vasculitis
and Henoch-Schonlein purpura (HSP); to
correlate this with the severity of glo-
merular inflammation.
Methods-Renal biopsy specimens ob-
tained from eight patients with untreated
systemic vasculitis (four with Wegener's
granulomatosis and four with microscopic
polyarteritis), eight with HSP and nine
controls (four with normal histopathology
and five with thin glomerular basement
membrane disease) were stained using the
alkaline phosphatase anti-alkaline phos-
phatase method with monoclonal anti-
bodies directed against intercellular
adhesion molecule-I (ICAM-1), vascular
cell adhesion molecule-i (VCAM-1) and
E-selectin.
Results-Biopsy specimens ofnormal kid-
neys expressed ICAM-1 in glomerular
endocapillary cells, Bowman's capsule
epithelium, interstitial cells and inter-
stitial vascular endothelium, and VCAM-
1 in Bowman's capsule epithelium, prox-

imal tubular epithelium and interstitial
vascular endothelium. No staining with
antibody directed against E-selectin was

seen in any of the biopsy specimens. Bi-
opsy specimens of patients with a va-

sculitic glomerulonephritis (segmental
necrotising glomerulonephritis) expressed
VCAM-l in glomerular endocapillary cells
(four of eight patients with systemic vas-

culitis; two of eight patients with HSP). In
patients with a systemic vasculitis glo-
merular VCAM-1 expression was as-

sociated with a more severe renal lesion
(44, 50, 60, and 65% of glomeruli involved)
than in those not showing glomerular
VCAM-1 expression (3, 3, 11, and 39% of
glomeruli involved).
Conclusion-Expression of VCAM-1 by
glomerular endocapillary cells in renal bi-
opsy specimens raises the possibility that
recruitment of VLA-4 bearing leucocytes
may contribute to glomerular injury in
Wegener's granulomatosis and micro-
scopic polyarteritis.
(J7 Clin Pathol 1996;49:238-242)
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Cell adhesion molecules (CAMs) regulate the
interaction between leucocytes and renal par-

enchymal cells and are likely to play a major
role in renal inflammation. CAMs expressed
by the human kidney include the glycoproteins,
intercellular adhesion molecule-i (ICAM-1,
CD54) and vascular cell adhesion molecule-1
(VCAM-1),' which belong to the immuno-
globulin supergene family. On endothelium
their expression is regulated by interleukin-1
(IL-1), tumour necrosis factor (TNF) and y-
interferon (yIFN) in the case of ICAM-i' and
IL-1, TNF and IL-4 in the case ofVCAM-1.34
ICAM-1 is widely distributed and expressed
on a variety of cells, including lymphocytes,
endothelial cells and epithelial cells, and binds
to the 32-integrins lymphocyte function as-
sociated (LFA-1) antigen (CD1 1a/CD18)
and Mac-1 (CD1ib/CD18) on lymphocytes,
neutrophils and monocytes.5-7 VCAM-1 has a
more restricted distribution, being found on
endothelial cells, follicular dendritic cells, cul-
tured neural cells, glomerular epithelial and
mesangial cells, and vascular smooth muscle
cells.8 VCAM-i binds to the D l -integrin VLA-4
(CD49d/CD29) on lymphocytes, eosinophils,
monocytes, and basophils.9 On in vitro culture
of human kidney with TNF, glomerular endo-
thelial cells express E-selectin,'0 which re-
cognises and binds to carbohydrate sequences
on neutrophils and to a subpopulation ofmem-
ory T lymphocytes that express a carbohydrate
known as cutaneous lymphocyte associated an-
tigen. "
The specific interaction of subsets of leu-

cocytes with endothelium expressing VCAM-
1, ICAM-1 and E-selectin is important in the
adhesion of leucocytes to the endothelium and
their transmigration across the endothelium
to sites of inflammation.'2-14 In addition, the
interaction between lymphocytes and ICAM-
1 and VCAM-1 provides an important
co-stimulatory signal for T lymphocyte
activation.'516 Normal human glomerular
endothelium expresses ICAM-1, and Bow-
man's capsule cells express ICAM-1 and
VCAM-i I1 10 17-19 During allograft rejection20
and in patients with glomerulonephritis,'718
interstitial nephritis and vasculitis,'9 ICAM-
1 and VCAM-1 are also expressed by renal
proximal tubular epithelial (PTE) cells.
The mechanism of the vascular, extra-

capillary and interstitial injury and inflam-
mation in segmental necrotising glomerulo-
nephritis is not known. The aim of our study
was to examine the expression of ICAM-1,
VCAM- 1 and E-selectin in kidney biopsy speci-
mens of patients with renal vasculitis and to
correlate this with lesion severity.
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Table 1 Distribution ofICAM-1 expression: numbers ofpositively stained sections

Bowman Proximal Interstitial
capsule tubular Interstitial vascular

Biopsy specimen GEC epithelium epithelial cells cells endothelium

Normal (n=9) 9 9 1 9 6
WG/MPA (n=8) 8 8 5 8 5
HSP (n=8) 8 8 1 8 4

GEC = glomerular endocapillary cells; WG = Wegener's granulomatosis.

Table 2 Distribution of VCAM-1 expression: numbers ofpositively stained sections

Bowman's Proximal Interstitial
capsule tubular Interstitial vascular

Biopsy specimen GEC epithelium epithelial cells cells endothelium

Normal (n=9) 0 9 7 1 5
WG/MPA (n=8) 4 8 8 2 4
HSP (n=8) 2 8 7 2 1

GEC=glomerular endocapillary cells; WG = Wegener's granulomatosis.

Methods
Diagnostic renal core biopsy specimens were
obtained from eight patients with a primary
systemic necrotising vasculitis (four with Weg-
ener's granulomatosis and four with micro-
scopic polyarteritis (MPA)) and eight with
Henoch-Schonlein purpura (HSP) using the
standard percutaneous Trucut needle tech-
nique. All patients had active disease and
underwent biopsy prior to any immuno-
suppressive treatment. The diagnosis of sys-
temic vasculitis was made using established
clinical and histological criteria2' and of HSP
by conventional criteria. All but one of the
patients with systemic vasculitis were positive
for antineutrophil cytoplasmic antibody, with
a mean age of 52 years (range 26-70 years)
and mean serum creatinine concentration of
229 ,umol/I (range 69-489 jmol/1). In the
patients with HSP the mean age was 32 years
(range two to 81 years) and mean serum
creatinine concentration was 104,mol/I
(37-196 jimol/1). The control group (n = 9)
comprised four patients with microscopic
haematuria, but in whom subsequent complete
histological examination including electron
microscopy failed to reveal any abnormalities,

Figure 1 Normal renal biopsy specimen stained with monoclonal antibody directed
against VCAM-1. Reactivity seen in Bowman s capsule epithelium, proximal tubular
epithelium, interstitial vascular endothelium, and interstitial cells. (APAAP x 200.)

and five patients with thin glomerular basement
membrane disease. One core of each renal
biopsy specimen was collected in formol saline,
embedded in paraffin wax and stained routinely
for histological examination. A separate core
biopsy specimen was immediately embedded
in OCT (Cryo-M-Bed (Bright, Huntingdon,
UK)), snap frozen in liquid nitrogen and stored
at - 70°C until studied.

IMMUNOHISTOCHEMICAL STAINING FOR CAMs
Frozen tissue was studied immunohisto-
chemically for CAM expression using the
alkaline phosphatase antialkaline phosphatase
(APAAP) technique.22 Briefly, frozen sections
were cut at 6 pm, air dried on a slide and
fixed with acetone for five minutes. Sequential
incubations were performed as follows: (1)
mouse monoclonal IgGI antibodies directed
against ICAM-1 (R and D Systems, Oxford,
UK; clone BBIG-I1), VCAM-1 (R and D sys-
tems; clone BBIG-V1) or E-selectin (R and D
systems; clone BBIG-E6), each diluted 1 in 10
in 0 05M Tris buffered saline (TBS) (pH 7 6);
(2) rabbit anti-mouse immunoglobulins (IgG)
(Dako, High Wycombe, UK), diluted 1 in 25
in TBS; APAAP mouse monoclonal antibody
to IgGI K (Dako; clone AP7/6/7), diluted 1 in
50 in TBS. All incubations were performed in
a moist box at room temperature for 30 minutes
and slides were washed between incubations in
an agitated TBS bath. The stain was developed
with fast red substrate (naphthol AS-MX phos-
phate free acid, dimethyl 0-2 ml, 0 1 M Tris
buffer (pH 8 2), 1 M levamisole (10 gld) and
fast red TR salt (10 mg)) for 15 minutes at
room temperature, then rinsed with TBS and
distilled water, counterstained with Mayer's
haemalum (Sigma, Poole, Dorset, UK), and
mounted in Glycergel (Dako). As controls,
each section was stained without monoclonal
anti-CAM antibody. The stained sections were
viewed under light microscopy by a pathologist
who had no knowledge of the underlying diag-
nosis and who recorded the cellular distribution
of the adhesion molecules.

Results
EXPRESSION OF ICAM-1 AND VCAM-1
Tables 1 and 2 summarise the distribution of
ICAM-1 and VCAM-1 expression in the
biopsy specimens. Biopsy specimens of normal
kidneys expressed ICAM-1 in glomerular en-
docapillary cells, Bowman's capsule epi-
thelium, interstitial cells and some endothelium
of interlobular arteries in the interstitium. Bi-
opsy specimens from patients with Wegener's
granulomatosis and MPA also expressed
ICAM-1 in proximal tubular epithelial cells in
five of eight cases. There was no VCAM-1
expression on glomerular endocapillary cells
in the normal kidney and its expression was
restricted to Bowman's capsule epithelium,
some proximal tubular epithelial cells and inter-
stitial vascular endothelium (fig 1). Biopsy
specimens from four of eight patients with
idiopathic vasculitis and two of eight patients
with HSP showed staining of glomerular endo-
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Figure 2 Vasculitic renal biopsy specimen stained with monoclonal antibody directed
against VCAM-1. Reactivity as seen in the normal biopsy specimen with additional
staining in glomerular endocapillary cells. (APAAP x 200.)

capillary cells with VCAM-1 (fig 2). VCAM-1
was also found in Bowman's capsule epi-
thelium, proximal tubular epithelial cells, inter-
stitial vascular endothelium and also some

interstitial cells. There was no staining for E-
selectin in any of the tissues studied.

SEVERITY OF RENAL VASCULITIS AND VCAM-1

EXPRESSION
The percentage of glomeruli with a segmental
necrotising glomerulonephritis in biopsy speci-
mens from patients with Wegener's gran-
ulomatosis ranged from 3 to 65% and in those
with HSP from 6 to 54%. In biopsy specimens
from patients with Wegener's granulomatosis
and MPA the expression of VCAM-1 by glo-
merular endocapillary cells was associated with
a more severe renal lesion; 44, 50, 60, and
65% of glomeruli had vasculitic lesions com-

pared with 3, 3, 11, and 39% ofglomeruli in the
absence ofVCAM-1 expression by glomerular
endocapillary cells. In HSP there was no cor-

relation between the proportion of glomeruli
with a vasculitic lesion and expression of
VCAM-1 by glomerular endocapillary cells
(data not shown).

Discussion
CAMs play a critical role in the migration of
leucocytes to sites of inflammation, in selecting
the types of leucocytes that accumulate and
in modifying leucocyte function. Thus, they
provide a mechanism by which leucocytes ac-

cumulate in renal tissues, which leads to glo-
merular and interstitial inflammation. The
renal histology in active Wegener's gran-
ulomatosis and MPA is of a focal segmental
necrotising glomerulonephritis with or without
extracapillary proliferation (crescent form-
ation) and often an interstitial infiltrate of
mononuclear cells.25 The kidney in HSP
shows a focal segmental proliferative glo-
merulonephritis that in some cases is ac-

companied by a segmental necrotising

glomerulonephritis, crescent formation and a
glomerular infiltrate ofmacrophages.26 The glo-
merular lesions in Wegener's granulomatosis
and MPA usually show few, if any, immune
deposits (so called pauci-immune glo-
merulonephritis),27 whilst in HSP there is me-
sangial deposition of IgA.28 Studies of renal
histology in patients with Wegener's gran-
ulomatosis and MPA have shown that cells
within glomeruli and in crescents express TNF
and IL-1. Double immunostaining identified
these cells as infiltrating monocytes/macro-
phages. CD3 and IL-2R positive T cells were
also identified in crescents, in the peri-
glomerular area and in the interstitium"; neu-
trophils are also found within the glomeruli.30
IL-I is produced by cultured human mesangial
cells3132 and is known to upregulate the ex-
pression of ICAM-1 and VCAM-1 on venous
endothelium.33 The expression of VCAM-1 is
also increased by IL-4 produced by T cells.34-35
The major observation in this study is that

the glomerular endocapillary cells in half of
the patients with active renal vasculitis and a
quarter of the patients with HSP expressed
VCAM-1. Expression of VCAM-1 was not
seen in glomerular endocapillary cells in any
of the normal biopsy specimens studied. Oc-
casional staining of glomerular capillary walls
with antibodies directed against VCAM-1 was
seen in biopsy specimens of patients with HSP
and Wegener's granulomatosis in the study by
Bruijn and Dinklo.36 By contrast, no glomerular
or peritubular capillary staining of VCAM-1
was seen in the biopsy specimens of seven
patients with a vasculitis studied by Seron et
al. 9 In keeping with our observations, however,
human glomerular endothelium has been
shown to express VCAM-1 following in vitro
incubation of kidney sections with TNF.'0 In
our study the expression of VCAM-1 in glo-
merular endocapillary cells in biopsy specimens
of patients with Wegener's granulomatosis and
MPA, but not with HSP, was associated with
a more severe renal lesion, as assessed by the
proportion ofglomeruli affected by a segmental
necrotising glomerulonephritis. VCAM-1 ex-
pression by glomerular endocapillary cells may
be important in selectively recruiting mono-
cytes/macrophages and T lymphocytes that ex-
press VLA-4 (CD49d/CD29) and it is possible
that this adhesion molecule is important in the
genesis ofthis type ofglomerular inflammation.
As previously reported VCAM-1 expression in
the normal kidney was restricted to Bowman's
capsule epithelium, some proximal tubular epi-
thelial cells and interstitial vascular endo-
thelium.36
Our study confirms the findings of previous

immunohistochemical studies of ICAM-1 ex-
pression in normal human kidneys.'718 Thus,
the normal kidney expresses ICAM-1 on glo-
merular endocapillary cells, interstitial vascular
endothelium and Bowman's capsule epi-
thelium, but not proximal tubular epithelial
cells. The "normal" biopsy specimens in our
study were obtained from patients with non-
inflammatory renal disease and were as close
as one can get to normal renal tissue for ethical
reasons. The glomerular endocapillary cells in
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the biopsy specimens of patients with Weg-
ener's granulomatosis, MPA and HSP ex-

pressed ICAM-1; this expression did not differ
qualitatively from that found in normal speci-
mens. There was no expression of E-selectin
in the glomerular endocapillary cells of either
controls or patients. Glomerular endothelium
does express E-selectin in vitrol' and we have
reported a case of pyelonephritis in a patient
with diabetes mellitus in which there was stain-
ing of glomerular endothelium for E-selectin
using the same antibody as used in the present
study.37

In the present study, as in the study of Seron
et al,19 proximal tubular epithelial cells in the
biopsy specimens of patients with renal vas-

culitis expressed ICAM-1 and this was only
rarely seen in normal specimens and in speci-
mens of patients with HSP. Proximal tubular
ICAM-1 expression is also seen in primary
glomerulonephritides, lupus nephritis and renal
allograft rejection.'7-20 In addition to their role
in the recruitment of leucocytes to the sites
of inflammation, VCAM-1 and ICAM-1 can

produce co-stimulatory signals that are es-

sential for the activation of T lymphocytes.'5 16
Cultured murine proximal tubular epithelial
cells are capable of acting as accessory cells for
the processing and presentation of antigen to
T cell hybridomas38 and if human proximal
tubular epithelial cells behave similarly,39 then
that could provide a mechanism for the tubulo-
interstitial nephritis often seen in renal vas-

culitis.27
Cultured human glomerular epithelial, prox-

imal tubular epithelial and mesangial cells also
express ICAM-1 and VCAM-1,4'oA and are

able to bind specific ligand bearing peripheral
blood mononuclear cells. Human glomerular
epithelial cells constitutively express ICAM-1
and VCAM-1 with upregulation of VCAM-1
by IL-4, but not by TNF or IL-1. Unlike
vascular endothelial cells, ICAM-1 expression
on glomerular epithelial cells is not altered
by TNF, yIFN or IL-1.4° Cultured human
proximal tubular epithelial and mesangial cells
also constitutively express ICAM-1 and
VCAM-1 and the levels of these CAMs are

upregulated by TNF and IFN.414 There is
as yet little information on the regulation of
adhesion molecule expression and function of
cultured human glomerular endothelial cells.
Monoclonal antibodies directed against
ICAM-1, VLA-4 and LFA-1 are effective in
reducing the inflammatory lesions and pro-

teinuria in animal models of anti-glomerular
basement membrane nephritis. This indicates
that CAMs play a critical role in the genesis of
glomerular inflammation.46 In humans there
has been some therapeutic success with mono-
clonal anti-ICAM-1 in renal allograft re-

jection.47 Increased understanding of the role
of CAMs in the inflammation and injury seen
in renal vasculitis may lead* to more specific
immunotherapy in these patients.
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