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Expression of neural cell adhesion molecule in salivary adenoid
cystic carcinoma and its correlation with perineural invasion
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Abstract. The expression of neural cell adhesion molecule
(NCAM) was analyzed in immunohistochemical preparations
from adenoid cystic carcinoma. The goal was to evaluate
whether NCAM expression could be used as a biological
marker for the perineural invasion of adenoid cystic carcinoma
in the head and neck. The presence of perineural invasion and
NCAM expression was evaluated in samples from 49 patients.
Perineural invasion was identified in 33 of them (67%). A
high incidence of perineural invasion was found in adenoid
cystic carcinoma in the parotid, hard palate, maxillary sinus
and oral cavity. Positive NCAM staining was observed in 28
of 49 patients (57%). Of the 28 patients with NCAM
staining, perineural invasion was identified in 24 (86%). In
contrast, only 9 (43%) of the 21 tumors without NCAM
staining had perineural invasion. The difference in NCAM
expression between cases with and without perineural
invasion was statistically significant (p<0.01). When positive
NCAM staining was used to estimate the presence of
perineural invasion, the sensitivity was 73 and the specificity
75%. Histopathologic nodal involvement was found in 6 of
18 cases in which neck dissection had been performed. All 6
cases displayed positive NCAM staining, and 5 displayed
perineural invasion in the primary adenoid cystic carcinoma.
In conclusion, NCAM expression can, to a certain extent, be
used as a predictor of perineural invasion in adenoid cystic
carcinoma. Moreover, lymph node metastases could serve
as a clinical indicator for perineural invasion and for NCAM
expression.

Introduction

Adenoid cystic carcinoma is a common tumor of the salivary
gland which accounts for 10-15% of major salivary gland
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malignancies (1-3). Incidence of this cancer is even higher
among malignant minor salivary gland tumors (3,4). A
prominent feature of adenoid cystic carcinoma is its affinity
for nerves or blood vessels. Perineural invasion has been
accepted as an important risk factor for local recurrence and
lymph nodes or distant metastases (5). Other studies have
implicated perineural invasion with decreased survival (6,7).
Once the tumor invades the perineural space, it appears to
migrate in the nerve sheet for a long distance and provides a
nidus for recurrence and metastases after surgery. For this
reason, wider margins of resection and post-operative radio-
therapy have been recommended for patients with perineural
invasion (7). However, clinical examination and radiographic
findings are often unreliable methods for its prediction, and
biopsy samples may be too small to demonstrate its presence.
There is a need for biological markers expressed by adenoid
cystic carcinoma that can predict a propensity for perineural
invasion.

Neural cell adhesion molecule (NCAM), a membrane
receptor of the immunoglobulin supergene family, is
recognized to play an important role in perineural invasion in
various neoplasms such as pancreatic, bile duct and gallbladder
cancer, and melanomas (8-10). The literature on NCAM
expression in adenoid cystic carcinoma is sparse. In the few
clinical reports found in the English literature, the expression
of NCAM in adenoid cystic carcinoma has been reported to
vary between 25 and 100% (11-14). Meanwhile, the function
of NCAM as a determinant promoting the spread of adenoid
cystic carcinoma along the nerves remains to be determined.

In the present study, the expression of NCAM was inves-
tigated immunohistochemically in 49 cases of salivary adenoid
cystic carcinoma. The aim was to add to the body of data on
the subject and to determine the role of NCAM in perineural
invasion.

Materials and methods

Patients and samples. Patients with salivary adenoid cystic
carcinoma who were diagnosed and treated at Zhejiang Cancer
Hospital, Hangzhou, China between 1996 and 2006 were
enrolled in the study. Those who had received pre-operative
radiotherapy or chemotherapy were excluded. In total, 49
patients with high quality material were finally included. All
cases were treated with surgical resection, and neck lymph
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Table I. Tumor and patient characteristics (n=49).

Characteristics No. of patients (%)

Historical pattern

Tubular 20 (41)

Trabecular 4 (8

Cribriform 13 (27)

Solid 12 (24)
T-stages

T1 5 (10)

T2 21 (43)

T3 9 (18)

T4 14 (29)
Neck dissection done 18 (37)
Histopathologic nodal involvement 6 (12)
Gender

Male 22 (45)

Female 27 (55)
Median age (years)

Male 50

Female 44

node dissection was performed in 18 of the 49 patients.
Clinical information was obtained from hospital records and
included patient age and sex, the location of the primary
tumor, disease stage, histological pattern and nodal
involvement. Patient and tumor characteristics of the analyzed
cases are shown in Table I.

NCAM-staining. NCAM was assessed by immunohisto-
chemistry. Briefly, the tissues were fixed in 4% buffered
formalin, processed and embedded in paraffin. Sections, 4 ym
thick, were then cut and deparaffinized in xylene and hydrated
through graded concentrations of ethanol to distilled water.
After the deparaffinization of the sections, endogenous
peroxidase was blocked with 3% H,0, in absolute methanol.
For antigen retrieval, sections were submitted to high temper-
atures and pressure for 5 min using the Tris-EDTA buffer
(pH 9.0). The sections were then blocked with normal goat
serum. The primary mouse monoclonal antibody directed
against NCAM (clone 123C3, Zymed labs, South San
Francisco, CA, USA) was diluted 1:100 and incubated
overnight at 4°C. As a secondary antibody, Envision+
(DAKO, Glostrup, Denmark), a dextran polymers conjugating
a large number of goat antibodies against mouse immuno-
globulins and horseradish peroxidase, was used to increase
the sensitivity of immunodetection (15). All slides were
developed in 0.05% diamino benzidine (Sigma, St. Louis, MO,
USA) for 5 min and counterstained in Harris haematoxylin
(Sigma). Finally, the slides were dehydrated through graded
alcohol to xylene and mounted in organic mounting medium.
Tissue sections of natural killer/T-cell lymphoma (known to
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Table II. Presence of perineural invasion by site of adenoid
cystic carcinoma.

No. of No. of perineural

Primary site tumors invasion (%)
Major salivary gland

Parotid 11 8 (72)

Submaxillary 6 3(50)

Sublingual 3 2 (67)
Minor salivary gland

Oral cavity 7 5(71)

Soft palate 2 1 (50)

Hard palate 7 6 (86)

Nasal cavity 3 1(33)

Maxillary sinus 6 5(83)

Nasopharynx 4 2 (50)

be positive for NCAM staining) served as positive controls.
Nerve tissue included in the specimens served as an internal
positive control. As a negative control, the first antibody was
replaced with PBS during staining. These controls were run
in parallel. NCAM staining was evaluated using a scale of
0-3+, with O corresponding to completely negative tumor cells
and 3+ corresponding to the strongest staining of tumor cells
(16).

Assessment of perineural invasion. The presence of perineural
invasion was assessed in all specimens by 2 independent
observers blind to patient status. Any differences were
resolved by joint review and consultation with a third observer.
For each tumor sample, 5 haematoxylin and eosin stained
tissue sections from different tumor locations were checked.
Specimens demonstrating encasement of the nerve or violation
of the nerve sheath were recorded as positive.

Statistical Analysis. The 2 statistical analysis test was used to
detect the correlation between NCAM staining, perineural
invasion and historical pattern.

Results

Perineural invasion in adenoid cystic carcinoma. Perineural
invasion was identified in 33 of 49 patients (67%). The
presence of perineural invasion and its relationship between
the primary sites is shown in Table II. High incidence of
perineural invasion was found in adenoid cystic carcinoma in
the parotid, hard palate, maxillary sinus and oral cavity.

NCAM expression and its relation to perineural invasion.
Intensive expression (2 or 3+) of NCAM was found in 5 of
the adenoid cystic carcinoma analyzed; only 1 of these cases
showed 3+ in the tumor. Of the cases, 23 had 1+ NCAM
staining. In total, positive NCAM staining was observed in 28
of the 49 patients (57%). An example of NCAM expression
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Figure 1. Example of immunohistochemical brown stainings of neural cell
adhesion molecule in salivary adenoid cystic carcinoma. Weak blue nuclear
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Table I'V. Correlation between NCAM expression and T stages
in adenoid cystic carcinoma.

No. of No. of
T stage tumors positive NCAM (%)
T1 5 3 (60)
T2 21 12(57)
T3 9 5 (56)
T4 14 8 (57)

Table V. Correlation between NCAM expression and histo-
logical pattern of adenoid cystic carcinoma.

stainings with haematoxylin (original magnification x200). Histological No. of No. of

pattern tumors positive NCAM (%)
) ) ) Cribriform 13 7 (54)

Table III. Expression of NCAM in relation to presence of

perineural invasion in adenoid cystic carcinoma. Tubular-Trabecular 24 17(71)
Solid 12 4 (33)

NCAM No. with No. without

staining perineural invasion perineural invasion  >=4.67; p>0.05.

Positive 24 4

Negative 9 12

=10.02; p<0.01.

(scored as 2+) is documented in Fig. 1. Of the 28 patients with
NCAM staining, perineural invasion was identified in 24
(86%). In contrast, only 9 (43%) of the 21 tumors without
NCAM staining showed perineural invasion. A statistically
significant association between NCAM expression and
perineural invasion is shown in Table III. When used to
estimate the presence of perineural invasion, the sensitivity
of positive NCAM staining was 73 and the specificity 75%.

Of the 5 patients with intensive NCAM staining, perineural
invasion was identified in 4 (80%). The corresponding
percentage of patients with 1+ NCAM staining was 87%
(20/23). No difference was observed among the positive
NCAM staining cases.

NCAM expression and cancer staging. The relationship
between the expression of NCAM and T stages (primary
tumor) is shown in Table IV. Similar NCAM staining was
found regardless of T stage. Neck dissection was performed
in 18 of the 49 patients, with histopathologic nodal involve-
ment found in 6 of the 18 cases. Positive NCAM staining
was present in all 6 cases, while none of the patients with
negative NCAM staining had lymph node metastases.
Perineural invasion was present in 11 (61%) of the 18 cases

with neck dissection. Five of the 11 (45%) patients with
perineural invasion showed lymph node metastases, while
only 1 of 7 patients without perineural invasion had lymph
node metastases.

NCAM expression and histological patterns. The expression
of NCAM was seen in 71% (17/24) of cases with tubular-
trabecular pattern, whereas NCAM expression tended to be
low (4/12) in solid pattern adenoid cystic carcinoma. However,
there was no statistically significant association between the
histological pattern and expression of NCAM (Table V).

Discussion

This study was done with the aim of determining whether
NCAM expression can be used as a biological marker of
perineural invasion in adenoid cystic carcinoma of the head
and neck, in order to estimate the presence of perineural
invasion before surgical intervention. The information could
also be helpful in deciding whether to recommend post-
operative radiation therapy.

NCAM, a member of the immunoglobulin supergene
family, is a glycoprotein that mediates homophilic binding
between neighboring cells and heterophilic interactions
between cells and extracellular matrix components (17,18).
NCAM is considered to be an important signal transduction
receptor molecule, able to modulate diverse biological
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properties including proliferation, adhesion and migration
(19,20).

It has been reported that NCAM plays an important role in
perineural invasion in various neoplasms, such as pancreatic,
bile duct and gallbladder cancer, and melanomas (8-10). In a
report on 76 patients with squamous cell carcinoma of the
head and neck (SCCHN) (21), NCAM expression was
demonstrated in half the cases and the incidence of NCAM
expression was significantly associated with perineural
invasion. In another report on SCCHN, Vural et al (16) found
that 93% of specimens with perineural invasion showed
evidence of NCAM expression, while only 36% of specimens
without perineural invasion expressed NCAM. Literature on
NCAM expression in adenoid cystic carcinoma is rare. In
clinical reports which can be found through Medline, the
expression of NCAM in adenoid cystic carcinoma has been
reported to be 89, 100, 31 and 25% (11-14). Gandour-Edwards
et al investigated 18 cases in which adenoid cystic carcinoma
invaded the skull base. Perineural invasion was identified in
15 (83%) of patients, and NCAM expression in 16 (89%) of
tumors. In cases with perineural invasion, NCAM expression
was found in 93% of specimens. It has been postulated that the
role of NCAM is to act as a neurodeterminant that facilitates
the spread of adenoid cystic carcinoma along the nerves.
Hutcheson et al reported uniform NCAM positive staining in
adenoid cystic carcinoma regardless of perineural invasion
state. Recently, relatively low NCAM expressions of 31 and
25% were reported in other studies, with no difference being
found between patients with and without perineural invasion.
The function of NCAM as a determinant promoting perineural
invasion in adenoid cystic carcinoma remains unclear. In this
study, we reported on a series of 49 patients with adenoid
cystic carcinoma. To date, it is the largest series on adenoid
cystic carcinoma with NCAM expression as the focus. NCAM
expression was found in 57% of cases, as well as a significant
correlation between NCAM expression and perineural invasion
in adenoid cystic carcinoma. With reasonable sensitivity (73%)
and specificity (75%), NCAM expression can, to a certain
extent, be used as a predictor of perineural invasion in adenoid
cystic carcinoma.

In the present study, tumors with different T stages showed
similar NCAM staining. Primary tumor status had no impact
on the expression of NCAM. However, in the cases with
Iymph node metastases, positive NCAM staining was detected
in all primary lesions and perineural invasion identified in
most cases, highlighting the relationship between lymph
node metastases and NCAM expression/perineural invasion.
Even though, in this study, only a small number of patients
had positive lymph nodes - meaning the statistical sample
may have been too low for conclusive results - lymph node
metastases could also potentially serve as a clinical indicator
for perineural invasion and NCAM expression.
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