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BACKGROUND: The aim of the present work was to

study the potential effect of intercellular adhesion mole-

cule-1 (ICAM-1), vascular cell adhesion molecule-1

(VCAM-1) and neural cell adhesion molecule (NCAM) of

immunoglobulin superfamily on the invasion and meta-

stasis of salivary adenoid cystic carcinoma (SACC).

METHOD: The expressions of ICAM-1, VCAM-1 and

NCAM of forty cases with SACC were examined by im-

munohistochemical methods using respective kits.

RESULTS: A significant relation showed between the

expression level and histological differentiation, expres-

sion of ICAM-1 and VCAM-1 in solid SACC was greatly

increased compared with NCAM; SACC with metastatic

lymph node or local recurrence displayed significant

relationship to the up-regulation of ICAM-1 and VCAM-1,

and to the down-regulation of NCAM.

CONCLUSIONS: It is proposed that ICAM-1 and VCAM-

1 may play a role in the invasion and metastasis of SACC.

NCAM may be an invasion-resistant adhesion molecule.
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Introduction

Salivary adenoid cystic carcinoma (SACC) is one of the
most commonmalignant tumors of salivary gland, which
accounts for 24% of salivary gland neoplasms. It is
characterized by a high rate of recurrence and strong
invasion to peripheral nerves or blood vessels at early
phase (1, 2). Cellular adhesion molecules (CAMs), a
transmembrane glycoprotein on cell membrane, have
been proved to mediate the interaction between tumor
cells and extracellular matrix, vascular endothelial cell
and parenchymal organ cells or other tumor cells, and

have an apparent relationship to the invasion and
metastasis of tumors (3). Immunoglobulin superfamily
(IgSF) is a family of CAMs, including intercellular
adhesion molecule-1, 2, and 3 (ICAM- 1, 2, and 3),
vascular cell adhesion molecule-1 and 2 (VCAM-1 and 2)
and neural cell adhesion molecule (NCAM). The expres-
sion of IgSF has been detected in a variety of neoplasms
and proved to link the prognosis, metastasis and
histological pattern of neoplasms, but similar studies
have not been reported in SACC. In this article, the
expression of IgSF in 40 cases of SACC was detected by
immunohistochemical methods to discuss the potential
effect of IgSF on the invasion and metastasis of SACC.

Methods and materials

Archival, formalin fixed tumor specimens from 40
SACC patients (23 men, 17 women, aged 23–79 years)
who underwent surgical treatment in the department of
surgery, Stomatological Hospital of Xi’an Jiaotong
university between 1999 and 2002, were obtained from
the department of pathology for immunohistochemical
staining. Sixteen tumors originated from major salivary
gland and 24 were from minor ones. Diagnoses and
pathologic classification were confirmed by using World
Health Organization (1991) (4) classification criteria of
salivary gland tumors: 20 cribri-tubiform, five mixed
and 15 solid.

Immunohistochemical staining was carried out by
means of an avidinbiotin complex (ABC) immunoper-
oxidase method (5–7). The specimens were sliced at
4 lm thickness, dewaxed in xylene for 15 min, and
rehydrated with ethanol. The slides were treated with
3% hydrogen peroxide for 30 min at room temperature.
After antigen restoration was performed by microwave
in citrate buffer (pH 6) for 5 min, sections were
immunostained for ICAM-1, VCAM-1 (polyclonal
antibodies 1:100, Dako Corp., Carpinteria, CA, USA)
and NCAM (monoclonal antibodies, 1:50, Santa Cruz
Biotechnology, CA, USA) and incubation was carried
out overnight at 4�C. The sections were then incubated
with secondary antibodies for 30 min. Staining was
performed using ABC reagents (Dakopatts, Glostrup,
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Denmark) and diaminobenzidine/hydrogen peroxide as
substrate. The sections were counterstained with hema-
toxylin for 30 s and were washed with phosphate
buffered saline (PBS) buffer.
For negative controls, the first antibodies were

replaced with PBS solution during the immunohisto-
chemical staining. After the elimination of non-specific
staining, the percentage of positive tumor cells in each
case was counted using a semiquantitative method
reported previously (7). The degree of expression of
IgSF was determined as follows: (3+), more than 50%
of the cells showed a positive immunoreaction in the cell
membrane or cytoplasm; (2+), 1050% of the cells were
positive; (1+), <10% of the cells were positive. ()),
cells were completely negative throughout the specimens
(8). Fisher’s exact probability test was used to analyze
the statistical significance. P < 0.05 was considered
significant.

Results

The expression of ICAM-1, VCAM-1 and NCAM were
seen at cell membranes or cytoplasm of positive cells,
and showed different intensity in different histological
patterns of SACC. In most cases, ICAM-1 was strongly
expressed than VCAM-1, whereas NCAM was relatively
weak expressed (Fig. 1) ICAM-1 and VCAM-1 was
expressed in 29 of 40 cases SACC, and NCAM was
expressed in 10 cases. All morphologic patterns classic-
ally described in SACC, including cribiform, tubular
and solid, were presented. Expression of ICAM-1 and
VCAM-1 in solid SACC was greatly increased

compared with NCAM. There was a significant relation
between the expression level of IgSF and histological
differentiation degree of SACC (Table 1).

In 40 cases SACC, 15 with metastatic lymph node or
local recurrence, one total body metastasis and 24
without metastatic lymph node or local recurrence were
examined with pathologic and clinical diagnose. SACC
with metastatic lymph node or local recurrence dis-
played significant relationship to the up-regulation of
ICAM-1 and VCAM-1, and to the down-regulation of
NCAM (Table 2).

Table 1 Expression of IgSF in 40 cases SACC with different
histological patterns

Patterns Cases

ICAM-1 VCAM-1 NCAM

) + ) + ) +

Cribri-tubiform 20 9 11 8 12 12 8
Mixed 5 1 4 2 3 4 1
Solid 15 1 14 1 14 14 1

P<0.05 (cribri-tubiform compared with solid pattern).

Figure 1 Positive expression of ICAM-1 in tubiform pattern (a), weak expression of NCAM in solid pattern (b); Strongly positive expression of
ICAM-1 (c) and positive expression of VCAM-1 in cribiform pattern (d).

Table 2 Expression of IgSF and its relation with recurrence and
metastasis

Recurrence and
lymph node metastasis Cases

ICAM-1 VCAM-1 NCAM

) + ) + ) +

Yes 16 1 15 2 14 15 1
No 24 10 14 9 15 15 9

P<0.05.
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Discussion

IgSF functions as an activity molecule involved in the
recognition and adhesiveness, and is associated with
the invasion and metastasis of neoplasms by mediating
the homotypic and heterotypic intercellular adhesion
and binding (9). ICAM-1 and VCAM-1 are two
members of IgSF that have been studied most. Liu
et al. (10, 11) measured the sera concentration of
ICAM-1 and VCAM-1 in patients with head and neck
carcinomas and found the high level expression in
nasopharyngeal carcinoma, oral carcinoma and laryn-
geal carcinoma, and also suggested that the elevated
levels of ICAM-1 and VCAM-1 at three different head
and neck regions are different, and involved in these
tumors classification, but may be unrelated to tumor
progression.

ICAM-1 and VCAM-1 are extensively expressed in
the cell surface including endothelial cell, fibroblast and
tumor cell and bound with the ligands leukocyte
function-associated antigen (LFA-1) and very late
antigen-4 (VLA-4) respectively, and have a significant
role in mediating the immune and inflammatory reac-
tion as well as the metastasis of tumors. The over-
expression of ICAM-1 and VCAM-1 in tumor cells
inhibits the growth of tumors by mediating the killing of
cytotoxic T lymphocyte and natural killer (NK) cell
(12), while the expression of ICAM-1 and VCAM-1 in
tumor cells surface causes an attachment to ligands
expressed in leucocyte, and tumor cells are attached to
the angioendothelium by the leucocyte acting as a
bridge, thereby, increases the potential for hematogen-
ous metastasis (13). The soluble ICAM-1 and VCAM-1
shedding from the surface of tumors cell into circulatory
system may help tumor cells escape the immune
surveillance of cytotoxic T lymphocyte and NK cell,
and enhance the dissemination (14).

The NCAM is a polypeptide first found by Edelman
in nerve tissue and involved in the neuritogenesis and
neuromuscular interaction, which functions in the cell-
cell binding activities to promote the homogeneous
attachment between tumor cells and decreases the
invasion of tumors cell (15). Edvardsen K et al. found
that a rat glioma cell line transfected with the human
NCAM-140 cDNA showed a slower growth rate and
less invasiveness than the parent cell line, and using the
RT-PCR, the expression of NCAM-140mRNA showed
negative correlation with the invasion of tumors cell
(16–18).

In this study, we detected the expression of ICAM-1,
VCAM-1 and NCAM, the three main cell adhesion
molecules of IgSF, which showed different expressions in
SACC and there was a significant relation between the
expression level and histological differentiation degree.
SACC with metastatic lymph node or local recurrence
displayed significant relationship with the expression of
IgSF. It is proposed that ICAM-1 andVCAM-1may play
a role in the invasion andmetastasis of SACCandNCAM
may be an invasion-resistant adhesion molecule.
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