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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 72 h, 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 0"1 per cent 
serum. However, when 15/~g 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 ~ahlle the h~xx-mahtgnanl 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. 

I n t r o d u c t i o n  
Basement  m e m b r a n e s  and interst i t ial  s t roma form boundar i e s  be tween  discrete 

tissues in higher  mul t ice l lu lar  organisms.  D u r i n g  the processes of invas ion  and  
metastasis,  ma l i gnan t  t u m o r  cells mus t  cross these boundar ies .  How this occurs has 
not  been  fully del ineated bu t  cu r ren t  ideas suggest that  t u m o r  cell adhes ion to the 
host tissues, local des t ruc t ion  of these tissues and active migra t ion  of the t u m o r  cells 
into the spaces produced as a result of tissue dissolution are involved [8, 9]. Different 

types of tumors  have u n d o u b t e d l y  evolved a variety of mechan i sms  to carry out  these 
funct ions .  Studies  by T e r r a n o v a  et al. [27] have suggested that  l a mi n i n  may be 
involved in the invas ion  and metastat ic  processes. T h e y  showed that  in a popu la t ion  
of unselec ted  m u r i n e  t u m o r  ceils, those cells which  could use l a mi n i n  as an 
a t t achment  factor were m u c h  more  metasta t ic  than  the cells which  could no t  use 
laminin .  I t  was subsequen t ly  shown that  t u m o r  cells which  ut i l ized l a mi n i n  as an 
a t t achment  factor had high-aff ini ty surface receptors for the l a m i n i n  molecule  
[23, 28]. T h u s  it could be postula ted that  the presence of l a mi n i n  receptors on the 
t umor  cells allows the cells to b i n d  direct ly to the l a mi n i n  associated wi th  type IV 
collagen in basemen t  m e m b r a n e s .  
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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. 

M a t e r i a l s  a n d  m e t h o d s  

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/L1, 1.1 and 1.2. The 1.0/L1 cell line is a cloned line derived from a 
spontaneous lung metastasis which developed in a syngeneic (C57 bl/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 r, 1.1/anti-B r and 1.2/anti-B r. The cells lines 
1.0/L1 and 1.0/anti-W 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 lOper cent fetal bovine serum at 37~ in 5 pet cent 
CO2/95 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 r 
200 000 and 400 000, when examined by SDS-polyacrylamide gel electrophoresis 
under reducing conditions. Using an enzyme-linked immunosorbent  assay (ELI  SA) 
[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 r in 2 ml per 
3 5 m m  (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 ~els 
showed bands at 95 000 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#g/ml, 200 ktg/ml or 50 #g/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~ 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 RPMI-1640  medium and were ready to 
use. Some of the dishes prepared with 50 #g 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 5 min 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  with a 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 #m) 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 #g 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 4mg/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~ 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. T u m o r  cells adhering to a coat made of 50/~g of human placental type IV collagen 
dried on to 35 m m  (diameter) plastic dishes. (A) A cell adhering to a coat of typical 
thickness. (B) A cell adhering to an exceptionally thick coat. T h e  cells were allowed to 
adhere for 6 h. C, cell; CO, collagen; P, plastic. 
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a d d e d  to the  d ishes  at 2"5 x 105 cells pe r  d i sh  in R P M I - 1 6 4 0  m e d i u m  wi th  or  w i thou t  
s e r u m  as ind ica ted .  T h e  dishes  were  then  i ncuba t ed  at 37~ in 5 pe r  cent  CO 2. At  
var ious  t imes  later ,  the  n o n - a t t a c h e d  cells were  r e m o v e d  f rom dup l i ca t e  dishes.  T h e  
a t t ached  cells were  then  ha rves t ed  by  t ryps in i za t i on  and  e n u m e r a t e d  us ing  a Cou l t e r  
Coun te r ,  m o d e l  ZB. In  some cases, the  d ishes  were  washed ,  f looded wi th  2 pe r  cent  
g l u t a r a l d e h y d e  in p h o s p h a t e - b u f f e r e d  saline and used  for p h a s e - c o n t r a s t  pho-  
tog raphy .  W h e n  uncoa ted  plas t ic  d ishes  were  used,  200/~g/ml bovine  se rum a l b u m i n  
was inc luded  in the  cell cu l tu re  m e d i u m .  In  some expe r imen t s ,  m e d i u m  wi th  0"1 per  
cent  or 1"0 per  cent  fetal bovine  s e r u m  was used.  

W e  also d e t e r m i n e d  the pe rcen tage  of  the  a t t ached  cells which  u n d e r w e n t  
sp r ead ing  on the co l l agen-coa ted  and p las t ic  cu l tu re  dishes.  F o r  this ,  the  cells were  
a d d e d  to the  d ishes  as desc r ibed  above  and incuba ted .  At  the  a p p r o p r i a t e  t imes ,  the  
n o n - a t t a c h e d  cells were  r emoved  and the  d ishes  washed  once wi th  s e rum- f r e e  
cu l tu re  m e d i u m .  A mic roscope  wi th  a ca l ib ra t ed  g r id  in the  eyepiece  was used  to 
make  total  cell  counts  and  counts  of  sp read  cells. Severa l  d i f ferent  areas  on  each d ish  
were  examined  and 50-200 cells pe r  field were  counted .  T h e  pe rcen t age  of  sp read  
cells was d e t e r m i n e d  f rom this.  

Laminin binding to cells 
T h e  ab i l i ty  of  the  l amin in -de f i c i en t ,  l o w - m a l i g n a n t  cells to b i n d  l a min in  f rom 

so lu t ion  was examined .  T h e  l a m i n i n - b i n d i n g  p ro toco l  was s imi la r  to tha t  de sc r ibed  
in our  recen t  r epo r t  [16]. Briefly, the  cells were  ha rves t ed  by  t r yps in i za t i on  and then  
i ncuba t ed  in suspens ion  in cu l tu re  m e d i u m  con ta in ing  10 pe r  cent  fetal  bov ine  s e r u m  
for a pe r iod  of  4h .  Fo l l owing  this ,  t hey  were  washed  four  t imes  in s e rum- f r e e  
m e d i u m  and then  incuba ted  wi th  the  l amin in  u n d e r  s e rum- f r e e  cond i t ions .  F o r  this,  
0 -300  #g l amin in  was incuba ted  wi th  2 x 106 cells in a total  vo lume  of  0"35 ml .  T h e  
i ncuba t i on  was car r ied  out  for a pe r iod  of  1 h. T h e n  the cells were  s epa ra t ed  f rom the  
u n b o u n d  l amin in  by  cen t r i fuga t ion  and  washed  four  t imes .  F o l l o w i n g  this ,  the  
a m o u n t  of  l amin in  b o u n d  to the  cells was d e t e r m i n e d  us ing  an e n z y m e - l i n k e d  lec t in  
assay ( E L L A )  as p rev ious ly  desc r ibed  [14, 15]. T h e  E L L A  makes  use  of  an a lkal ine  
p h o s p h a t a s e - c o n j u g a t e d  der iva t ive  of  Griffonia simplicifolia I B 4 isolect in .  I t  takes  
advan tage  of  the  h igh  sens i t iv i ty  p r o v i d e d  by  enzyme  coup l ing  and  the  s t r ic t  
specif ic i ty  of  this  lect in  for t e r m i n a l l y  l inked  ~-D-ga lac topyranosy l  g roups  [17]. 
S ince  the  l amin in  molecu le  conta ins  this  sugar  as pa r t  of  its c a r b o h y d r a t e  s t ruc tu re  
[24] and the  l amin in -de f i c i en t  cells have  ex t r eme ly  smal l  quant i t i es  of  th is  sugar  
g r o u p  on the i r  surface [15], the  b i n d i n g  of  the  lect in  to the  l a m i n i n - t r e a t e d  cells can 

be used  to measu re  prec ise ly  the  a m o u n t  of  l amin in  b o u n d  to the  cells.  Al l  of  the 
s teps  in the  assay are car r ied  out  on cells in the  v iable  state and  therefore ,  the  res idues  
to wh ich  the  lec t in  reacts are p r e s u m e d  to be on the  cell surface.  In  br ief ,  the  cells are 
a l lowed to b ind  the  lect in  for 45 m i n  at 37~ F o l l o w i n g  this,  they  are washed  four  
t imes  in i so tonic  buffer  to r emove  u n b o u n d  lect in,  and  then  t r ea ted  With the  hap ten ic  
sugar ,  ~ - m e t h y l - D - g a l a c t o p y r a n o s i d e  to release the  specif ical ly  b o u n d  lec t in  f rom 
the  cell  surface.  A l iquo t s  of  the  re leased  lec t in  are a d d e d  to the  wel ls  of  a m ic ro t i t e r  
p la te  and  the enzyme  reac t ion  ca r r i ed  out  in a m a n n e r  ana logous  to tha t  in E L I S A s .  
C o m p l e t e  detai ls  of  this  assay p r o c e d u r e  can be found  in our  recen t  r epo r t s  [14 16]. 

R e s u l t s  

Cell attachment and spreading on the plastic culture dishes and collagen-coated dishes 
T h e  six cell l ines were  e x a m i n e d  for  a t t a c h m e n t  and  sp read ing  on the  p las t ic  

bac te r io log ica l  d ishes  and the d ishes  coated  with  h u m a n  p lacenta l  t ype  IV col lagen.  
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Figure  2. Phase -con t ras t  p h o t o m i c r o g r a p h s  of the  l amin in-pos i t ive  cells and  the  lamin in-  
deficient  cells in the  presence and  absence  of 15 #g laminin .  T h e  cells were al lowed to 
a t tach to the collagen subs t ra te  and  incuba ted  for 48 h. Fol lowing this, the  n o n - a t t a c h e d  
cells were r emoved  and  the dishes f looded wi th  2 per  cent  g lu ta ra ldehyde  in phospha te -  
buffered saline, x 300. (A C) Cells f rom t u m o r  1.0. ( D - F )  Cells f rom t u m o r  1.1. ( G - I )  
Cells f rom t u m o r  1.2. T h e  l amin in -pos i t ive  cells are shown at the  left (A, D, G).  T h e  
laminin-def ic ien t  cells in the  absence of exogenous  l amin in  are shown in the  midd le  
(B, E, H) and  the  laminin-def ic ient  cells in the  presence of exogenous  l amin in  are shown 
at the  r ight  (C, F, I). 
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Table 2. A t t a c h m e n t  and spreading  of  t u m o r  ce l l s  on d i shes  c o a t e d  wi th  EH$ s a r c o m a  
(type IV) co l lagen ,  m o u s e  skin (type I) c o l l a g e n  and c o l l a g e n  ge l s  prepared  f rom 
m o u s e  skin (type I) collagen". 

Substrate 

Mouse skin collagen b Mouse skin collagen gel ~ EHS collagen b 

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/L1 1'78+0"35 83+11 
1.0/anti-B r 1'95+0-75 5+5  

1.1 0'95_+0-51 68_+20 
1.1/anti-B r 0"60+0"28 0 

1.2 1-31_+0-17 88_+11 
1.2/anti-B r 1'00 + 0"75 0 

0-85• 90+5  2"37• 65+17 
1"13-t-0"21 10•  2"15• 23+12 

ND a ND 

ND ND 

"The three substrates were prepared as described in the Materials and methods section. The cells 
(2"5 x 10S/dish) were added at time zero and cell attachment and spreading were quantified 2411 
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. 

b Serum-free RPMI-1640 medium was used. 
c RPMI-1640 medium supplemented with 10 per cent fetal bovine serum was used. 
a ND = not determined. 

Da t a  ob t a ined  af ter  24 h f rom several  e x p e r i m e n t s  are p r e s e n t e d  in tab le  1. Overa l l ,  it  
can be seen that  u n d e r  s e r u m - f l e e  cond i t ions ,  a h ighe r  pe rcen tage  of  the  h igh ly  
m a l i g n a n t  cells a t t ached  and sp read  than  the c o r r e s p o n d i n g  l o w - m a l i g n a n t  cells on 
bo th  the  p las t ic  d ishes  and the co l l agen-coa ted  dishes .  In  the  p resence  of  low s e r u m  
concen t ra t ions  (0"1 pe r  cent),  cons i s t en t  d i f ferences  were  also observed ,  and  it was 
only  at 1-0 pe r  cent  s e r u m  that  these  dif ferences  b e g a n  to d i sappea r .  I t  is obv ious  tha t  
in some groups ,  cells  have d iv ided  du r ing  24 h in the  p resence  of se rum.  F i g u r e  2 
shows a series of  p h o t o m i c r o g r a p h s  c o m p a r i n g  the  a t t a c h m e n t  and  sp read ing  of  the  
th ree  h igh ly  m a l i g n a n t  l ines (in the  l e f t -hand  po r t i on )  and  the  th ree  c o r r e s p o n d i n g  
l o w - m a l i g n a n t  l ines (in the  center) .  In  o the r  e xpe r ime n t s ,  t ype  IV col lagen p r e p a r e d  
f rom the E H S  sa rcoma  or  type  I col lagen f rom m o u s e  skin  were  used  in place  of  the  
h u m a n  p lacen ta l  col lagen.  Dif ferences  in a t t a c h m e n t  and sp read ing  were  also 
obse rved  on these  subs t ra tes .  Dif ferences  in s p r e a d i n g  ac t iv i ty  were  espec ia l ly  
d ramat ic .  Vi r tua l ly  none  of  the  l o w - m a l i g n a n t  cells  sp read  on these  subs t r a t e s  whi le  
a s ignif icant  a m o u n t  of  sp read ing  was de tec ted  wi th  all t h ree  of  the  h igh ly  m a l i g n a n t  
l ines ( table 2). F ina l ly ,  we e x a m i n e d  the a t t a c h m e n t  and  sp read ing  act ivi t ies  of  the  
1.0/L1 cells and  1 .0 /ant i -B r cells on the  col lagen gels p r e p a r e d  f rom the m o u s e  skin  
( type  I) col lagen.  T h e s e  expe r imen t s ,  wh ich  were  ca r r i ed  out  in m e d i u m  con ta in ing  
10 per  cent  fetal bov ine  serum,  showed  tha t  nea r ly  all of  the  cells f rom b o t h  l ines 
a t t ached  to the  col lagen subs t ra te .  Howeve r ,  as wi th  the  o the r  subs t ra tes ,  the  h igh -  
m a l i g n a n t  cells sp r ead  to a g rea te r  ex ten t  t han  the  l o w - m a l i g n a n t  cells ( table  2). 
A c c o m p a n y i n g  the  a t t a c h m e n t  and  sp read ing  of  the  h igh  m a l i g n a n t  cells was a 
con t rac t ion  of the  h y d r a t e d  col lagen subs t ra te .  By one day  af ter  p la t ing ,  the  h y d r a t e d  
col lagen lat t ice was r educed  to a th in  d isk  f loat ing in the  cu l tu re  m e d i u m .  In  the i r  
effects on the  h y d r a t e d  col lagen lat t ice,  the  h i g h - m a l i g n a n t  t u m o r  cells r e s e m b l e  
n o r m a l  f ibroblas ts  [4]. 
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T h e  data presented  in tables 1 and 2 were ob ta ined  by  assaying for cell 
a t t achment  and spreading  one day after plat ing.  W h e n  the cells were harvested f rom 
the plastic dishes or col lagen-coated dishes two or three days after p la t ing (on se rum-  
free m e d i u m )  there was a significant  increase in the n u m b e r  of 1 .O/L1 cells and 1.1 
cells over the a m o u n t  ini t ial ly added. Al though  the n u m b e r s  varied from exper iment  
to exper iment ,  we often obta ined  up to 106 cells per  dish (i.e., two cell doubl ings) .  
T h e  low ma l ignan t  lines f rom the same tumors  did no t  show this increase u n d e r  
serum-free  condi t ions .  T h e  total n u m b e r  of these cells r emained  cons tan t  and they 
gradual ly  detached f rom the subst ra te  du r ing  l ong - t e rm incuba t ion  u n d e r  se rum-  
free condi t ions .  W i t h  the cells f rom t u m o r  1.2, ne i ther  the highly ma l ignan t  or low- 
ma l ignan t  cells showed significant  proliferat ive capacity u n d e r  serum-free  
condi t ions .  

Effects of laminin on tumor cell attachment and spreading 
T h e  low-ma l ignan t  cells were examined  for a t t achment  and spreading  on the 

plastic dishes and  h u m a n  placental  col lagen-coated dishes in the presence of l amin in .  
T h e  cells were prepared  in the no rma l  way and added to the dishes along with 15 #g 
l amin in  unde r  serum-free  condi t ions .  T h e  addi t ion  of l amin in  dramat ical ly  
enhanced  a t t achment  and spreading.  Quant i ta t ive  results are shown in table 3. 

Photomicrographs  depic t ing this are shown in the r igh t -hand  por t ion  of figure 2. 
Since exogenous l amin in  was found  to promote  a t t achment  and spreading of the 

low-mal ignan t  cells, a n t i - l a m i n i n  ant ibodies  were used in an effort to block the 
a t t achment  of the high ma l ignan t  cells. T h e  I g G  fract ion of the a n t i - l a m i n i n  se rum 
was prepared as descr ibed in the Materials  and  me thods  section and  50 150 #g of the 
i m m u n o g l o b u l i n  were added to the dishes along with the cells. T h e  1.0/L1 cells were 
used in these exper iments .  Al though  inh ib i t ion  was no t  complete,  the rabbi t  ant i -  

Table 3. Effects of  l a m i n i n  on the a t t a c h m e n t  and spreading  of  the  l o w - m a l i g n a n t  
tumo r  ce l l s  a. 

Number of cells 
Cell type Substrate attached ( x 105) Per cent spread 

1.0/anti-B r Plastic 0"65 + 0"20 0 
Plastic/laminin 2'46 + 0-75 90_ 8 
Collagen 1 "41 + 0-61 18 + 5 
Collagen/laminin 2'46 _+ 0"70 92 + 7 

1.1/anti-B r Plastic 1'70_+ 0"35 0 
Plastic/laminin 2"25 + 0"41 85 + 10 
Collagen 0"35 + 0' 10 0 
Collagen/laminin 1-50 + 0"35 75 + 8 

1.2/anti-B r Plastic 0"85 + 0"25 25 + 15 
Plastic/laminin 2'25 + 0"17 90 + 18 
Collagen 1"75 + 0"62 45 + 17 
Collagen/laminin 2-31 +0"36 75 + 12 

a The cells were prepared as described in Materials and methods and added (2'5 • 105/dish) 
to the plastic dishes or to the dishes coated with 50#g of the human placental type IV collagen 
in the absence of serum. Laminin was added directly to the dishes (15 #g/dish) along with the 
cells. Twenty 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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l amin in  an t ibod ies  d id  inh ib i t  a t t achmen t .  I n h i b i t i o n  ranged  f rom 2 5 p e r  
c e n t + 5 p e r  cent  at 50/2g of  p r o t e i n / d i s h  to 4 5 p e r  c e n t + 3 p e r  cent  at 150#g  
(means  + s t anda rd  e r rors  based  on dup l i ca t e  samples  in two separa te  exper imen t s ) .  
N o r m a l  r abb i t  I g G  d id  not  inh ib i t  a t t achmen t .  

Attachment and spreading of cells after treatment with laminin in suspension 
I t  is poss ib le  tha t  l a m i n i n - m e d i a t e d  a t t a c h m e n t  and sp read ing  o c c u r r e d  fo l low-  

ing b i n d i n g  of  the l amin in  to the  subs t r a t e  first and  then  to the  cells or  fo l lowing  
b i n d i n g  to the  cells first and  then  to the  subs t ra te .  Obv ious ly ,  the  two poss ib i l i t i es  are 
not  m u t a l l y  exclusive.  Howeve r ,  in an effort  to ' m i m i c '  the  b e h a v i o u r  of  the  h igh ly  
m a l i g n a n t  cells (which  express  l amin in - l i ke  an t igens  on the i r  surface),  the  low-  
m a l i g n a n t  (1 .0 /an t i -W)  cells were  t r ea ted  wi th  l amin in  in suspens ion ,  s epa ra t ed  f rom 
the u n b o u n d  lamin in ,  and  then  e x a m i n e d  for ab i l i ty  to a t tach  and  spread .  
S imu l t aneous ly ,  they  were  assessed for b o u n d  l amin in  us ing  the  E L L A  t echn ique  
( table 4). T h e  cells t r ea ted  in th is  m a n n e r  were  able  to b i n d  l amin in  whi le  in 
suspens ion ,  and  as the  a m o u n t  of  b o u n d  l amin in  increased ,  the  ab i l i ty  to a t tach  and 
sp read  also increased.  

D i s c u s s i o n  

T h e  a t t a chmen t  of  t u m o r  cells to hos t  t i ssue  s t ruc tu res  occurs  at severa l  s teps  in 
the invas ion  and me tas t a t i c  processes  [9]. T h i s  is p r o b a b l y  a cr i t ica l  even t  because  
once the  cells have become  a t tached ,  t hey  are able  to ca r ry  out  o the r  func t ions  such as 
active m o v e m e n t  [30, 36, 38], hos t  t issue de s t ruc t i on  [6, 9, 25, 30] and  p ro l i f e ra t ion  
[3] wh ich  are necessary  for successful  me tas tas i s  fo rmat ion .  A d d i t i o n a l l y ,  in the  case 
of  c i rcu la t ing  t u m o r  cells, the  a t t a c h m e n t  of  the  cells to the  vascu la r  wal l  a l lows the  
cells to get  out  of  the  c i rcula t ion ,  wh ich  is a host i le  e nv i ronme n t .  I t  w o u l d  not  seem 
su rp r i s ing  in the  l ight  of  this  to f ind tha t  cells which  are h igh ly  adhes ive  w o u l d  be 
more  me tas t a t i c  than  cells wh ich  are less adhes ive  and p rev ious  inves t iga t ions  by  
several  g roups  have s u p p o r t e d  this  concep t  [18 22, 27, 37, 40]. In  this  r epo r t  we 
show tha t  h igh ly  ma l ignan t  t u m o r  cell  l ines f rom three  d i f ferent  t u m o r s  are m o r e  

Table  4. A t t a c h m e n t  and s p r e a d i n g  of  untrea ted  and  l a m i n i n - t r e a t e d  l '0/anti-B r 
cells".  

Amount of Number  of cells 
Cell type laminin added A40 s attached ( x 10 s) Per cent spread 

1.0/anti-B r 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"50-1-0"25 80+ 12 
300 0"588 + 0'067 2-04 + 0-85 77 • 9 

1.0/L1 0 1-123 _+0'260 ND ND 

"The  1.0/anti-B r 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 A4o 5 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/L1 cells 
by demonstrating that purified membrane fractions could elicit the formation of 
antibodies in rabbits which crossreacted with laminin by E L I S A  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 SD S-polyacrylamide gels 
[13]. Under reducing conditions, this moiety has protein bands at M r 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 vivo 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 et al. [5] using high-resolution two-dimensional electrophoresis showed that 
the protein patterns of the 1.0/L1 cells and 1.0/antiB r 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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