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Short Contribution

Co-expression of laminin and a 67 kDa laminin-binding
protein in teratocarcinoma embryoid bodies

I
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ABSTRACT The synthesis of laminin chains is usually correlated to specific functions of lami~in
during embryo development. In this study we show that the CE44 teratocarcinoma embryoid bodies
synthesize B1and B2chainsoflaminin aswell as a 67 kDa laminin-binding protein while simultaneously
differentiating into parietal endoderm. The intracystic presence of laminin and the 67 kDa cell surf~ce
laminin-receptor in teratocarcinoma differentiated cells suggest that the B chains of laminin play an
important role in induction and/or mediation of cell differentiation and confirm the importance of
laminin A chain in cell polarization and the supra molecular rearrangement of definitive basement
membrane.
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The extracellular matrix is generally considered to be one ot the
factors involved in the control and in the maintenance of the
differentiated phenotype. Laminin is a basement membrane
glycoprotein involved in a numerous biological functions affecting
different cell types during embryo development, mainly in cell
ditterentiation processes, cell migralion (Dziadek and Timpl, 1985;
Grabel and Wails. 1987) and morphogenesis (Ekblom el a/., 1990;
Klein el a/., 1990; EI Ouali el a/.. 1991). The laminin chains (A. Bl
and B2) are transcribed from independent genes during early
slages of embryo development in mammals (Cooper el a/., 1983;
Martin and Timpl, 1987; Glukhova el a/., 1993) and the whole
molecule is synthesized at the morula compaction stage (Hogan el
al., 1987). During organogenesis. the whole structure ot this
molecule depends on both the type of organ and its stage ot
development (laurie el a/., 1989; KOcherer-Ehret elal., 1990; Simo
elal..1991).

Different laminin cell receptors, relaled or not to the family of
integrins have been shown to mediate the effects of laminin
(reviewed by Mecham, 1991; Engel. 1992; Mercurio and Shaw,
1992). Laminin and the 67 kDa laminin-binding protein, a non-
integrin membrane protein, are expressed in tumor cells and play
an important role in tumor cell adhesion and lung metastasis
(Malinoff and Wicha, 1983; Terranova ela/., 1983; Wever ela/.,
1987; Alino el a/., 1989, 1990; Shi el a/., 1993). This 67 kDa cell-
surface laminin-receptor has also been observed in normal cells
wilh a low degree at differentiation (lesot el al., 1983) as well as
during epilhelial-mesenchymal interactions, mainly in cell adhe-
sion and polarization phenomenon (laurie el a/., 1989; Clement el
af.. 1990). Recent work has demonstrated the existence ot a
variety of laminin molecule isoforms, which in part explains the

diverse functions of basement membranes in different tissues
(Tryggvason, 1993). I

One of the major questions concerning laminin and its laminin-
binding proteins is how these interactions mediate functions in
difterenl types at cells, from the earliest stages at development.
Teratocarcinoma stem cells prove to be an excellent model system
tor studying the histogenesis ot these tumors, the nalure of their
undifferentiated stem cells (recently reviewed by Damianov, 1993)
and certain events of early mouse embryogenesis (Martin, 1978;
Hogan el a/.. 1983; Grabel el a/.. 1987). In this work, we use Ihe
CE44 teratocarcinoma embryoid bodies as an experimental model
of embryo development, and characterize the cell structures of this
tumor in relation to cell differentiation using electron microscopy.
Moreover, we analyze the expression of laminin and 67 kDa
laminin-binding prolein in CE44 embryoid bodies by immuno-
fluorescence and immunoblolling. Finally, the relation between the
presence of these molecules and the degree of cell differentiation
in fhe embryoid bodies containing endodermal differentiated and
non-differentiated embryonal carcinoma cells is discussed.

The microscopic study of CE44 teratocarcinoma showed that
Ihe CE44 embryoid bodies from peritoneal cavity of 129 Sv mouse
are heterogeneous with cell populations of different size, morphol-
ogy and cell differenliation stage (Fig. 1A). At th'e ullraslructural
level, the embryoid bodies are shaped by an 4xternal layer of
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endodermic cells, similar to primitive or visceral endoderm, sur-
rounding a variable number of undifferentiated embryonal carci-
noma cells. These structures are usually named simple bodies
(Fig. 18). Also cell rearrangement, cell death (Fig. 1C) and
extracellular fluid (Fig. 1D) are frequently observed in numerous
cellular structures and induce the formation of embryoid bodies

Fig.1. Microscopicstudy ofCE44teratocarcinoma embryoid
bodies. Semithin sections of CE44 teratocarcinoma embryoid
bodies (AI showing a ceffu/ar heterogeneity with simple (ar-
rows) and cystic bodies (arrowheads) At ultrastructural leve/.
simple embryoid bodies were formed of an outer layer of
differentiated ceNs resembling visceral endoderm and sur-
rounding tumor undifferentiated cel/s (B), Note the presence
of rest cells IC) and interceffularmateria/(D) generating simple
or multiple (E) cystic cavities, The latter have a flattened cell

surface that differentiate to parietal endoderm surrounding a
low number of undifferentiated cells. Bar 3 pm

having one (Fig. 1C-D) or several (Fig. 1E) cystic cavities. The
latter consist of an outer cellular layer of flattened cells resembling
differentiated parietal endoderm.

The immunofluorescence analysis for laminin protein showed
that cystic cavities were often full of laminin, both in CE44 embryoid
bodies containing a low cell number (Fig. 2A) and large embryoid



bodies (Fig. 2B-C). The presence of laminin in simple bodies was
scarce and only observed in intercellular spaces (Fig. 20).
Immunofluorescence forthe 67 kDa laminin-bindingprotein showed
that this cell-membrane protein only appeared on the surface of
outer flattened cells of embryoid bodies (Fig. 2E) which were
considered as parietal endoderm differentiated cells. Moreover,

Laminin and lam;'lin-receptor in teratocarcinoma l23

Fig. 2. Immunofluorescence analysis for laminin and 67 kDa
laminin-binding protein. Laminin is localized in the e~tracellufar
spaces of CE44 embryoid bodies (A-CI. In simple embryo bodies
lamrmn is underexpressed (D), The 67 kDa laminin-blndrng pro-
tein on CE44 embryoid bodies was detected using the rabbit anti-
6? kDa antibody_ In this case, the fluorescence was only focalized
on outer eelf surface of differentiated cells which were consid-
ered as parietal endoderm cells IE).

we observed the absence of fluorescence in simple embryoid
bodies composed of undifferentiated or visceral Jndoderm differ-
entiated celis (data not shown).

I

The results obtained with CE44 teratocarcin6ma proteins by
Western-blotting (Fig. 3) showed a 200 kDa band torresponding to
B1 and B2 glycosilic chains of laminin and a light 400 kDa band
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Fig. 3. ImmuJblott;ng of prote;n. from CE44 teratocarcinoma
embryoid bodies. lane A represents the CE44 proteins labeled for
laminin chain detection. Lane B shows the protein sample previously
reduced with mercaptoethanol. Lane C represents the proteins labeled for
67 kDa laminin-binding protem.

which may be 1nsidered as B chain dimers (lane A) since the 400
kDa band disappeared when protein samples were treated with a
reducing agent'such as mercaptoethanol (lane B). The 67 kDa
laminin-binding'protein was clearly detected in proteins from CE44
teratocarcinoma (lane C).

The heterogeneity in morphology and evolution ot CE44
teratocarcinoma embryoid bodies growing in 129 Sv mouse ascitic
liquid (Parchment et al., 1990) has important advantages as an
experimental m6del to study the expression of different cell mark-
ers in relation t8cell differentiation. In previous studies the identi-
fication of the cell type in embryoid bodies from teratocarcinoma
stem cells has been based upon the morphology of the cells as well
as their staini~g pattern by indirect immunofluorescence for a
number of markers. For instance, SSEA-1 (stage specific embry-
onic antigen) is'present on stem cells (So Iter and Knowles, 1978),
laminin is synthesized by parietal endoderm (Howe and Solter,. I
1980; Lelvo et al., 1980; Cooper et al.. 1983) but does not
synthesize fibronectin (Wolfe et al., 1979), and alpha-fetoprotein is
specific for visceral endoderm cells (Adamson et al., 1977).

Previous wo~k has shown the presence of extracellular matrix
components in::CE44 teratocarcinoma (Monzo et al., 1991). Our
immunofluorescence analysis results on CE44 embryoid bodies
showing laminin deposits are consistent with the identification of
the outer cells of cystic bodies such as parietal endoderm. It has
been suggested that cell interactions with matrix molecules as a
substrate may playa role in directing the differentiation to parietal
endoderm from!lprimitive endoderm (Gardner, 1983). More recent
data have sho~ed that these interactions are mediated by matrix
protein receptors such as 140 kDa fibronectin receptor (Grabel and
Watts, 1987). O~rfinding of 67 kDa laminin-binding protein on cells
resembling parietal endoderm suggests that both matrix extracellular
molecules and their receptors may be involved in cell migration and
differentiation during early embryogenesis. However, further ex-
periments may be performed in order to confirm this possibility.

The absencJ of laminin A chain synthesis has been observed in
several cell types associated with the inability to form the basement

membrane. This absence or its presence in late stages during
embryo development, suggests that laminin A chain plays an
important role in the incorporation of laminin B chains into the
basement membrane (Kucherer-Ehret et al., 1990; Simo et al.,
1991). It may also be very important during embryo development,
mainly in the formation of specialized extracellular
microenvironments (Ekblom et at., 1990; Klein et al., 1990; Simo et
al., 1991). Since it has been suggested that laminin A chain may
play an important role in cell polarization (Ecay and Valentich,
1992), we hypothesize the absence of polarization in cells sur-
rounding cystic cavities from CE44 teratocarcinoma is due to the
absence of laminin A chain synthesis. The synthesis of B1 and B2
chains in embryo development (Cooper and MacQueen, 1983)
may be related to cell activation and differentiation (Dziadek et al.,
1985). Moreover, B1 chain and its related molecules are important
in joint and exocytosis of laminin (Chung, 1993).

The 67 kDa laminin-binding protein was detected only in cells
forming the outer side of cystic bodies. The morphological charac-
teristics define these cells as parietal endoderm cells. This laminin
receptor has the ability to bind domain III of laminin B1 chain (Beck
et al., 1990) and we show that this chain is expressed in CE44
embryoid bodies. The 67 kDa laminin-receptor was also described
in several teratocarcinomas that evolve to pluridifferentiated cell
aggregates (Wu et al., 1991). The absence of significant quantities
of laminin in simple embryoid bodies and the presence of the 67
kDa lam inin-receptor only in outer cells (parietal endoderm cells)
suggest that the expression of these proteins is a time-process
dependent on the differentiation of embryoid bodies.

In summary, our results suggestthatthe 67 kDa laminin-binding
protein may be involved in endodermal differentiation. The pres-
ence of soluble laminin in cystic cavities of embryoid bodies may
be due to the inability of laminin to form basement membrane
because of the absence of either 1aminin molecule A chain or the
interaction between laminin and different basement membrane
components. It may playa critical role in the rearrangement and
association of basement membrane molecules.

Experimental Procedures

Tumor ce/fs
CE44 is a teratocarcinoma tumor line derived from OTT60/50 experi-

mental carcinoma of Stevens (1970). These tumor cells have been main-
tained intraperitoneally by serial transfers of ascitic fluid in 129 Sv mouse.

Light and electron microscopy.
CE44 cells obtained from 129 Sv mouse ascitic fluid were processed as

previously described (Hilario ef al., 1991) for electron microscopy. Briefly,
after centrifugation (206xg for 5 min) the supernatant was removed and the
tumor-cell pellets were washed in pre-warmed PBS (phosphate buffered
saline, pH 7.4) and fixed with 2.5% glutaraldehyde at 4°C for 6 h. The
fixative was then removed and replaced with 0.1 M sodium cacodylate/HCI
buffer (pH 7.4) containing 5% sucrose and the pellets were washed
overnight. The pellets were then postfixed with 1% osmium tetraoxide,
dehydrated in ethanol and embedded in EPON 812 (Fluka, Switzerland).
Semithin sections were stained with toluidine-blue and observed by means
of a visible light microscope, and ultrathin sections were treated with uranyl
acetate and lead citrate and then examined in a Philips EM 30 electron
microscope.

Indirect immunofluorescence
CE44 embryoid bodies were extended on slides and fixed with cold

methanol for 20 min. Then, the slides were washed with PBS and incubated
with 1% bovine serum albumin (BSA, Sigma Chem. Co., USA) for 1 h in



order to block non-specific antibody binding. Next, cells were incubated for
90 min with rabbit anti-Iaminin antibody (diluted 1:100 in PBS), from
Chemicon, or rabbit anti-67 kDa laminin-binding protein antibody, kindly
supplied by Dr. G. Martin and Dr. Y. Yamada, (diluted 1:50 in PBS). After
washings with 0.1 % Tween-PBS, we incubated the samples with a goat
anti-rabbit IgG-FrTCITRITC conjugate antibody, purchased from Sigma
Chem. Co. (diluted 1:100 in PBS) for 90 min. The samples were washed
with 0.1% Tween-PBS and mounted using Fluoromount-G (Southern
Biothechnology Associates Inc., USA). The samples were observed under
flourescent light in a Zeiss Axioskop confocal microscope.

Electrophoresis and immuno-blotting
The samples of CE44 embryoid body proteins were prepared according

to the procedures described by Kawata et al. (1991). Proteins of embryoid
bodies migrated on a 5% or 7.5% SOS-polyacrilamide slab gel to detect
laminin or the 67 kOa laminin-binding protein, respectively. Gels were
transferred onto nitrocellulose membranes which were incubated with a
rabbit anti-Iaminin antibody (dilution 1 :100) from Sigma Chem. Co. or a
rabbit anti-67 kOa laminin receptor antibody (dilution 1:100). We used a
goat anti-rabbit peroxidase conjugate antibody (dilution 1:1000) as a
secondary antibody. The membranes were developed with diaminobenzidine
and H;P2'

Acknowledgments
The authors wish to thank Dr. G. Martin and Dr. Y. Yamada (NIH,

Bethesda, MO, USA) for the generous gift of anti-67 kDa laminin binding
protein antibody. We are also grateful to C. Otamendi for her dedicated
technica{ assistance in electron microscopy. R.A. is supported by a Basque
Government fellowship. This work was supported by grants from the
Spanish CICYT, the Basque Government and the University of the Basque
Country.

References

ADAMSON, E.D., EVANS, M. and MAGRANE, G. (1977). Biochemical markers olthe
progress of differentiation in cloned teratocarcinoma cell lines. Eur. J. Biochem.

79:607-615.

All NO, SF, UNDA, F.J., PEREZ-YARZA, G. and CANAVATE, M.L. (1989). Are
laminin binding sites on tumor cell surface involved in the indomethacin. induced
sensitivity to natural cytotoxic cells? BioI. Celf 66: 255-261.

ALlNO, S.F., UNDA, F.J. and PEREZ-YARZA, G. (1990). Laminin surface binding
sites and metastatic potential of tumor cells, increase by indomethacin. Biochem.
Biophys. Res. Commun. 167: 713-738.

BECK, K., HUNTER, I. and ENGEL, J. (1990). Structure and function of laminin:
anatomy 01 a multidomain glycoprotein. FASEB J. 4: 148-160.

CHUNG, A.E. (1993). Embryonal carcinoma and the basement membrane
glycoproteins lam in in and entactin. Int. J. Dev. Bioi. 37: 141-150.

COOPER, A.A. and MACQUEEN, H.A. (1983). Subunits of laminin are differentially
synthesized in mouse eggs and early embryos. Dev. BioI. 96: 467-471.

COOPER, A., TAYLOR, A. and HOGAN, B.L.M. (1983). Changes in the rateo! laminin
and entactin synthesis in F-9 embryonal carcinoma cells treated with retinoic acid
cyclic AMP. Dev. Bioi. 99: 510-516.

CLEMENT, B., SEGUI-REAL, B., SAVAGNER, P., KLEINMAN, H.K. and YAMADA,
Y. (1990). Hepatocyte allachmentof lam in in is mediated through multiple receptors.
J. Gel/BioI. 110:185-192.

DAMJANOV, I. (1993). Teratocarcinoma: neoplastic lessons about normal
embryogenesis. Int. J. Dev. Bioi. 37: 39-46.

DZIADEK, M. and TIMPL, R. (1985). Expression of nidogen and lam in in in basement
membranes during mouse embryogenesis and in teratocarcinoma cells. Dev. Bioi.
111: 372-382.

ECAY, TW. and VALENTICH, J.D. {1992}. Basal lamina formation by epithelial cell
lines correlates with laminin A chain synthesis and secretion. Exp. Cell Res. 103:
32-38.

EKBLOM, M., KLEIN, G., MUGRAUER, G., FECKER, L., DEUTZMAN, R., TIMPL, R.
and EKBLOM, P. (1990). Trasient and locally restricted expression of laminin A
chain mRNA by developing epithelial cells during kidney organogenesis. Ge1/60:

337-346.

ENGEL, J. (1992). Laminin and other strange proteins. Biochemistry 31:10643-

10651.

Laminin and laminin-receptor in teratocarcinoma 125

EL OUALI, H., LEHEUP, B.P., GELLY, G.L. and GRIGNON, G. (1991). Laminin
ultrastructural immunolocalization in rat testis during ontogenesis. Histochemistry
95:241-246

GARDNER, R. (1983). Origin and differentiation of extraembryonic tissues in the
mouse. Int. Rev. Exp. Pathol. 24: 63-133.

GLUKHOVA, M., KOTELIANSKY, V., FONDACCI, C., MAROTTE, F. and
RAPPAPORT, R. (1993). Laminin variants and integrin laminin receptors in
developing and adult smooth muscle. Dev. Bioi. 157: 437-447.

GRABEL, L.B. and WATTS, T.H.D. (1987). The role of extracellular matrix in the
migration and differentiation of parietal endoderm from teratocarcinoma embryoid
bodies. J. Cell BioI. 105:441-448.

HILARIO, E., All NO, S.F., BARBERO, M.C., SIMON-MARIN, R. and GARCiA-SANZ,
M. (1991). Morphological and functional changes in Lewis lung carcinoma cells
after treatment with A23187 calcium ionophore. Cell. Mol. Bioi. 37: 51-60.

HOGAN, B.L.M., BARLOW, D.P. and TJLL Y, R. (1983). F-9 teratocarcinoma cells as
a model for the differentiation 01 parietal and visceral endoderm in the mouse
embryo. Cancer SUN. 2: 115-140.

HOGAN, B., CONSTANTIN, F. and LACY, E. (1986). Manipulating the Mouse
Embryo. A Laboratory Manual. Cold Spring Harbor Laboratory, New York.

HOWE, C. and SOLTER, D. (1980), Identification of non-collagenous basement
membrane glycoproteins synthesized by mouse parietal endoderm and an
entodermalline. Dev. Bioi. 99: 51 0-516

KAWATA, M., SEKIYA, S., KERA, K., KIMURA, H. and TAKAMIZAWA, H. (1991).

Neural roselle formation within in vivospheroids of a clonal Human teratocarcinoma
cell line, PA-1/NR: role 01 extracellular matrix components in the morphogenesis.
Cancer Res. 51: 2655-2669.

KLEIN, G., EKBLOM, M., FECNER, L., TIMPL, R. and EKBLOM, P. (1990). Differen-

tial expression of laminin A and B chains during development of embryonic mouse
organs. Development 110: 823-837

KUCHERER-EHRET, A., POTIGIESSER, J., KREUTZBERG, GW., THOEN EN, H.
and EDGAR, D. (1990). Developmental loss of laminin from the interstitial
extracellular matrix correlates with decreased laminin gene expression. Develop-
ment 110: 1285-1293.

LAURIE, G. W., HORIKOSHI, S., KILLEN, P.O., SEGUI-REAL, B. and YAMADA, Y.
(1989). In situ hybridization reveals temporal and spatial changes in cellular
expression of mRNA for a laminin receptor, laminin, and basement membrane
(type IV) collagen in the developing kidney. J. Cell BioI. 109: 1351-1362.

LEIVa, I., VAHERI, A., TIMPL, A. and WARTIOVAARA, J. (1980). Appearance and
distribu1ion of collagens and lam in in in the early mouse embryo. Dev. BioI. 76: 100-
114.

LESOT, H., KUHL, U. and VON DER MARK, K. (1983). Isolation of a lam in in-binding
protein from muscle cell membranes. EMBO J. 2: 861-865.

MALINOFF, H.L. and WICHA, M.S. (1983). Isolation of a cell surface receptor protein
for lam in in from murine fibrosarcoma cells. J. Cell Bioi. 96: 1475-1479.

MARTIN, G. (1978). Advantages and limitations of teratocarcinoma stem cells as

models of development. In Development in Mammals (Ed. M. Johnson) Vol. 3
North Holland, New York, pp. 225-265

MARTIN, G.R. and TIMPL, R. (1987). Laminin and other basement membrane
components. Annu. Rev. Cell Bioi. 3: 57-85.

MECHAM, R.P. (1991), Laminin receptors. Annu. Rev. Cell Bioi. 7: 71-79.

MERCURIO, A.M. and SHAW, L.M. (1992). Laminin binding proteins. BioEssays 13:
469-473.

MONZO, M., BARDANAS, A., ANTA, J.M. and RUANO, D. (1991). Laminin and
fibronectin expression during in vivo growth of embryoid bodies derived from
teratocarcinoma. Virchows Arch. A 418: 509-514.

PARCHMENT, R.E., GRAMZINSKI, R.A. and PIERCE, G.B. (1990). Neoplastic
embryoid bodies of embryonal carcinoma C44 as a source of blastocele-like fluid.
Differentiation 43: 51-58.

SHI. Y.E., TORRI, J., YICH, L., SOBEL, M.E., YAMADA, Y., LIPPMAN, M.E.,
DICKSON, R.B. and THOMPSON, EW. (1993). Expression of 67 kDa laminin
receptor in human breast cancer: regulation by progestins. Clin. Exp. Metastasis
11:251-261,

SIMa, P., SIMON-ASS MANN, P., BOUZIGES, F., LEBERQUIER, C., KENDINGER,
M., EKBLOM, P. and SOROKIN, L. (1991). Changes in the expression of laminin
during intestinal development. Development 112: 477-487.

SaLTER, D. and KNOWLES, B. (1978). Monoclonal antibody defining a stage-
specific embryonic antigen (SSEA-1). Proc. Nat!. Acad. Sci. USA 75: 5565-5569.

STEVENS. LC. (1970). The development of transplantable teratocarcinomas from

intratesticular grafts of pre- and post-implantation mouse embryos. Dev. Bioi. 21:
364-382.



126 F. Ullda el al.

TERRANOVA, V.P., RAG. C.N., KALEBIC, T., MARGULIES, I.M. and LIOTTA, L.A.
(1983). Laminin receptor on human breast carcinoma cells. Proe. Natl. Acad. Sei.

USA 80: 444-448.

TRYGGVASON, K. (1993). The laminin family. Curro Opin. Cell Bioi. 5: 877-882.

WEVER, U.M., TARABOTETTI, G., SOBEL, M.E., ALBRECHTSEN and LIOTTA, L.A.
(1987). Role of laminin receptor in tumor cell migration. Cancer Res. 47: 5691-

5698. !

WOLFE, J., MAUTNER, V., HOGAN, B.L.M. and TillY, R. (1979). Synthesis and
retention of fibronectin (LETS protein) by mouse teratocarcinoma cells. Exp, Cell
Res. 118: 63-71.

WU, C.H., REING. J. and CHUNG, A.E. (1991). Entactin forms a complex with
fibronectin and co-localizes in the extracellular matrix ofthe embryonal carcinoma-
derived 4CQ cell line. Biochem. B;ophys. Res. Commun. 178: 1219-1225.

Ampted for publimlion: .Harch 1994


