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VARIATION IN EXPRESSION OF ENDOTHELIAL ADHESION
MOLECULES IN PRETRANSPLANT AND TRANSPLANTED
KIDNEYS—CORRELATION WITH INTRAGRAFT EVENTS!
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Endothelial adhesion molecules are directly involved
in the localization and migration of leukocytes from the
circulation into tissues at sites of inflammation. We have
compared the expression of PECAM-1 (CD31), ELAM-
1, ICAM-1 (CD54), and VCAM-1 in pretransplant
(n=20) and needle-core biopsies from renal transplants
obtained during different clinical circumstances (n=42).
PECAM-1 was consistently expressed on all endothe-
lium in both pretransplant and transplant biopsies. In
contrast, there was variation in endothelial expression
of ELAM-1 and in proximal tubular expression of
ICAM-1 and VCAM-1 between pretransplant biopsies.
After transplantation induced expression of endothelial
ELAM-1 and VCAM-1 and tubular induction of ICAM-
1 and VCAM-1 was detected. Induced adhesion molecule
expression was frequently associated with focal leuko-
cyte infiltration, and there was a significantly higher
level of CD45 and CD25 positive cell infiltration in
biopsies with induced adhesion molecule expression. The
induction of adhesion molecule expression is evidence of
endothelial activation in these transplant biopsies. Com-
parison of adhesion molecule expression and HLA-class
II antigen expression revealed that induced tubular class
II antigens may be detected in the absence of induced
adhesion molecule expression.

Acute rejection of a renal allograft is usually accompanied by
high levels of interstitial leukocyte infiltration (1-3). The initial
stage of leukocyte migration into tissues at the site of an
inflammatory response is mediated by the interaction of endo-
thelial adhesion molecules with their respective ligands on the
leukocyte cell surface (4). Inflammatory cytokines can induce
changes in the phenotype of the endothelium, termed “endo-
thelial activation,” that promote the adherence of leukocytes
to the vascular endothelium (5). Three cytokine inducible adhe-
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sion molecules, intercellular adhesion molecule-1, CD54
(ICAM-1)* (6, 7); endothelial leukocyte adhesion molecule-1
(ELAM-1) (8, 9); and vascular cell adhesion molecule-1
(VCAM-1) (10, 11) have been described, whereas other endo-
thelial adhesion molecules, e.g., platelet endothelial cell adhe-
sion molecule-1, CD31 (PECAM-1) are constitutively expressed
on endothelium (12, 18). The expression of ELAM-1 appears
to be restricted to endothelium (8, 14), whereas ICAM-1 (7,
VCAM-1 (15), and PECAM-1 (16) are more widely distributed.

IL-1 and TNF-« stimulate expression of ELAM-1, VCAM-
1, and upregulation of ICAM-1 from basal levels on cultured
endothelium (17, 18). ICAM-1 expression is also upregulated
by IFN-y (17). The kinetics of induction are different for the
three molecules, suggesting involvement at distinct stages dur-
ing the evolution of an inflammatory response. Peak expression
of ELAM-1 occurs rapidly after stimulation and is transient in
nature, whereas VCAM-1 and ICAM-1 demonstrate sustained
expression (4). In an inflammatory response such as that to an
allograft, the tissue will be subjected not to the action of single
cytokines alone but to combinations of cytokines that may
either act synergistically to raise the level of induced product,
or may have a regulatory, inhibitory effect (19, 20).

Lymphocytes and macrophages are the major components of
the leukocyte infiltration in a rejecting renal allograft (2, 3).
Lymphocytes (21) and monocytes (22) bind to endothelial
ICAM-1 via the ligands LFA-1 and Mac-1 (I8, 21, 23, 24), and
VCAM-1 interacts with lymphocytes and monocytes via the
ligand VLA-4 (25). ELAM-1 was thought to be primarily in-
volved in the interaction of neutrophils and monocytes with
activated endothelium (9, 26, 27) via carbohydrate ligands (28,
29}, but recent evidence shows that ELAM-1 is involved in the
interactions between memory T lymphocytes and the endothe-
lium (30, 31). Thus ICAM-1, VCAM-1, and ELAM-1 endothe-
lial molecules are potentially all involved in the entry of leu-
kocytes into an allograft as part of the alloresponse.

Adhesion molecules are not only important in the initial
phase of an alloresponse in mediating the adhesion of leuko-
cytes to the endothelium but also in the ensuing cellular inter-
actions in the effector phase of the response. The aim of this
study was to document the distribution of adhesion molecules
in pretransplant biopsies and compare this with the expression
in biopsies of the renal graft after transplantation. Increased
levels of ELAM-1, VCAM-1, and ICAM-1 were detected in the
transplant biopsies and have been related to the clinical events
after transplantation, the level of leukocyte infiltration within
the graft, and the expression of HLA-class II antigens on the
graft parenchyma.
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MATERIALS AND METHODS

Patients and biopsy material. Wedge biopsies (n=20) were obtained
from cadaveric donor kidneys after nephrectomy, perfusion, and stor-
age, but before implantation of the graft. Routine needle-core trans-
plant biopsies (n=42) were obtained from 24 patients (range, days 5-
35; mean day 16.2). All patients were immunosuppressed with triple
therapy (low-dose cyclosporine, azathioprine, and steroids). Biopsy
material was immediately snap-frozen in liquid nitrogen. Clinical re-
jection was treated with daily intravenous boluses of methylpredniso-
lone (0.5 g for 3 days) or a course of rabbit antithymocyte globulin
(Fresenius: 2-4 mg/kg for 7-10 days) if there was no response to
steroids.

Monoclonal antibodies and staining technique. Seven-p cryostat tissue
sections were stained with the following monoclonal antibodies: BBA
3 (anti-ICAM-1 [CD54]); BBA 7 (anti-PECAM-1 [CD31]); BBA 5
(anti-VCAM-1 [INCAM-110]); BBA 1 (anti-ELAM-1) all obtained
from British Bio-Technology Ltd., Cowley, Oxford, 1.203 (anti-HLA-
DR [32, 33); Tu22 (anti-HLA-DQ [34]); B7/21 (anti-HLA-DP {35]);
F10.89.4 (anti-CD45 [36]); F3. 20.7 (anti-dog Thy-1 [37]); and a cocktail
of antibodies against CD25 (L54, L61, 162, B-B10, B-G3 [38]). The
staining was performed using an immunoperoxidase staining technique
as previously described (39). Briefly, antibody bound on the tissue
sections was detected using peroxidase conjugated rabbit-anti-mouse
Ig (DAKO Litd., High Wycombe, Buckinghamshire). The reaction was
developed using a substrate of 3,3'-diaminobenzidine tetrahydrochlo-
ride (DAB) and H,0,, counterstained with Harris’s hematoxylin, de-
hydrated, and mounted in DPX (Merck Ltd., Poole, Dorset). Staining
for the weakly expressed ELAM-1 and CD25 antigens was enhanced
using a second peroxidase conjugated antibody, swine-anti-rabbit Ig
(DAKO Ltd.). CD25 staining was performed using a substrate of 3-
amino-9-ethylcarbazole (AEC) and H;O,, counterstained with Mayer’s
hematoxylin, and mounted in aquamount (Merck Ltd.).

Assessment of staining. The percentage area of positive CD45 and
CD25 staining was quantitated using a morphometric point counting
technique as previously described (3). The expression of ICAM-1,
PECAM-1, ELAM-1, VCAM-1, and the HLA-class II antigens was
assessed on glomeruli, intertubular structures, large vessel endothelium,
and tubules on a semiquantitative basis. The analyses were performed
independently by 2 observers without knowledge of the patient’s clinical
status. In control biopsies taken before transplantation, variability in
tubular expression of [CAM-1 and VCAM-1 was graded on a scale 0-2
(0: predominantly negative, 1: positive, 2: strongly positive). Endothe-
lial staining for ELAM-1 and VCAM-1 was graded: O: negative, 1:
occasional vessel very weakly stained, 2: more extensive, but weak
staining. In transplant biopsies additional grades: 3: focal induction
and 4: generalized induction of staining were also applied. ELAM-1
staining of pretransplant biopsies was also quantitated by morphometry
and expressed as the percentage area of the biopsy occupied by ELAM-
1 positive structures.

Evaluation of renal function. A rejection episode was defined by 3
senior clinicians involved in the management of the patients using all
relevant biochemical and clinical data but in the absence of information
from biopsy material.

Statistical analyses. Statistical analyses were performed using the
Mann-Whitney U test, chi-square test, or Fisher’s exact test as appro-
priate, and indicated in the Results section.

RESULTS

Pretransplant biopsies. In all 20 pretransplant control biop-
sies, PECAM-1 was strongly expressed on the endothelium of
glomeruli, intertubular capillaries, and of larger arteries and
veins, but renal tubules were negative (Fig. 1A). Thus PECAM-
1 provides a good marker for the presence of endothelium in
the transplant biopsies.

There was variability in ELAM-1 expression between control
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biopsies ranging from negative or an occasional intertubular
capillary positively stained to 2.7% of the biopsy positively
stained (mean +SEM: 1.7£0.16). This staining was mainly
confined to the intertubular capillaries (Fig. 1B), but an occa-
sional larger vessel was weakly positive.

ICAM-1 was intensely expressed on all vascular endothelium
but in addition expressed on the glomerular mesangium and
variably on the proximal tubules. In 13 of 20 biopsies (65%)
ICAM-1 was strongly expressed throughout the tubular cyto-
plasm (Fig. 1C) while in the remaining 35% of pretransplant
biopsies the proximal tubules were weakly positively stained
(Fig. 1D).

VCAM-1 was strongly expressed on the Bowman’s capsule,
while the glomerular endothelium and mesangium were nega-
tive. In some biopsies there was weak staining of an occasional
intertubular structure and endothelium of veins or venules. The
distal tubules were always negative, but the biopsies could be
subdivided into 3 categories based on differences in the proxi-
mal tubular VCAM-1 staining. In 40% of biopsies there was
strong cytoplasmic staining of >60% of the proximal tubules
(Fig. 1E), but in 35% the tubules were predominantly negative
with a strongly stained focal area associated with one of the
epithelial cell nuclei (Fig. 1F). The remaining biopsies had an
intermediate staining pattern, the tubules being weakly positive
often with a more intensely stained focal area associated with
the nucleus.

Transplant biopsies. The distribution of PECAM-1 staining
provided a means of assessing the presence of capillary endo-
thelium in the transplant biopsies (Fig. 2A). There was some
irregular staining in the intertubular areas of 7 of 42 (17%) of
biopsies, suggestive of focally abnormal microvasculature. PE-
CAM-1 was not detected on the renal parenchyma, but within
areas of focal leukocyte infiltration a small proportion of the
leukocytes themselves were weakly positive.

It was difficult to detect differences in ICAM-1 expression
on the vasculature since capillaries and large vessels alike were
so intensely positive in pretransplant biopsies. Nevertheless,
upregulation of ICAM-1 was detected in the proximal tubules
of 29% of transplant biopsies, with the molecule being ex-
pressed throughout the cytoplasm but very intensely at the
brush border (Fig. 2B). The induction was generally focal in
nature and associated with leukocyte infiltration. Many of the
leukocytes infiltrating the allografts expressed [CAM-1.

Increased levels of ELAM-1 and VCAM-1 expression were
detected both on large vessels and capillaries of 29% and 33%
of transplant biopsies, respectively (Fig. 2C and D). Intertu-
bular capillaries and larger vessels including arterioles, venules,
arteries, and veins became intensely stained, usually in close
proximity to leukocyte infiltration. Induced ELAM-1 was not
detected on the renal parenchyma, but increased levels of
VCAM-1 were detected in the proximal tubules. VCAM-1 was
also weakly present on some of the infiltrating leukocytes.

Relationship between adhesion molecule expression and clini-
cal rejection. Biopsies were subdivided according to clinical
status. The “no rejection” group included biopsies from patients
with no clinical rejection episodes and biopsies obtained more
than 7 days before or after a clinical rejection episode. The
“rejection” group of biopsies was subdivided into biopsies ob-
tained less than 7 days before, during and less than 7 days after
a clinical rejection episode (Fig. 3). Increased levels of ELAM-
1, VCAM-1, and ICAM-1 were detected in 17% of biopsies in
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FIGURE 1. Adhesion molecule expression in pretransplant renal
biopsies. Cryostat tissue sections were stained with monoclonal anti-
bodies using an indirect immunoperoxidase technique. The reaction
was developed with DAB substrate and the nuclei counterstained with
hematoxylin. (A) PECAM-1 (CD31) staining of glomerular and inter-
tubular capillaries (original magnification x250). (B) ELAM-1 staining
showing an isolated intertubular capillary (arrowed) (original magni-
fication X400). (C) ICAM-1 expression showing intensely stained glo-

the no rejection group. The induction of these markers was
significantly linked (P=0.015, Fisher’s exact test). There was a
significant increase in VCAM-1 and ICAM-1 but not ELAM-1
expression in biopsies obtained in the 7 days preceding allograft
rejection when compared with the “no rejection” group (VCAM-
1 and ICAM-1 17% vs. 83% P<0.01; ELAM-1 17% vs. 50%
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merulus and intertubular capillaries and distinct cytoplasmic staining
of the proximal tubules (original magnification X400). (D) ICAM-1
staining illustrating positively stained intertubular capillaries but weak
proximal tubular ICAM-1 expression (original magnification x400).
(E) VCAM-1 staining showing positive staining of the Bowman’s
capsule and strong staining of the proximal tubules (original magnifi-

cation X400); and (F) focal VCAM-1 staining of one area of the tubular
epithelium (original magnification x400).

NS. [Fisher’s exact test]). The expression of adhesion molecules
in biopsies obtained during and less than 7 days after rejection
was not significantly different from the “no rejection” group.
Association between adhesion molecule expression and leuko-
cyte infiltration (Fig. 4). There was a significantly greater level
of leukocyte infiltration (CD45 staining) in biopsies with in-
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FicURE 2. Adhesion molecule expression in renal transplant biop-
sies. (A) PECAM-1 staining identifying the vascular endothelium that
is easily distinguished from the weak positive staining of some of the
infiltrating leukocytes (arrowed). (B) ICAM-1 induction in the proxi-
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mal tubules; many of the infiltrating leukocytes are positively stained.
(C) ELAM-1 induction in a small venule. (D) VCAM-1 induction in
the proximal tubules and endothelium of small vessels (arrowed)
(x400).
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FIGURE 3. Relationship between clinical status and adhesion mol-
ecule expression (ELAM-1, VCAM-1, and ICAM-1) in biopsies from
patients receiving triple-therapy immunosuppression.

creased levels of adhesion molecule expression when compared
with those with normal levels (mean £SEM: 23.4+1.9% vs.
8.6+1.0%, P=<0.0001, Mann-Whitney U test). The level of
CD25 positive cells was also significantly increased in these
biopsies (3.5£0.7% vs. 0.9%£0.2%; P=0.0001).

(n = 24) (n=17)

FIGURE 4. Leukocyte infiltration in renal transplant biopsies with
normal and induced adhesion molecule expression.

Relationship between expression of adhesion molecules and
HLA-class II antigens. The patterns of normal and induced
expression of HLA-DR, DQ, and DP antigens in renal biopsies
have been described in detail (39, 40). For the purposes of
comparison with adhesion molecule expression, the transplant
biopsies in this study were additionally stained for the HLA-
DR, DQ, and DP antigens. Induction of class II antigens was
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TABLE 1. Relationship between patterns of expression of endothelial
adhesion molecules and HLA-class IT antigens in renal transplant
biopsies

HLA-class II expression
Adhesion molecule expression

Normal Induced

ELAM-1

Normal : 18 9

Induced 0 9
VCAM-1

Normal 17 9

Induced 1 9
ICAM-1

Normal 17 10

Induced 1 8

detected on the tubules and, where present, on large vessel
endothelium in 18/36 (50%) of biopsies. The relationship be-
tween induction of adhesion molecules and class II antigens is
shown in Table 1. In biopsies with a normal pattern of class II
antigen expression adhesion molecule expression is generally
normal, whereas the pattern of expression of ELAM-1 and
VCAM-1 is normal in 50% and ICAM-1 in 60% of biopsies
where induction of class IT antigens is detected.

DISCUSSION

In this study we have demonstrated both variation in expres-
sion of adhesion molecules in renal biopsies taken from cadaver
kidneys immediately before implantation (but after perfusion
and storage) and upregulation of these molecules in biopsies
obtained after transplantation. The expression of adhesion
molecules in an allograft is likely to be important not only in
the initial stage in mediating the adherence of leukocytes to
the endothelium but also at a later stage when coexpression of
adhesion molecules and MHC antigens on endothelium or
parenchymal cells will strengthen the interaction between al-
lospecific effector cells and these targets.

The variation in the basal level of expression of ICAM-1,
VCAM-1, and ELAM-1 between kidneys at the time of trans-
plantation is analogous to the previously described variation in
expression of the cytokine inducible HLA-class II molecules
(41). The variability in the expression of ELAM-1 and VCAM-
1 on endothelium and ICAM-1 and VCAM-1 on the proximal
tubules occurs on precisely the same structures in which induc-
tion occurs in the transplant biopsies. In this study ICAM-1
was consistently strongly expressed on the glomerulus and
intertubular capillaries but variably expressed on the proximal
tubules, where 65% of biopsies strongly expressed ICAM-1
while in the remaining 85% the expression was weaker. In
previous immunohistological studies proximal tubular ICAM-1
was infrequently detected in pretransplant renal biopsies (7,
42, 43), but surface ICAM-1 was detected in primary cultures
of renal tubules in the absence of stimulation by cytokines (42,
44).

VCAM-1 has a restricted distribution in kidney, being ex-
pressed on Bowman’s capsule, weakly on the occasional venule
or intertubular structure and variably on the proximal tubules,
ranging from strong positive cytoplasmic staining of more than
60% of the proximal tubules (40% of biopsies) to predominantly
negative with a strong focal area associated with an epithelial
cell nucleus (35% of biopsies). VCAM-1 has previously been
reported on the parietal epithelial cells of the Bowman’s capsule
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and focally on about 10% of tubules (15). This is not inconsist-
ent with our findings; the differences may be attributable to
the larger sample size in our study.

PECAM-1 consistently stained endothelium throughout the
pretransplant biopsies while ELAM-1 staining was variable,
and where present, was restricted to veins, venules, and inter-
tubular structures. ELAM-1 was not found in normal kidney
in a previous study (8), but this difference may be attributable
to the more sensitive staining technique we used for ELAM-1
detection.

The variation in ICAM-1, VCAM-1, and ELAM-1 expres-
sion, together with the generally higher levels of expression of
tubular ICAM-1 and VCAM-1 and endothelial ELAM-1 in our
pretransplant biopsies compared with previous studies may be
explained on a technical basis or may be the result of either
ischemic damage or perfusion injury. A larger study is currently
in progress to evaluate the effect of these and other donor-
related parameters on the variable expression of adhesion mol-
ecules and to determine their possible influence on the early
posttransplant events.

Our data show induced ICAM-1, VCAM-1, and ELAM-1 in
26%, 33%, and 29%, respectively, of the posttransplant biopsies
studied. Induced ELAM-1 was detected on vascular endothe-
lium, VCAM-1 on vascular endothelium and proximal tubules,
and ICAM-1 on proximal tubules. It was not possible to detect
upregulation of ICAM-1 expression on vascular endothelium
because of the high basal level of expression of this molecule;
17% of biopsies showed evidence of focal microvascular destruc-
tion as assessed by PECAM-1 staining. Despite the presence
of PECAM-1 on some of the infiltrating cells, PECAM-1 re-
mains a useful marker of endothelium that can be distinguished
from the weaker leukocyte staining.

The presence of induced proximal tubular ICAM-1 has been
reported in renal allografts showing histological signs of rejec-
tion (42, 43), whereas ELAM-1 induction was not previously
found in rejecting renal allografts (8). VCAM-1 induction has
not been studied in renal allografts. In a preliminary study of
human cardiac allograft biopsies, induced ICAM-1 and VCAM.-
1, but not ELAM-1, were demonstrated in the presence of a
CD3* leukocyte infiltration. It was postulated that since
ELAM-1 is expressed early in an inflammatory response, the
grafts may have been biopsied after the level of ELAM-1 had
declined (45). Alternatively, it is possible that ELAM-1 may
have been detected if a more sensitive staining technique was
used.

There was a significant association between high levels of
leukocyte infiltration and induced adhesion molecules in the
renal allografts. This is consistent with the involvement of
cytokines released from activated leukocytes in the upregula-
tion of these molecules. Induction was usually focal in nature
in association with cellular infiltration. The magnitude of in-
duction will depend not only on the concentration and type of
cytokines present but also on the susceptibility of cells to the
particular cytokines, e.g., proximal tubules appear to be more
susceptible than distal tubules. Induced endothelial ELAM-1
expression has been demonstrated in vessels surrounded by an
inflammatory infiltrate in appendicitis and in other conditions
with an inflammatory component, e.g., active inflammatory
dermatitis and acute granulomatous lymphadenitis (8). VCAM-
1 has been detected together with ELAM-1 in acute inflam-
matory conditions, and in the absence of ELAM-1 in chronic
inflammatory conditions (15). There were 7 biopsies in our
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data where there was not concommitant induction of all 3
markers, but there was no unifying factor to account for the
differences on the basis of the kinetics of induction or decay.

While there is a clear relationship between the induction of
adhesion molecules and the presence of high levels of leukocyte
infiltration, the relationship between adhesion molecule status
and clinical rejection in this study is not straightforward.
Significantly increased levels of VCAM-1 and ICAM-1 were
detected in the biopsies obtained in the seven days preceeding
rejection, whereas there were no significant differences from
the control biopsies in the small numbers of biopsies obtained
during or less than 7 days after clinical rejection. However, of
the 8 biopsies obtained during a clinical rejection episode, one
graft had already suffered extensive damage and microvascular
destruction, another had no histological signs of rejection, and
2 were borderline rejection episodes by histological criteria.
There was significant infiltration in the remaining 4 biopsies
accompanied by induced VCAM-1, induced ELAM-1in 3, and
ICAM-1 in 2 of these biopsies.

Our data demonstrate that induced adhesion molecule
expression is rarely detected in the transplanted kidney in the
absence of induced class II antigens. In contrast, normal
ELAM-1 and VCAM-1 expression was found in 50% of biopsies
and ICAM-1 in 60% of biopsies with induced class II antigen
expression. Induced class IT and ICAM-1 expression were gen-
erally seen together in a previous study of renal allograft
biopsies. Nevertheless, class II induction was detected in the
absence of induced ICAM-1 in 3 of 19 (15.8%) biopsies (43). In
vitro, ICAM-1 is maximally induced on renal tubules before
peak induction of class II antigens (44, 46, 47), and so the
immunohistological findings cannot be explained on the basis
of the kinetics of induction. However, it is possible that class
II antigen expression may remain elevated after the adhesion
molecules have declined to basal levels. Alternatively, our data
may be explained in terms of the sensitivity of detection of the
induced product. Low levels of induced HLA-DQ and DP
antigens are easily detected because these antigens are not
generally found in the tubular cytoplasm of the normal kidney,
whereas there is often a basal level of ICAM-1.

In conclusion, upregulated expression of endothelial adhesion
molecules in an allograft is evidence of endothelial activation
and probably facilitates the entry of leukocytes into the graft.
Furthermore, the induced adhesion molecules, together with
HLA-class II antigens, may render the graft more susceptible
to damage mediated by allospecific cytotoxic T lymphocytes.
The presence of upregulated adhesion molecules in a biopsy is
unlikely to provide a useful tool in the diagnosis of rejection
because induction may be evident in the absence of rejection
and vice versa. Nevertheless, the adhesion molecules remain a
possible target for therapeutic intervention in organ transplan-
tation.
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