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ABSTRACT

The expression pattern of two Ca2+-dependent intercellular adhesion

molecules, E- and P-cadherin, in 54 surgically resected gastric adenocar-
cinomas was examined immunohistochemically. E-cadherin was ex
pressed uniformly at the cell-cell borders of most of the differentiated
and adherent-type undifferentiated gastric adenocarcinomas, showing
that E-cadherin serves as the main cadherin molecule responsible for
intercellular binding in these carcinomas. Scattered-type undifferentiated

gastric adenocarcinomas which apparently lacked this tight intercellular
adhesion were divisible into two groups on the basis of E-cadherin
expression. In a minor group composed of 4 carcinomas, E-cadherin could
not be detected, suggesting that the absence of E-cadherin made the

cancer cells separate. In contrast, cancer cells of 19 carcinomas which
belonged to the major group showed similar scattering but had definite
expression of E-cadherin on their cell surfaces, suggesting that there was
some mechanism(s) disturbing the function of E-cadherin in these carci

nomas. However, immunoblotting showed no evidence of gross alterations
of the E-cadherin molecule, such as partial deletion, in these carcinomas.
P-cadherin was expressed in 29 (54%) of the examined gastric carcino

mas, and the expression was unstable in most of them, a characteristic
feature compared with the stable expression of E-cadherin. Since P-

cadherin is known to be expressed temporarily in the foregut during
embryogenesis and was proved to be occasionally expressed, although
weakly, in the proliferative zone of noncancerous gastric epithelia in this
study, expression of P-cadherin in gastric carcinomas may be an oncofetal

phenomenon and/or may reflect their marked proliferative potential.

INTRODUCTION

In humans as well as other multicellular organisms, cell-cell

adhesion plays indispensable roles. Among the various human
tissues, epithelia owe their orderly structure to their tight inter
cellular adhesion. However, it was known as early as the 1940s
that the mutual adhesiveness of cancer cells is significantly
weaker than that of the corresponding normal cells (1-3), and
this reduced adhesiveness was considered to promote the inva
sive capacity of cancer cells (4, 5). Thereafter, with the devel
opment of electron microscopic techniques, it was revealed that
deficiencies of intercellular junctional structures are quite com
mon in various malignant tumors (6). In this context, it is of
considerable interest and importance to clarify the mechanism
responsible for the reduced mutual adhesiveness of cancer cells
and its influence on their biological behavior.

A number of molecules involved in the intercellular adhesion
of epithelial cells have been identified over the last decade (7).
These cell adhesion molecules may be divided into two groups,
calcium-dependent ones, termed "cadherins" (8), and calcium-

independent ones. Cadherins are known to mediate tighter and
stronger intercellular adhesion accompanied by cell deforma
tion than calcium-independent adhesion molecules (9) and to
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be involved in the formation of some junctional structures (10).
Cadherins constitute a gene family composed of at least three
subclasses, E-, N-, and P-cadherin, which mediate cell-cell
binding in a homophilic and subclass-specific manner (11). E-
cadherin is expressed by almost all epithelial cells and is con
sidered to be the main cadherin type responsible for their
intercellular adhesion (12). E-cadherin is also called uvomorulin
(13), cell-CAM 120/80 (14), or Arc-1 (15). L-CAM (16) may
be chicken E-cadherin. N-cadherin is expressed in neural tissue
and muscle (17-19), but continuous expression of N-cadherin
in epithelial tissues has not been reported. P-cadherin was
originally identified in mouse placenta! tissue as a molecule
which appeared to act as a connector between the embryo and
the uterus (20, 21).

Studies of cadherins have been carried out mainly in the field
of developmental biology using experimental animals and have
revealed that many morphogenetic events in the embryo are
correlated with a unique spatiotemporal pattern of cadherin
expression (11). However, since few studies of human cadherins
have been done until recently, the expression and role of cad
herins in human tissues are not known in detail. In a previous
paper we reported the establishment of two mAbs,4 HECD-1
and NCC-CAD-299, which are immunochemically specific for
E- and P-cadherin in human tissues, respectively, and also the
distribution of E- and P-cadherin in normal human tissues (12).
The expression pattern of E-cadherin in humans corresponded
well to that in tissues of other animals, whereas that of human
P-cadherin was different from that of mouse in one respect: it
was not detected in human placenta! tissue. This finding raised
the possibility that the molecule was not P-cadherin itself but
P-related cadherin. To settle this issue, we carried out cloning
and sequencing of a complementary DNA-encoding human P-
cadherin and demonstrated that the molecule was, in fact,
authentic human P-cadherin (22). In another respect, P-cad
herin showed a very unique distribution in human tissues:
although it was detected only in epithelial tissues in a similar
manner to E-cadherin, its distribution was restricted to the
basal or lower layers of stratified epithelia, suggesting a close
relationship between P-cadherin and cell proliferation. This
finding prompted us to examine P-cadherin expression in can
cer tissues in comparison with that in the corresponding normal
tissues.

We also observed in our previous studies that cultured cells
forming colonies became motile after they had been dissociated
by addition of anti-cadherin mAbs. This suggested the possibil
ity that cancer cells deprived of their cadherin function might
acquire the capacity to invade surrounding tissues through their
own ameboid motion. Recently, Behrens et al. (23) showed that
this possibility is quite likely. In their paper they described that
epithelial cells deprived of their cadherin function by addition
of anti-cadherin antibodies became able to invade collagen gels
and embryonal heart tissue.

In addition to their invasiveness, cancer cells possess another
biological characteristic, the ability to metastasize. Reduced

"The abbreviations used are: mAb. monoclonal antibody; HNC, a buffer
containing 10 HIM4-(-2-hydroxyethyl)-l-piperazineethanesulfonic acid (pH 7.4),
150 mM NaCI, and 2 mM CaCl2.
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intercellular adhesion might be considered to promote metas
tasis because this could facilitate the invasion of cancer cells
into vessels and the detachment of cancer cells from any tumor
protruding into the vessels. Unstable expression of cadherin in
a highly metastatic ovarian tumor line has been reported (24),
but it is still obscure whether metastasis is affected by cadherin
function.

In these respects, it is very important clinically to know the
pattern of cadherin expression in cancer tissues. In this paper
we report the expression of E- and P-cadherin in surgically
resected gastric carcinomas determined using Â¡mmunohisto-
chemistry, and we discuss the possible roles of cadherins re
sponsible for the biological properties of cancer cells. We chose
gastric carcinomas for this study because P-cadherin is scarcely
detectable in the corresponding normal cells and because gastric
carcinomas which almost completely lack adhesion between the
cancer cells are often encountered.

MATERIALS AND METHODS

Surgical Specimens. Fresh cancer tissues as well as individual non-
cancerous tissues were obtained at the time of surgery in the National
Cancer Center Hospital from 54 primary gastric carcinomas. The
specimens were fixed with 2% paraformaldehyde in HNC at 4Â°Cfor 1

h. followed by infiltration with a graded series of sucrose (10-20%) in
HNC at 4Â°C.They were then embedded in OCT compound (Miles,
Elkhart. IN) and frozen on a sheet of copper at -80Â°C.Frozen sections

were cut on a cryostat at a thickness of 6 Â¿im.mounted on poly-n-
lysine-coated slides, and air dried. The sections were used immediately
or stored at -80Â°Cuntil use.

Antibodies. The establishment and specificity of mAbs, HECD-1 and
NCC-CAD-299, which recognize human E- and P-cadherin, respec
tively, have been described previously (12). These antibodies were
obtained from ascitic fluid of mice in which specific hybridoma cells
had been inoculated i.p.. diluted, and used for immunohistochemistry
and immunoblotting.

Immunohistochemistry. Immunohistochemistry was performed using
serial sections at room temperature unless otherwise mentioned. The
sections were postfixed with 2'"<paraformaldehyde in HNC at 4Â°Cfor

10 min and then immersed in 0.3% H2O2 in absolute methanol for l h
to inhibit endogenous peroxidase activity. The sections were rinsed
with HNC three times and treated with 2% normal swine serum in
HNC for 30 min to reduce nonspecific staining. They were subsequently
incubated with NCC-CAD-299 or HECD-1 mAbs diluted 1/500 for 2
h. Then they were incubated with biotinylated anti-mouse IgG (Vector
Laboratories Inc., Burlingame, CA) diluted 1/200 for 30 min. followed
by a 30-min incubation with a I/I00 dilution of avidin-biotin-peroxi-
dase complex (Elite ABC: Vector Laboratories). These steps were
separated by rinsing with HNC three times and successive brief incu
bation with 2% normal swine serum in HNC. Antibodies and avidin-
biotin-peroxidase complex were diluted with 2% normal swine serum
in HNC. Finally, the sections were rinsed thoroughly with HNC and
stained for 2-3 min with 0.2 mg/ml diaminobenzidine in 50 mM Tris-
HC1 (pH 7.6) containing 0.006% H2O2. The sections were counter-
stained with hematoxylin, dehydrated, and mounted.

Immunohistochemical Criteria of Cadherin Expression. When >90%
of the carcinoma cells were positively stained, the case was regarded as
uniformly positive, ++. When 5-90 and <5% of carcinoma cells were
positively stained, the cases were regarded as partially positive, +, and
negative, -, respectively. Any carcinoma showing very weak staining

which was difficult to distinguish from the background level was re
garded as negative even if all of the carcinoma cells were stained. These
criteria were used for judgment of the expression of both E- and P-

cadherin.
Histopathological Grading. As well as sections used for immunohis

tochemistry, an additional serial section in each case was stained with
hematoxylin and eosin to determine the histopathological grading.

which was defined in this study as follows. Gastric carcinomas were
first classified into differentiated-type adenocarcinomas forming pap
illary and/or tubular structures and undifferentiated-type adenocarci
nomas in which such structures were inconspicuous. Signet ring cell
carcinomas were classified as undifferentiated. Undifferentiated gastric
adenocarcinomas were further divided into two groups, adherent type
and scattered type. The former included cases in which the cancer cells
showed tight mutual adhesiveness, whereas undifferentiated adenocar
cinomas lacking tight intercellular adhesion between the cancer cells
were placed in the latter category.

Immunoblotting. Frozen sections of some gastric carcinomas cleaved
using a needle into cancerous portions and adjacent or overlying non-
cancerous epithelial portions were cut at a thickness of 10 Â¿im.Ten to
20 sections of each were washed with HNC three times to remove OCT
compound and then lysed in Laemmli's sample buffer (25) containing
1 mM CaCl2. The resulting lysates were denatured at 100Â°Cfor 5 min

and fractionated by sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis using 7.5% polyacrylamide gels. Proteins separated in the gels
were then transferred electrophoretically onto polyvinylidene difluoride
filters (Nihon Millipore Kogyo, Yonezawa, Japan) in a transfer buffer
consisting of 25 mM Tris, 192 mM glycine, 20% methanol, and 0.1%
sodium dodecyl sulfate. The resulting filters were incubated with a
blocking buffer consisting of 5% skim milk (Difco, Detroit, MI), 1%
bovine serum albumin (fraction V; Sigma Chemical Co., St. Louis,
MO), and 0.1% Antifoam A (Sigma) in HNC for 3 h to minimize
nonspecific binding of antibodies and then incubated successively with
HECD-1 or NCC-CAD-299 mAbs diluted 1/1000 with the blocking
buffer overnight at 4Â°C.The filters were washed with 0.1% Tween-20

in HNC and with HNC at intervals of 5 min, three times, respectively,
followed by brief rinsing with the blocking buffer. Finally, the filters
were incubated with I25l-labeled anti-mouse immunoglobulin (Amer-
sham, Buckinghamshire, United Kingdom) at 37Â°Cfor 1 h, washed as

above, and then exposed to XAR films (Eastman Kodak Co., Rochester,
NY) at -80Â°Cwith intensifying screens. These steps were carried out

at room temperature unless otherwise mentioned.

RESULTS

E- and P-Cadherin in Noncancerous Epithelia of the Stomach.
As shown in Fig. \A, E-cadherin was strongly expressed in
gastric epithelia from the surface to deep glands without excep
tion. P-cadherin was not detected in almost all of the gastric
epithelia examined, although in part of them weak staining of
P-cadherin was occasionally observed at the bases of the pits

and the tops of the glands (Fig. \B), which are known to be the
proliferative zone of the human gastric epithelium (26, 27).

E- and P-Cadherin in Gastric Carcinomas. As summarized in
Table 1, gastric carcinomas examined here consisted of 17
differentiated and 37 undifferentiated adenocarcinomas.
Twenty-eight of the undifferentiated adenocarcinomas con
tained scattered-type lesions (Table 1). There were no special-
type carcinomas.

All of the differentiated adenocarcinomas expressed E-cad
herin uniformly and strongly without exception, as did noncan-
cerous gastric epithelia (Table 1; Fig. 2, A, C, and E). On the
other hand, P-cadherin was expressed in 15 of the 17 differen

tiated adenocarcinomas (88%) (Table 1; Fig. 2, B, D, and F).
In 13 of the P-cadherin-positive cases, carcinomatous lesions
were composed of a mixture of cancer cells expressing or not
expressing P-cadherin (Fig. 2Z)), suggesting instability of P-
cadherin expression in these carcinomas.

As can be seen in Fig. 3, A, C, and E, adherent-type undiffer
entiated adenocarcinomas expressed E-cadherin uniformly and
strongly, as did differentiated adenocarcinomas except for one
case which showed unstable expression of E-cadherin (Table
1). In contrast, E-cadherin was not detected in 4 of the scattered-
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Fig. 1. Immunohistochemical detection of
E- and P-cadherin in noncancerous gastric ep
ithelium in the pyloric region. A and B, stained
for E-cadherin and P-cadherin, respectively;
arrowheads, weak staining for P-cadherin.
Scale bar, 100 Â¿im.

â€¢

â€¢/

Table 1 Expression of E- and P-cadherin in gastric carcinomas
E-cadherin expression"
P-cadherin expression

Differentiated-type adeno
carcinomas (17)'

Undifferentiated-type ad
enocarcinomas (37)

Scattered-type adenocarci
nomas'' (28)

Total (54)

++
++

2

2

1

13

8

3

2

18

15

0

Ie

0

0000

2201

2201

21 20 1 0 1
" Cadherin expression in gastric carcinomas was classified as ++, +, or -

according to the extent of expression. When more than 90%, 90-5%, and <5%
of cancer cells were positively stained, the cases were regarded as ++, +, and -.
respectively.

Â»Values in parentheses, numbers of cases.
' This was the only adherent-type carcinoma which showed unstable expression

of E-cadherin.
* Twenty-eight of 37 undifferentiated adenocarcinomas contained the scat

tered-type lesion in which tight intercellular adhesion between cancer cells could
not be seen. Pattern of cadherin expression in these lesions is also indicated.

type lesions (Table 1). Fig. 4A shows a signet ring cell carcinoma
which lacked tight adhesion between the cancer cells and did
not express E-cadherin simultaneously as compared with strong
expression of E-cadherin and tight intercellular adhesion in
noncancerous epithelia. In contrast, another signet ding cell
carcinoma strongly expressing E-cadherin did show tight inter
cellular adhesion (Fig. 40). Thus, clear correlation between E-
cadherin expression and intercellular adhesiveness was ob
served in all the cases of adherent type and 4 cases of scattered-
type undifferentiated adenocarcinomas. However, unexpect
edly, in 19 of the 28 scattered-type lesions (68%), almost all of
the cancer cells strongly expressed E-cadherin but did not show
tight intercellular adhesion (Fig. 4, C and />), i.e., no correlation
between E-cadherin expression and intercellular adhesiveness
was found in these cases. The E-cadherin molecules expressed
in these scattered-type carcinomas as well as in the individual
noncancerous gastric epithelia were then examined by immu-
noblot analysis. Representative results of the immunoblotting
are shown in Fig. 5. The data confirmed that the complete form
of the E-cadherin molecule, which actually mediates cell-cell

binding, was expressed in both the scattered-type carcinomas
and the individual noncancerous epithelia. P-cadherin was ex
pressed in 14 of the 37 undifferentiated adenocarcinomas (38%)
and partial expression of P-cadherin was most common in these
cases, as in the differentiated adenocarcinomas (Table 1; Fig.
3, B, D, and /â€¢").It should be noted that there was one case

which did not express E-cadherin but did express P-cadherin
partially (Table 1).

We also examined the histopathological features and cad
herin expression of lymph node mÃ©tastasesof 20 cases in
comparison with those of each primary tumor. In all of the
mÃ©tastases,E-cadherin was expressed at the same intensity and
extent as in the individual primary carcinomas (Fig. 6A). Cancer
cells which had invaded lymphatic vessels also expressed E-
cadherin at the same intensity and extent (Fig. t>B).With regard
to P-cadherin, there were three cases in which the expression
in metastasis was less extensive than that in the primary tumor
(data not shown). However, there were also two cases in which
P-cadherin expression in metastasis was more extensive than
that in the primary tumor (data not shown). These findings
probably suggest that P-cadherin expression was unstable in
the mÃ©tastasesas well as in the primary tumors.

DISCUSSION

E-cadherin is expressed in most human epithelial tissues and
is thought to be the main cadherin molecule responsible for the
maintenance of epithelial architecture (12, 28). In this study
also, E-cadherin was shown to be expressed in most of the
gastric adenocarcinomas examined and possibly to function as
the main cadherin molecule in these malignancies. However,
we also encountered a few carcinomas which apparently lacked
E-cadherin expression immunohistochemically (4 of 54 gastric
adenocarcinomas). It was noteworthy that all 4 of these carci
nomas appeared to lack intercellular adhesion between cancer
cells. Taking these findings together with the previous experi
mental demonstration of a correlation between cadherin expres
sion and intercellular adhesiveness in transfection experiments
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Fig. 2. Imniunohistochcmical detection of E- and P-cadherin in differentiated gastric adenocarcinomas. A, C, and E, stained for E-cadherin: regarded as ++ for E-
cadherin expression. B, D, and F, stained for P-cadherin: serial sections of A, C, and E, respectively: regarded as ++, +. and â€”.respectively, for P-cadherin expression.
Scale bar, lOO^m.

(22, 29) and a correlation between removal of cadherin function
and acquisition of invasive capacity (23), it is quite reasonable
to consider that loss of E-cadherin expression or function frees
carcinomas from tight intercellular adhesion and possibly en
hances their invasiveness.

On the other hand, approximately two thirds of the scattered-
type undifferentiated gastric adenocarcinomas lacking tight in
tercellular adhesion expressed E-cadherin uniformly and
strongly on the surfaces of the cancer cells. To account for this
phenomenon, several possible mechanisms can be considered,
such as alterations of the E-cadherin molecule itself and extrin
sic or intrinsic factors interfering with the binding function of

E-cadherin. Immunoblotting of the scattered carcinomas
showed that they did express the complete and functional form
of the molecule, as did noncancerous epithelia showing tight
intercellular adhesion, although the existence of tiny modifica
tions which had abolished the function but did not influence
the reactivity with mAb HECD-1 and mobility on sodium
dodecyl sulfate-polyacrylamide gel electrophoresis could not be
ruled out. Some unknown factor(s) increasing the motility of
cancer cells and inhibiting the formation of intercellular adhe
sion might be involved in the development of scattered carci
nomas. Such a factor, called a "scatter factor," has been re

ported but was found not to be effective on cancer cells (30).
2188
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Fig. 3. Immunohistochemical detection of E- and P-cadherin in adherent-type undifferentiated gastric adenocarcinomas. A, C, and E, stained for E-cadherin;
regarded as ++ for E-cadherin expression. B, D, and F, stained for P-cadherin; serial sections of A, C, and E, respectively; regarded as ++, +, and â€”,respectively, for
P-cadherin expression. Scale bar, 100 urn.

Intrinsic molecules which anchor cadherin to the cytoskeleton
and/or mediate the movement of cadherin on the cell surface
to the site of cell-cell binding are the most noteworthy factors

for which aberrations might render cadherin ineffective. In fact,
association of the cytoplasmic domain of the cadherin molecule
with the cytoskeleton is known to be indispensable for the
expression of cell-cell binding function (31), and some candi

date molecules which may anchor cadherin to the cytoskeleton
have been reported (32, 33). Determination of whether aberra
tions of these molecules really do cause the malfunction of
cadherin, make cancer cells dissociate from one another, and

render them more invasive is considered to be one of the most
important tasks for the future.

We were unable to obtain any evidence that scattered-type
cancer was more metastatic than the adherent type or that
down-regulation of cadherin expression was involved in the

process of metastasis to regional lymph nodes, although the
disruption of cell-cell contact is considered to be a prerequisite

for metastasis. However, there may be a possible explanation
for this. Even when cancer cells are bound to one another, it
has been shown that their mutual adhesiveness is significantly
weak (1-3) and that their development of junctional structures
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Fig. 4. Immunohistochemical detection of E-cadherin in scattered-type undifferentiated gastric adenocarcinomas. I. a signet ring cell carcinoma classified as a
scattered-type undifferentiated gastric adenocarcinoma. Cancer cells lie mainly on the right of the figure, and some of them are indicated by arrowheads. This case is
regarded as - for E-cadherin expression. Note that noncancerous epithelia (N) on the left clearly express E-cadherin at the cell-cell border (arrows). B, a signet ring
cell carcinoma classified as the adherent type. This case is included for comparison with A. Carcinoma cells express E-cadherin (++) at the cell-cell border (arrows)
and form tight intercellular adhesion. C and D, scattered-type undifferentiated gastric adenocarcinomas expressing E-cadherin (++). Scale bar, 50 ^m.

is frequently insufficient (6). It is conceivable that the weak
mutual adhesiveness between cancer cells, which probably can
not be explained only in terms of the intensity of cadherin
expression, plays an indispensable role in the accomplishment
of metastasis. However, as described in the above paragraph,
the possibility that some malfunction(s) of cadherin may be
responsible for the weak mutual adhesiveness still remains to
be investigated.

We reported previously that the distribution of P-cadherin is
restricted to the basal or lower layers of stratified epithelia (12).
In that study we were unable to detect P-cadherin in simple
epithelia, such as gastrointestinal epithelia. However, close and
extensive immunohistochemical examination disclosed that
part of the gastric epithelium defined as the proliferative zone
occasionally expressed P-cadherin, although weakly, suggesting
that P-cadherin is a cell adhesion molecule which may be
expressed in cells having high growth activity and/or high
differentiation potential, thus increasing our interest in P-
cadherin expression in gastric carcinomas. In fact, 29 (54%) of
the examined gastric carcinomas showed definite expression of
P-cadherin, although further studies must be done before it can
be concluded that P-cadherin is directly correlated with the
proliferative ability of gastric carcinomas. Interestingly, it has
also been reported that P-cadherin is expressed in the foregut
at the neurulation stage in mouse embryos (20). It can be
concluded from these findings that P-cadherin is a member of

2190
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Fig. 5. Immunoblot analysis of scattered-type undifferentiated gastric adeno
carcinomas for E-cadhcrin. Frozen sections derived from noncancerous portions
(A') and cancerous portions (C) were analyzed by immunoblotting using mAb
HECD-l. as described in "Materials and Methods." Five representative cases are

shown. Immunohistochemical staining of cases 2 and 5 is shown in Fig. 4, C and
D, respectively. Arrowhead, mobility of the complete form of the E-cadherin
molecule. The lower bands are probably degradation products of the molecule.
The band for the complete molecule in lane 5C is very faint because of the rather
low cellularity of the cancer (Fig. 40). Ordinale, mobilities of markers in
thousands.
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primary lesion of A is shown in Fig. 3A. Scale bar, 100 urn.

the oncofetal protein family, which also includes carcinoem-
bryonic antigen (34) and Â«-fetoprotein (35, 36).

Recently, some implications of intercellular adhesion mole
cules in cancer have been elucidated by different approaches.
The cluster 1 antigen, which is known to appear specifically in
small cell lung carcinomas (37, 38), has been proved to be a
human neural cell adhesion molecule (39). Carcinoembryonic
antigen has also been demonstrated to be homologous to neural
cell adhesion molecule (40) by cloning of its complementary
DNA (41-45) and to actually function in intercellular adhesion
(46). The DCC gene, a candidate for a tumor-suppressor gene
located on chromosome 18q and involved in colorectal carci-
nogenesis, has also been proved to have significant sequence
similarity to neural cell adhesion molecule and other members
of this cell adhesion molecule family (47). However, these
molecules all belong to the immunoglobulin superfamily and
mediate intercellular adhesion in a Ca2+-independent manner

(although the function of the DCC gene product is still unclear).
The need is becoming increasingly apparent for more detailed
investigation of cadherins, which mediate tighter and stronger
adhesion than Ca^-independent molecules (9), in various ma

lignant neoplasms.

ACKNOWLEDGMENTS

We thank Dr. T. Kinoshita, Dr. M. Sasako, Dr. K. Maruyama, Dr.
T. Hirota, and Dr. M. Itabashi for the supply of surgical specimens.

I.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Coman, D. R. Decreased mutual adhesiveness, a property of cells from
squamous cell carcinomas. Cancer Res., 4: 625-629. 1944.
McCutcheon. M., Coman, D. R., and Moore, F. B. Adhesiveness of malignant
cells in various human adcnocarcinomas. Cancer (Phila.), /: 460-467. 1948.
Coman. D. R. Adhesiveness and stickiness: two independent properties of
the cell surface. Cancer Res.. 21: 1436-1438. 1961.
Coman, D. R. The invasive character of cancer growth. Am. J. Med. Sci.,
211:251-260, 1946.
Coman, D. R. Mechanism of the Â¡nvasivenessof cancer. Science (Washington
DC). 105: 347-348, 1947.
Weinstein, R. S., Merk, F. B., and Alroy. J. The structure and function of
intercellular junctions in cancer. Adv. Cancer Res.. 23: 23-89. 1976.
Ã–brink. B. Epithelial cell adhesion molecules. Exp. Cell Res., 163: 1-21,
1986.
Yoshida-Noro, C., Suzuki. N.. and Takeichi, M. Molecular nature of the
calcium-dependent cell-cell adhesion system in mouse teratocarcinoma and
embryonic cells studied with a monoclonal antibody. Dev. Biol., 101: 19-27,
1984.
Takeichi, M. Functional correlation between cell adhesive properties and
some cell surface proteins. J. Cell Biol., 75: 464-474, 1977.
Mege, R. M., Matsuzaki, F., Gallin, W. J., Goldberg. J. I., Cunningham. B.
A., and Edclman. G. M. Construction of epithelioid sheets by transfection
of mouse sarcoma cells with cDNAs for chicken cell adhesion molecules.
Proc. Nati. Acad. Sci. USA, Â«5:7274-7278. 1988.
Takeichi, M. The cadherins: cell-cell adhesion molecules controlling animal
morphogenesis. Development, 702:639-655, 1988.
Shimoyama, Y.. Hirohashi. S.. Mirano, S.. Noguchi. M., Shimosato, Y.,
Takeichi, M., and Abe, O. Cadherin cell-adhesion molecules in human
epithelial tissues and carcinomas. Cancer Res.. 49: 2128-2133, 1989.
PeyriÃ¨ras,N.. Hyafil. F.. Louvard. D., Ploegh, H. L., and Jacob, F. Uvomo-
rulin: a nonintegral membrane protein of early mouse embryo. Proc. Nati.
Acad. Sci. USA, 80: 6274-6277, 1983.
Damsky, C. H.. Richa, J.. Solter. D.. Knudsen, K.. and Buck, C. A. Identifi
cation and purification of a cell surface glycoprotein mediating intercellular
adhesion in embryonic and adult tissue. Cell, 34: 455-466. 1983.
Behrens. J., Birchmeier, W., Goodman, S. L., and Imhof, B. A. Dissociation
of Madin-Darby canine kidney epithelial cells by the monoclonal antibody
anti-Arc-1: mechanistic aspects and identification of the antigen as a com
ponent related to uvomorulin. J. Cell Biol.. 101: 1307-1315, 1985.
Gallin. W. J.. Edelman, G. M.. and Cunningham. B. A. Characterization of
L-CAM, a major cell adhesion molecule from embryonic liver cells. Proc.
Nati. Acad. Sci. USA, 80: 1038-1042, 1983.
Hatta. K.. Okada, T. S., and Takeichi. M. A monoclonal antibody disrupting
calcium-dependent cell-cell adhesion of brain tissues: possible role of its
target antigen in animal pattern formation. Proc. Nati. Acad. Sci. USA, 82:
2789-2793. 1985.
Hatta. K.. and Takeichi. M. Expression of N-cadherin adhesion molecules
associated with early morphogenetic events in chick development. Nature
(Lond.), 320: 447-449, 1986.
Hatta. K.. Takagi, S., Fujisawa, H.. and Takeichi. M. Spatial and temporal
expression pattern of N-cadherin cell adhesion molecules correlated with
morphogenetic processes of chicken embryos. Dev. Biol., 120: 215-227.
1987.
Nose, A., and Takeichi, M. A novel cadherin cell adhesion molecule: its
expression patterns associated with implantation and organogÃ©nesisof mouse
embryos. J. Cell Biol., 103: 2649-2658, 1986.
Kadokawa, Y., Fuketa, I., Nose, A., Takeichi, M., and Nakatsuji, N. Expres
sion pattern of E- and P-cadherin in mouse embryos and uteri during the
periimplantation period. Dev. Growth & Differ., 31: 23-30, 1989.
Shimoyama. Y., Yoshida, T.. Terada. M., Shimosato, Y., Abe, O., and
Hirohashi, S. Molecular cloning of a human Ca2*-dependent cell-cell adhe

sion molecule homologous to mouse placental cadherin: its low expression
in human placental tissues. J. Cell Biol., 109: 1787-1794, 1989.
Behrens. J.. Marcel. M. M., Van Roy, F. M., and Birchmeier, W. Dissecting
tumor cell invasion: epithelial cells acquire invasive properties after the loss
of uvomorulin-mediated cell-cell adhesion. J. Cell Biol.. IOS: 2435-2447,
1989.
Hashimoto, M., Niwa, O.. Nitta, Y., Takeichi. M.. and Yokoro. K. Unstable
expression of E-cadherin adhesion molecules in metastatic ovarian tumor
cells. Jpn. J. Cancer Res.. SO:459-463. 1989.
Laemmli, U. K. Cleavage of structural proteins during the assembly of the
head of bacteriophage T4. Nature (Lond.), 256:495-497, 1975.
MacDonald, W. C.. Trier, J. S., and Everett, N. B. Cell proliferation and
migration in the stomach, duodenum, and rectum of man: radioautographic
studies. Gastroenterology, 46: 405-417, 1964.
Eastwood. G. L. Gastrointestinal epithelial renewal. Gastroenterology, 72:
962-975. 1977.
Eidelman. S.. Damsky. C. H., Wheelock, M. J., and Damjanov, I. Expression
of the cell-cell adhesion glycoprotein cell-CAM 120/80 in normal human
tissues and tumors. Am. J. Pathol.. 135: 101-110. 1989.

2191

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/8/2185/2446800/cr0510082185.pdf by guest on 19 M

ay 2023



E- AND P-CADHERIN IN GASTRIC CARCINOMAS

29. Nagafuchi, A., Shirayoshi, Y., Okazaki, K., Yasuda, K., and Takeichi, M.
Transformation of cell adhesion properties by exogenous!) introduced E-
cadherin cDNA. Nature (Lond.), 329: 341-343, 1987.

30. Stoker, M., Gherardi, E., Ferryman, M., and Gray, I. Scatter factor is a
fibroblast-derived modulator of epithelial cell mobility. Nature (Lond.), 327:
239-242, 1987.

31. Nagafuchi, A., and Takeichi, M. Cell binding function of E-cadherin is
regulated by the cytoplasmic domain. EMBO J., 7: 3679-3684, 1988.

32. Ozawa, M., Baribault, H., and Kemler, R. The cytoplasmic domain of the
cell adhesion molecule uvomorulin associated with three independent pro
teins structurally related in different species. EMBO ]., 8: 1711-1717, 1989.

33. Nelson, W. J., Shore, E. M., Wang, A. Z., and Hammerton, R. W. Identifi
cation of a membrane-cytoskeletal complex containing the cell adhesion
molecule uvomorulin (E-cadherin), ankyrin, and fodrin in Madin-Darby
canine kidney epithelial cells. J. Cell Biol., 110: 349-357, 1990.

34. Gold, P., and Freedman, S. O. Demonstration of tumor-specific antigens in
human colonie carcinomata by immunological tolerance and absorption
techniques. J. Exp. Med., 121:439-471, 1965.

35. Abelev, G. I., Perova, S. D., Khramkova, N. I., Postnikova, Z. A., and Irlin,
I. S. Production of embryonal Â«-globulinby transplantable mouse hepatomas.
Transplantation (Baltimore), /: 174-180, 1963.

36. Abelev, G. I. Production of embryonal serum a-globulin by hepatomas: review
of experimental and clinical data. Cancer Res., 28: 1344-1350, 1968.

37. Beverley, P. C. L, Souhami, R. L., and Bobrow, L. Results of the central
data analysis, Â¡n:Proceedings of the First International Workshop on Small
Cell Lung Cancer Antigens, Vol. 4, pp. 15-36, 1988.

38. Mirano, T., Hirohashi, S., Kunii. T., Noguchi, M., Shimosato, Y., and
Hayata, Y. Quantitative distribution of cluster 1 small cell lung cancer antigen
in cancerous and non-cancerous tissues, cultured cells and sera. Jpn. J. Cancer
Res., 80: 348-355, 1989.

39. Patel, K., Moore, S. E.. Dickson, G., Rosseil, R. J., Beverley, P. C., Kems-

head, J. T., and Walsh, F. S. Neural cell adhesion molecule (NCAM) is the
antigen recognized by monoclonal antibodies of similar specificity in small-
cell lung carcinoma and neuroblastoma. Int. J. Cancer, 44: 573-578, 1989.

40. Cunningham, B. A., Hemperly, J. J., Murray, B. A., Prediger, E. A., Brack-
enbury, R., and Edelman, G. M. Neural cell adhesion molecule: structure,
immunoglobulin-like domains, cell surface modulation, and alternative RNA
splicing. Science (Washington DC), 236: 799-806, 1987.

41. Zimmerman, W., Ortlieb, R., Friedrich, R., and von Kleist, S. Isolation and
characterization of cDNA clones encoding the human carcinoembryonic
antigen reveal a highly conserved repeating structure. Proc. Nati. Acad. Sci.
USA, 84: 2960-2964, 1987.

42. Oikawa, S., Nakazato, H., and Kosaki, G. Primary structure of human
carcinoembryonic antigen (CEA) deduced from cDNA sequence. Biochem.
Biophys. Res. Commun., Â¡42:511-518, 1987.

43. Beauchemin, N., Benchimol, S., Cournoyer, D., Fuks, A., and Stanners, C.P.
Isolation and characterization of full-length functional cDNA clones for
human carcinoembryonic antigen. Mol. Cell. Biol., 7: 3221-3230, 1987.

44. Paxton, R. J., Mooser, G., Pande, H., Lee, T. D., and Shively, J. E. Sequence
analysis of carcinoembryonic antigen: identification of glycosylation sites
and homology with the immunoglobulin supergene family. Proc. Nati. Acad.
Sci. USA, 84: 920-924, 1987.

45. Oikawa, S., Imajo, S., Noguchi, T., Kosaki, G., and Nakazato, H. The
carcinoembryonic antigen (CEA) contains multiple immunoglobulin-like do
mains. Biochem. Biophys. Res. Commun., 144: 634-642, 1987.

46. Benchimol, S., Fuks, A., Jothy, S., Beauchemin, N., Shirota, K., and Stan
ners, C. P. Carcinoembryonic antigen, a human tumor marker, functions as
an intercellular adhesion molecule. Cell, 57: 327-334, 1989.

47. Fearon, E. R., Cho, K. R., Nigro, J. M., Kern, S. E., Simons, J. W., Ruppert,
J. M., Hamilton, S. R., Precinger, A. C., Thomas, G., Kinzler, K. W., and
Vogelstein, B. Identification of a chromosome 18q gene that is altered in
colorectal cancers. Science (Washington DC), 247:49-56, 1990.

2192

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/8/2185/2446800/cr0510082185.pdf by guest on 19 M

ay 2023




