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High-metastatic murine fibrosarcoma cells readily at-
tached to Type IV (basement membrane) collagen,
whereas low-metastatic cells isolated from the same
tumor did not. The addition of laminin-a glycopro-
tein that facilitates the adherence of epithelial cells to
their basement membranes-enhanced the attachment
of the low-metastatic cells, but not the high-metastatic
cells. Using anti-laminin antibodies and a laminin-
binding lectin as probes, the authors were able to iden-
tify by immunofluorescence a moiety associated with

IN PREVIOUS WORK we isolated from a murine
fibrosarcoma tumor cell lines that differed greatly in
their tumorigenicity and spontaneous metastatic abil-
ity.1'2 Numerous studies have been conducted in an
effort to delineate the biologic basis for the differ-
ences in in vivo behavior. A number of functional
properties, both in vitro and in vivo, have been found
to distinguish the high- and low-metastatic cells,1-8
but the molecular basis for these differences is un-
known.

In this paper we report that the high-metastatic
cells (but not the low-metastatic cells) express a moi-
ety that cross-reacts immunologically with murine
laminin prepared from the EHS sarcoma. Since it has
been suggested that laminin plays a role in tumor
metastasis,9 the expression of this substance by the
high-metastatic cells may contribute to their en-
hanced ability to metastasize spontaneously from pri-
mary tumors and to form lung tumors after intra-
venous injection. 1-3

Materials and Methods

Cells

The procedures used to isolate the high- and low-
metastatic cells have been described previously. 1'2
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the high-metastatic cells, but not the low-metastatic
cells, which cross-reacted with murine laminin purified
from the EHS sarcoma. When extracts from the high-
metastatic cells were separated by affinity chromatog-
raphy, with the laminin-binding lectin as the affinity
substrate, a substance was isolated that had an apparent
molecular weight of 56,000 daltons. The affinity-puri-
fied material reacted strongly with anti-laminin anti-
bodies by enzyme-linked immunosorbent assay. (Am J
Pathol 1983, 111:27-34)

Briefly, cells from a 3-methylcholanthrene-induced
tumor in a C57 bl/6 mouse were established in cul-
ture on medium 199 supplemented with 10%o fetal
bovine serum. To obtain the high-metastatic tumor
cells, a syngeneic mouse was given 1 x 105 cells in-
jected in the right rear footpad. A primary tumor de-
veloped at the site of injection, and cells from the
tumor spontaneously metastasized to the lungs. Cells
from the metastatic lung tumor were subsequently re-
established in culture. After reestablishment in cul-
ture, these cells would form tumors in virtually 100%7o
of the syngeneic mice given 1 x 105 cells injected in
the footpad. Tumor-bearing mice would subsequent-
ly develop pulmonary metastases.
The low-metastatic cells were isolated from the

same tumor by culturing the cells in vitro over a 4-
month period in Medium 199 containing 10%o normal
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human serum in place of the fetal bovine serum.
Originally, the number of cells that survived and
grew in human serum-supplemented medium was
small. However, by continually selecting for those
cells that did grow in medium with human serum, we
were eventually able to establish a human-serum-
adapted cell line. After isolation, these cells were
maintained under the same conditions as the high-
metastatic cells (i.e, in medium supplemented with
10o fetal bovine serum). The human-serum-adapted
cells would routinely form tumors in only 20-25% of
the animals given 1 x 105 cells injected in the foot-
pad. Spontaneous metastasis formation was extreme-
ly rare. Cloned lines were established from both pop-
ulations and have proven to be phenotypically stable
when maintained in vitro over a 2-year period or
when passed through syngeneic mice and reestab-
lished in culture.10

In the present study, the two cell lines were main-
tained under identical conditions. These included
growth on RPMI-1640 medium supplemented with
1007o fetal bovine serum, 100 units/ml of penicillin,
and 100 pg/ml of streptomycin. The cell lines were
grown at 37 C in a humidified atmosphere containing
5% CO2. They were subcultured on a 3-4-day sched-
ule at a split ration of 1:4. Both cell lines were tested
for Mycoplasma contamination by growth in Myco-
plasma broth and growth on Mycoplasma agar and
found to be free of contamination.

Reagents

Murine laminin was isolated from the EHS sar-
coma according to the method of Timpl et al.11 The
tumor was a gift from Dr. L. Liotta (Laboratory of
Pathophysiology, National Institutes of Health).
Antiserum to the purified murine laminin was pre-

pared by repeated intradermal injections of the
laminin emulsified in Freunds' adjuvant into the
backs of New Zealand White rabbits. Blood was ob-
tained by periodic venipuncture, and the serum was
separated after the blood had been allowed to clot
overnight.
An Isolectin I mixture from Griffonia simplicifolia

(GS I) was prepared in our laboratory by the method
of Hayes and Goldstein.12 Fluorescein-isothiocya-
nate-labeled GS I-B4 (FITC-GS I-B4) was obtained
from Sigma Chemical Company (St. Louis, Mo).

Immunofluorescence

Live cells were processed for immunofluorescence
as previously described.13 We used FITC-GS I-B4 to
study lectin binding. An indirect immunofluores-

cence method was used with the rabbit anti-laminin
antiserum. The second label for this was rhodamine-
conjugated goat anti-rabbit IgG (Cappel Labora-
tories, Cochranville, Pa). In one study the cells were
sequentially labeled with both the antiserum and the
lectin. In this study, the cells were labeled first with
the anti-laminin antiserum, followed by the commer-
cial rhodamine-conjugated anti-rabbit IgG and final-
ly the FITC-GS I-B4. As a control for the lectin
studies, binding was attempted both in the presence
and the absence of the competing haptenic sugar -10
mM methyl-a-D-galactopyranoside (Pfanstiehl labo-
ratories, Inc., Waukegan, Ill). Preimmune rabbit
serum was used as the control for the rabbit anti-
laminin antiserum.

Cytotoxicity Assay
The cells were harvested from culture and washed

twice in serum-free medium. The washed cells were
diluted to 1 x 105 cells in 0.9 ml of medium and
added to the wells of a 24-well culture dish. Each well
was then supplemented with 0.1 ml of the appropri-
ate sera (rabbit anti-laminin antiserum or preimmune
rabbit serum) and 0.1 ml of commercially prepared
rabbit complement (Accurate Chemical and Scientific
Corporation, Westbury, NY). The cells were incu-
bated at 37 C in 5% of CO2 for 1 hour. After incuba-
tion, the cells were examined microscopically, and
the relative amount of cytotoxicity was evaluated.
The supernatant fluids were harvested into tubes, and
1 ml of 0.25% trypsin (Difco, Detroit, Mich, 1:250),
was added to each well. The attached cells were re-
leased by the trypsin, and these cells were added to
the supernatant fluid from the same well. The total
number of viable cells harvested from each well was
then determined using a hemocytometer. Trypan
blue was used as a vital stain but its use was really not
necessary since the cytotoxic sera rapidly lysed the
killed cells.

Affinity Chromatography

Extracts prepared from the high and low meta-
static cells were separated by affinity chromatogra-
phy using GS I as the affinity probe. The isolectin
mixture was immobilized onto cyanogen bromide-
activated Sepharose 4B (Pharmacia Fine Chemicals,
Uppsala, Sweden) according to the manufacturer's
directions. The affinity gel was packed into a 0.7 x
10 cm column and equilibrated with phosphate-
buffered saline (PBS) containing 0.15 M NaCl, 0.1 M
phosphate buffer, pH 7.2, 0.1 mM CaCl2 and 0.04%0
NaN3. To prepare cell extracts, 10 75-sq cm flasks of
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each cell line (approximately 1-2 x 107 cells/flask)
were labeled with 10 MCi of 14 C-leucine 24 hours
prior to harvesting. The cells were in active logarith-
mic growth at this time. The cells were harvested
either by trypsinization and resuspension in PBS or
by washing in PBS and then scraping directly into the
PBS. After disruption of the cells by sonication, the
cell extracts were stirred for 48 hours at 4 C to insure
complete solubilization and then centrifuged at
27,000g for 30 minutes to remove the particulate
fraction. After dialysis against PBS, the supernatants
were applied to the GS I affinity column. The column
was washed with PBS at a flow rate of 5 ml/hr, and
4.4 ml fractions were collected. All column separa-
tions were performed at 4 C. Aliquots (200 1.l) of
each column fraction were analyzed for amount of
'4C present. When the '4C counts per minute returned
to baseline value, the column was eluted with 50 mM
of methyl-a-D-galactopyranoside. The radioactive
tracer was used to quantitate the amount of material
from each cell line that was specifically bound to the
lectin column and eluted with the haptenic sugar.

In addition to the '4C-leucine-labeled cell extracts,
we also separated nonlabeled extracts from the high-
metastatic cells by the same procedure. The non-
labeled cell extract that was bound to the column and
subsequently eluted was concentrated and separated
into two pools. One of the two pools was examined
by SDS-polyacrylamide gel electrophoresis, and the
other was examined for immunologic cross-reactivity
with the antibodies prepared to laminin.
An enzyme-linked immunosorbent assay (ELISA)

was used to determine reactivity between the affinity-
purified extract from the high-metastatic cells and the
anti-laminin antibodies. The ELISA was performed
with modifications of a method previously described
by us.'4 Briefly, the affinity-purified extract was di-
luted in 0.05 M carbonate buffer, pH 9.6. Fifty mi-
croliters of the antigen solution was added to each
well of a 96-well microtiter plate and allowed to incu-
bate for 3 hours at 37 C. A control plate to which was
added 50 Ml/well of the purified laminin (10 ,g/ml)
was handled identically. After incubation for 3
hours, the plates were washed three times with phos-
phate-buffered saline, pH 7.2, containing 0.05%7o
Tween 20 (PBS-T). Serums appropriately diluted in
PBS-T were then added to the wells (50 rl/well), and
the plates were incubated at 37 C for 30 minutes. The
plates were again washed with PBS-T, and 50 jl of
the appropriately diluted alkaline phosphatase-
conjugated second antibody were added to each well.
After 30 minutes' incubation at 37 C with the second
antibody, the plates were washed three times with
PBS-T. One hundred microliters of a 1 mg/ml solu-

tion of p-nitrophenyl phosphate (Sigma Chemical
Co., St. Louis, Mo) in 0.05 M carbonate buffer, pH
9.6, were added to each well and the absorbance
(OD405) of the wells was measured at various time in-
tervals with a Titertek Multiskan (Flow Laboratories,
McLean, Va).

Adherence Assays

The adherence of the high- and low-metastatic cells
to Type I/III collagen and Type IV collagen was
measured. The Type I/III collagen was prepared
from rat tail tendon by acid extraction and contains
nearly all Type I collagen.'5 However, it has been
shown to contain a very small amount of Type III
collagen and so will be referred to as Type I/III colla-
gen in this article. The Type IV collagen was a gener-
ous gift from Dr. L. Liotta (Laboratory of Patho-
physiology, National Institutes of Health). It was
obtained from the EHS sarcoma by acid extraction
and further purified as previously described.16 Bac-
teriologic dishes (35 mm in diameter) were coated
with 10,ug per dish of either collagen type in 1 ml of
0.1 M acetic acid and allowed to dry overnight. The
dishes were then washed three times in cold PBS and
were ready to use. To coat the collagen substrates
with laminin, we incubated each dish with 10 ;Ag of
laminin in PBS for 30 minutes at 37 C prior to the
addition of the cells. A single-cell suspension was
prepared with each cell line, and the rate of attach-
ment was determined as described previously.4'5

Results

Adherence to Collagen Substrates

Since laminin is thought to play a role in the ad-
herence of normal epithelial cells9 and metastatic
tumor cells'7 to basement membrane (Type IV) colla-
gen, we examined the attachment of the high- and
low-metastatic cells to substrates prepared from Type
I/III collagen and Type IV collagen. The collagen-
coated plates were prepared as described in the Ma-
terials and Methods section. The high- and low-meta-
static cells were then added to replicate dishes and the
rate of attachment determined.4.5 Figure 1 shows the
rate of attachment of the two cell lines to Type IV
collagen under serum-free conditions. It can be seen
that in the absence of exogenous laminin, the high-
metastatic cells (left-hand panel) attached much more
rapidly than did the low-metastatic cells (right-hand
panel). It can also be seen that when the Type IV col-
lagen-coated dishes were pretreated with 10 Mg of
laminin per dish, the attachment of the low-metastat-
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30 VARANI ET AL

Figure 1-Attachment of the high-
and low-metastatic cells to Type IV
collagen. The dishes were prepared
and the assay carried out as de-
scribed in Materials and Methods.
The high-metastatic cells are
shown in the left-hand panel, and
the low-metastatic cells are shown
in the right-hand panel. Collagen-
coated dishes treated with laminin
are indicated by U-U; collagen-
coated dishes without laminin are
indicated by 0-0. The adherence
assays were run three times (with
duplicate plates per time point), and
the data shown are the average
number of cells attached + SEM of
all three experiments.

30 60 90 120 30

TIME (minutes)

ic cells was dramatically increased. In contrast, we

observed no significant increase in the high-metastat-
ic cell attachment following pretreatment of the
dishes with laminin. Although not shown we ob-
served that both cell lines attached rapidly to Type
I/III collagen-coated dishes and there were no sig-
nificant differences between the cell lines. Further-
more, laminin pretreatment had no effect on the at-
tachment of either cell line to the Type I/III collagen
(data not shown).

Immunofluorescence Studies

The observations in the adherence assay were con-

sistent with the suggestion that the high-metastatic
cells (but not the low-metastatic cells) were express-

ing a substance that would mimic the effects of exog-

enous laminin. We therefore examined the cells by
immunofluorescence to determine whether a sub-
stance that cross-reacted with laminin could be iden-
tified. For these studies the cells were grown on

coverslips and examined by indirect immunfluores-
cence in the viable state. Anti-laminin antibodies pre-

pared in rabbits against laminin purified from the
EHS sarcoma were used as the primary antibodies,
and rhodamine-conjugated goat anti-rabbit IgG was

used as the secondary antibody. Nearly lOO1o of the
high-metastatic cells stained brightly under these con-

ditions, whereas virtually none of the low-metastatic
cells did. The staining of the high-metastatic cells ap-
peared to be confined to the cell surface, although it
is difficult to accurately localize antibody binding on

live cells by immunofluorescence. No staining was

60 90 120

observed in either cell line treated with normal rabbit
serum.
The cells were next examined for the ability to bind

FITC-GS I-B4. Similar results were obtained. Nearly
all of the high-metastatic cells stained brightly with
this lectin, whereas the low-metastatic cells showed
no significant fluorescence. The specificity of lectin
binding by the high-metastatic cells was confirmed by
the fact that fluorescence was completely abrogated
when the cells were treated with 10 mM of the com-
peting haptenic sugar, methyl-a-D-galactopyrano-
side, along with the lectin.

Finally, the high- and low-metastatic cells were
stained with both the anti-laminin antibodies and the
GS I-B4 lectin. For the double-labeled cells, the anti-
laminin antibodies were added first. This was fol-
lowed by the rhodamine-labeled anti-rabbit IgG and
finally the FITC-GS I-B4 lectin. The double-labeled
cells are shown in Figure 2. The high-metastatic cells
are shown in the top panel, and the low-metastatic
cells are shown in the bottom panel. Rhodamine
fluorescence is shown in the left-hand panels, and
FITC fluorescence is shown in the middle. It can be
seen that the same cells exhibiting rhodamine fluores-
cence also show FITC fluorescence. This indicates
that it is the same cells within the population that
bind both the anti-laminin antibodies and the GS I-B4
lectin. Examination of the upper panels suggests that
the fluorescence pattern obtained with the two probes
is different. This could be due to the fact that the lec-
tin is recognizing the carbohydrate structure primari-
ly, whereas the anti-laminin antibodies may be di-
rected toward the protein part of the receptor mole-

0

Ula(U)

40

40
40.
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Figure 2-Binding of anti-laminin
antibodies and the GS I-B4 lectin
by the high- and low-metastatic
cells. Live cells were processed
for immunofluorescence as de-
scribed in Materials and Methods.
They were first incubated with
rabbit anti-laminin, followed by
rhodamine-conjugated goat anti-
rabbit IgG and finally with FITC-GS
I-B4. Incubation of the high-meta-
static cells with 10 mM of the hap-
tenic sugar, methyl a-D-galacto-
pyranoside eliminated FITC-GS
I-B4 binding. Preimmune rabbit se-
rum controls showed no rhoda-
mine fluorescence. All exposures
were for 1 minute at a magnifica-
tion of x 400. The high-metastatic
cells are shown in the upper pan-
els; the low-metastatic cells are
shown in the lower panels. Rhoda-
mine (anti-laminin) fluorescence
is shown in the left-hand panels;
FITC (GS I-B4) fluorescence is
shown in the middle. Phase/con-
trast photomicrographs are shown
in the right-hand panels.

cule. Alternatively, the patchy nature of the lectin
fluorescence could be due to the fact that the lectin
induces cap formation. It should be pointed out that
when the cells were stained with the lectin after treat-
ment with paraformaldehyde (unlike the cells shown
in Figure 2, which were stained in the viable state),
the fluorescence pattern was uniform around the cell
periphery.

Cytotoxicity Studies

The high- and low-metastatic cells were examined
for cytotoxicity following incubation with either nor-
mal rabbit serum or the rabbit anti-laminin anti-
serum. The assay was carried out in the presence of
rabbit complement as described in the Materials and
Methods section. The results shown in Table 1 indi-
cate that the high-metastatic cells were very suscepti-
ble to the anti-laminin antiserum, whereas the low-
malignant cells were much more resistant. The nor-

mal rabbit serum was not toxic to either cell line.

Separation of Cell Extracts by
Affinity Chromatography

The immunofluorescence and cytotoxicity studies
indicated a significant difference between the high-

and low-metastatic cells in their ability to react with
anti-laminin antibodies. The immunofluorescence
studies also indicated a significant difference in the
binding of GS I-B4 lectin between these cell lines. In
an effort to quantitate this difference, we labeled the
high- and low-metastatic cells with "4C-leucine, soni-
cated them, and separated the extracts on a GS I
affinity column. The results are shown in Figure 3.
It can be seen in the top panel that after application
of the extract to the column, very little of the radio-
active extract prepared from the low-metastatic cells
was specifically eluted with the haptenic sugar (the ar-
row indicates when the hapten was added). In the

Table 1-Cytotoxicity of Rabbit Anti-Laminin Anti-
serum and Normal Rabbit Serum for Murine Tumor
Lines*

Percent killed (± SEM)t
Normal rabbit Rabbit anti-

Cell line serum laminin antiserum

High-metastatic line 7 + 3 90 ± 8
Low-metastatic line 5 + 3 22 ± 4

* The cytotoxicity assay was carried out in the presence of rabbit
complement as described in Materials and Methods.

t The experiment was conducted twice; each experiment con-
sisted of duplicate samples. The data shown is the average percent
killed (±+- SEM) of the two experiments combined.
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32 VARANI ET AL

and the assay carried out as described in Materials
and Methods. The rabbit anti-laminin antiserum was
tested for reactivity against this material. Purified
laminin from the EHS sarcoma was used as a control
antigen, and normal rabbit serum was used as a con-
trol antibody preparation. In addition to these
serums, we also used a second anti-laminin antibody
prepared in sheep. The sheep anti-laminin was pro-
vided as a gift by Dr. L. Liotta, Laboratory of
Pathophysiology, National Institutes of Health. The

FRACTION NUMBER
Figure 3-Separation of the high- and low-metastatic murine fibro-
sarcoma cell extracts on a GS affinity column. The preparation of
the affinity column and separation of the cell extracts was carried
out as described in Materials and Methods. Shown is the elution pro-
file of the low-metastatic cells (upper panel) and the high-metastatic
cells (lower panel). The arrow indicates when the methyl a-D-galacto-
pyranoside was added (extracts prepared by trypsinization, o-o;
extracts prepared by scraping, *-*o).

bottom panel it can be seen that much more of the
radioactive extract prepared from the high-metastatic
cells was specifically released from the lectin column
by the haptenic sugar. When the amount of material
specifically released by the hapten was compared with
the total amount added to the column, the value was

between 20 and 50 times greater with the high-
metastatic cells than with the low-metastatic cells.

Extracts prepared from nonlabeled high-metastatic
cells were also separated on the affinity column. After
the hapten-eluted material had been pooled and con-

centrated, it was divided into two portions. One por-
tion was examined on a 507o SDS-polyacrylamide gel
run under reducing conditions. Molecular weight
standards run along with the sample included bo-
vine serum albumin ("-66,000 daltons), ovalbumin
("'45,000 daltons), and rabbit muscle aldolase
("'40,000 daltons). After electrophoresis and staining
with Coomassie Brilliant Blue R-250, a single band
with an apparent molecular weight of approximately
56,000 daltons was obtained from the high-metastat-
ic cell extract. No other staining material was ob-
served (Figure 4).
The second portion of the affinity-separated ex-

tract was used as the antigen in ELISA. The material
was dried onto the wells of 96-well microtiter plates

400
0
0
0

'a

200

*100

50
40

Ia t__ , a I

20 40 60 80
% distance migrated

Figure4-SDS-polyacrylamide gel electrophoresis of the affinity
purified extract from the high metastatic cells. A 5% SDS-polyacryl-
amide gel was used, and the sample was electrophoresed in the
presence of 2-mercaptoethanol. Molecular weight standards run
along with the samples included bovine serum albuminin (-66,000
daltons), ovalbumin (-45,000 daltons), and rabbit muscle aldolase
(-40,000 daltons). The gels were stained with Coomassie Brilliant
Blue R-250. The electrophoretic pattern of the affinity-purified cell
extract is shown in Channel A of the upper portion of the figure. A
single Coomassie blue-staining band is seen (arrow). A laminin stan-
dard run under identical conditions is shown for comparison in
Channel B. In the lower portion of this figure can be seen a plot of
the molecular weight standards that we used to determine the
molecular weight of the affinity-purified cell extract. The x-axis rep-
resents the distance migrated by each standard (as a percentage of
the total gel length). The standards are represented by A. The affini-
ty purified extract is indicated by 0.
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Figure 5-Reaction in ELISA of rabbit anti-laminin antiserum with
the affinity-purified extract from the high-metastatic cells. Details of
the procedures are described in Materials and Methods. The absorb-
ance at 405 nm (OD,05) was measured after allowing the substrate to
develop for 13 minutes.

ELISA results showed that the affinity-purified ma-

terial from the high-metastatic cells did react with the
anti-laminin antibodies. Significant reactivity with
the rabbit anti-laminin antiserum was obtained at all
concentrations between undilute and 1:1000 (Figure
5). When purified laminin was used as the antigen in
ELISA, the same antiserum reacted at concentrations
between undilute and 1:10,000. The sheep anti-
laminin antiserum was examined againt the affinity-
purified extract and was reactive at similar dilutions.
In contrast, neither normal rabbit serum nor normal
sheep serum reacted with either the affinity-purified
material or the murine laminin at any concentration
tested (undilute 1:10,000) (data not shown).

Discussion

Previous studies in our laboratory have led to the
isolation and characterization of several tumor lines
from a mouse fibrosarcoma that differ in their in vivo
behavior (ie, tumorigenicity and metastatic activi-
ty)1-3 18 Studies carried out over the past few years

with prototype high and low-metastatic lines from
this tumor have identified a number of functional
properties that distinguish the lines. 1'810, 18 For ex-

ample, the high-metastatic cells are more adherent
than the low-metastatic cells, as indicated by resis-
tance to trypsin-mediated release from plastic culture
dishes and monolayers of endothelial cells.35 1018

They are also more motile and chemotactic in re-

sponse to the C5-derived tumor cell chemotactic fac-
tor.12'67 Finally, the high-metastatic cells have lower
cyclic adenosine monophosphate (cAMP) levels and
are more sensitive to the inhibitory effects of di-
butyryl cAMP.8 The molecular basis for these differ-
ences is unknown. In the present study we demon-
strate that the high-metastatic cells isolated from this
murine tumor expressed a moiety that cross-reacts
immunologically with laminin purified from the EHS
(murine) sarcoma. This cross-reactive moiety could
be detected by immunofluorescence on viable cells
and by complement-mediated cytotoxicity with rab-
bit antiserum prepared against murine laminin. The
high-metastatic cells also bind the GS I-B4 lectin, as
indicated by immunofluorescence. This lectin has
been known for some time to react with basement
membranes,19 and very recent studies have shown
that murine laminin binds this lectin.20 It is likely that
the anti-laminin antibodies and the GS I-B4 lectin are
recognizing the same substance on the high-metastat-
ic cells, because when extracts of the high-metastatic
cells are separated by affinity chromatography with
GS I as the probe, the material specifically eluted by
the haptenic sugar methyl-a-D-galactopyranoside re-
acts strongly with the anti-laminin antibodies by
ELISA. In contrast to these results with the high-
metastatic cells, no detectable reactivity between the
low-metastatic cells and the anti-laminin antibodies
or the GS I-B4 lectin was observed by immunofluores-
cence. Furthermore, these cells were much more re-
sistant to the cytotoxic effects of the anti-laminin an-

tibodies than were the high-metastatic cells.
The nature of the laminin cross-reactive moiety on

the high metastatic cells is not known at present. We
examined the affinity-purified material on SDS-poly-
acrylamide gels and observed a single band with a
molecular weight of approximately 56,000 daltons.
There was no evidence of the high- molecular-weight
bands ("\'200,000 and "\'400,000 daltons) that char-
acterize the electrophoretic pattern of laminin iso-
lated from EHS tumor tissue.11 There are a number
of possibilities that could account for the differences
in the electrophoretic patterns. Perhaps the 56,000-
dalton substance is a cellular precurser of the laminin
molecule. Alternatively, it may be a breakdown
product of laminin. Laminin is known to be highly
sensitive to proteolytic cleavage.21 Further purifica-
tion studies will have to be done before the relation-
ship between laminin and the cross-reactive moiety is
known.
A critical question to be answered regards the role

of this moiety in the biologic behavior of the high-
metastatic cells. Does the difference between the

Rabbit anti-EHS laminin

Normal rabbit serum

s
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high- and low-metastatic cells in the expression of
this substance contribute to the in vivo and in vitro
differences between these lines? While we cannot an-
swer this question with certainty, we did observe a
significant difference between the two lines in their
ability to attach to Type IV collagen. The high-meta-
static cells were found to attach to Type IV collagen
in the absence of exogenous laminin, and the addi-
tion of laminin did not enhance the response. On the
other hand, the low-metastatic cells did not readily
attach to Type IV collagen in the absence of laminin
but did when the collagen substrate was pretreated
with laminin. These observations are compatible with
the suggestion that the moiety on the high-metastatic
cells which cross-reacts with murine laminin is serv-
ing a lamininlike function, ie, facilitating cell attach-
ment to Type IV collagen. This, in turn, may contrib-
ute to the observed differences between the high- and
low-metastatic cells in metastatic potential, since
metastasizing tumor cells must adhere to and cross
basement membranes during the process of secon-
dary localization.

In summary, then, these observations show that
high-metastatic cells derived from a murine fibrosar-
coma express a moiety that reacts with anti-laminin
antibodies and the GS I-B4 lectin. Low-metastatic
cells isolated from the same tumor do not express
detectable quantities of this substance. Regardless of
the nature of the moiety, the ability of these probes
to distinguish the high- and low-metastatic tumor
cells may be extremely important. If this finding
turns out to be generally true, these probes may be
very useful for identifying the most malignant cells in
a heterogeneous tumor population. A recent report
by Stanley and Chu22 showed that FITC-GS I-B4
bound to mouse L cells. A variant cell line was iso-
lated from the parent L cells which did not bind to
the lectin. Unlike the parent cell line, which formed
tumors in mice, the lectin-negative line did not. Thus,
in at least two unrelated models, the GS I-B4 lectin
was able to recognize the more tumorigenic or meta-
static cell type. Further studies along this line are
clearly warranted.
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