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In situ immunohistochemical analysis of cell
adhesion molecules on human corneal endothelial
cells

Beatrijs J J Foets, Joost J van den Oord, Riccardo Volpes, Luc Missotten

Abstract
Interaction of leucocytes with human corneal
endothelial cells (HCECs) can be observed in
several clinicopathological conditions, such as
uveitis, keratitis, and corneal graft rejection.
Since leucocyte-endothelial cell interactions
involve various adhesion receptors we have
analysed the expression and distribution
pattern of the neural cell adhesion molecule
(NCAM), the intercellular adhesion mole-
cule-I (ICAM-1), the vascular cell adhesion
molecule-I (VCAM-1), the endothelial leuco-
cyte adhesion molecule-I (ELAM-1), and the
cluster of differentiation antigen-44 (CD44) on
flat preparations of normal and organ-cultured
HCECs. NCAM andICAMwere constitutively
expressed on HCECs whereas VCAM-1,
ELAM-1, and CD44 were absent from normal
HCECs. However flat mounts ofHCECs from
organ-culture preserved corneas showed a
mosaic-like distribution pattern of VCAM-1
and ELAM-1 positive cells and garland-like
clusters of CD44 positive cells. We suggest
that modulation of ELAM-1, VCAM-1, and
CD44 expression on HCECs may contribute to
the regulation of leucocytes-HCECs inter-
action in the case of anterior segment inflam-
mation.
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In a variety of ocular clinicopathological condi-
tions interactions of human corneal endothelial
cells (HCECs) with leucocytes can be observed
with the slit-lamp. Clusters ofinflammatory cells
deposited on the inner surface of the cornea from
the aqueous humour and known *as keratic
precipitates are seen in conditions of anterior
segment inflammation - that is, keratitis and/or
anterior uveitis.' In particular T lymphocytes are
thought to play a crucial role in mediating the
local reaction against the corneal endothelium in
corneal allograft rejection.234 Clinically endo-
thelial immunoreaction is characterised by dif-
fusely spread keratic precipitates or by a Khoda-
doust line migrating over the graft endo-
thelium.5 6

In the past few years cell adhesion molecules
which mediate interaction between leucocytes
and various target cells have been extensively
investigated.-'3 In addition to the intercellular
adhesion molecule-I (ICAM-1)'4 5 two other
vascular cell adhesion molecules involved in
leucocyte trafficking have recently been
described - that is, the endothelial-leucocyte
adhesion molecule-I (ELAM-1),'6 17 and the
vascular cell adhesion molecule-i (VCAM-1).'8
The cluster of differentiation antigen-44 (CD44)
involved in lymphocyte recognition of high

endothelial venules probably represents a novel
type of cell adhesion molecule mediating cell-cell
or cell-matrix interaction in multiple tissues. 19 In
spite of these recent advances in basic
immunology the mechanisms which regulate
interactions between leucocytes and HCECs
during anterior segment inflammation are
virtually unknown.
We therefore wanted to identify cell adhesion

molecules which might be involved in leuco-
cytes-HCECs interactions; for this purpose we
used in situ immunoperoxidase staining tech-
niques and a panel of monoclonal antibodies to
determine the expression and distribution of
various adhesion molecules on flat mounts of
HCECs. We chose to use flat mounts of HCEC-
Descemet's membrane complexes to overcome
the damage to and loss ofHCECs in frozen tissue
sections and because this method has previously
shown heterogeneity among HCECs.2'2'

Material and methods
We studied the endothelium of seven corneo-
scleral rims (specimens 1-7), obtained following
trephination of donor corneas at the time of
keratoplasty. These donor corneas were derived
from the Leuven Eye Bank.22 The corneas were
excised 9-22 h post mortem from human cadaver
eyes (age 47-79, mean 67) and were stored for
various intervals (8-26 days, mean 18 days) in
Minimum Essential Medium (Gibco, Paisley,
Scotland) supplemented with 10% fetal calf
serum (Gibco), 50 U/ml nystatin, 0-1 mg/ml
amikacin, and 0 5 mg/ml ticarcillin at 32°C. The
viability of the corneal endothelial cell layer was
evaluated by vital staining with Evans' blue.
Each corneal specimen was cut into several

pieces and Descemet's membrane with the cover-
ing endothelial cell layer was gently stripped off
from the underlying stroma using fine mono-
filament forceps.23 The samples of Descemet's
membrane-endothelium complex were mounted
on albumin-coated slides, dried overnight at
room temperature, and fixed for 10 minutes in
absolute acetone.
To study the effect of organ culture medium

the endothelium of four human cadaver corneas
(specimens 8-11), which were not preserved in
medium, was treated in the same way. Age ofthe
donors was 77, 67, 67, and 44 years and post-
mortem enucleation time was 6, 9, 16, and 24
hours respectively.
One cornea (specimen 12) from an eye

enucleated because of primary malignant
melanoma of the choroid (the patient was 70
years old) was divided into three parts. The
endothelium of one part was peeled off
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immediately after enucleation. The remaining
two pieces were put in organ culture medium
respectively during 5 and 10 days before the
endothelium was stipped off.

Finally two diseased corneal buttons (speci-
mens 13 and 14) with centrally perforated ulcer
obtained at keratoplasty were included in the
study. The Descemet's membrane with remain-
ing endothelial cells was peeled off from the
diseased corneal stroma and handled in the same
manner.

Adhesion molecules were demonstrated by
an avidin-biotin-peroxidase complex (ABC)
method. Slides mounted with Descemet's mem-
brane-endothelium complex were incubated
with mouse monoclonal antibody listed in Table
I. The optimal dilution of each antibody was
determined by titration experiments on positive
controls. The secondary antibody consisted of
biotinylated rabbit-antimouse Ig, and the third
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Figure1 Staining ofHCECsfrom organ culture preserved corneas with monoclonal
antibodies against ICAM-I (A), NCAM (B), VCAM-1 (C) andELAM-1 (D). HCECs
diffusely display imrnunoreactivity forICAM-1 andNCAM. Expression ofVCAM-1 and
ELAM-I isfound on scattered endothelial cells ofpreserved corneas. Three-step indirect
immunoperoxidase, counterstained with Harris' haematoxylin; original magnification: x 45.

Table I Monoclonal antibodies used in this study

Working
Specificity (Refs) Clone dilution Source

ICAM-1 (24) 84H10 1:50 Serotec
NCAM (25) Leul9 1:160 Becton Dickinson
VCAM-1 (26) 4B9 1:10 Dr T Carlos
VCAM-1 (27) E1/6 1:10 Dr M P Bevilacqua
VCAM-1 (28) 2G7 1:100 DrW Newman
ELAM-1 (16) H18/7 1:250 Dr M Gimbrone
ELAM-1 (16) H4/18 1:250 Dr M Gimbrone
CD44 (29) F1O 44 2 1:100 Dr R Dalchau
CD44 (30) NIH44-1 1:1000 Dr Y Shimizu
CD44(12) A3D8 1:1000 DrBFHaynes
CD44 (31) Hermes-3 1:500 Dr S Jalkanen

Table 2 Expression ofadhesion molecules offlat mounts of
HCECs

Organ culture
Fresh cornea preserved cornea Inflamed cornea

ICAM-1 diffusely+ diffusely+ diffusely+
NCAM diffusely+ diffusely+ diffusely+
VCAM-1 - scattered+ scattered+
ELAM-1 - scattered+ not demonstrated
CD44 - garland-like diffusely+

clusters

step consisted of the avidin-biotin-peroxidase
complex. All incubations were carried out at
room temperature for 30 minutes, and followed
by a 15-minute wash in three changes of phos-
phate-buffered saline (PBS), pH 7-2. Peroxidase
activity was developed with the use of 3-amino-9-
ethylcarbazole and H202 resulting in a brightly
red colour of immunoreactive sites. After a final
wash in PBS, pH 7-2, the sections were slightly
counterstained with Harris' haematoxylin. Con-
trols consisted of replacement of the primary
monoclonal antibody by an irrelevant antibody
of similar isotype or by PBS, pH 7-2. These
controls were invariably negative.

Results
The distribution ofNCAM, ICAM-1, VCAM-1,
ELAM-1, and CD44 on HCECs of fresh, organ
culture preserved and diseased corneas is sum-
marised in Table 2.
ICAM-1 and NCAM were diffusely expressed

on all HCECs of organ culture preserved and
fresh corneas (Figs IA and B).

Monoclonal antibodies 4B9, E1/6, and 2G7,
all directed to VCAM-1, gave identical staining
results. With the exception of one corneal speci-
men corneal endothelial cells from freshly pre-
pared corneas (specimens 8-12) did not express
VCAM-1. However HCECs from organ culture
preserved corneas consistently showed variable
numbers of VCAM-1 positive cells scattered
between VCAM-1 negative endothelial cells
(Fig IC). This mosaic pattern was present both
in the centre and periphery of the cornea, and
there was no relationship between the number of
positive cells and the incubation time in the
culture medium.

Monoclonal antibodies H 18/7 and H4/18 both
detecting ELAM-1 yielded similar staining
patterns. ELAM-1 could not be identified on a
fresh corneal specimen but was expressed on
scattered endothelial cells derived from two
preserved corneal rims (Fig ID).

All four anti-CD44 monoclonal antibodies
(F1O-44-2, NIH44-1, A3D8, and Hermes-3)
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gave similar staining results. The CD44
molecule could not be detected on fresh corneal
endothelial cells (Fig 2A). Flat mounts of
HCECs derived from organ culture preserved
corneas on the other hand showed remarkable
garland-like clusters of CD44 positive cells
(Figs 2B and C).
The endothelial cells of the two diseased

corneal buttons (specimens 13-14) were diffusely
CD44 positive. On one of the diseased buttons
VCAM-1 positive HCECs were present.

Discussion
In the present study we have analysed the
expression and distribution pattern of the
adhesion molecules NCAM, ICAM-1, VCAM-1,
ELAM-1, and the lymphocyte homing-receptor
CD44 using in situ immunohistochemical tech-
niques on flat preparations of HCECs.
NCAM and ICAM-1 are both relatively well

characterised members of the immunoglobulin
gene superfamily of adhesion molecules.32 They
are similar in overall structure since each is an
integral membrane glycoprotein constructed
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from five immunoglobulin-like domains forming
the N-terminal extracellular region.
NCAM mediates neuron-neuron and neuron-

muscular adhesion through homophilic NCAM-
NCAM interactions.33 In addition NCAM has
been shown to be involved in cell-matrix inter-
actions.34 In adult life expression of NCAM is
restricted to neural tissues and endocrine
cells,33 35 and the constitutive expression of
NCAM by HCECs is in line with their neural
crest origin.2036 Further studies will have to
disclose whether NCAM serves in the adhesion
of HCECs to each other or in the adhesion of
these cells to matrix components of Descemet's
membrane.
ICAM-1 is expressed on many cell types both

of non-haematopoietic and haematopoietic line-
age,'4"5 and has been identified as a ligand for the
LFA-1 molecule,3738 one of a trio of hetero-
dimeric molecules known as the 32 - or leucocyte
- integrins present on virtually all leucocytes."
In analogy with a recent report,39 HCECs were
found to express ICAM-1 constitutively. Thus
HCECs can serve as a cell type with which
lymphocytes in the anterior eye chamber can
interact via the ICAM-l/LFA-1 adhesion path-
way a feature that has been proved recently by a
leucocyte adherence assay using cultured
HCECs.39

Recently two inducible vascular adhesion
molecules have been identified - VCAM-1 and
ELAM-1. VCAM-1 also belongs to the immuno-
globulin gene superfamily of adhesion molecules
and is induced by the cytokines ILl and TNF-a
on the surface of vascular endothelial cells.'827
VLA-4 a member of the 13l-integrin subfamily
and primarily expressed on lymphocytes and
monocytes,40 has recently been shown to be the
major ligand for VCAM-1.4' ELAM-1 is a
member of a new family of adhesion proteins
called selectins.78 These adhesion proteins have
lectin-like domains on their outermost end sug-
gesting that they recognise and bind to carbo-
hydrates. ELAM-1 appears on the endothelium
of blood vessels that have been stimulated by
inflammatory cytokines and attracts neutrophils
to inflamed areas. 16 17 42
VCAM-1 and ELAM-1 are absent from normal

corneal endothelial cells. Unexpectedly however
a mosaic-like expression of both vascular cell
adhesion proteins was observed on flat prepara-
tions of HCECs from organ culture preserved
corneas indicating induction of these molecules
by a hitherto unknown component in the
medium. Negative control experiments excluded
the possibility that this patchy distribution was
due to passive uptake of the antibody by necrotic
HCECs. The observed heterogeneous expres-
sion of VCAM-1 and ELAM-1 on HCECs
triggered by components in the culture medium
adds to our previous demonstration of pheno-
typic heterogeneity among HCECs with regard
to their intermediate filament make-up,20 their
affinity for the lectin Ulex Europaeus Agglutinin
143 and their expression ofMHC class II antigens
in response to cytokines.2' The presence of
VCAM-1 and ELAM-1 on a subset of HCECs
does not necessarily indicate their vascular endo-
thelial nature; the recent demonstration of
VCAM-1 staining of inflamed mesothelium,44
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Figure 2 CD44 antigen expression on HCECs ofa fresh cornea (A) and ofan organ culture
preserved cornea (B and C) No CD44 immunoreactivity is present on fresh HCECs. Garland-
like clusters ofCD44 positive HCECs are seen on flat mounts ofHCECsfrom organ culture
preserved corneas. Three-step indirect immunoperoxidase, counterstained with Harris'
haematoxylin; original magnification: x45 (A and B), and x36 (C).

together with the previous demonstration of
cytokeratin filaments in HCECs,20 would rather
support their mesothelial nature.
The present data indicate that HCECs

can express the cytokine-inducible adhesion
molecules VCAM-1 and ELAM-1. It is therefore
conceivable that inflammatory cytokines, which
undoubtedly circulate in vivo during an inflam-
matory reaction, may induce expression of
ELAM-1 and/or VCAM-1 on HCECs thereby
promoting adherence of leucocytes to the corneal
endothelium. This needs to be proved by in vitro
studies adding various cytokines to the culture
medium of the corneas as well as by monoclonal
antibody blocking studies. It is tempting to
speculate that the observed patchy distribution
of adhesion molecules on HCECs occurs also in
vivo during anterior segment inflammation and
that this represent the molecular basis for the
spotty configuration of keratic precipitates
observed with the slit-lamp.
CD44 is a widely expressed membrane glyco-

protein that exists in a variety of structural forms

~~~~~~~~~~... . ..
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the most common of which has a molecular
weight of approximately 90 kDa.'9456 CD44,
homologous to the cartilage link protein family,47
has been implicated in the adhesion of lympho-
cytes to high endothelial venules and in the
trafficking of leucocytes to sites of tissue inflam-
mation; in addition CD44 would serve as a
receptor for components of the extracellular
matrix.' The wide distribution of the CD44
molecule on various cell types suggests that it is a
general adhesion molecule mediating interaction
among many cell types. CD44 is not expressed
by normal HCECs but a peculiar garland-like
distribution of CD44-positive cells was seen on
flat preparations of HCECs from organ cultured
corneas. In addition HCECs on the inflamed
corneal specimens were diffusily CD44 positive.
We suggest that CD44 represents an HCEC-
inducible surface protein the expression ofwhich
confers new functional properties to HCECs in
cases of inflammatory conditions. In the context
ofcornealtransplantationimmunobiologyinflam-
matory cytokines are released during anterior
chamber irritation; the upregulation of CD44 in
addition to the induction of MHC class II
antigens at the surface of transplanted corneal
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endothelial cells may promote the afferent phase
of the immune reaction via stimulation of T
helper cells. The peculiar distribution in
garland-like sheets of CD44 positive cells may
signify a hitherto unrecognised compartmen-
talisation of HCECs.
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