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Abstract In this study, we examined the distribution of
intercellular adhesion molecule-1 (ICAM-1) in gastric
adenomas and carcinomas immunohistochemically at the
light and electron microscopic levels. [CAM-1 was ex-
pressed on tumour cells in 12 of 28 gastric carcinomas
and in 3 of 11 adenomas but not on most normal gastric
epithelial cells. ICAM-1 was localized on luminal sites
of neoplastic glands in adenomas and in intestinal-type
carcinomas, and rarely on the surface of tumour cells of
diffuse carcinomas. Expression of ICAM-1 on the tu-
mour cells was more frequent in intestinal-type than dif-
fuse carcinomas (P<0.005). At the ultrastructural level,
ICAM-1 was present prominently on the apical mem-
brane and weakly on the lateral surface of the tumour
cells of the intestinal-type carcinoma and also localized
on the perinuclear membrane and the membrane of the
endoplasmic reticulum of cancer cells. There was no sig-
nificant association between. ICAM-1 expression and
HLA antigen expression or the number of infiltrating
lymphocyte subsets. These results may implicate the
synthesis of ICAM-1 by gastric cancer cells, but the ex-
pression is infrequent and may not be sufficient for host
immune surveillance of the tumour cell.
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Introduction

Recent studies have disclosed that many kinds of cell ad-
hesion molecules play important roles in the various
steps of the cellular immune response. Among the cell
adhesion molecules, intercellular adhesion molecule-1
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(ICAM-1) and its ligand, lymphocyte function associated
antigen-1 (LFA-1), are involved in the initial step of ad-
hesion of cytotoxic T cells (CTL) to target cells, or help-
er T cells to antigen presenting cells [2]. In tumour im-
munity, where cellular immunity plays a major role,
ICAM-1 is important in T cell-mediated cytotoxicity,
and this response to tumour cells in vitro is inhibited by
an anti-ICAM-1 monoclonal antibody [2, 27]. Tomita et
al. [25] showed that the number of ICAM-1 positive tu-
mour cells in renal cell cancer was significantly correlat-
ed with the degree of T cell infiltration. An analysis of
ICAM-1 expression on tumour cells will add to our un-
derstanding of the mechanism of host immune responses
to tumour cells and although there are several reports on
the expression of ICAM-1 in various malignant tumours
including melanoma [20], lymphoma [8] and carcinomas
[3, 13, 23, 25], its precise localization in the component
cells of gastric cancer has not been studied. Here, we ex-
amined the distribution of ICAM-1 immunohistochemi-
cally in gastric adenomas and carcinomas at the light and
electron microscopic levels.

Materials and methods

Tissues were obtained from 28 patients with gastric cancer and 11
patients with gastric adenoma obtained by surgical resection or en-
doscopic biopsy. Nineteen specimens of gastric tissue obtained
from patients with an endoscopically normal stomach were used
as normal controls. Informed consent was obtained from each pa-
tient. Seventeen of the twenty-eight gastric cancers were intesti-
nal-type, and the other 11 were diffuse carcinomas, according to
the Lauren classification of gastric carcinoma [15].

The tissues were fixed in a periodate-lysine-paraformaldehyde
fixative [16] and cryostat sections were stained using an indirect
peroxidase-labelled antibody method. The following monoclonal
antibodies were used as primary antibodies: 84H10 antibody to the
105 kDa epitope of ICAM-1 (Immunotech, Marseille, France); an-
ti-LFA-1 (Nichirei, Tokyo, Japan); anti-HLA-ABC (DAKO, Glos-
trup, Denmark); anti-HLA-DP, HLA-DQ, HLA-DR, CD4, CDS,
and CD57 (Becton-Dickinson, Mountain View, Calif.) and anti-
CD28 (Nichirei). After incubation with the primary antibodies, the
sections were reacted with horseradish peroxidase (HRPO)-la-
belled Fab’ of rabbit anti-mouse immunoglobulin prepared as de-
scribed [19], and 3,3’-diaminobenzidine (DAB) containing hydro-
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Fig. la-d Immunohistochemical localization of intercellular ad-
hesion molecule-1 JCAM-1) in the gastric mucosa. a In normal
gastric mucosa, ICAM-1 is expressed on vascular endothelial
cells, lymphocytes and fibroblasts in the stroma and is not ex-
pressed on epithelial cells (x200). b In gastric adenoma, ICAM-1
is expressed on luminal sites of neoplastic glands (x200). ¢ In in-
testinal-type gastric carcinoma, ICAM-1 is expressed on luminal
sites of neoplastic glands (x300). d In diffuse gastric carcinoma,
ICAM-1 is expressed on the cell surfaces of some tumour cells
(arrow; x400). Nuclei are counterstained with haematoxylin (a, b,
¢) and methyligreen d

gen peroxide (H,0,). The stained sections were counterstained
with methylgreen or Mayer’s haematoxylin, dehydrated and
mounted.

For immunoelectron microscopic study, sections were reacted
with the primary antibodies and the HRPO-labelled secondary an-
tibody, post-fixed in 2% glutaraldehyde and incubated sequentially
with DAB and DAB containing H,0,. The stained sections were
osmicated, dehydrated and embedded in Epon-Araldite as de-
scribed [17]. Ultrathin sections were observed under an electron
microscope without additional staining.

Lymphocyte subsets infiltrating into the gastric cancer tissues
were examined by counting stained cells in three random micro-
scopic fields of each section at x 200 magnification, and the num-
bers of positive cells in 1mm? were calculated. For statistical anal-
ysis, the chi-square test was used.

Results

In the normal gastric mucosa, ICAM-1 was expressed on
vascular endothelial cells, lymphocytes and fibroblasts in
the stroma and was not expressed on most epithelial cells
(Fig. la). In 3 of 11 adenomas and 12 of 28 cancers,
ICAM-1 was present on the tumour cells as well as the
stromal cells. ICAM-1 was localized at the luminal as-
pect of neoplastic glands in adenomas (Fig. 1b) and in-
testinal-type carcinomas (Fig. 1c), and rarely on the sur-
face of tumour cells of diffuse carcinomas (Fig. 1d).
ICAM-1 expression on the tumour cells was more fre-
quent in intestinal-type than diffuse carcinoma (P<0.005,
Table 1).
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Table 1 Frequency of intercellular adhesion molecule-1 (ICAM- At the ultrastructural level, ICAM-1 was present pre-
1) expression on epithelial cells in gastric cancers, adenomas and dominantly on the apical membranes and weakly on the
normal mucosa lateral surface of the tumour cells (Fig. 2a) of intestinal-

Number of cases type carcinoma. ICAM-1 was also present on the perinu-
clear membrane (Fig. 2b) and the membrane of the endo-
+ - plasmic reticulum (Fig. 2c), suggesting synthesis of
Normal mucosa 1 18 ICAM-1 by these cancer cells. .
Adenoma 3 g In the stromal tissue, ICAM-1 expression on vascular
Intestinal type carcinoma 11 6 ] p<ooos cndothelial cells in the carcinoma and adenoma tissues
Diffuse carcinoma 1 10

was more prominent than in the normal mucosa. No sig-
nificant difference in the stromal expression of ICAM-1
was seen between the ICAM-1 positive and negative can-

cers.

Fig. 2a~c¢ Immunoelectron mi-
croscopic localization of
ICAM-1 in intestinal-type gas-
tric carcinoma. ICAM-1 is
present predominantly on the
apical membranes, and weakly
on the lateral surface of the tu-
mour cells (arrow; a). ICAM-1
is also present on the perinucle-
ar membrane (arrow; b) and on
membranes of the endoplasmic
reticulum (arrows; ¢) of the tu-
mour cells. Bar=1 pum
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Table 2 Frequency of HLA-ABC,DP,DQ and DR antigen expres-
sion on epithelial cells in ICAM-1 positive and negative gastric
cancers. (+ diffuse expression, + focal expression, — negative ex-
pression)

Number of cases

+ + —
HLA-ABC ICAM-1 (+) 5 4 0
ICAM-1 (-) 3 8 4
HLA-DP ICAM-1 (+) 0 2 8
ICAM-1 () 0 3 10
HLA-DQ ICAM-1 (+) 0 1 9
ICAM-1 () 0 2 12
HLA-DR ICAM-1 (+) 0 6 2
ICAM-1 (-) 1 7 8
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Fig. 3 Relationship between ICAM-1 expression and the degree
of lymphocyte infiltration. The number of each lymphocyte subset
infiltrating the cancer tissue is shown per mm?. There is no signifi-
cant difference in the number of the lymphocyte subsets between
ICAM-1 positive (O) and negative (@) specimens

The expression of ICAM-1 was not correlated with
expression of HLA class I and II antigens in gastric can-
cer cells (Table 2), and these molecules were differently
distributed when both ICAM-1 and HLA antigens were
expressed in cancer cells, There was no significant dif-
ference in the numbers of infiltrating lymphocyte subsets
between the ICAM-1 positive and negative neoplasms
(Fig. 3).

Discussion

In this study, we have examined the distribution of
ICAM-1 in gastric carcinomas and adenomas immuno-
histochemically, and found that ICAM-1 was expressed
on the tumour cell surface in 3 of 11 gastric adenomas
and 12 of 28 carcinomas. ICAM-1 was more frequently

expressed on gastric cancer cells in intestinal-type than
in diffuse carcinomas. Although there have been several
studies on the expression of ICAM-1 in various malig-
nant tumours, its precise distribution on the tumour cells
of gastric cancer has not yet been examined. By means

~of immunoelectron microscopy, we have found ICAM-1

present predominantly on the apical membranes and
weakly on the lateral surface of the tumour cells. We also
localized ICAM-1 in the protein-synthetic organelle —
the perinuclear membrane and the membrane of the en-
doplasmic reticulum. This suggests to us synthesis of
ICAM-1 by gastric cancer cells.

Several studies indicate high expression levels of
ICAM-1 in inflammatory diseases and tumours. Zheng et
al. [29] have reported that ICAM-1 is expressed on thy-
roid epithelial cells in Graves’ diseases as well as in Ha-
shimoto’s thyroiditis, and Hansen et al. [7] showed 17 of
21 primary malignant melanomas were ICAM-1 posi-
tive. In contrast, Johnson [10] and Natali et al. [20]
found relatively low incidence of ICAM-1 expression in
various tumours except for melanomas and squamous
cell carcinomas. We observed ICAM-1 expression in 12
of 28 (42.8%) cases of gastric cancer; the incidence is
consistent with findings of work using flow-cytometric
analysis [13], but ICAM-1 was expressed very focally on
gastric cancer cells in each of our ICAM-1-positive
cases. In addition, although our immunoelectron micro-
scopic findings may suggest the synthesis of ICAM-1 by
gastric cancer cells, its expression was mostly confined
to the luminal sites of the gland where immune cells
were not accessible. In the ten specimens of diffuse gas-
tric carcinoma, the cancer cells of only one specimen
were positive for ICAM-1. The inadequate expression of
ICAM-1 in gastric cancer cells may contribute to their
escape from host immune surveillance and allow growth
of the tumours without rejection. In addition, coexpres-
sion of ICAM-1 and HLLA-DR has been shown to be im-
portant in effective antigen presentation in the immune
response [1], but we found no correlation of the distribu-
tion and frequency of expression between ICAM-1 and
HILA antigens in gastric cancer. This finding might ex-
plain an modeguate induction of host immune response
against gastric cancer cells.

Although the simultaneous expression of ICAM-1 and
HLA antigens has been reported in some inflammatory
diseases [4-6, 28], the unrelated expression of HLLA-DR
antigen to ICAM-1, as shown in our study, has been re-
ported in colon and breast carcinoma [10] and in Heli-
cobactor pylori-associated gastritis [22]. Expression of
these molecules is regulated by various cytokines, but
the cytokines which induce ICAM-1 expression are dif-
ferent from those inducing HLLA antigens [18, 28]. More-
over, susceptibility to cytokines differs among various
cell types [11, 14].

As stated above, ICAM-1 expression is induced by
cytokines, such as interleukin-1, tumour necrosis factor-o,
interferon-y [9, 14, 18, 24, 27], and its expressioh on gas-
tric cancer cells observed here could be induced by these
cytokines, produced by tumour-infiltrating inflammatory
cells. Indeed, some reports have shown that tumours ex-



pressing ICAM-1 had a high degree of lymphocytic infil-
tration [12, 25]. In our study, however, there was no corre-
lation between ICAM-1 expression and the degree of lym-
phocytic infiltration of each subset, which is in accordance
with a report on metastatic melanomas described by Natali
et al. [20]. Our findings support the hypothesis that regula-
tory pathways responsible for ICAM-1 expression are re-
lated to changes in cellular differentiation and genetic al-
terations in the events leading to the development of gas-
tric cancer. This has been demonstrated by analogy in the
observation of overexpression of carcinoembryonic anti-
gen during colon tumourigenesis [21].
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