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ABSTRACT.Weinvestigated the expression of laminin in two cell lines with different metastatic potentials es-
tablished from murine Lewis lung carcinoma. Immunostaining of the cells with anti-laminin antibody and North-
ern blot analysis of laminin mRNAdemonstrated that the high metastatic clone expressed less laminin than the
low metastatic one. In contrast, expressions of 67 kDa-laminin receptor were at similar levels between these two
lines. These findings showthe possibility that endogenous laminin may contribute to the difference in metastatic
properties in the murine Lewis lung carcinoma cell lines examined.

Laminin (LN), a high-molecular-weight glycoprotein
(Mr= 850,000-1 ,000,000), is a major component of base-
ment membraneand possesses binding sites in the mole-
cule to cell surface receptors, type IV collagen and hepa-
rin (1). Laminin has been shown to play important roles
in various cellular activities such as adhesion, spread-
ing, migration, differentiation, neurite outgrowth and
tumor cell metastasis. In a metastatic process, attach-
ment of malignant cells to LN of basement membranes
is thought to initiate a cascade of invasion and metasta-
sis (3). In some cell lines, e.g., murine BL6 from B16
melanoma cell and PM2from PMTfibrosarcoma cell,
it has been shown that LNpromotes attachment of met-
astatic tumor cell to type IV collagen (14). However, in
murine macrophage-derived M5706 cell (2), murine glio-
ma cell (4) and human squamous carcinoma cell (16),
LN inhibits the attachment of the cells to type IV colla-
gen.

In an experiment of chemotaxis using a modified Boy-
den chamber, exogenous soluble LN stimulates the
directional migration of B16 Fl and B16 F10 in a dose-
dependent manner (7). However, the function of solu-
ble LNwhich may be autocrined by the cell has not
been fully elucidated yet.
Recently two cell lines with different metastatic poten-
tials have been established from murine Lewis lung car-
cinoma (3LL) cells (8). LM60-D6is a cell line with high
metastatic potential and P29 is one with low metastatic
potential. In this study, using these cell lines we exam-
ined the levels of expression of endogenous LNtogether
with 67 kDa-laminin receptor (67 kDa-LNR) (17) and fi-

bronectin (FN) by immunostaining and Northern blot
analysis. As a result, it was shown that the expression
level of LN was markedly decreased in the highly meta-
static cell line as compared with that in the low metasta-
tic one. In contrast to LN, no significant difference was
found in the levels of 67 kDa-LNR.

MATERIALS AND METHODS

Cells. Two cell lines LM60-D6 and P29 were estab-
lished from mouse 3LL as described previously (8). The
cells were cultured in Eagle's minimal essential medium
supplemented with 10% fetal bovine serum, 100 U/ml
penicillin G, 100 ptg/vnl streptomycin and maintained at
37°C in 5% CO2. Murine teratocarcinoma cell line F9
wasused as the positive control in someexperiments,
since F9 differentiates into endodermlike form and syn-
thesizes a large amount of LN (13). Hereafter in this
paper, differentiating F9 (dF9) means the F9 cells cul-
tured with both 10~7 M retinoic acid and 10~3 M dibu-
tyryl cyclic AMPfor 3 days.
Experimental metastasis. Tumor cells (1 x 105) sus-
pended in 0.5 ml phosphate-buffered saline were in-
jected into the tail vein of C57BL/6 mice. After 21
days, the mice were sacrificed and the numberof visible
metastases on the surface of the lung was counted.
Anti-LN antiserum and anti-67 kDa-LNRantiserum.
Rabbit polyclonal anti-LN antiserum was purchased
from Advance (Tokyo, Japan). Rabbit polyclonal anti-
67 kDa-LNRantibodies were raised by repeated intrave-
nous injection of the bovine serum albumin (BSA)- con-
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jugated synthetic peptide (RGTISREHPWEEVMPD)
which corresponds to a part of the 67 kDa-LNRmole-
cule (18). The antiserum was passed through a column
of BSA-coupled Sepharose 4B to remove anti-BSA anti-
bodies.

Immunostaining of the cells. The tumor cells (1 x
105) were seeded onto LAB-TEK chamber (Nunc,

Roskilde, Denmark) and cultured for 24 hours. Induc-
tion of F9 to make dF9 was carried out in LAB-TEK
chamber for 3 days. After washing and fixing with cold
acetone, cells were incubated with 1 : 2500 dilution of
anti-LN, or 1 : 3 dilution of anti-67 kDa-LNR antise-
rum diluted in PBS containing 0.3% Triton X-100 at
4°C overnight. After washing, the cells were incubated
with a 1 : 80 dilution of peroxidase-conjugated goat anti-

rabbit immunoglobulin antiserum (Cappel, Malvern,
PA) at 4°C overnight. Staining was carried out with di-
aminobenzidine tetrahydrochloride (Sigma, St. Louis,

MO) and hydrogen peroxide. After washing in water,
the cells were counterstained with hematoxylin.
CDNAprobes. Mouse LN cDNAs, A-E3 for A
chain (10), p24 for Bl chain (9) and P7 for B2 chain
(ll), were generously provided by Dr. M. Sasaki (Na-
tional Institute of Dental Research, Bethesda, MD). Hu-
man FN CDNA pFH154 (5) was obtained from
Japanese Cancer Research Resources Bank (Tokyo,
Japan). Human CDNA for 67 kDa-LNR (17) and hu-
man CDNAfor /3-actin were cloned from the CDNAli-
brary derived from human lung fibroblast cell line
IMR90 (Clonetech, Palo Alto, CA) as reported previ-

Fig. 1. Immunostaining of 3LL and dF9. Cells grown on LAB-TEKchamber were fixed in 10%ethanol and acetone and then stained at 4°C
with anti-LN antiserum (A, B and C), or with anti-67 kDa-LNR antiserum (D and E) followed by treatment with peroxidase-conjugated goat
anti-rabbit immunoglobulin antiserum. A and D; LM60-D6, B and E; P29, C; dF9.
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ously (12). These cDNAswere labeled by nick transla-
tion using 32P-deoxynucleotides and used as probes.
Preparation of total cellular RNA. LM60-D6, P29
and dF9 (1 x 107 cells) were lysed in 2ml of 4M guani-
dine isothiocyanate, 200 mMsodium acetate (pH 6.0)
and 120 mM/3-mercaptoethanol (GIT buffer). In 5 ml
centrifuge tubes, guanidine-lysed sample was overlaid
on 1.7 ml of5.7 Mcesium chloride, and 25 mMsodium
acetate (pH 6.0). After centrifugation at 35,000 rpm at
20°C for 21 hours with a SW 55 rotor (Hitachi, Tokyo,
Japan), pelleted RNAswere purified by ethanol precipi-
tation.
Northern blot hybridization. Total RNA (15 fig) ob-
tained from each cell line was electrophoresed in 1%
agarose gel containing 2.2 M formaldehyde. After elec-
trophoresis, the RNAwas transferred to a nitrocellu-
lose filter (Schleicher & Schuell, BA85, Keene, NH).
The filters were baked at 80°C under vacuum for 2
hours and prehybridized in 50% formamide, 5 x SSC
(750 mMNaCl, 75 mMtrisodium citrate, adjusted to pH
7.0 with 1 M HC1), 45 mM Na2HPO4, 5 mM NaH2PO4,
0.1% sodium dodecyl sulfate, lO x Denhardt's solution
(0.2% polyvinylpyrrolidone, 0.2% BSA, 0.2% Ficoll
400) and 0.25 mg/ml salmon sperm DNAat 45°C for at
least 3 hours. Hybridization was carried out at 45°C
overnight with 32P-labeled CDNA probes (1.0x 106

cpm/ml) in the prehybridization buffer. The filters were
then washed in 1 x SSC buffer containing 0.05% disodi-
umpyrophosphate at roomtemperature several times,
then in the same buffer at 45°C several times and ex-
posed to X-ray film at -80°C for 2 days. The amount
of mRNAwas estimated by scanning of the densities on
X-ray film with a densitometer (Fujiriken, Tokyo,
Japan).

RESULT S

Metastatic incidence of tumor cells. Twoclones iso-
lated from mouse 3LL were examined for their lung-col-
onizing abilities after intravenous injection of the cells
(1 x 105 cells) into syngeneic C57BL/6 mice. As shown
in Table I, a striking difference was found in their meta-
static potentials, i.e., LM60-D6 formed more than 100
metastatic foci while P29 essentially formed no metasta-
sis.

Immunostaining with anti-LN and anti-67 kDa-LNR
antibodies. Twoclones of 3LL and dF9 were exam-
ined for the expression of LN and LNRby immuno-
staining of the cells. With anti-LN antiserum, highly
metastatic clone LM60-D6 (Fig. 1A) was stained only
weakly, whereas low metastatic clone P29 (Fig. IB) was
stained as strongly as dF9 (Fig. 1C). On the other hand,
there was no difference in staining between LM60-D6
and P29 stained with anti-67 kDa-LNR antiserum (Fig.
ID and Fig. IE, respectively). The control experiments

1 2 3 4

Fig. 2. The specificity of anti-LNR antiserum. The electrophoresed
4Murea extract of Lewis lung carcinoma cells was blotted onto nitro-
cellulose membrane.The membranewas stained with AmidoBlack
(lanes 1 and 4) or by using anti-LNR antiserum (lanes 2 and 3). Lanes
1 and 2, cell extract; lanes 3 and 4, standard protein mixture including
bovine serum albumin (68 kDa), ovalbumin (45 kDa) and carbonic an-
hydrase (29 kDa). Note that the antiserum reacted with the limited
protein bands including that with 67 kDa of the extract (lane 2) and
not with those of the standard mixture including bovine serum albu-
min (lane 3). Molecular weights of standard proteins are marked in
kDa.

with pre-immune rabbit serum showed no staining of
these cells at any appreciable level (not shown).
The specificity of the anti-LNR antiserum was demon-
strated by the Western blot analysis (Fig. 2). The antise-
rum reacted with 67 kDa-LNR of parental Lewis lung
carcinoma cells together with some lower molecular
weight proteins which could be explained by proteolytic
degradation as described previously (18).
Expression of the genes ofLN, 67 kDa-LNR and FN
Total cellular RNA samples of the cells from three
different culture dishes in the same condition were ana-
lyzed by Northern hybridization. The filters were hy-
bridized with six different probes. As shown in Fig. 3,
there was no significant difference in mRNAsize of all
LN chains and 67 kDa-LNR between LM60-D6 and
P29.

Densitometry of the autoradiograms revealed that
the amounts of both LN Bl and LN B2 mRNAswere
significantly lower in LM60-D6 than in P29 (Table II) (p
<0.001 by two sample t-test). The amounts of 67 kDa-
LNRmRNAwere almost comparable between LM60-
D6 and P29. This finding is consistent with the result of
immunostaining of the cells. Neither LM60-D6 nor P29
expressed FN gene as long as examined by the Northern
blot analysis. The immunostaining of the cells with an-
ti-FN antiserum showed absence of the protein around
the cells and in the cytoplasm, corresponding to the re-
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Fig. 3. Northern blot analyses of mRNAfor three chains of laminin, 67 kDa-laminin receptor, fibronectin and /3-actin. Total RNAsamples
(15 //g/lane) from 3LL or dF9 were electrophoresed in 1% formaldehyde-denaturing agarose gel and was transferred to a nitrocellulose filter.
Each CDNAinsert was labeled with 32P by nick translation and was used for hybridization of the nitrocellulose niters. Lanes F, P. and L indicate
expressions of mRNAof dF9, P29 and LM60-D6, respectively. LNA; laminin A chain, LNB1; laminin Bl chain, LNB2; laminin B2 chain, LNR;
67 kDa-laminin receptor, FN; fibronectin, Actin; /3-actin.

suit of Northern blot analysis (data not shown).

DISCUSSION

In the present study, we used two cell clones derived
from murine 3LLcells with different metastatic potenti-
als. The difference in activities of pulmonary metastasis
after intravenous injection of these cells (Table I) was
consistent with the previous data obtained with in-
tramuscular and subcutaneous inoculation (8). Immu-
nostaining of the cells with anti-LN demonstrated that
high metastatic LM60-D6was stained less intensely
than low metastatic P29 (Fig. 1), suggesting that the
high metastatic 3LL cells synthesized less LN than the
low metastatic ones (P29) did. This finding was compati-
ble with the difference in the LN mRNAlevel (Fig. 3).

Table I. Metastatic potentials of cloned lewis lung
CARCINOMACELLS*.

Cell line
Visible lung metastatic foci

Mean number     Range

P29 0.4          0-1

LM60-D6 171.9         138-222

The cells (1 x 105/mouse) were injected iv. Values are means for
seven mice.

The difference, however, in the immunostaining ap-
peared to be greater than that in the mRNAlevel, which
may be explained by the difference in the efficiency of
the secretion of LNsynthesized.
In contrast to LN, there was no significant difference
in the level of expression of 67 kDa-LNRbetween the
two cell clones shown by immunostraining and North-
ern blot analysis (Fig. 1 and Fig. 3).
It is reported that increased expression of cell surface

T a b le  I I . L e v e l s  o f  l a m i n i n  A ,  B l  a n d  B 2  c h a i n  m R N A s * .

L a m i n i n  A     L a m i n i n  B I     L a m i n i n  B 2

P 2 9  L M 6 0 -D 6   P 2 9  L M 6 0 - D 6   P 2 9  L M 6 0 -D 6

E X P . 1 * * 1 0 0    6 4     1 0 0    5 3

E X P .  2 1 0 0    5 4     1 0 0    6 2

E X P .  3 1 0 0    6 5     1 0 0    4 3

p  v a l u e < 0 . 0 0 1        < 0 . 0 0 1

* Equal amounts (15 fig) of total RNA, isolated from cultured cells
by CsCl density gradient centrifugation, were electrophoresed,
transferred to nitrocellulose niters and hybridized with cDNAs
for murine laminin A, Bl or B2 chain. The mRNAlevels were es-
timated by scanning of the autoradiograms with a densitometer.

** Experiments were independently performed three times.
*** The mRNAlevel of LM60-D6was culculated in comparison with
that of P29 assigned as 100 in each hybridization experiment.
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LNRprimarily contributes to high metastatic potential
of some malignant cells (12, 15). The present results,
however, appear to exemplify that the level of LNR
mRNAalone is not necessarily correlated to the metasta-
tic potentials. The relationship between endogenous LN
and metastatic potential of the cancer cell is not fully
elucidated. The present results suggest that LM60-D6
may possess more free (unoccupied by endogenous LN)
LNRthan P29 and consequently LM60-D6 may be able
to bind to LN in basement membranes better than P29,
resulting in the higher metastatic potential. This possi-
bility appears to be pertinent to the previous data which
indicate that self-synthesized LN is partially responsible
for the competitive inhibition of cell attachment with ex-
ogenous LN (2, 4, 6, 16).
As shown in Figure 3, neither LM60-D6nor P29 ex-
presses the gene of the LNA chain. This suggests that
the A chain of LNis not directly associated with meta-
static or adhesive activity of 3LLcells. It is also interest-
ing that this un-orthodox LN synthesized by 3LL is un-
likely to be secreted into culture mediumcompared with
the usual LN by dF9 (unpublished results). Further
studies are needed to clarify the functional significance
of aberrant LN which is devoid of the A chain.

Acknowledgments. The authors thank Dr. M. Sasaki for provid-
ing laminin cDNAs. This work was supported in part by a Grant-in-
Aid from the Ministry of Education, Science and Culture of Japan,
and by Special Coordination Funds of the Science and Technology
Agency of the Japanese Government.

REFERENCES

1. Campbell, J.H. and Terranova, V.P. 1988. Laminin: molec-
ular organization and biological function. /. Oral PathoL, 17:

309-323.

2. Giavazzi, R., Liotta, L., and Hart, I. 1982. Laminin inhib-
its the adhesion of a murine tumor of macrophage origin. Expl.
Cell Res., 140: 315-322.

3. Hunt, G. 1989. The role of laminin in cancer invasion and
metastasis. Expl Cell Biol., 57: 165-176.

4. Hunt, G. and Sherbet. G. V. 1989. Effect oflaminin on the
attachment of glioma cells to type IV collagen. Clin. Expl. Meta-

stasis., 7: 353-359.

5. Kornblihtt, A.R., Vibe-Pedersen, K., and Baralle, F.E.

1984. Human fibronectin: molecular cloning evidence for two
mRNAspecies differing by an internal segment coding for a

structural domain. EMBO/., 3: 221-226.

6. Liotta, L.A. 1986. Tumor invasion and metastasis-role of
the extracellular matrix: Rhoads Memorial Award Lecture. Can-

cerRes., 46: 1-7.

7. McCarthy, J.B. and Furcht, L.T. 1984. Laminin and fibro-
nectin promote the haptotactic migration of B 16 mouse melano-
ma cells in vitro. J. Cell Biol, 98: 1474-1480.

8. Nakanishi, H., Takenaga, K., Oguri, K., Yoshida, A., and

Okayama, M. 1992. Morphological characteristics of tu-
mours formed by Lewis lung carcinoma-derived cloned cell

lines with different metastatic potentials: structural differences
in their basement membranes formed in vivo. Virchows Arch.
A, Pathol. Anat. Histopathol, 420: 163-170.

9. Sasaki, M. Kato, S., Kohno, K., Martin, G.R., and Yamada,
Y. 1987. Sequence of the CDNA encoding the laminin Bl

chain reveals a multidomain protein containing cysteine-rich re-
peats. Proc. Natl. Acad. Sci. USA., 84: 935-939.

10. Sasaki M., Kleinman, H.K., Huber, H., Deutzmann, R., and
Yamada, Y. 1988. Laminin, a multidomain protein. /. Biol.

Chem., 263: 16536-16544.

ll. Sasaki, M. andYamada, Y. 1987. Thelaminin B2chainhas a
multidomain structure homologous to the Bl chain. /. Biol.
Chem., 262: 17111-17117.

12. Satoh, K., Narumi, K., Isemura, M., Sakai, T., Abe, T.,

Matsushima, K., Okuda, K., and Motomiya, M. 1992. In-
creased expression of the 67 kDa-laminin receptor gene in hu-
man small cell lung cancer. Biochem. Biophys. Res. Commun.,

182: 746-752.

13. Strickland, S and Mahdavi, V. 1978. The induction of differ-
entiation in teratocarcinoma stem cells by retinoic acid. Cell, 15:

393-403.

14. Terranova, V.P., Liotta, L.A., Russo, R.G., and Martin,
G.R. 1982. Role of laminin in the attachment and metastasis
of murine tumor cells. Cancer Res., 42: 2265-2269.

15. Terranova, V.P., Rao, C.N., Kalebic, T., Margulies, I.M.,
and Liotta, L.A. 1983. Laminin receptor on human breast

carcinoma cells. Proc. Natl. Acad. Sci. USA., 80: 444-448.
16. Varani, J., Carey, T.E., Fligiel, S.E.G., McKeever, P.E.,

and Dixit, V. 1987. Tumor type-specific differences in cell-sub-
strate adhesion among human tumor cell lines. Int. J. Cancer.,

39: 397-403.
17. Wewer, U.M., Liotta, L.A., Jaye, M., Ricca, G.A.,

Drohan, W.N., Claysmith, A.P., Rao, C.N., Wirth, P.,

Coligan, J.E., Albrechtsen, R., Mudryj, M., and Sobel,

M.E. 1986. Altered levels of laminin receptor mRNAin vari-
ous human carcinoma cells that have different abilities to bind
laminin. Proc. Natl. Acad. Sci. USA., 83: 7137-7141.

18. Wewer, U.M., Taraboletti, G., Sobel, M.E., Albrechtsen,
R., and Liotta, L.A. 1987. Role oflaminin receptor in tumor
cell migration. Cancer Res., 47: 5691-5698.

{Received for publication, June 18, 1993
and in revised form, July 17, 1993)

187


