




distinct types, extracellular staining and cytoplasmic staining. The
results of the immunohistochemical analysis are summarized in
Table 1. Most typically in differentiated carcinomas, the basement
membranes surrounding neoplastic glandular structures showed
intense and continuous immunoreactivity for theg2 chain of LN-5
(Fig. 1, A andB). This type of staining was essentially identical to
that observed in adjacent normal gastric epithelia. In some cases,
almost all parts of the neoplastic basement membranes were pos-
itive for the g2 chain (Fig. 1B), whereas in other cases, only parts
of the basement membranes, especially surface areas, were positive
for the antigen (data not shown). The basement membrane staining
of the LN g2 chain was less frequent in poorly differentiated
carcinomas than in differentiated carcinomas (Table 1). In another
extracellular staining pattern, the immunoreactivity for the LNg2
chain was irregular and fibrous around tumor cells scattered in the
stroma (Fig. 1C). This staining pattern was focally observed in
many cases of the solid type of poorly differentiated carcinomas
(Table 1). In signet ring carcinomas, the immunoreactivity showed
small basement membrane-like structures surrounding a single
tumor cell or several tumor cells (Fig. 1D).

The most characteristic staining pattern for the LNg2 chain was
the cytoplasmic staining of tumor cells. This staining pattern was
observed in about half of both differentiated and poorly differen-
tiated carcinomas (Table 1). The most typical case in a highly
differentiated carcinoma is shown in Fig. 2,A andB. In this case,

cells in the tumor nests showed little immunoreactivity for the LN
g2 chain, whereas only cells budding or dissociating from the
tumor nests showed intense cytoplasmic staining. In another dif-
ferentiated carcinoma, the immunoreactivity was seen preferen-
tially in tumor cells invading deep into the stroma (Fig. 2C). On the
other hand, the cytoplasmic immunoreactivity for the LNg2 chain
in poorly differentiated carcinomas differed considerably from that
seen in differentiated carcinomas. The majority of tumor cells
diffusing into the stroma showed a positive signal for the LNg2
chain in poorly differentiated carcinomas (Fig. 2D). In some of
these cases, diffuse extracellular staining for the LNg2 chain was
also evident (data not shown).

Distribution of the LN a3 and a3 Chains. To examine whether
the LN g2 chain produced by gastric carcinoma cells exists as the
LN-5 complex, some tumor tissues were subjected to immunohis-
tochemical staining with antibodies against the LNa3 and b3
chains. Both the rabbit polyclonal antibody against LNa3 chain
and the mouse monoclonal antibody against LNb3 chain (clone
29E) reacted with the respective intracellular antigens but not the
antigens deposited in basement membranes as the LN-5 complex in
formalin-fixed paraffin sections. When tumor tissues that showed
positive basement membrane staining for LNg2 chain were ana-
lyzed with the anti-a3 and anti-b3 antibodies, tumor cells showed
positive signals with both antibodies (Fig. 3,A–C). The immuno-
reactivity for the LNa3 chain was stronger in inner ductal cells

Fig. 2. Cytoplasmic accumulation of the LNg2 chain in invading gastric carcinomas. In a highly differentiated carcinoma (A andB), only tumor cells budding or dissociating from
the tumor nests show intense cytoplasmic immunostaining for the LNg2 chain. In another differentiated carcinoma (C), the positive signal is evident in tumor cells at the invading
front in the stroma. In a poorly differentiated carcinoma (D), the immunoreactivity is seen in tumor cells scattered in the stroma.Arrowheads, positive signal for the LNg2 chain.
Experimental conditions are described in the text. Magnification:3200 for A andC; 3400 for B andD.
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than in surface glandular cells, whereas the immunoreactivities for
the LN b3 and g2 chains showed an inverse gradient (data not
shown).

When invading gastric carcinoma cells showing an intracellular

positive signal for the LNg2 chain were analyzed with the anti-a3
and anti-b3 antibodies, no immunoreactivity with either anti-a3 or
anti-b3 antibody was detected in the tumor cells (Fig. 3,D–F). These
distributions of LNa3, b3, andg2 chains in gastric adenocarcinoma

Fig. 3. Expression of three LN-5 subunits in two highly differentiated gastric carcinomas. Close paraffin sections from two highly differentiated carcinomas were subjected to
immunohistochemical staining for the LNa3 (A andD), b3 (B andE), andg2 (C andF) chains as described in the text. Tumor cells with positive basement membrane staining for
the LN g2 chain (C) show positive cytoplasmic staining for the LNa3 (A) andb3 (B) chains. Invading tumor cells showing cytoplasmic staining for the LNg2 chain (F) are negative
for cytoplasmic staining with the anti-a3 (D) or anti-b3 (E) antibody.Arrowheads, positive signal for each LN chain. Experimental conditions are described in the text. Magnification:
3400 for A–C; 3200 for C–E.
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tissues suggest that in glandular tumor cells, the LNg2 chain is
coexpressed with the LNa3 andb3 chains and deposited as the LN-5
form in the underlying basement membranes, whereas invading or
budding tumor cells express only the LNg2 chain and accumulate it
in the cytoplasm.

Secretion of the LN g2 Monomer by Human Gastric Carci-
noma Cells in Culture. To examine whether the LNg2 chain can be
secreted as a monomer (or a single subunit), the three subunits of
LN-5 secreted by human gastric carcinoma cell line MKN-45 were
analyzed by two-dimensional SDS-PAGE (nonreducing SDS-PAGE
in the first dimension and reducing SDS-PAGE in the second dimen-
sion) and subsequent immunoblotting with antibodies against thea3,
b3, and g2 chains. MKN-45 cells were incubated in serum-free
medium for 2 days in the presence of the tumor promoter 12-O-
tetradecanoylphorbol-13-acetate to stimulate LN-5 production, and
the resulting conditioned medium was concentrated and subjected to
the two-dimensional SDS-PAGE. During the 2 days of serum-free

culture, few dead cells were observed under microscopic observation.
As shown in Fig. 4, the three immunoblots indicated the presence of
two major LN-5 forms of approximatelyMr 460,000 andMr 400,000
in which the former was composed ofMr 160,000a3 chain, Mr

140,000 b3 chain, andMr 155,000 g2 chain, and the latter was
composed ofMr 160,000a3 chain,Mr 140,000b3 chain, andMr

105,000g2 chain. In addition, LN-5 forms that migrated more slowly
than theMr 460,000 form in the one-dimensional SDS-PAGE were
weakly detected. Furthermore, the immunoblot with the anti-g2 anti-
body showed the most intense spot, which migrated to the position
corresponding toMr 155,000 in both the one- and two-dimensional
SDS-PAGE. Neither anti-a3 nor anti-b3 antibody showed any spot in
the position ofMr 140,000–160,000 in the one-dimensional SDS-
PAGE. These results demonstrated that the gastric carcinoma cells
secrete the LNg2 chain as a single subunit.

DISCUSSION

The present study demonstrated that the localization of the LN
g2 chain in human gastric carcinomas is divided into two distinct
types: (a) extracellular deposition; and (b) cytoplasmic accumula-
tion. Differentiated carcinoma cells forming neoplastic glandular
structures expressed all of the LNa3, b3, and g2 chains and
deposited theg2 chain (possibly as the LN-5 form) in underlying
basement membranes. In contrast, the cytoplasmic accumulation of
the LN g2 chain was typically observed in invading or budding
tumor cells, which did not express the LNa3 or b3 chain at a
detectable level.

Some previous studies have shown preferential expression of the
LN g2 chain in invading carcinoma cells (15, 16, 18). However,
most of these studies did not clarify whether LNa3 andb3 chains
were coexpressed with the LNg2 chain in those tumor cells. As an
exception, Sordatet al. (22) reported that the heterodimer of the
LN g2 and LN b3 chains is accumulated in the cytoplasm of
dissociating (or budding) tumor cells from neoplastic tubules of
colon carcinomas. The LNb3 and g2 chains are found only in
LN-5 among 11 LN species identified thus far. It has been reported
that gene expression of the three subunits of LN-5 (a3, b3, andg2)
is regulated differently in cancer cell lines and in normal and
malignant tissues (13, 19, 26). In the present study, both normal
gastric epithelial cells and tumor cells surrounded by basement
membranes containing LN-5 showed no cytoplasmic immunoreac-
tivity for the LN g2 chain. This suggests that in cells expressing all
three subunits of LN-5, theg2 chain is secreted immediately as the
complex of LN-5.

The marked cytoplasmic accumulation of the LNg2 chain in
tumor cells that express neither thea3 nor b3 chain suggests that
the g2 chain may not be secreted as the monomer. Indeed, it is
known that in LN-1, thea1 chain can be secreted as a single
subunit, whereas theb1 andg1 chains cannot (27). Whenb1 and
g1 chains are overexpressed separately or together, they remain
intracellularly as the disulfide-linked dimer ofb1g1or b1b1. Sim-
ilarly, it has been reported that in LN-5, theb3 andg2 chains first
form heterodimerb3g2 and then bind to thea3 chain to produce
and secrete LN-5 (28). No previous studies have shown the secre-
tion of the LN g2 chain monomer. In this study, however, we
showed that a high level of the LNg2 chain was secreted from
cultured human gastric carcinoma cells as the monomer, in addi-
tion to the heterotrimer with thea3 andb3 chains. We have also
obtained data that tumor cell lines expressing theb3 andg2 chains
but not thea3 chain secrete theg2 chain as the monomer or the

Fig. 4. Analysis of three subunits of LN-5 secreted from a human gastric carcinoma
cell line by two-dimensional SDS-PAGE. Serum-free conditioned medium from human
gastric carcinoma cell line MKN-45 was concentrated and analyzed by two-dimensional
SDS-PAGE (nonreducing conditions were used for the one-dimensional SDS-PAGE, and
reducing conditions were used for the two-dimensional SDS-PAGE) and subsequent
immunoblotting with antibodies against thea3 (A), b3 (B), and g2 (C) chains, as
described in the text.Arrowheadsindicate the respective subunits derived from two major
LN-5 forms of Mr 460,000 andMr 400,000 (the former is composed ofMr 160,000a3
chain,Mr 140,000b3 chain, andMr 155,000g2 chain, and the latter is composed ofMr

160,000a3 chain,Mr 140,000b3 chain, andMr 105,000g2 chain). Anarrow indicates
the singleMr 155,000g2 chain (C). Experimental conditions are described in the text.
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heterodimer with theb3 chain.4 Thus, the behavior of the LNg2
chain seems different from that of the LNg1 chain. It seems very
likely that in the absence of thea3 andb3 chains, the LNg2 chain
is accumulated intracellularly in gastric carcinoma, but a part of
the overexpressedg2 chain is secreted.

What is the meaning of the sole expression of the LNg2 chain
at the invasion fronts of tumors? There are several possibilities for
positive roles of the LNg2 chain in tumor invasion. First, secreted
LN g2 monomer or its proteolytic fragments might have some
biological activities that promote tumor cell invasion. The LNg2
chain receives some proteolytic processing (8, 29). It has been
reported that the limited proteolysis of the LNg2 chain by gela-
tinase A (MMP-2) increases the cell motility activity of LN-5,
indicating the important role of theg2 chain (30). It seems possible
that theg2 chain acts directly on cells. Second, the LNg2 mon-
omer may modulate the extracellular deposition and biological
activity of LN-5 or other LNs. It is known that the NH2-terminal
region of theg2 chain contains sites to bind with fibulin-2 (31) and
type VII collagen (32). Therefore, the secretion of theg2 chain
monomer may alter the extracellular location and interaction of
LN-5 with target cells. Third, the cytoplasmic accumulation of the
LN g2 chain might disturb the formation of other LN species such
as LN-10 and LN-11. Multiple LN subunits are found in basement
membranes surrounding differentiated gastric carcinoma cells and
normal gastric epithelia (21, 26). It seems possible that the excess
expression of the LNg2 chain may affect the association of thea,
b, and g chains in LN isoforms other than LN-5, although the
interaction of theg2 chain with LNa andb chains other than the
a3 andb3 chains has not been reported.

Gastric carcinoma cells secrete LN-5 at high levels in culture (8,
13). As shown here and in other studies (21, 26), tumor cells forming
glandular structures deposit LN-5 on the basement membranes in
well-differentiated gastric carcinomas. LN-5 appears to support tumor
growth by maintaining the differentiated phenotype. In contrast to our
initial expectation (8), LN-5 may have a rather suppressive role for the
invasive growth of poorly differentiated carcinoma cells. This appears
to be consistent with the results of other groups showing that LN-5 is
down-regulated in prostate, breast, and basal cell skin carcinomas
(19, 21). Based on the results in this study, we suppose that the LNg2
monomer may play some role in the invasion and dissociation of
tumor cells from the tumor cell nests.

ACKNOWLEDGMENTS

We thank Dr. H. Yasumitsu for helpful discussions.

REFERENCES

1. Rousselle, P., Lunstrum, G. P., Keene, D. R., and Burgeson, R. E. Kalinin: an
epithelium-specific basement membrane adhesion molecule that is a component of
anchoring filaments. J. Cell Biol.,114: 567–576, 1991.

2. Carter, W. G., Ryan, M. C., and Gahr, P. J. Epiligrin, a new cell adhesion ligand for
integrin a3b1 in epithelial basement membranes. Cell,65: 599–610, 1991.

3. Verrando, P., Pisani, A., and Ortonne, J-P. The new basement membrane antigen
recognized by the monoclonal antibody GB3 is a large size glycoprotein: modulation
of its expression by retinoic acid. Biochim. Biophys. Acta,942: 45–56, 1988.

4. Niessen, C. M., Hogevorst, F., Jaspars, L. H., de Melker, A. A., Delwel, G. O.,
Hulsman, E. H., Kuikman, I., and Sonnenberg, A. Thea6b4 integrin is a receptor for
both laminin and kalinin. Exp. Cell Res.,211: 360–367, 1994.

5. Aberdam, D., Galliano, M-F., Vailly, J., Pulkkinen, L., Bonifas, J., Christiano, A. M.,
Tryggvason, K., Uitto, J., Epstein, E. H., Jr., Ortonne, J-P., and Meneguzzi, G.
Herlitz’s junctional epidermolysis bullosa is linked to mutations in the gene (LAMC2)
for the g2 subunit of nicein/kalinin (LAMININ-5). Nat. Genet.,6: 299–304, 1994.

6. Pulkkinen, L., Christiano, A. M., Gerecke, D., Burgeson, R. E., Pittelkow, M. R., and
Uitto, J. A homozygous nonsense mutation in theb3 chain gene of laminin 5
(LAMB3) in Herlitz junctional epidermolysis bullosa. Genomics,24: 357–360, 1994.

7. Kivirikko, S., McGrath, J. A., Baudoin, C., Aberdam. D., Ciatti, S., Dunnill, M. G. S.,
McMillan, J. R., Eady, R. A. J., Ortonne, J-P., Meneguzzi, G., Uitto, J., and
Christiano, A. M. A homozygous nonsense mutation in thea3 chain gene of laminin
5 (LAMA3) in lethal (Herlitz) junctional epidermolysis bullosa. Hum. Mol. Genet.,4:
959–962, 1995.

8. Miyazaki, K., Kikkawa, Y., Nakamura, A., Yasumitsu, H., and Umeda, M. A large
cell-adhesive scatter factor secreted by human gastric carcinoma cells. Proc. Natl.
Acad. Sci. USA,90: 11767–11771, 1993.

9. Kikkawa, Y., Umeda, M., and Miyazaki, K. Marked stimulation of cell adhesion and
motility by ladsin, a laminin-like scatter factor. J. Biochem. (Tokyo),116: 862–869,
1994.

10. Kikkawa, Y., Akaogi, K., Mizushima, H., Yamanaka, N., Umeda, M., and Miyazaki,
K. Stimulation of endothelial cell migration in culture by ladsin, a laminin-5-like cell
adhesion protein. In Vitro Cell Dev. Biol.,32: 46–52, 1996.

11. Verrando, P., Lissitzky, J-C., Sarret, Y., Winberg, J. O., Gedde-Dahl, T., Jr., Schmitt,
D., and Bruckner-Tuderman, L. Keratinocytes from junctional epidermolysis bullosa
do adhere and migrate on the basement membrane protein nicein througha3b1

integrin. Lab. Investig.,71: 567–574, 1994.
12. Zhang, K., and Kramer, R. H. Laminin 5 deposition promotes keratinocyte motility.

Exp. Cell Res.,227: 309–322, 1996.
13. Mizushima, H., Miyagi, Y., Kikkawa, Y., Yamanaka, N., Yasumitsu, H., Misugi, K.,

and Miyazaki, K. Differential expression of laminin-5/ladsin subunits in human
tissues and cancer cell lines and their induction by tumor promoter and growth
factors. J. Biochem. (Tokyo),120: 1196–1202, 1996.

14. Korang, K., Christiano, A. M., Uitto, J., and Mauviel, A. Differential cytokine
modulation of the genes LAMA3, LAMB3, and LAMC2, encoding the constitutive
polypeptides,a3, b3, andg2 of human laminin 5 in dermal keratinocytes. FEBS Lett.,
368: 556–558, 1995.

15. Pyke, C., Rømer, J., Kallunki, P., Lund, L. R., Ralfkiær, E., Danø, K., and
Tryggvason, K. Theg2 chain of kalinin/laminin 5 is preferentially expressed in
invading malignant cells in human cancers. Am. J. Pathol.,145: 782–791, 1994.

16. Pyke, C., Salo, S., Ralfkiær, E., Rømer, J., Danø, K., and Tryggvason, K. Laminin-5
is a marker of invading cancer cells in some human carcinomas and is coexpressed
with the receptor for urokinase plasminogen activator in budding cancer cells in colon
adenocarcinomas. Cancer Res.,55: 4132–4139, 1995.

17. Ryan, M. C., Tizards, R., VanDevanter, D. R., and Carter, W. G. Cloning of the
LamA3 gene encoding thea3 chain of the adhesive ligand epiligrin: expression in
wound repair. J. Biol. Chem.,269: 22779–22787, 1994.
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