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Immunohistochemical analysis of E-cadherin,
a-catenin, -catenin, y-catenin, and neural cell
adhesion molecule (NCAM) in chordoma

T Naka, Y Oda, Y Iwamoto, N Shinohara, H Chuman, M Fukui, M Tsuneyoshi

Abstract

Aims—the epithelioid features seen in
chordoma are unique among mesenchy-
mal tumours. However, no detailed
analysis regarding cell-cell communica-
tion has been conducted in this epithelioid
tumour. The aims of this study were to
investigate cell-cell communication in
chordoma.

Methods—By means of immunohisto-
chemical techniques that incorporated a
panel of monoclonal antibodies against
cell adhesion molecules (CAMs), includ-
ing E-cadherin, a-catenin, f-catenin,
v-catenin, and neural cell adhesion mol-
ecule (NCAM), the expression of CAMs
was studied in 15 specimens of chordoma
and eight specimens of chondrosarcoma.
Results—Most chordoma  specimens
showed some positive immunoreactivity
for all the CAMs examined. For the
various CAMs investigated, between two
and five cases showed diffuse immunore-
actions, indicating well preserved expres-
sion. Well preserved expression of all the
CAMs examined was limited to only one
case, thus indicating that the expression of
CAMs was decreased in most of the chor-
doma specimens; however, no significant
correlation was found between the de-
creased expression of CAMs and the
histological grade of malignancy, cellular
growth pattern, or clinical parameters in
chordoma. In chondrosarcoma, only a few
specimens showed positive immunoreac-
tivity for CAMs and the expression of
E-cadherin, f-catenin, y-catenin, and
NCAM was seen more frequently in the
chordoma specimens than in the chondro-
sarcoma specimens.

Conclusions—These results suggest that
the expression of CAMs is associated with
the formation and maintenance of chor-
doma tissue architecture, just as it is in
other epithelial tumours or normal tissue.
Immunohistochemistry for CAMs was
found to be of diagnostic value for dis-
criminating chordoma from chondrosar-
coma, and these markers could be used
along with the cytokeratins, which are
already used for this purpose.

(¥ Clin Pathol 2001;54:945-950)
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Chordoma is a relatively rare malignant bone
tumour that occurs in close relation to the axial
skeleton. It is also well known that this tumour

www.jchinpath.com

shows epithelioid histological features in the
form of a syncytial arrangement, which closely
resembles the embryonal notochord. This is a
characteristic feature that is very different from
that of other mesenchymal tumours, and it thus
seems important to investigate the epithelioid
features seen in chordoma to understand its
tumour biology. To confirm the epithelioid
characteristics of chordoma, numerous
immunohistochemical analyses of cytokeratin
expression have been undertaken and these
have proved useful in the differential diagnosis
of chordoma from chondrosarcoma. However,
no detailed analysis regarding cell-cell commu-
nication has been conducted in this non-
epithelial, yet epithelioid, tumour.

Cadherins are a family of cell adhesion mol-
ecules essential for the tight connections
between cells.' > E-cadherin is the major Ca*
dependent cell adhesion molecule expressed by
epithelial cells. Cadherins form a complex with
cytoplasmic proteins, collectively known as
catenins. The interaction between cadherins
and catenins is thought to be crucial for
anchoring them to the cytoskeleton.”® Loss or
reduced expression of E-cadherin in cancer has
been reported to be associated closely with
invasive capacity or highly metastatic poten-
tial.”® In addition, decreased expression of
E-cadherin and/or a-catenin is reported to be
related to high tumour grade and prognosis in
some cancers.”'” In contrast, neural cell adhe-
sion molecule (NCAM) is a Ca** independent
cell adhesion molecule, which was originally
isolated on the basis of its role in neural cell
adhesion."®* NCAM was found to be expressed
in a variety of developing mesenchymal tissues,
and was reported to be associated with poor
prognosis or malignant potential in some
cancers.'”? In the cases of sarcoma, little is
known about the relevance of the expression of
these molecules.

In our study, we investigated the expression
of E-cadherin, a-catenin, B-catenin, y-catenin,
and NCAM in both chordoma and chondrosa-
rcoma, using immunohistochemical tech-
niques, to evaluate cell-cell adhesion in these
two types of malignant bone tumours, which
possess morphological similarities. Because of
the epithelioid morphological composition,
including the syncytial arrangement or diffuse
proliferating pattern in chordoma, it is of inter-
est not only to investigate the diagnostic value
of the expression of CAMs, but also to know
how CAMs are involved in growth or differen-
tiation in chordoma.
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Table 1 The clinicopathological and immunohistochemical data of the 15 chordoma specimens

Case Age Sex Anatomical location  Subrype Histological grade E—cadherin a—Catenin fp—Catenin y—catenin NCAM
1 22 M Base of skull Solid 1 1 - 2 1 3

2 22 F Thigh (metastasis) Solid 2 3 - 3 - 3

3 34 M Sacrum Solid 2 1 3 - 1 3

4 35 M Sacrum Trabecular 1 3 3 2 3 2

5 42 M Sacrum Trabecular 2 - - - - 2

6 48 F Cervical Solid 2 1 - 2 - 1

7 57 F Cervical Trabecular 1 - 2 3 2 1

8 63 M Sacrum Solid 2 2 - 2 1 2

9 63 F Sacrum Trabecular 1 - 1 - 1

10 64 M Sacrum Trabecular 1 1 - 2 - 1

11 64 M Sacrum Trabecular 2 1 2 1 2 3

12 64 F Sacrum Solid 2 2 1 2 2 2

13 67 M Base of skull Solid 1 3 3 3 3 3

14 72 F Sacrum Solid 2 - - 2 1 1

15 73 M Sacrum Trabecular 1 3 2 3 2 -

Materials and methods

SPECIMENS

Fifteen chordomas obtained from either biopsy
or surgical specimens were collected from the
files of the department of anatomic pathology,
Kyushu University, dating between 1970 and
1996 (table 1). The patients, comprising nine
men and six women, ranged from 22 to 73
years of age (median, 63). Eight surgical speci-
mens of chondrosarcoma were also collected
from files dating between 1990 and 1995 (table
2). The patients, comprising two men and six
women, ranged from 17 to 64 years of age
(median, 55.5). All the histological sections
obtained from samples were stained with
haematoxylin and eosin for the diagnosis of
chordoma and chondrosarcoma, and the histo-
logical section exhibiting the most characteris-
tic features for each specimen was selected for
immunohistochemical studies. All light micro-
scopic and immunohistochemical studies were
performed on formalin (10%) fixed materials
embedded in paraffin wax. Among the eight
chondrosarcomas, six were conventional sub-
type, whereas two were clear cell subtype. The
histological grading of chondrosarcoma was
made according to Evans et al,” on a scale of 1
to 3. According to our previously proposed
subclassification,” we divided the 15 classic
chordoma specimens into two groups—
trabecular type (seven cases), mainly consisting
of foci demonstrating a cord-like or trabecular
pattern; and solid type (eight cases), mainly
consisting of a diffuse proliferation of tumour
cells; however, each solid type specimen always
possessed some foci, whether many or few,
while showing either a trabecular or a syncytial
arrangement of the tumour cells, which corre-
sponded to the so called classic chordoma area.
No chondroid or dedifferentiated types were
observed. In addition, the histological grading®
was made according to the nuclear atypia on a

scale of 1 to 3. Seven specimens were
determined to be grade 1 nuclear atypia
whereas eight specimens were determined to
be grade 2 nuclear atypia. The histological
diagnosis of chordoma was also supported by
the immunohistochemistry results—all 15
specimens showed positive immunoreactivity
for S-100 protein, vimentin, and cytokeratins 8
and 19.

IMMUNOHISTOCHEMICAL STUDY

Histological sections were cut (4 um thick),
mounted on glass slides coated with
3-aminopropyltriethoxysilane, and then air
dried overnight at room temperature. The sec-
tions were dewaxed in xylene and rehydrated in
ethanol, and endogenous peroxidase was
blocked by methanol containing 0.3% H, O, for
30 minutes. The sections were rinsed with
50 mmol/litre (pH 7.2) Tris buffered saline,
150 mmol/litre of Ca** (TBS") for E-cadherin
staining and PBS for o-catenin, B-catenin,
v-catenin, and NCAM staining. For the
antigen retrieval, the sections were immersed in
citrate buffer with 0.1% Tween 20 and then
heated three times in a microwave oven at
99-100°C for five minutes for E-cadherin and
the catenins. The sections were treated at 4°C
overnight with primary antibodies for the
CAMs listed in table 3, followed by staining
with an avidin—biotin—peroxidase kit (Nichirei,
Tokyo, Japan). The sections were finally
reacted with a 3,3'-diaminobenzidine per-
oxytrichloride substrate solution and counter-
stained with haematoxylin before being
mounted. The degree of expression of CAMs
was determined as follows: (3+), more than
50% of the cells showed a positive immunore-
action in the cell membrane; (2+), 10-50% of
the cells were positive; (1+), less than 10% of
the cells were positive; (=), cells were com-
pletely negative throughout the specimen. No

Table 2 The clinicopathological and immunohistochemical data of the eight chondrosarcoma specimens

Anatromical

Case Age Sex location Subtype Histological grade E-cadherin a-Catenin p-Catenin y-Catenin NCAM
1 17 F Pubis Conventional 2 - - - - -

2 40 M Femur Clear cell 2 - - 1 - 1

3 42 F Humerus Conventional 1 - - - - -

4 53 F Femur Conventional 2 - - -

5 58 F Humerus Conventional 2 - 1 - - -

6 59 F Femur Conventional 1 - - - - -

7 64 M Tibia Clear cell 2 - - - - -

8 64 F Scapula Conventional 2 - - - - -

NCAM, neuronal cell adhesion molecule.

www.jchinpath.com
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Table 3 Summary of monoclonal antibodies used

Antibody to  Source Dilution  Pretreatment

E-cadherin Takara Biomedicals 1/1000  Microwave

o-Catenin  Transduction 1/200 Microwave
Laboratories

B-Catenin  Transduction 1/200 Microwave
Laboratories

y-Catenin ~ Transduction 1/200 Microwave
Laboratories

NCAM Novocastra 1/100 None
Laboratories

NCAM, neuronal cell adhesion molecule.

cases demonstrated perfectly preserved expres-
sion of all epithelial CAMs, unlike some
epithelial tumours. Therefore, we categorised
cases that showed a (3+) immunoreaction as
“well preserved” and cases that showed a (2+)
or (1+) immunoreaction as “poorly pre-
served”. A (—) immunoreaction or cytoplasmic
staining with no membranous pattern was
determined as negative. An adenocarcinoma
specimen of the stomach was used as a positive
control for the staining of E-cadherin and the
catenins, and a specimen of colonal submu-
cosal nerve plexus or a specimen of neurofi-
broma was used for the staining of NCAM. All
these specimens used as positive controls
showed diffusely positive immunoreactivity
(3+). The difference in incidence of the
expression of CAMs between chordoma and
chondrosarcoma specimens was estimated by
Fisher’s exact probability test.

Results

The results are summarised in tables 1, 2, 4,
and 5. In chordoma, positive immunoreactivity
for E-cadherin (fig 1A), a-catenin, B-catenin
(fig 1B), y-catenin (fig 2), and NCAM (fig 3)
was seen in 11, seven, 13, 10, and 14
specimens, respectively (table 4). Among them,
diffusely positive (3+) immunoreactivity sug-
gesting the well-preserved expression of
E-cadherin, a-catenin, [B-catenin, y-catenin,
and NCAM was seen in four, three, four, two,
and five specimens, respectively (table 5).
Negative immunoreactivity (—), which is con-
sidered to be the complete loss of expression of
E-cadherin, a-catenin, [-catenin, y-catenin,
and NCAM, was seen in the remaining four,
eight, two, five, and one specimen(s), respec-
tively (table 5). Only one specimen of solid type
with grade 1 nuclear atypia scored (+3) immu-
noreactivity for all the CAMs examined (table
1; case 13). There was no specimen that

Table 4  Expression of cell adhesion molecules in 16 chordomas and eight chondrosarcomas

E-cadherin a-Catenin p-Catenin y-Catenin NCAM
Chordoma 11 7 13 10 14
Chondrosarcoma 0 1 1 0 2
p Value 0.0014 0.18 0.001 0.0027 0.0017

NCAM, neuronal cell adhesion molecule.

Table 5 Expression of cell adhesion molecules in 15 specimens of chordoma

E-cadherin a-Catenin p-Catenin y-Catenin NCAM
Well preserved 4 3 4 2 5
Poorly preserved 7 4 9 8 9
Completely lost 4 8 2 5 1

NCAM, neural cell adhesion molecule.
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showed complete loss of expression of all the
CAMs examined. No correlation was seen
between the expression of CAMs and clinical

Figure 1 A solid type, grade 2 metastatic lesion in the
thigh of a 22 year old woman (case 2). (A) Tumour cells
proliferating in sheets show E-cadherin reactivity in the cell
membrane. (B) Rather weak but definite expression of
[P-catenin can be seen in the cell membrane.

Figure 2 A trabecular type, grade 1 lesion in the sacrum
of a 35 year old man (case 4). Tumour cells proliferating in
nests show y-catenin reactivity in the cell membrane.

Figure 3 A trabecular type, grade 2 lesion in the sacrum
of a 64 year old man (case 11). Tumour cells arranged in
sheets seen in this area show strong nerve cell adhesion
molecule reactiviry in the cell membrane.
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findings including age, sex, anatomical distri-
bution, and prognosis or pathological findings,
including histological subtype and nuclear
grade.

In chondrosarcoma, no positive immunore-
action for CAMs was seen in six of the eight
specimens (table 2). One of the two remaining
specimens showed (1+) immunoreaction for
o-catenin (case 5). The other remaining speci-
men of clear cell type showed (1+) immunore-
action for B-catenin and NCAM, but this was
limited in the osteoblastoma-like areas (case
2). A positive immunoreaction (1+, 2+, 3+) for
E-cadherin, B-catenin, y-catenin, and NCAM
was seen more frequently in the chordoma
specimens than in the chondrosarcoma speci-
mens (table 4).

Discussion

Chordoma is a unique bone tumour that shows
epithelial histological features, such as a
trabecular or syncytial arrangement in the
tumour cells. Several immunohistochemical
analyses of cytokeratin have been conducted to
support the epithelial characteristics of
chordoma,”*® and the detection of cytokeratin
was found to be very useful for the differential
diagnosis of chordoma from other mesenchy-
mal tumours, especially chondrosarcoma.
However, little is known regarding cell-cell
binding in mesenchymal tumours, and it is still
not clear whether CAMs are expressed in
chordoma cells or whether these molecules
contribute to the formation of the epithelioid
structure of chordoma.

The expression of CAMs has been studied
extensively in carcinomas. Loss or reduced
expression of E-cadherin often correlates with
invasiveness, dedifferentiation, or metastatic
potential in a wide range of human cancers.
The loss of E-cadherin expression has been
reported to be associated with tumour aggres-
siveness in head and neck squamous cell carci-
noma* and cutaneous papillomas and
squamous cell carcinomas®; with differentia-
tion in meningiomas,” a variety of gynaecologi-
cal malignancies,” and urinary bladder transi-
tional cell carcinoma®; and also with the high
grade of tumour and dedifferentiation in hepa-
tocellular carcinomas.” In the case of sarco-
mas, some investigators have noted the associ-
ation of E-cadherin expression with epithelioid
appearance. Matsuzaki and colleagues®” and
Mege and colleagues™ reported that the trans-
fection of N-cadherin and E-cadherin into
spindle mouse S180 sarcoma cells resulted in
the development of an epithelioid phenotype.
Smith ez al showed that E-cadherin was not
expressed by either normal Schwann cells or
the common type of Schwann cell tumours, but
was expressed in the epithelioid phenotype of
Schwann cell tumours.” In contrast, epithe-
lioid sarcoma, a type of sarcoma whose
morphology shows an epithelioid pattern, was
not reported to express E-cadherin.® Thus,
E-cadherin expression may not be essential in
all cases of sarcoma of the epithelioid pheno-
type, although this needs further clarification.
Several studies have shown that the cadherin—
catenin complex is crucial for functional

www.jchinpath.com
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cadherin mediated adhesion."” ** Normal adhe-
sive function of cadherins requires the interac-
tion of three proteins, termed o-catenin,
B-catenin, and y-catenin,’’ and E-cadherin,
and the catenins show an identical pattern of
expression in normal cells. It has been shown
that mutants of these proteins prevent the cor-
rect functioning of cadherins. In adenocarcino-
mas of the prostate, breast, oesophagus, lung,
stomach, and colon, and in squamous cell car-
cinomas of the oesophagus and the head and
neck, decreased E-cadherin and/or o-catenin
expression correlated with high tumour grade
and poor prognosis.”"” In addition, high
frequencies of decreased f-catenin expression
were seen in several gastrointestinal cancers.*
In contrast, little is known about the expression
of catenins in either normal soft tissue or soft
tissue tumours. Alman ez a/ found higher con-
centrations of f-catenin protein in desmoid
tumours,” and Iwao et al also detected
increased expression of P-catenin in osteo-
sarcoma, synovial sarcoma, rhabdomyosar-
coma, and malignant fibrous histiocytoma.*
NCAM is expressed in a variety of developing
mesenchymal tissues.”™ In chondrogenesis,
Widelitz et al revealed that NCAM is tran-
siently expressed during the formation of
precartilaginous condensations but disappears
in mature chondrocytes, and they suggested
that NCAM is involved in the chondrogenesis
pathway by mediating the formation of precar-
tilaginous condensations.” In muscle, NCAM
transfected myoblasts have enhanced myogen-
esis.* In osteogenesis, NCAM is strongly
expressed in most osteoblasts along bone
trabeculae that coexist in the presence of colla-
gen I and alkaline phosphatase activity.” These
results suggest that NCAM is indeed a mesen-
chymal adhesion molecule.” In contrast, some
investigators have found that NCAM positive
carcinomas have a more malignant behaviour
than NCAM negative carcinomas.'*? **°

In our series, all but one chordoma specimen
demonstrated an incomplete E-cadherin—
catenin complex, in terms of either decreased
E-cadherin staining or/and decreased catenin
staining. Only one case of a solid type tumour
with grade 1 nuclear atypia had a 3+ staining
score, thus demonstrating well preserved ex-
pression of both E-cadherin and catenins.
Conversely, only one case of trabecular type
tumour with grade 2 atypia showed complete
loss of expression of both E-cadherin and cat-
enins. In contrast, NCAM expression was pre-
served in more than 90% of the chordoma
specimens. The above findings suggest that
CAMs might be, at least in part, supplied by
the connection of chordoma cells and might be
necessary for the maintenance of the chordoma
tissue architecture, although decreased expres-
sion of CAMs is observed in most of the speci-
mens. Morphologically, lesions showing col-
lapse of well differentiated architecture are
considered to be of metastatic potential in car-
cinomas, and such lesions with a collapsed
trabecular arrangement or compactly packed
cell proliferation, whether many or few, are
generally seen in chordoma specimens. Al-
though no associations between the expression
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of CAMs and either the pathological or clinical
findings were found, and the importance of
decreased expression of CAMs in our series of
chordoma remains unclear, the decreased
expression of CAMs seen in chordoma may
also reflect the potent metastatic behaviour that
is seen in the late clinical course of patients
with chordoma.

Occasionally, chordoma can resemble chon-
drosarcoma, a malignant cartilaginous tumour,
when the chordoma possesses few physalipho-
rous cells and lacks any typical trabecular or
syncytial arrangement. The differential diagno-
sis between chordoma and chondrosarcoma is
possible based on the immunohistochemistry
of CAMs, except for those cases where the
chordoma specimens demonstrate complete
loss of expression of CAMs.

In summary, CAMs are thought to play a
role in the maintenance of chordoma tissue
architecture; however, further investigations
are still necessary to understand the correlation
between CAMs and the development, differen-
tiation, invasive capacity, or metastatic poten-
tial of chordoma.

The surgical specimens of chordoma and chondrosarcoma were
obtained from the following institutions: Kyushu University,
National Kyushu Medical Centre Hospital, National Kyushu
Cancer Centre, Spinal Injuries Centre, Saga Medical School,
Karatsu Red Cross Hospital, Shin-Kokura Hospital, Kitaky-
ushu City Medical Centre, and Toyama Prefectural Central
Hospital. We sincerely thank these institutes for contributing
their cases. We also thank K Miller (Royal English Language
Centre, Fukuoka, Japan) for proofreading the English used in
this article. This work was supported in part by Grants in Aid
for Scientific Research (06280105, 06280115) from the Minis-
try of Education, Science and Culture, Japan.
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