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Three lines of B16 melanoma cells (B16-F1, B16-F10 and B16-BL6) were 
examined for motility in the micropore filter assay and for synthesis in culture of 
the basal lamina glycoprotein laminin. All three lines synthesized laminin as 
judged by the incorporation of [35S]methionine into immunoreactive laminin and 
secreted (or shed) laminin into the culture medium as indicated by biosynthetic 
labeling studies and enzyme-linked immunosorbent  assays. Immunoreactive 
laminin was also seen on the surface of the cells as indicated by immunofluores- 
cence staining and by complement-mediated killing. Analysis of 
[35S]methionine-labeled laminin immunoprecipitates by sodium dodecylsulfate- 
polyacrylamide gel electrophoresis (S D S-PA G E )  both with and without reduc- 
tion of intersubunit  disulfide bonds revealed that all three cell lines produced a 
similar array of laminin forms, and that the M r = 950 kD laminin molecule (but 
not the uncombined subunits) was secreted into the culture medium. Laminin 
biosynthesis appeared to be limited by the availab~ity of the M r = 4 0 0 k D  A 
subunit as shown by the intracellular accumulation of excess B subunit in the 
form of uncombined B subunit  (M r = 200 kD) and as a disulfide-linked B dimer 
(M r = 400 kD). The  motili ty of all three cell lines was stimulated four- to five-fold 
by the addition of either exogenous laminin from the EHS sarcoma or culture 
medium from the B16 cells containing the secreted laminin. The stimulated 
motility was inhibited by antilaminin serum. These observations suggest that the 
laminin synthesized by the B16 melanoma cells themselves may facilitate their 
motility. 

I n t r o d u c t i o n  
Act ive  t u m o r  cell  m o t i l i t y  is t h o u g h t  to c o n t r i b u t e  to the  invas ion  process .  T h e r e  

is a co r r e l a t i on  b e t w e e n  in vitro m o t i l i t y  and  in vivo b e h a v i o r  in a n u m b e r  of  m o d e l  
sys t ems  [3, 9, 19, 31,32] .  A d d i t i o n a l l y ,  in vivo t u m o r  cell  m o t i l i t y  has been  d i r ec t ly  
d e m o n s t r a t e d  [10, 33], and  the  h i s to log ica l  fea tures  of  the  t u m o r / h o s t  t i ssue  in ter face  
are,  in m a n y  ins tances ,  cons i s t en t  wi th  the  i n v o l v e m e n t  o f  ac t ive  m o t i l i t y  [4, 5]. 

H o w  t u m o r  cell m o t i l i t y  is r egu l a t ed  is no t  fu l ly  u n d e r s t o o d .  A va r i e ty  of  fac tors  
s t imu la t e  t u m o r  cell  m o t i l i t y  b y  a c h e m o t a c t i c  m e c h a n i s m  (i.e. w h e n  the  s t i m u l a t i n g  
agent  is p r e s e n t  in the  fo rm of  a so lub le  g r ad i en t )  a n d / o r  b y  a h a p t o t a c t i c  m e c h a n i s m  
(i.e. w h e n  the  s t i m u l a t i n g  agent  is p r e s e n t  in the  fo rm of  a s u b s t r a t e - b o u n d  g r a d i e n t  
[14, 17, 19, 26, 31]. I n  a p r ev ious  s tudy ,  M c C a r t h y  and  F u r c h t  [17] r e p o r t e d  tha t  
l amin in ,  a basa l  l amina  g l y c o p r o t e i n  [8], i n d u c e d  hap to t ac t i c  m i g r a t i o n  of  B16 
m e l a n o m a  cells.  S ince  B16 m e l a n o m a  cells have r ecep to r s  for  the  l a min in  m o l e c u l e  
[21], th is  p r o v i d e s  a poss ib l e  m e c h a n i s m  for the  adhes ion  to, and  m i g r a t i o n  across ,  
b a s e m e n t  m e m b r a n e s  by  these  t u m o r  cells.  In  the  p r e se n t  r epo r t  we p r o p o s e  a 
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second mechanism.  We show here that the BI 6 cells, themselves,  synthesize laminin. 
T h e  synthesized laminin is secreted into the culture med ium and bound to the cell 
surface. T h e  culture fluid f rom the cells stimulates their motil i ty (in the absence of a 
gradient) and a significant propor t ion of this activity is inhibited with antilaminin 
serum. Based on these findings, we suggest that in B16 melanoma cells, endogenous 
laminin promotes  motil i ty and may  contr ibute to basement  membrane  invasion. 

M e t h o d s  

Cells 
T h e  three lines of B16 melanoma cells used in this study were the B16-F1, B16- 

F10 and B16-BL6 lines. All three lines were provided by Dr  J: Niederkorn 
(Depar tment  of Ophthalmology,  Universi ty  of Texas,  Dallas, Texas).  T h e  B16-F1 
and B16-F10 lines were originally isolated by Fidler [7] and the B16-BL6 line was 
isolated by H a r t - [ l l ] .  All three lines were grown using RPMI-1640  med ium 
supplemented  with 10 per cent fetal bovine serum, 100 U/ml  of penicillin, 100/~g/ml 
of s t reptomycin and 0"25 #g/ml of fungizone. T h e y  were maintained at 37°C in 5 per 
cent CO 2 and subcultured by trypsinization as required. For  some experiments,  the 
JAR line of human  choriocarcinoma cells was used for the purpose of comparison.  
T h e  biosynthesis of laminin by these cells has been studied in detail [20]. Prior to 
use, all of the lines were shown to be free of mycoplasma contaminat ion by growth in 
mycoplasma broth  and on mycoplasma agar. 

Laminin and antilaminin serum 
Laminin  prepared in our laboratory or purchased f rom Bethesda Research 

Laborator ies  (Gai thersburg,  M D )  was isolated f rom the murine  E n g l e b r e t h - H o l m -  
Swarm (EHS)  tumor  by the method of T i m p l  et al. [24]. T h e  puri ty  of each lot of 
laminin was confirmed by sodium dodecylsulfate-polyacrylamide gel electro- 
phoresis ( S D S - P A G E )  under  reducing conditions. Only two protein bands 
characteristic of laminin A (Mr = 400 kD) and B (Mr = 200 kD) subunits were seen on 
the gels after staining with Coomassie Brilliant Blue R250. Enzyme-l inked 
immunosorben t  assay (ELIS A)  [29] established that the laminin was reactive with 
rabbit  polyclonal anti laminin antibodies (undilute t o  10  6 dilution) but  not with 
rabbit  polyclonal antifibronectin antibodies (provided as a generous gift by Dr.  
R. Wiggins, Depar tmen t  of Medicine, The  Universi ty  of Michigan) or with antitype 
IV collagen antibodies (provided as a generous gift by Dr  H. Fur thmayr ,  
Depar tment  of Pathology, Yale University).  T h e  antifibronectin and antitype IV 
collagen antibodies reacted strongly with their respective antigens in E L I S A .  T h e  
laminin was also biologically active in a cell a t tachment  assay at concentrations as low 
as 0-5 #g per  35 m m  dish [29]. 

Rabbi t  polyclonal a~tilaminin ant iserum was prepared by the repeated intra- 
dermal injection of murine  laminin into New Zealand white rabbits as described 
[18]. T h e  antilaminin serum reacted with laminin by immunoblot t ing  and by 
E L I S A  at undilute t o  10  6 dilution [12]. I t  did not react with either type IV collagen 
f rom the E H S  sarcoma (Bethesda Research Laboratories)  or with human  plasma 
fibronectin (Sigma Chemical Co., St Louis, MO).  

Biosynthetic labeling 
T h e  three cell lines were grown in 100ram (diameter) culture dishes to an 

approximate  density of 1 × 10  7 cells per dish. T h e  cells were washed and incubated 
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for 30min  in methionine-free,  serum-free  minimal  essential med ium (Flow 
Laboratories,  McLean ,  VA) followed by a 60 min  incubation in the same med ium 
supplemented  with 500#Ci  per  dish of [sSS]methionine (1000-1400#Ci/#mol;  
N E N ,  Boston, MA). After  the 60 min  biosynthetic pulse, the cells were again washed 
and incubated for a fur ther  4 h in complete  medium.  T h e  4 h chase cells were lysed in 
a solution of phosphate-buffered saline (PBS) containing three detergents (1 per  cent 
Tr i ton  X-100, 0-5 per  cent sodium deoxycholate and 0"1 per cent sodium 
dodecylsulfate; all obtained f rom Sigma Chemical Company)  and protease inhibi- 
tors including 2() mM E D T A ,  5 mM N-ethylmale imide ,  2 mM phenylmethylsulfonyl  
fluoride and 10#1/10ml of a protease inhibitor cocktail containing: leupeptin,  
1 mg/ml;  antipain, 2 mg/ml;  benzamidine,  10 mg/ml;  aprotinin,  10 000 kallikrein- 
inactivating units per  ml; chymostat in,  1 mg/ml;  and pepstatin,  1 mg/ml  as described 
by Ronnet t  et al. [22] in studies on the insulin receptor. All of the protease inhibitors 
were obtained f rom Sigma Chemical Company.  The  4 h  chase media were also 
supplemented  with the detergent/protease inhibitor mixture  by adding one-fourth  
volume of a five-fold concentrated solution. T h e  cell lysates and chase media were 
frozen at --80°C, thawed and clarified by ultracentrifugation (37 000g for 60 min). 
Immunoreac t ive  laminin forms were precipitated with a 1 :5000 dilution of the 
rabbit  anti laminin serum and protein A-Sepharose  (Sigma Chemical Co.) according 
to the protocol of Ruddon et al. [23]. Normal  rabbit  serum served as a control. T h e  
washed immunoprecip i ta tes  were divided in half and eluted with boiling (5 min) 
two-fold concentrated Laemml i  S D S - P A G E  sample buffer [16], either with or 
without  2 per cent 2-mercaptoethanol .  T h e  laminin forms were fractionated on a 3 
10 per cent polyacrylamide gel employing the Laemml i  system. Radioactive bands 
were visualized by f luorography with En3Hance (NEN),  exposing the dried gels to 
X- ray  film (Kodak XAR-2)  for 2--4 days. 

lmmunofluorescence 
T h e  tumor  cells were examined for anti laminin or normal  rabbit  serum binding 

by indirect immunofluorescence one day after plating. For  this, 2"0 x 105 cells f rom 
each line were seeded onto 20 x 20 m m  glass coverslips. At the t ime of staining, the 
culture med ium was removed and the cells Were gently washed three times in cold 
PBS. All subsequent  steps were carried out at 4°C. T h e  cells were stained initially 
with a 1 : 50 dilution of the rabbit  antilaminin serum or normal  rabbit  serum (45 min) 
and then washed three times. T h e y  were then stained with a 1 :50  dilution of 
fluorescein-conjugated swine antirabbit  serum (45 min) obtained f rom Accurate 
Scientific and Chemical  Company  (Westbury,  NY). Following three additional 
rinses in PBS, the coverslips were placed on a glass slide and viewed immediately  by 
standard fluorescence microscopic techniques. 

Complement-mediated cytotoxicity 
We used both a direct and an indirect complement -media ted  killing assay to 

identify laminin on the surface of viable cells. For  the direct assay, the cells were 
harvested f rom culture, washed and plated at 2-5 x 105 cells in 0-5 ml of med ium 
containing 50#1 of rabbit  complement  ( L o w - T o x  Rabbi t  Complement ,  Accurate 
Chemical  and Scientific Co.) and various amounts  of the anti laminin serum or 
normal  rabbit  serum. One hour  later, the treated cells were harvested and the 
number  of viable cells determined using t rypan blue exclusion. For  the indirect test, 
various amounts  of each cell type were incubated for 1 h with 100/d of the 
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antilaminin serum. Following this, the absorbed sera as well as the unabsorbed 
control serum were examined for toxicity using the B16-F |  cells as the target. The 
killing assay was carried out exactly as with the direct test. Tha t  is, 2"5 x 105 cells 
were incubated for one hour at 37°C in the presence of 0"5 ml of medium, 50 #1 of the 
rabbit complement and 50 #1 of the serum. Following this, the number  of viable cells 
was determined. 

Enzyme-linked immunosorbent assay (ELISA) 
E L I S A s  were performed to quantify the amount  of laminin secreted into the 

supernatant fluids by the cells. The  cells were plated at 1-2 x 10  6 cells per 5 ml of 
culture medium (RPMI-1640 medium containing 10 per cent fetal bovine serum) in 
culture flasks. After incubation for three days at 37°C, the supernatant fluids were 
harvested and clarified by low-speed centrifugation. The  supernatant fluids were 
then added to the wells of a 96-well plate (Falcon Plastics, Oxnard, CA) from lots 
which has been prescreened for acceptibility in E L I S A  reactions. We used 200 #1 per 
well and incubated the wells with the supernatant fluids for four hours at 37°C. 
Control culture medium which had been preincubated for three days along with the 
cells served as the control. Purified EHS laminin (0"5~)'0005 #g/well) was also added 
to the assay plate in culture medium to serve as a standard. After the four-hour 
incubation, the supernatant fluids from the cells and the control fluids were removed 
from the assay plate and the E L I S A  was then run exactly as described previously 
[29]. The  cells from which the supernatant fluids were obtained, were harvested with 
trypsin and counted. 

Motility 
Cell motility was assessed using the micropore filter method [25]. The  micropore 

filter assay measures cell migration into the interstices of a porous filter. The  filters 
were | 2 #m pore diameter, 13 m m  nitrocellulose filters obtained from Schleicher & 
Schuell, Inc. (Keene, NH).  The  assay medium consisted of serum-free RPMI-1640 
medium supplemented with 200 #g/ml of bovine serum albumin or with 10 per cent 
fetal bovine serum. Some of the filters were pretreated overnight with 50#g of 
laminin in serum-free medium. When this was done, the filters were placed in the 
blind-well chamber and the laminin was added to the upper well. The  next day, the 
filters were washed two times with serum-free medium to remove unbound laminin, 
inverted to form a gradient and used. At the time of assay, the cells were harvested 
from culture, washed and added to the wells at 3 x 105 cells per well. The cells were 
allowed to migrate for 4 h at 37°C following which the filters were stained with 
hematoxylin and examined microscopically for migration. 

R e s u l t s  

Laminin production and secretion: evidence from biosynthetic labeling studies 
Laminin production was evaluated by the incorporation of [35S]methionine into 

immunoreactive forms that were precipitated from both the cell lysates and the chase 
medium and analysed by S D S - P A G E  (figure 1). The three cell lines produced 
similar laminin forms but differed in the amount  of [35S]methionine incorporated 
into immunoreactive laminin during a 1 h pulse, 4 h chase protocol. Analysis of the 
laminin immunoprecipitates from the cell lysates by S D S - P A G E  under non- 
reducing conditions (figure 1, top panel, lanes designated A) to preserve intersubunit 
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disulfide bonds revealed three principal laminin bands that were absent from the 
non- immune rabbit serum controls (lanes designated B). These cellular laminin 
forms migrated similarly on the SDS gel to the assembled laminin molecule 
( M r = 9 5 0 k D )  and to the 400kD and 200kD subunits. Under  non-reducing 
conditions, it is likely that the 400 kD band represents a disulfide-linked dimer of the 
laminin B subunit (M r = 200 kD) as has been shown previously to be the case with 
lysates of the human choriocarcinoma (JAR) cell line [20] and that the 200 kD band 
represents the uncombined B subunit. Consistent with this interpretation, most of 
the immunoreactive [35S] methionine in the B16 cell lysates was seen to migrate like 
the laminin B subunit (M r --- 200 kD) upon reduction with 2-mercaptoethanol (figure 
1, middle panel); only traces of the A subunit were seen in the cell lystates at this 
time. This suggests that the B16 cells produce laminin B subunit forms in excess of A 
subunit forms such that uncombined B and B dimer forms accumulate in the chase 
cells (figure 1, top panel). Analysis of the 4 h chase media revealed that nearly all of 
the immunoreactive laminin secreted by the three B16 lines was in the form of the 
assembled molecule (figure 1, lower panel). Only traces of the incompletely 
assembled laminin forms were secreted; this is in agreement with our previous 
findings with JAR choriocarcinoma cells [20] that laminin assembly is a prerequisite 
for secretion. 

It is of interest to note that while a single distinct (M r = 950 kD) laminin band was 
seen with the JAR cells, multiple laminin bands that migrated slightly more rapidly 
could be observed at the M r = 950 kD locus in the case of the melanoma cell lysates 
and chase media. This could be due to partial proteolytic cleavage of laminin in the 
B16 lysates even though a panel of nine protease inhibitors was included in the lysis 
buffer (see Methods). Alternatively, proteolytic clipping of laminin may have 
occurred in the cultures before the cells were harvested, or the multiple bands might 
represent other post-translational processing differences such as glycosylation of the 
laminin molecule. 

Laminin secretion: ELISA data 
The amount of laminin secreted into the supernatant fluid by the three lines was 

also quantified using E L I S A  methodology. When examined at a single time point 
(i.e. three days after plating), the supernatant fluids from the B16-F1 and B16-BL6 
lines contained comparable amounts of immunoreactive material. Based on the 
comparison with the standard curve, we estimate that the supernatant fluid from the 
B16-F1 culture contained 97 ng of laminin per 1 x l0 s cells and the supernatant fluid 
from the B16-BL6 culture contained 100ng per 1 x l0 s cells (table 1). The  
supernatant fluid from the B16-F10 line contained a smaller amount  (58 ng). Under  
the conditions in which the cells were incubated for this study (i.e. 1-2 × 106 cells 
plated per flask on day 0) cell growth was comparable for all three lines. By day 3, 
there was 6"6-6-8× 106 cells per flask. Therefore, the differences in laminin 
production between the B16-F10 cells and the other two lines are not reflective of 
growth rate differences. 

Cell surface laminin: evidence from immunofluorescence and complement-mediated 
cytotoxicity studies 

The cells were examined in the viable state for the expression of surface laminin 
by immunofluorescence. All three lines stained brightly when incubated with a ! : 50 
dilution of the antilaminin serum and there was virtually no staining with the normal 
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Table  1. Quant i f i ca t ion  by ELISA of  l a m i n i n  in  the ex trace l lu lar  f luid f rom cu l tures  
o f  the  BI6 m e l a n o m a  ce l l s  °. 

Laminin 
Cell line (ng/10 s cells) ~ 

B16-F1 97'0___ 3-4 
B16-F10 57.9__+7-0 
B16-BL6 100.0-t-2.4 

a Immunoreactive laminin in the supematant fluids from the three lines was determined by 
ELI SA 72 h after plating of the cells. The values were determined by a direct comparison with 
a standard curve prepared using various amounts of laminin purified from the EHS sarcoma. 

b The values shown are averages of duplicate readings+the difference between the 
individual values and the average values in a single experiment. The experiment was carried 
out seven times with very similar results. 

rabbi t  s e rum at the same concen t r a t i on  (figure 2). Whi l e  it is difficult to make 
quan t i t a t ive  compar i sons  based on immunof luorescence ,  it appeared that  B16-F1 
and  B16-BL6  l ines f luoresced wi th  abou t  equal  in tens i ty  while  the B16-F10  line 
f luoresced less intensely.  

T h e  presence  of surface l a m i n i n  on the three cell l ines was also demons t r a t ed  by 
the cytotoxici ty  exper iments .  All  three  l ines were killed by  the a n t i l a m i n i n  se rum in 
the presence  of c o m p l e m e n t  in  the direct  assay and  all three l ines inh ib i t ed  ki l l ing of 
the B16-F1 cells in  the indi rec t  assay (figure 3). 

Cell motility 
T h e  three  cell l ines were examined  for mot i l i ty  in  the mic ropore  filter assay. A 

compar i son  of the three  cell l ines is shown in  table 2. All  three l ines were mot i le  bo th  
in  the presence  of s e rum and  u n d e r  se rum-f ree  condi t ions .  W h e n  compared  to one 
another ,  the B 1 6 - F |  cells and  the B16-BL6 cells were cons is ten t ly  more  mot i le  than  
the B16-F10  cells. 

T h e  mot i l i ty  of the B 16 m e l a n o m a  cells was s t imula ted  by  exogenous  l amin in .  As 
shown  in table 3 wi th  the B16-F1 cells, the add i t ion  of 5 0 # g  of exogenous  E H S  
l a m i n i n  to the u p p e r  well of the c h a m b e r  s ignif icant ly  increased migra t ion .  A l though  
not  shown,  the add i t ion  of 50#g  of l a m i n i n  to the lower well of the c ha mbe r  or 
p r e t r e a t m e n t  of the filters wi th  this a m o u n t  of l a m i n i n  also s t imula ted  migra t ion .  
Dose - r e sponse  s tudies  with l amin in  indicated  that  as little as 1"0 #g of l a m i n i n  added 

Figure 1. Analysis by SDS-PAGE of laminin immunoprecipitates from biosynthetically 
labeled B16 cells and JAR choriocarcinoma cells. Cells (1 x 107) in 100 mm dishes were 
pulsed for 1 h with [35S]methionine and chased for 4h in the absence of labeled 
methionine. Cell lysates and chase media were divided in half and immunoprecipitated 
either with antilaminin serum or with non- immune rabbit serum as a control. Half of 
each immunoprecipitate was reduced with 2-mercaptoethanol (2 per cent) and half was 
not. The immunoprecipitates were then analysed by SDS-PAGE on a 3-10 per cent 
plyacrylamide gradient slab gel. Radioactive bands were visualized by fluorography 
after a two-day exposure. The top panel is the non-reduced material from the cell 
lysates. The middle panel is the reduced material from the cell lysates and the lower 
panel is the non-reduced material from the chase medium. With each cell type, lane A is 
the material immunoprecipitated with antilaminin and lane B is the material pre- 
cipitated with normal rabbit serum. 



Figure  2. Immunof luorescence  staining of the B16 melanoma cells in the viable state. Cells 
g rown on coverslips for one day were gently washed in PBS and then  stained at 4°C with 
a 1 : 50 di lut ion of  the ant i laminin se rum or normal  rabbi t  se rum followed by a 1 : 50 
di lut ion of the fluorescein i sothiocyanate-conjugated swine ant i rabbi t  IgG.  T h e  B16- 
F1 cells are shown in panels  A and D, the B16-F10 cells are shown in panels B and E and 
the B16-BL6 cells are shown in panels C and F. Cells s tained wi th  the ant i laminin se rum 
are shown in panels A, B and C. Cells s tained wi th  normal  rabbit  se rum are shown in 
panels D, E and F. All pho tographs  are 5 rain exposures  at × 400. T h e  three lines were 
examined  on four separate occasions wi th  similar results. 
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Figure  3. C o m p l e m e n t - m e d i a t e d  kil l ing of the  B 16 m e l a n o m a  cells. (a) Di rec t  assay: 5 × 105 
cells were harves ted ,  washed  and  p la ted  in 0"5ml of  m e d i u m  con ta in ing  50#1 of 
c o m p l e m e n t  and  var ious  a m o u n t s  of the  an t i l amin in  s e rum or no rma l  r a b b i t  se rum.  
One  h o u r  later,  the  n u m b e r  of  r e m a i n i n g  cells was de t e rmined .  (b) Ind i r ec t  assay: 
var ious  a m o u n t s  of  cells were ha rves ted  and  i ncuba t ed  for one h o u r  wi th  100 ftl of the  
an t i l amin in  se rum.  Fol lowing  this ,  the  cells were separa ted  f rom the  s e rum by 
cen t r i fuga t ion  and  the  adso rbed  s e r u m  analysed for res idual  ki l l ing act ivi ty against  the  
B16-F1 cells in the  presence  of c o m p l e m e n t .  T h e  values  shown  in b o t h  panels  are 
averages of dupl ica te  values  where  the  indiv idual  values were wi th in  10 per  cent  of the  
average. Bo th  the  d i rec t  and  ind i rec t  assays were carr ied out  on  th ree  separate  occasions 
wi th  very s imilar  r e suhs  (B16-F1 ,  • • ;  B 1 6 - F I 0 ,  • O ;  B16-BL6,  • • ) .  

to  t h e  u p p e r  w e l l  a l o n g  w i t h  t h e  ce l l s  w a s  s u f f i c i e n t  to  i n c r e a s e  m o t i l i t y  c o n s i s t e n t l y .  

T h e  a d d i t i o n  o f  a n t i l a m i n i n  s e r u m  (25 #1 p e r  we l l )  i n h i b i t e d  t h e  l a m i n i n - s t i m u l a t e d  

m o t i l i t y  ( t a b l e  3). 

M o t i l i t y  w a s  a l so  s t i m u l a t e d  b y  t h e  s u p e r n a t a n t  f l u i d s  f r o m  g r o w i n g  c u l t u r e s  o f  

t h e  B 1 6  ce l l s  ( t a b l e  3). T h e s e  s u p e r n a t a n t  f l u i d s  a re  k n o w  to  c o n t a i n  l a m i n i n ,  as 

i n d i c a t e d  b o t h  b y  t h e  m e t a b o l i c  l a b e l i n g  e x p e r i m e n t s  a n d  t h e  E L I S A  s t u d i e s .  W e  

T a b l e  2. Migrat ion  of  B16 m e l a n o m a  c e l l s  in the  m i c r o p o r e  filter assay". 

Cell l ine C o n d i t i o n  

N u m b e r  of m ig ra t ed  
cells per  h igh-  

power  field 

B16F1 S e r u m - f r e e  1 4 +  1 
10 pe r  cent  F B S  2 5 + 3  

B16- F10  S e r u m - f r e e  2___1 
10 pe r  cent  F B S  1 2 + 3  

B 1 6 - B L 6  Se rum- f r ee  1 2 + 1  
10 pe r  cent  F B S  3 2 + 2  

a T h e  mot i l i ty  assay was r un  in R P M I - 1 6 4 0  m e d i u m  s u p p l e m e n t e d  e i the r  wi th  200 #g /ml  
bov ine  s e r u m  a l b u m i n  or 10 per  cent  fetal bov ine  se rum.  T h e  values shown  are the  mean  
n u m b e r  of mig ra t ed  cells pe r  h i g h - p o w e r  field + the  s t andard  e r ror  of the  m e a n  based  on  four  
fields per  filter and  three  filters per  group.  T h e  exper iment  was carr ied out  three  t imes  wi th  
very  s imi lar  results .  W h e n  c o m p a r e d  us ing  a S t u d e n t  t - test ,  the  mot i l i ty  of the  B16 -F10  cells 
was stat is t ical ly lower  t h a n  the  mot i l i ty  of  the  B16-F1 cells u n d e r  b o t h  se rum-f ree  condi t ions  
( P < 0 " 0 1 )  and  in the  presence  of 10 pe r  cent  s e rum ( P < 0 - 0 5 ) .  
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Table  3. Modula t ion  o f  B16 m e l a n o m a  c e l l  migrat ion .  

Number of migrated cells 
Treatment per high-power field / 

RPMI-10 per cent FBS" 
Laminin (upper well) n 
Laminin + antilaminin c 
Laminin + normal rabbit serum 
B16-F1 supernatant d 
B16-F1 supernatant + antilaminin 
B16-F1 supernatant + normal rabbit serum 
B16-F10 supernatant e 
B16-F10 supernatant + antilaminin 
B16-F10 supernatant + normal rabbit serum 

35+4  
78+14 
37+5 
60+6  
82+9  
45+2  
68+7  
78+14 
4 0 + 4  
77+7  

"The medium consisted of RPMI-1640 medium supplemented with 10 per cent fetal 
bovine serum. 

b Laminin (25 #g per well) was added to the upper wells of the chamber along with the cells. 
c Antilaminin serum or normal rabbit serum (25 #1 per well) was added to the upper wells of 

the chamber along with the cells. 
aThe B16-F1 supernatant containing approximately 200ng of laminin per 100#1 of 

medium (as indicated by ELISA) was obtained from dense cultures of B16-F1 cells after 72 h 
of incubation. 

eThe B16-F10 supernatant containing approximately 200ng of laminin per 100#1 of 
culture medium (as indicated by ELISA) was obtained from dense cultures of B16-F10 cells 
after 72 h of incubation. 

f The B16-F1 cells were used as the indicator cells in these experiments. The values shown 
are mean number of migrated cells per high-power field ___ the standard error of the mean based 
on four fields per filter and three filters per group. The experiment was carried out three times 
with very similar results. 

es t imate  that  the s u p e r n a t a n t  fluids used in these assays con ta ined  approx imate ly  
200 ng  of l a m i n i n  per 100 #1 (the a m o u n t  used in the mot i l i ty  assay) based on E L I S A .  
T h a t  at least some of the s t imula t ion  was due to the presence  of l a mi n i n  in these 
fluids was suggested by  the f inding  that  a s ignif icant  p ropor t ion  of the increased 
mot i l i ty  could  be blocked wi th  the a n t i l a m i n i n  se rum bu t  no t  wi th  the no rma l  rabbi t  
s e rum (table 3). T h e  B16-F10  cells and  B16-BL6 cells showed the same response to 
exogenous  E H S  l amin in  and  to B16 cu l ture  s upe r na t a n t  fluids as the B16-F1 cells. 
T h a t  is, bo th  the l amin in  and the supe rna t an t  fluids s t imula ted  migra t ion  and  the 
migra t ion  was inh ib i ted  wi th  the a n t i l a m i n i n  se rum (data no t  shown).  

D i s c u s s i o n  
These  s tudies  examined  the p roduc t i on  of l a m i n i n  by three l ines of B16 

m e l a n o m a  cells and  the possible i nvo lvemen t  of this mater ia l  in the regula t ion  of cell 
mot i l i ty .  Whi le  we are not  the first to demons t r a t e  l a m i n i n  p roduc t i on  by cells 
[1,2,  6, 13, 15, 18, 20], we used a var ie ty  of approaches  to d o c u m e n t  that  all three of 
the B16 lines synthes ized l amin in  and  secreted it into the cu l ture  supe r na t a n t  fluid. 
T h e  cells also have l amin in  b o u n d  to their surface. Whi le  the B16-F1 and B16-BL6 
cells expressed comparab le  a m o u n t s  of surface l amin in ,  as j u d g e d  by i m m u n o -  
f luorescence (figure 2) and  secreted comparab le  a m o u n t s  into the cul ture  m e d i u m ,  as 
j u d g e d  by  b iosyn the t ic  label ing (figure 1) and  E L I S A  (table 1), the less-moti le  B16- 
FI  0 cells appeared to express less surface l amin i n  and to secrete less immunoreac t i ve  
material  into the cul ture  fluid. All three m e l a n o m a  lines b iosynthes ized  a s imilar  
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array of immunoreactive laminin forms. Immunoprecipitates of the 4 h chase cell 
lysates and media contained a prominent  M, = 950 kD form corresponding to the 
assembled laminin molecule, as shown by non-reduced S D S - P A G E  (figure 1, top 
and bot tom panels). In addition, cell lysates but not media contained 200 kD and 
400 kD forms (figure 1, top panel) that co-migrated with the uncombined B subunit 
and the disulfide-linked B dimer of JAR choriocarcinoma cells [20]. The  identity of 
these bands was further substantiated by the observation that the cellular im- 
munoprecipitates contained mainly the B subunit as indicated by analysis on a 
reduced SDS gel (figure 1, middle panel). This is consistent with our previous 
interpretation that laminin synthesis in JAR cells is limited by the availability of A 
subunit and appears to be true even more in the B16 cells. We cannot, however, 
completely rule out the possibility that some A subunit was lost due to proteolysis in 
the B16 lysates, even though a battery of nine protease inhibitors was added to the 
lysis buffer. As is the case in the JAR cultures [20], only the assembled (Mr = 950 kD) 
laminin molecule was secreted into the B 16 chase media, suggesting that assembly is 
a prerequisite for laminin secretion. 

In addition to characterizing laminin forms biosynthesized by the B 16 melanoma 
cells, these studies provide evidence that laminin produced by the cells influences 
their migration. Previous studies have shown that the addition of exogenous laminin 
stimulates the migration of the B16 cell lines [17] as well as other cells [31 ]. Laminin 
is found as a constituent of basement membranes [8], and the B16 cells have 
receptors for the laminin molecule [21]. Therefore, the interaction of cells via their 
receptors with laminin in the basement membranes provides a mechanism whereby 
the invading tumor  cells could use the exogenous laminin to traverse basement 
membranes.  While our data in no way disagree with this idea, they suggest a second 
mechanism through which laminin may act to facilitate cell motility. Since these cells 
are a biosynthetic source of laminin and produce amounts sufficient to stimulate 
motility, the laminin produced by the B16 cells, themselves, may facilitate their 
motility. This may be likened to the autocrine stimulation of cell proliferation by 
endogenous synthesis of growth promoting peptides. In support of this hypothesis: 
(1) all three of the cell lines produced significant amounts of laminin and all three 
lines were highly motile; (2) the supernatant fluids, containing laminin secreted by 
the cells, stimulated motility; and (3) the stimulated motility was inhibited with 
antilaminin serum. The  inhibition of stimulated motility with the antilaminin 
suggests that the antibodies inhibit laminin binding to the cells. Alternatively, the 
antilaminin antibodies could interfere with motility by binding to cell surface 
laminin and inhibiting its function. 

One question that must  be addressed concerns the differences between the more 
highly motile B16-F1 and B16-BL6 lines and the less motile B16-F10 line. The  SDS 
gels in figure 1 revealed no qualitative differences in the array of laminin forms 
produced by the three lines. Therefore, we cannot at this time ascribe the motility 
differences to the production of biochemically different laminin forms. The  basal 
motility of the three melanoma lines does appear to be related to the amount  of 
laminin they produce. However, the differences between the B16-F10 cells and the 
other two lines is probably not simply a question of the amount  of laminin produced 
since the motility differences persist even at exogenous laminin concentrations as 
high as 50 #g per reaction. Certainly, other factors may be involved. 

Perhaps more important than comparing the three melanoma lines among 
themselves is to compare all three lines to other cells that have been examined. Our 
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previous studies have focused on a series of  highly malignant  and low malignant  cell 
lines derived f rom carcinogen-induced murine  fibrosarcomas. T h e  highly malignant  
f ibrosarcoma cell lines were shown to be more  motile than the low malignant  lines 
under  a variety of conditions [19, 31]. T h e  migrat ion of the highly malignant  
f ibrosarcoma cells was comparable  to that shown here for all three melanoma lines. 
T h e  highly malignant  f ibrosarcoma cells were also like the melanoma cells, and 
different f rom the low malignant  f ibrosarcoma cells, in that they produced detectable 
quantities of laminin [18, 29, 30]. Thus ,  the findings made with the B16 cells in the 
present  study are consistent with the findings regarding laminin synthesis and 
motil i ty made previously with the f ibrosarcoma cells. I t  should also be noted that in 
regard to in vivo behavior,  the highly malignant  f ibrosarcoma cells are again like the 
B16 cells, and different f rom the low malignant  f ibrosarcoma cells, in that they 
spontaneously metastasize f rom pr imary  tumors  and form lung colonies after 
intravenous injection [27, 28]. Thus ,  al though there are likely to be a number  of 
differences among the B16 lines unrelated to laminin which contr ibute to differences 
in lung colonizing ability, the finding that all three lines synthesize laminin is 
consistent with the previously proposed hypothesis regarding laminin expression 
and in vivo behavior. 

In summary ,  these studies demonstrate  the synthesis of laminin by B16 
melanoma cells, its binding to the cell surface and secretion into the extracellular 
medium.  These  studies confirm earlier reports  demonstra t ing that laminin st imu- 
lates B16 cell motil i ty and suggest that the endogenous laminin produced by the 
tumor  cell, themselves,  may play a role in facilitating their motility. Previous studies 
have demonstra ted the product ion of laminin by various cells. Our  data support  the 
concept that the laminin produced by the cells has biological importance.  
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