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Highly malignant cell lines and low-malignant cell lines isolated from three
different methylcholanthrene-induced murine fibrosarcomas were examined for
their ability to attach to plastic dishes and collagen-coated dishes under serum-
free conditions and in the presence of serum. Most of the cells from the three
highly malignant lines attached and spread under all conditions. By 72h, there
was a significant increase in the number of cells indicating that at least some of the
cells had undergone division (even in the absence of serum). In contrast, fewer of
the cells from the three low-malignant lines attached and spread on the plastic or
collagen substrates in the absence of serum or in the presence of (-1 per cent
serum. However, when 15 yug laminin per dish was added along with the low-
malignant cells, they then attached and spread on the plastic and collagen-coated
dishes. Previous studies have indicated that the highly malignant lines express
cell surface antigens that cross-react with laminin while the low-malignant cell
lines do not. We speculate that the differences between the high- and low-
malignant cells in the expression of cell surface laminin-like antigens contribute
to the dissimilarities in attachment and spreading capacity. These differences
may also contribute to the dissimilarity between these cells in malignant
potential.

Introduction

Basement membranes and interstitial stroma form boundaries between discrete
tissues in higher multicellular organisms. During the processes of invasion and
metastasis, malignant tumor cells must cross these boundaries. How this occurs has
not been fully delineated but current ideas suggest that tumor cell adhesion to the
host tissues, local destruction of these tissues and active migration of the tumor cells
into the spaces produced as a result of tissue dissolution are involved [8,9]. Different
types of tumors have undoubtedly evolved a variety of mechanisms to carry out these
functions. Studies by Terranova et al. [27] have suggested that laminin may be
involved in the invasion and metastatic processes. They showed that in a population
of unselected murine tumor cells, those cells which could use laminin as an
attachment factor were much more metastatic than the cells which could not use
laminin. It was subsequently shown that tumor cells which utilized laminin as an
attachment factor had high-affinity surface receptors for the laminin molecule
[23, 28]. Thus it could be postulated that the presence of laminin receptors on the
tumor cells allows the cells to bind directly to the laminin associated with type IV
collagen in basement membranes.
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Previous studies in our laboratory have resulted in the isolation of highly
malignant cell lines and low-malignant cell lines from each of three different
methylcholanthrene-induced murine tumors [32-34]. The highly malignant cells
from all three tumors express antigens on their surface which cross-react with
laminin while there is no evidence of this material on the surface of the
corresponding low-malignant cells [13, 34, 35]. We report here that the highly
malignant cell lines are more adherent to plastic culture dishes and collagen-coated
culture dishes than the low-malignant cell lines. We speculate that the expression of
cell surface laminin or laminin-like antigens by tumor cells may facilitate their
adherence to host tissue structures and thereby promote metastasis.

Materials and methods
Cells

Highly malignant cell lines and low-malignant cell lines were obtained from three
different chemically induced murine fibrosarcomas and used in this study. The
isolation and characterization of these populations have been described in previous
reports [32-34]. The tumors from which the cell lines arose have been designated as
tumor 1.0, 1.1 and 1.2. The highly malignant cell lines have been designated as
cell line 1.0/LL1, 1.1 and 1.2. The 1.0/L.1 cell line is a cloned line derived from a
spontaneous lung metastasis which developed in a syngeneic (C57 b1/6) mouse after
subcutaneous injection of the parent 1.0 cells. The 1.1 and 1.2 lines are uncloned
populations of cells which were established in culture by explanation of the 1.1 and
1.2 primary tumors. Low-malignant cell lines were obtained from each of the three
parent tumor lines by selecting for resistance to complement-mediated cytotoxicity
in the presence of antibodies to the human blood group B antigen. These cell lines
have been designated as 1.0/anti-B", 1.1/anti-B" and 1.2/anti-B". The cells lines
1.0/LL1 and 1.0/anti-B" have been maintained in culture for several years and have
been shown to be stable with regard to a number of functional characteristics [36].
The other cell lines are of recent origin [34]. In the present study all of the cell lines
were maintained under identical conditions which included growth in RPMI-1640
medium supplemented with 10 per cent fetal bovine serum at 37°C in 5 per cent
CO0,/95 per cent air. The cells were subcultured by trypsinization as necessary. Prior
to use in these studies all of the cell lines were shown to be free of mycoplasma
contamination by incubation in mycoplasma broth and on mycoplasma agar.

Laminin and anti-laminin antibodies

Laminin purified from the murine EHS sarcoma by two different methods [24,
31] was used in these studies. The laminin showed only two major bands, at M,
200000 and 400000, when examined by SDS-polyacrylamide gel electrophoresis
under reducing conditions. Using an enzyme-linked immunosorbent assay (ELISA)
[35], the laminin reacted with anti-laminin antibodies at dilutions from 1: 1 to 1: 106
but did not react with anti-fibronectin antibodies. Using a cell attachment assay [35],
biological activity was demonstrated at concentrations as low at 2 ug in 2ml per
35mm (diameter) dish. Rabbit anti-laminin antisera was prepared by repeated
intradermal injections of the purified laminin [13]. The IgG fraction of the
antiserum was prepared using standard methodologies [7].
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Collagen-coated dishes

Human placental (type IV) collagen was obtained from Sigma Chemical
Company (St Louis, Missouri). The collagen had been prepared by the method of
Glanville et al. [2]. Analysis of the collagen on 5 per cent SDS-polyacrylamide gels
showed bands at 95000 and 70 000, consistent with the pattern reported previously
[2,26]. Stock solutions of the collagen were prepared by solubilizing the purified
material in 0-1 mol/L acetic acid at a concentration of 1 mg/ml. At the time of use, the
collagen was diluted to either 500 ug/ml, 200 ug/ml or 50 ug/ml in 0-1 mol/L acetic
acid and 1 ml was added to each of several 35 mm (diameter) bacteriological dishes.
The acetic acid solution was evaporated from the dishes at 37°C allowing the collagen
to be deposited on the surface. After sterilization under ultraviolet light for 2 h, the
dishes were washed two times in serum-free RPM1I-1640 medium and were ready to
use. Some of the dishes prepared with 50 ug of the human placental type IV collagen
were examined by transmission electron microscopy. For this, the collagen-coated
dishes were fixed overnight in 2:0 per cent glutaraldehyde in 0:1 mol/L cacodylate
buffer without calcium at pH 7-2 and postfixed for 5min in 1-0 per cent osmium
tetroxide in cacodylate buffer with calcium. Dehydration was performed in graded
solutions of ethanol. In the embedding procedure, we did not include treatment with
pure propylene oxide, because the plastic did not tolerate it. Treatment witha 1:1
mixture of Epon 812 (Ladd, Burlington, Vermont) and propylene oxide was for only
about 3 min before this was exchanged with Epon 812. Semi-thin (2 ym) sections
were stained with 1 per cent toluidine blue. Several different areas with or without
cells were arbitrarily chosen for thin sectioning, and 50-60 nm sections were cut with
a Reichert—Jung Ultracut E ultramicrotome and mounted on copper grids. The
sections were stained with uranyl acetate and lead citrate and examined with a Jeol
100 B electron microscope. Electron microscopical examination indicated that the
human placenta type IV collagen coat made with 50 ug per 35 mm (diameter) dish
was continuous (figure 1). Usually, the coat was approximately 60 nm thick (figure
1 (A)). Occasionally it was found to be up to 250 nm thick (figure 1 (B)). On uncoated
control dishes, no layer could be seen between the plastic and the cells.

In certain experiments, plastic dishes coated with type IV collagen from the
murine EHS sarcoma or with mouse skin (type I) collagen were used as the substrate.
The EHS collagen was obtained from Bethesda Research Laboratories
(Gaithersburg, Maryland). The mouse skin collagen was a generous gift from
Dr Sem Hin Phan (Department of Pathology, The University of Michigan). Plastic
dishes were coated with these substrates in the same manner as was done with the
human placental collagen. In addition to using acid-dried collagen, we also prepared
hydrated collagen lattices [4] with the mouse skin collagen. This was done by
preparing a 4 mg/ml solution of the collagen in 0-1 mol/L, acetic acid and then
diluting the concentrated collagen solution with culture medium and neutralizing
the pH with NaOH. One millilitre of the neutralized collagen solution (1 mg/ml) was
added to the bacteriological dishes and allowed to gel by incubating the dishes
overnight at 37°C in a humidified atmosphere. Finally, untreated plastic culture
dishes were also used as a substrate in certain experiments. Both cell culture dishes
and bacteriological dishes were used.

Measurement of cell attachment and spreading
Cells to be used in the attachment and spreading assays were harvested from
monolayer culture by trypsinization, washed four times in serum-free medium and
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Figure 1. 'Tumor cells adhering to a coat made of 50 g of human placental type I'V collagen
dried on to 35 mm (diameter) plastic dishes. (A) A cell adhering to a coat of typical
thickness. (B) A cell adhering to an exceptionally thick coat. The cells were allowed to
adhere for 6 h. C, cell; CO, collagen; P, plastic.
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added to the dishes at 2-5 x 105 cells per dish in RPMI-1640 medium with or without
serum as indicated. The dishes were then incubated at 37°C in 5 per cent CO,. At
various times later, the non-attached cells were removed from duplicate dishes. The
attached cells were then harvested by trypsinization and enumerated using a Coulter
Counter, model ZB. In some cases, the dishes were washed, flooded with 2 per cent
glutaraldehyde in phosphate-buffered saline and used for phase-contrast pho-
tography. When uncoated plastic dishes were used, 200 ug/ml bovine serum albumin
was included in the cell culture medium. In some experiments, medium with 0-1 per
cent or 1-0 per cent fetal bovine serum was used.

We also determined the percentage of the attached cells which underwent
spreading on the collagen-coated and plastic culture dishes. For this, the cells were
added to the dishes as described above and incubated. At the appropriate times, the
non-attached cells were removed and the dishes washed once with serum-free
culture medium. A microscope with a calibrated grid in the evepiece was used to
make total cell counts and counts of spread cells. Several different areas on each dish
were examined and 50-200 cells per field were counted. The percentage of spread
cells was determined from this.

Laminin binding to cells

The ability of the laminin-deficient, low-malignant cells to bind laminin from
solution was examined. The laminin-binding protocol was similar to that described
in our recent report [16]. Briefly, the cells were harvested by trypsinization and then
incubated in suspension in culture medium containing 10 per cent fetal bovine serum
for a period of 4h. Following this, they were washed four times in serum-free
medium and then incubated with the laminin under serum-free conditions. For this,
0-300 ug laminin was incubated with 2 x 10° cells in a total volume of 0-35 ml. The
incubation was carried out for a period of 1 h. Then the cells were separated from the
unbound laminin by centrifugation and washed four times. Following this, the
amount of laminin bound to the cells was determined using an enzyme-linked lectin
assay (ELILA) as previously described [14, 15]. The ELLLA makes use of an alkaline
phosphatase-conjugated derivative of Griffonia simplicifolia 1 B, isolectin. It takes
advantage of the high sensitivity provided by enzyme coupling and the strict
specificity of this lectin for terminally linked a-p-galactopyranosy! groups [17].
Since the laminin molecule contains this sugar as part of its carbohydrate structure
[24] and the laminin-deficient cells have extremely small quantities of this sugar
group on their surface [15], the binding of the lectin to the laminin-treated cells can
be used to measure precisely the amount of laminin bound to the cells. All of the
steps in the assay are carried out on cells in the viable state and therefore, the residues
to which the lectin reacts are presumed to be on the cell surface. In brief, the cells are
allowed to bind the lectin for 45 min at 37°C. Following this, they are washed four
times in isotonic buffer to remove unbound lectin, and then treated with the haptenic
sugar, a-methyl-pD-galactopyranoside to release the specifically bound lectin from
the cell surface. Aliquots of the released lectin are added to the wells of a microtiter
plate and the enzyme reaction carried out in a manner analogous to that in ELISAs.
Complete details of this assay procedure can be found in our recent reports [14-16].

Results

Cell attachment and spreading on the plastic culture dishes and collagen-coated dishes
The six cell lines were examined for attachment and spreading on the plastic
bacteriological dishes and the dishes coated with human placental type IV collagen.



J. Varani et al.

50

(LF58) T6:0F06-C (9F08) 900FsTT (6F09) 0v-0F0S-1  udBe[[0d 31 0g
FFoL) 8I1FL6T F1F58)  SLOFEIT (LF59) 8e-0F€I-T  udBe 00 31 00T
(8FSL) O0E1FS0€ (o) STOFEIT (8F79) 08-0F¢€l-z  uaBe(0d B g
(€F09) STIFH9C (IFs) 01-0F520 (#¥07) L1-0F0S1 onseld 'l
(€1F0L) 101F+1€ (€F0¢) LI0FS0T (I1F47) €90F 191  uase[oo 31 005
(8F0L) 160FL1€ (LFT) 160F7ET (0zF72) 09-0F06-1  uase[[od 31 (07
(L1F€L) T90F€9€ (LF81) 9L0F0ST (€+81) 1S-0F01:1  weBeoo 8rfog
(81FSS) 0S-0F89-C (1F8)  990F59T (01F02) 0£-0F60-1 onseld H-Due/o']
(SF56) SLOF+HLS (LF98) 101F¥6€ F1F+8)  +€-0F9L1  udBe[[00 31 008
(9OF+6) SHOFI+S (11¥58) <L0FS0€ (0F¥8) ¢£c0FLzz  uaseod 117
(8F78) 8£-0F68S (91F19) Lo1F1LE (rFeL) +E0F06:1  udBe[o0 311 0g
r+26) ¥T0F0+-S (€TF69) 0T-0FL6€ (L¥¢8) s1o0FLLT onseld 17/0°1
(peaads (c01 %) (peaads (0T %) (peoads (;01 %) aensqng ad£y 119D
U920 1od)  paydene Juao 12d)  poyoeye Juad 1ad)  payoene
IpqunpN Jaquunp] JaquunpN
Sg. e 1d .1 Sg. 1uso 1ad 1.0 S2I-wInIvg
SUOLIPUOD 2IMN))
*,SOYSIP Poreod
-uage[[oo A] 2dA) Jejuaoeld uewny pue saysIp opse[d uo S[[30 Jowny Jo Furpeaads pue JuWIYOEYY [ 9qe],



51

Tumor cell adhesiveness

Juswiriadxs Jad saysip vuwom_azv
YIM ‘s3UWIIBdXa JUSIOYIP 331U JO SUBSUI 9] JO SUOHEIAIP pIepuels ayl F suedul 913 Juasardar umoys sonjea oY, "pajunod
pue uoneziuisdA1} £q PIAOWISI 3JaM S[[3D PAYSENE Y3 ‘SIY} SUIMO[[0,] "PIUTWIANAP sem Juipeaids auodrspun pey yorgm
S[[92 Jo a8ejuaorad oy ‘9091da4s ay3 ur prid paeiqred B yum 9doosororur B SUis() “WNIPIW dIMI[ND YSIIJ YIIM 3DOUO0 paysem
SOUSIP 91 PUEB PIAOWIAI AI3M S[[3D PIYDLB-UOU 3} ‘Y47 I3V "(Sg,) WNIds dUTA0q [819] JUad 13d (). ] 10 JU90 13d [.Q Yam
pazuawaddns [JALJY 10 [JAAY 997-WNISS JO PIISISUOD WINTPIWT 31NN Y, T, "YSIP 19d S[[99 (] X §-T I¥ SIYSIP pa1e0d-uade[[od
[erusoe[d urwny Jo saYsIp onse[d oY1 01 pappe pue SPOYIdW PUE S[ELIANEBIAT Y} UT paqriosap se patedard azem s[[990 9y, ,

(LF0¥)
(9F 06)
(TF8L)
($F¢<8)

(sFz8)
(L¥26)
(8F26)
(9Fs6)

(8F02)
(11¥02)

(8Fo01)

(sF9)

95-0+08-C
LT-0+0T-¢
¥8:0+LE-€
£5-0+0L€
1L0F 01+
$6-0+08+¥
LTTF LT
68-0+0S+
80-0+69-1
0£-0FL6°T
79-0+1L8T
¥0-1+7TC

6F L)
(Z1F0%)
(LF0S)
(£F59)

+F06)
(11F06)
(£F16)
(ZFs6)

(0
()]
(0)
0)

780+ 021
0£-0F0t1
92-0+06°T
97-0+0¢-T
¥1-:0+01-C
€8-0+09-C
SE0FLLT
18:0+¢¢-€
01-0F0S-0
12-0+05-0
LEOFSLO
60-0+€1-0

(tF120)
(LF9%)
(6Fs1)
(8F01)

(8F1L)
(6F+59)
(£Fs8)
(LFSL)

(0)
0)
0)
0)

970+ 640
€1:0F 60
6£-0+L0-1
620+ 66:0
L¥0F0S-1
6T-0F0S-1
€0+ L91
L9-0+L61
0
60-0+8¢-0
TL0F0S0
S10+L2C

uade[jod 3n (s
uade[jod 31 )0
uage[joo 31 (¢
onseld
uafel[od 31 gpg
uade[od 311 0¢
uagerjoo 81 (¢
OnseEld
uade[od 317 00§
uaBe[[oo 81 )07
uageqyoo 31 g5
Jnseld

g-nue/zy

1

g-nue/]



Figure 2. Phase-contrast photomicrographs of the laminin-positive cells and the laminin-
deficient cells in the presence and absence of 15 ug laminin. The cells were allowed to
attach to the collagen substrate and incubated for 48 h. Following this, the non-attached
cells were removed and the dishes flooded with 2 per cent glutaraldehyde in phosphate-
buffered saline. x 300. (A—C) Cells from tumor 1.0. (D-F) Cells from tumor 1.1. (G-I)
Cells from tumor 1.2. The laminin-positive cells are shown at the left (A, D, G). The
laminin-deficient cells in the absence of exogenous laminin are shown in the middle
(B, E, H) and the laminin-deficient cells in the presence of exogenous laminin are shown
at the right (C, F, I).
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Table 2. Attachment and spreading of tumor cells on dishes coated with EHS sarcoma
(type IV) collagen, mouse skin (type I) collagen and collagen gels prepared from
mouse skin (type I) collagen®.

Substrate
EHS collagen® Mouse skin collagen® Mouse skin collagen gel'
Number of (per cent Number of (per cent Number of (per cent
Cell type cells attached spread) cells attached spread) cells attached spread)
1.0/1.1 1-78+0-35 83+ 11 0-85+0-15 90+5 2-:37 +£0-50 65+17
1.0/anti-B* 195+ 0-75 545 1-13+ 021 10+5 2:15+0-25 23+12
1.1 095+ 0-51 68120 ND? ND
1.1/anti-B* 0-60+0-28 0
1.2 1-314+0-17 88+11 ND ND
1.2/anti-B* 1-00+0-75 0

@ The three substrates were prepared as described in the Materials and methods section. The cells
(2-5 x 10°/dish) were added at time zero and cell attachment and spreading were quantified 24 h
later. (Cells were harvested from the collagen gels after digestion of the collagen with bacterial
collagenase.) The values shown are mean values + the differences between the mean values and the
individual values in duplicate experiments. Duplicate dishes were used in each experiment.

? Serum-free RPMI-1640 medium was used.

‘RPMI-1640 medium supplemented with 10 per cent fetal bovine serum was used.

¢ND =not determined.

Data obtained after 24 h from several experiments are presented in table 1. Overall, it
can be seen that under serum-free conditions, a higher percentage of the highly
malignant cells attached and spread than the corresponding low-malignant cells on
both the plastic dishes and the collagen-coated dishes. In the presence of low serum
concentrations (0-1 per cent), consistent differences were also observed, and it was
only at 1-0 per cent serum that these differences began to disappear. It is obvious that
in some groups, cells have divided during 24 h in the presence of serum. Figure 2
shows a series of photomicrographs comparing the attachment and spreading of the
three highly malignant lines (in the left-hand portion) and the three corresponding
low-malignant lines (in the center). In other experiments, type I'V collagen prepared
from the EHS sarcoma or type I collagen from mouse skin were used in place of the
human placental collagen. Differences in attachment and spreading were also
observed on these substrates. Differences in spreading activity were especially
dramatic. Virtually none of the low-malignant cells spread on these substrates while
a significant amount of spreading was detected with all three of the highly malignant
lines (table 2). Finally, we examined the attachment and spreading activities of the
1.0/L1 cells and 1.0/anti-B* cells on the collagen gels prepared from the mouse skin
(type I) collagen. These experiments, which were carried out in medium containing
10 per cent fetal bovine serum, showed that nearly all of the cells from both lines
attached to the collagen substrate. However, as with the other substrates, the high-
malignant cells spread to a greater extent than the low-malignant cells (table 2).
Accompanying the attachment and spreading of the high malignant cells was a
contraction of the hydrated collagen substrate. By one day after plating, the hydrated
collagen lattice was reduced to a thin disk floating in the culture medium. In their
effects on the hydrated collagen lattice, the high-malignant tumor cells resemble
normal fibroblasts [4].
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The data presented in tables 1 and 2 were obtained by assaying for cell
attachment and spreading one day after plating. When the cells were harvested from
the plastic dishes or collagen-coated dishes two or three days after plating (on serum-
free medium) there was a significant increase in the number of 1.0/L1 cells and 1.1
cells over the amount initially added. Although the numbers varied from experiment
to experiment, we often obtained up to 10° cells per dish (i.e., two cell doublings).
The low malignant lines from the same tumors did not show this increase under
serum-free conditions. The total number of these cells remained constant and they
gradually detached from the substrate during long-term incubation under serum-
free conditions. With the cells from tumor 1.2, neither the highly malignant or low-
malignant cells showed significant proliferative capacity under serum-free
conditions.

Effects of laminin on tumor cell attachment and spreading

The low-malignant cells were examined for attachment and spreading on the
plastic dishes and human placental collagen-coated dishes in the presence of laminin.
The cells were prepared in the normal way and added to the dishes along with 15 ug
laminin under serum-free conditions. The addition of laminin dramatically
enhanced attachment and spreading. Quantitative results are shown in table 3.
Photomicrographs depicting this are shown in the right-hand portion of figure 2.

Since exogenous laminin was found to promote attachment and spreading of the
low-malignant cells, anti-laminin antibodies were used in an effort to block the
attachment of the high malignant cells. The IgG fraction of the anti-laminin serum
was prepared as described in the Materials and methods section and 50-150 ug of the
immunoglobulin were added to the dishes along with the cells. The 1.0/L.1 cells were
used in these experiments. Although inhibition was not complete, the rabbit anti-

Table 3. Effects of laminin on the attachment and spreading of the low-malignant
tumor cells’,

Number of cells

Cell type Substrate attached (x 10°)  Per cent spread
1.0/anti-B" Plastic 0-65+0-20 0
Plastic/laminin 2:46+0-75 90+8
Collagen 1-4140-61 1845
Collagen/laminin 2464070 92+7
1.1/anti-B* Plastic 170 £0-35 0
Plastic/laminin 2:25+041 85410
Collagen 0-35+0'10 0
Collagen/laminin 1-50+0-35 75+8
1.2/anti-B* Plastic 0-85+0-25 25+15
Plastic/laminin 2:25+0-17 90418
Collagen 1-75+062 45+17
Collagen/laminin 2314036 75+12

“The cells were prepared as described in Materials and methods and added (2:5 x 103/dish)
to the plastic dishes or to the dishes coated with 50 ug of the human placental type 1V collagen
in the absence of serum. Laminin was added directly to the dishes (15 ug/dish) along with the
cells. T'wenty four hours later cell attachment and cell spreading were determined as described
in the legend to table 1. The values shown are the mean values + the standard deviation of the
means of three different experiments. Duplicate dishes were used in each experiment.
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laminin antibodies did inhibit attachment. Inhibition ranged from 25 per
cent+ Sper cent at 50 ug of protein/dish to 45per cent+3per cent at 150 ug
(means + standard errors based on duplicate samples in two separate experiments).
Normal rabbit IgG did not inhibit attachment.

Attachment and spreading of cells after treatment with laminin in suspension

It is possible that laminin-mediated attachment and spreading occurred follow-
ing binding of the laminin to the substrate first and then to the cells or following
binding to the cells first and then to the substrate. Obviously, the two possibilities are
not mutally exclusive. However, in an effort to ‘mimic’ the behaviour of the highly
malignant cells (which express laminin-like antigens on their surface), the low-
malignant (1.0/anti-B") cells were treated with laminin in suspension, separated from
the unbound laminin, and then examined for ability to attach and spread.
Simultaneously, they were assessed for bound laminin using the ELLA technique
(table 4). The cells treated in this manner were able to bind laminin while in
suspension, and as the amount of bound laminin increased, the ability to attach and
spread also increased.

Discussion

The attachment of tumor cells to host tissue structures occurs at several steps in
the invasion and metastatic processes [9]. This is probably a critical event because
once the cells have become attached, they are able to carry out other functions such as
active movement [30, 36, 38], host tissue destruction [6, 9, 25, 30] and proliferation
[3] which are necessary for successful metastasis formation. Additionally, in the case
of circulating tumor cells, the attachment of the cells to the vascular wall allows the
cells to get out of the circulation, which is a hostile environment. It would not seem
surprising in the light of this to find that cells which are highly adhesive would be
more metastatic than cells which are less adhesive and previous investigations by
several groups have supported this concept [18-22, 27, 37, 40]. In this report we
show that highly malignant tumor cell lines from three different tumors are more

Table 4. Attachment and spreading of untreated and laminin-treated 1-0/anti-B’

cells®.
Amount of Number of cells
Cell type laminin added Auos attached (x 10°)  Per cent spread
1.0/anti-B" 0 0-009 +0-003 0-85+0-20 0
75 0-128 +0:022 1-05+0-17 35+10

150 0-205+0-038 1-5040-25 80+12

300 0-588 +0:067 2-04 1+ 0-85 7749
1.0/1L.1 0 1-123 +0-260 ND ND

“The 1.0/anti-B" cells were harvested from culture and treated with laminin as described in
Materials and methods. After washing the cells four times they were divided into two pools.
With the cells in the first pool, the relative amount of laminin bound to the cells was
determined using the enzyme-linked lectin assay. With the second pool of cells, cell
attachment and spreading were determined. The A,y5 values are means + standard deviations
of triplicate samples in a single experiment. The adherence and spreading values are
means + differences between the mean values and the individual values in a single experiment.
The experiment was run twice with very similar results.
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adherent to plastic culture dishes and collagen-coated dishes than are low-malignant
cell lines derived from the same tumors. Furthermore, there is a difference in
behavior of the cells once they have attached. The highly malignant cells have the
tendency to spread and flatten out while the low-malignant cells demonstrate much
less spreading. In addition, some of the highly malignant cells undergo proliferation
even in the absence of serum whereas none of the low-malignant cells do. Under
these conditions, the low-malignant cells detach with time. These differences
between the highly malignant and low-malignant tumor lines were observed on
plastic dishes and dishes coated with collagen from a variety of sources. Thus, the
differences in attachment and spreading do not show substrate specificity. Previous
studies have suggested that malignant tumor cells demonstrate specific adhesive
interactions with target structures in organs to which they metastasize [20, 21]. How
the present findings relate to this is unknown but one can envisage a model of
metastasis involving both specific recognition factors and non-specific capacity for
adhesion.

The cellular and molecular basis of tumor cell adhesiveness is not fully
understood. Obviously, tumor cells may have evolved a number of distinct
mechanisms. Recent studies have shown that a number of different types of tumor
cells have surface receptors for laminin [10-12, 23, 28]. Laminin, which is an
attachment factor for several types of cells [1, 27, 29, 35, 39], is found in conjunction
with type IV collagen in basement membranes [1, 31]. It may be suggested,
therefore, that the presence of laminin receptors on the cell surface provides a
mechanism whereby invading tumor cells can interact with the basement membrane
components of the tissue being invaded.

Our studies also suggest a role for laminin. However, our findings indicate that, at
least in the murine fibrosarcoma model, it is the presence of laminin (or laminin-like
material) on the cell surface rather than the presence of unfilled laminin receptors
that correlates with adhesiveness. The highly malignant cells used in the present
studies have previously been shown to express antigens on their surface which
crossreact with laminin. This was initially shown by immunofluorescence on cells in
the viable state with all three lines and by enzyme-linked immunosorbent assay with
purified components from these cells [34, 35]. This was confirmed in the 1.0/1.1 cells
by demonstrating that purified membrane fractions could elicit the formation of
antibodies in rabbits which crossreacted with laminin by ELISA and also by
demonstrating cell surface reactivity with the anti-laminin antibodies by im-
munoperoxidase/electron microscopy [13]. These approaches provide compelling
evidence for the existence of a laminin-like antigen on the surface of the highly
malignant cells. The same approaches with the low-malignant cells show no
evidence of a similar material [13, 34, 35]. Whether the crossreactive material on the
highly malignant cells is intact laminin cannot be determined from these approaches.
However, using metabolic labeling followed by immunoprecipitation with anti-
laminin antibodies it was demonstrated that the cells secrete into the culture
medium, a moiety which comigrates with intact laminin in SDS-polyacrylamide gels
[13]. Under reducing conditions, this moiety has protein bands at M, 200 000 and
400000. Thus, on the basis of these observations we suggest that there are
differences between the high- and low malignant cells in the expression of cell
surface laminin (or laminin-like substance). This difference may contribute to
dissimilarity in in viwo behavior. It should not be implied from this that the
differences in laminin expression account completely for the dissimilarity in
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biological behavior. A number of other, unrelated cell surface differences between
these cells may also exist and additional studies will need to be done before all of these
differences are known. It is interesting in this regard, however, that recent studies by
Jellum ez al. [5] using high-resolution two-dimensional electrophoresis showed that
the protein patterns of the 1.0/1.1 cells and 1.0/antiB" cells are very similar overall. It
should also be noted that examination of the highly malignant and low-malignant
cells for the presence of surface fibronectin indicates that there is some of this
material on both groups of cells (unpublished observation).

Whether or not the differences in laminin expression are mainly responsible for
the biological dissimilarity between the high- and low-malignant cells, these
differences can be reduced in the presence of exogenous laminin. The addition of
exogenous laminin to the low-malignant cells caused these cells to attach rapidly and
spread on the plastic dishes or collagen-coated dishes. This was shown when the
laminin was added directly to the substrate along with the cells, but more
importantly, it was also shown when the cells were allowed to bind the laminin in
solution and then separated from the unbound material. This suggests that when the
normally laminin-deficient low-malignant cells are artificially ‘reconstituted’ with
exogenous laminin, their adherence and spreading characteristics come to resemble
those of the high-malignant cells which express laminin-like antigens intrinsically.
That this may be directly related to metastatic activity is inferred by our recent
finding that the laminin-treated low-malignant cells form a much greater number of
lung tumors after intravenous injection than do untreated low-malignant cells [12].
Even after laminin treatment, however, the lung colonizing ability is not as great as
that of the high-malignant cells, indicating that metastasis is a multi-step process and
that laminin-independent events no doubt occur.

In summary then, the findings described here, along with previously published
findings, suggest that there are two possible ways that the presence of laminin
receptors on tumor cells may facilitate their attachment to host tissue structures. One
involves the interaction of the tumor cells directly with exposed laminin in the
extracellular matrix via high-affinity receptors for laminin on the cell surface. A
second one involves the binding of laminin (perhaps endogenously synthesized) by
these same receptors and then interaction with host tissue structures mediated by the
presence of cell-surface laminin. Obviously, these two ways are not unrelated or
mutually exclusive and both may, as suggested by correlative studies, play a role in
metastasis formation.
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