
CLIN. EXPL. METASTASIS, 1987, VOL. 5, NO. 2, 125--133 

The lack of  corre lat ion  b e t w e e n  e x p e r i m e n t a l  metas tat ic  
potent ial  and plate let  aggregat ing  activity of  B16 
m e l a n o m a  c l o n e s  v i e w e d  in re lat ion to tumor  ce l l  
heterogeneity~" 

A R T H U R  K.  KIMURA{C,§ ,  P A U L E T T E  M E H T A ¶ ,  
J I A N H U A  X I A N G § ,  D A N I E L  L A W S O N ¶ ,  
D O N A L D  D U G G E R § ,  K U O - J A N G  K A O §  and 
L I N D A  L E E - A M B R O S E §  

Departments of Pathology§ and Pediatrics,¶ 
University of Florida College of Medicine, 
Gainesville, Florida 32610, U.S.A. 

(Received 29 July 1986; accepted 30 October I986) 

Two widely used B16 melanoma cell lines of low and high lung colonizing 
potential (B16-F1 and B16-F10) were compared in their ability to induce platelet 
aggregation. The  results of these experiments showed a reproducible difference 
in platelet aggregating activity of these two cell lines which directly correlated 
with their lung colonizing potentials. However, when clones were derived from 
these heterogeneous cell lines and tested for experimental metastatic potential, 
platelet aggregating ability and Met-72 expression, no correlation could be 
attached to the platelet aggregating activity of the clones. Results of these 
experiments provide direct evidence that platelet aggregation is not an accurate 
index of experimental metastatic potential of tumor cell clones, nor is it an 
essential trait of all metastatic cells. The ability of tumor cells to induce platelet 
aggregation is examined and discussed in the context of cellular heterogeneity. 

I n t r o d u c t i o n  
A c c o r d i n g  to ou r  p r e s e n t  u n d e r s t a n d i n g  of  the  me ta s t a t i c  cascade,  a n u m b e r  of  

b l o o d - b o r n e  in t e rac t ions  are  be l i eved  to occur  d u r i n g  the  h e m a t o g e n o u s  sp read  of  
m a l i g n a n t  cells  f r om the p r i m a r y  t u m o r  to d i s t an t  ana tomica l  si tes [5, 15, 17]. T h e  
ab i l i ty  of  t u m o r  cells to aggrega te  p la te le t s  and  induce  t h r o m b u s  f o r m a t i o n  has been  
r e g a r d e d  as an i m p o r t a n t  p r o p e r t y  of  po t en t i a l l y  me tas t a t i c  t u m o r  cell  var ian ts ,  
c r ea t ing  a b a r r i e r  aga ins t  i m m u n e  and phys ica l  d e s t r u c t i o n  before  ex t r avasa t ion  
[1,5,  8, 10]. T h e  i m p o r t a n c e  of  m i c r o t h r o m b u s  f o r m a t i o n  in lung  co lon iza t ion  af ter  
i.v. in jec t ion  of  t u m o r  cells has been  d o c u m e n t e d  in severa l  t u m o r  cell  sys t ems  by  
i nh ib i t i ng  p la te le t  func t ion .  P r e t r e a t m e n t  of  e x p e r i m e n t a l  an ima l s  wi th  an t i coagu-  
lants  [8, 9] or  an t ip l a t e l e t  [6, 7] agents  causes  s ignif icant  r educ t i on  in lung  co lon iz -  
a t ion  af ter  i.v. in jec t ion  of  t u m o r  cells.  T h e s e  resul t s  s u p p o r t  the  concep t  of  a 
mechan i ca l  role  for  the  t u m o r  m i c r o t h r o m b i  by  favor ing  the i r  a r res t  in the  lung  
cap i l l a r ies  and  s u b s e q u e n t  d e v e l o p m e n t  in to  metas tases .  F ina l ly ,  conv inc ing  
u l t r a s t r u c t u r a l  ev idence  tha t  some  t u m o r  cells a t t ached  to the  b a s e m e n t  m e m b r a n e  
of  the  vascu la r  sys tem do in fact have  ' p r o t e c t i v e '  f ibr in  depos i t s  a r o u n d  t h e m  has 
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suppor ted  the belief that platelet aggregation can be an important  event in the 
hematogeneous spread of malignant  tumor  cells [2, 17, 18]. 

The  question of whether  tumors  of different histological origin and predilection 
for hematogenous versus lymphat ic  metastatic spread may have a differential 
dependeru:e on platelet aggregation has been addressed [13]. Despite  general trends, 
exceptions in the predicted route of metastasis for certain solid tumors  and their 
ability to aggregate platelets do exist [13]. Thus ,  the need for and/or role of platelet 
aggregation by metastatic tumor  cell variants remains unresolved. 

In  the present  study we have examined the platelet aggregating activity of two 
widely used in vivo selected B16 melanoma cell lines and compared  their behavior 
with individual clones derived f rom them. Simultaneous analyses of platelet 
aggregating activity, lung colonizing activity and Met-72 expression [11] were 
per formed on the same day using the same preparat ion of cells. Results of these 
exper iments  provide direct evidence that platelet aggregation is not an accurate 
index of experimental  metastatic potential of tumor  cell clones, nor is it an essential 
trait of all metastatic cells. The  ability of tumor  cells to induce platelet aggregation is 
viewed and discussed in the context of cellular heterogeneity. 

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

Animals 
C57BL/6 mice were obtained f rom the Jackson Laboratory,  Bar Harbor ,  Maine 

and housed in laminar flow containment  units in our mouse colony, Depar tment  of 
Pathology. Female mice between 8 and 16 weeks of age were used in these studies. 

Cell lines, clones and culture conditions 
T h e  C57BL/6 melanoma,  B16, and various in vitro and in vivo selected lines 

derived f rom it were obtained f rom the Division of Cancer T rea tmen t  T u m o r  Bank 
(EG & G Mason Research Insti tute,  Worchester ,  Mass.) where they had been 
deposited by Dr  I. J. Fidler. Clones were derived by limiting dilution and 
micromanipulat ion f rom the parent  line, B 16-F1. Stocks f rom early passages of these 
lines and clones were prepared,  frozen at - 8 5 ° C ,  and restarted every 6-7 weeks to 
limit the possibilities of functional and phenotypic  drift. All cell lines and clones 
were maintained in vitro at 37°C in a humidified incubator containing 8"0 per cent 
CO2/air. Cells were passaged for optimal  growth by subculturing every 4 days in 
Eagle 's  Hanks amino acid supplemented med ium containing 10 per cent newborn 
calf serum, penicillin and s t reptomycin [11]. Cells were detached f rom standard 
plastic surfaces using 0"5 mM E D T A  in Ca 2+ and Mg 2+ free phosphate-buffered 
saline (PBS) supplemented with 1'0 g/1 glucose [1 ]]. 

Lung colonization assay 
T h e  ability of the various B16 clones to form experimental  metastases was 

determined and quantified by the i.v. lung colonization assay [14]. Groups  of four to 
six age- and sex-matched mice were injected i.v. with 3"0 x 105 melanoma cells and 
the extent of metastases was determined macroscopically three weeks later. 
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Relative levels of cell surface Met-72 expression determined using 125I-protein 
A (12SI-pA) 

The extent of monoclonal antibody (MoAb) binding to various B16 melanoma 
clones was measured indirectly with lzSI-pA as described [11]. Briefly, 3 x 105 
freshly harvested, in vitro grown cells were incubated for 1 h with a predetermined 
excess of anti-Met-72 MoAb (K88"146) [11]. The cells were then washed three times 
with PBS + 5 per cent fetal bovine serum (FBS) and then incubated for an additional 
1 h with 2 × 105 cpm of 125I-pA. Radioactivity bound to the cells was assessed after 
three washes with PBS + 5 per cent FBS by gamma scintillation counting. Data is 
presented as the mean of triplicate determinations. Because of potential differences 
in background binding of 125I-pA to the different B16 melanoma cell lines and 
clones, Met-72 expression is expressed as a binding index, which was calculated as 
follows: 

cpm 125I-pA bound with MoAb 
Binding i n d e x -  

cpm 125I-pA bound without MoAb 

In this way, individual differences in background binding are normalized and allow 
comparison between the different B16 melanoma lines and clones [11,20]. 

Platelet aggregation 
Platelet stimulatory activity was evaluated by measuring the effect of tumor cells 

on platelet aggregation. To  do this, blood was obtained from normal human 
volunteers who had not ingested aspirin or other platelet inhibitory drugs within the 
previous 10-day period. Blood was collected into sodium citrate (3'8 per cent) and 
centrifuged at 300g for 15 min. T u m o r  cells (2 × 107 cells/ml) were incubated with 
platelet-rich plasma for 2 rain at 37°C in a stirring well of a platelet aggregometer 
(Sienco Co., Denver, Co). All measurements were performed in duplicate and mean 
values were used in calculating statistical analyses. The  use of human platelet-rich 
plasma instead of syngeneic routine platelet preparations was justified by the 
following reasons. First, it is technically difficult to obtain sufficient amounts of 
platelet-rich plasma from mice for tumor cell-induced platelet aggregation studies. 
Second, earlier comparative studies were performed in our laboratory and it was 
found that aggregation of human or mouse platelets induced by B16 melanoma cells 
is ADP and fibrinogen dependent. Third,  high concentrations of thrombin 
inhibitors failed to inhibit B16 melanoma-induced platelet aggregation. Since 
human and murine platelets are both aggregated by B16 melanoma cells through the 
same mechanism, human platelet-rich plasma was used for these studies. 

Statistical analyses 
Data obtained from analyses of platelet aggregation, Met-72 expression and 

metastatic activity were subjected to linear regression analyses. Correlation 
coefficients comparing two parameters are given. 

R e s u l t s  

Comparison o f functionally selected B 16 melanoma lines versus individual clones derived 
from them 

Two widely used, functionally selected lines from the B 16 melanoma B 16-F 1 and 
B16-F10 [4, 5, 14], were used to represent low and high lung colonizing forms in 
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platelet aggregation studies. Typical results of these experiments (figure 1) have 
shown that the degree of platelet aggregation correlates with their respective lung 
colonizing abilities. Aliquots of the same tumor cells used in the platelet aggregation 
studies were also examined for experimental metastatic potential. The poorly (B16- 
F1) and highly metastatic (B 16-F10) lines gave respective mean values of 14 versus 
276 lung colonies. 

The cellular identity of cells capable of platelet aggregation and those giving rise 
to experimental pulmonary metastases was examined using clones derived from the 
parental population by limiting dilution procedures. When two well-characterized, 
functionally stable clones of the B16 melanoma [11] were subjected to similar 
comparisons of lung colonizing activity and platelet aggregating activity, a reverse 
correlation was observed. As seen in figure 2, the highly metastatic clone, B16-BL6- 
10, was approximately half as effective as the poorly metastatic clone B16-F1-7 in 
inducing platelet aggregation. In this experiment, aliquots of the same cell 

Figure 1. 
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Platelet aggregation induced by the high lung-colonizing B16 melanoma line (F10) 
compared with the low lung-colonizing BI6 melanoma line (F1). 
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Figure 2. Platelet aggregation induced by two clones derived from the B16 melanoma. F1-7 
and BL6-10 are the respective low and high lung-colonizing clones derived from the 
B16 melanoma. 
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suspensions were used to quantify the lung-colonizing activity of the clones. Th ree  
hundred thousand cells f rom each of the clones were injected i.v. into four age- and 
sex-matched C57BL/6 mice, and the extent of experimental  pu lmonary  metastases 
was quantified three weeks later. Results of this analysis showed the predicted, stable 
difference in metastatic activity of the clones as reported previously [11]. Cells f rom 
the B16 melanoma clones F1-7 and BL6-10 produced a mean of 16 and >250  lung 
colonies, respectively. In this experiment,  as with previous measurements  [11], no 
ext rapulmonary  metastases were observed. 

Lack of correlation between the experimental metastatic potential and platelet aggregat- 
ing activity of BI6  melanoma clones 

A number  of other B16 melanoma clones were derived f rom the parent  
melanoma,  B16-F1, to examine more rigorously the relationship between lung- 
colonizing activity and platelet-aggregating activity. For  these studies, only those 
melanoma clones exhibiting stable lung-colonizing potential during several months  
of in vitro culture were used in a t tempts  to minimize functional variations in 
phenotypic  drift of cloned tumor  cells [15]. Clones which produced small numbers  
of large pu lmonary  colonies or animals with variable degrees of ex t rapulmonary  
metastases were excluded f rom these analyses. Only those clones which produced 
lung colonies of uni form size were counted and included in this study. As a result, 
data obtained f rom 16 out of the original 20 B 16 melanoma clones were subjected to a 
linear regression analysis to obtain correlation coefficients compar ing the expression 
of the cell-surface metastatic marker,  Met-72 [11], lung-colonizing potential, and 
platelet-aggregating activity. Representat ive results of several experiments  compar-  
ing all three of these parameters  are shown in the table and individually examined 
below. 

High-density Met-72 expression and lung-colonizing potential 
Results document ing  the high degree of correlation between experimental  

metastatic activity and cell surface expression of a 72 kd glycoprotein, Met-72,  have 
been reported [11,20, 21 ]. T h e  16 new clones isolated and developed for this s tudy 
were similarly subjected to correlative analysis between these parameters  to compare  
with platelet-aggregating activity. Ant i -Met-72 MoAb (K88"146) was used to 
measure  Met-72 surface expression on the individual melanoma clones tested for 
lung-colonizing activity. Results of these experiments  are given in the table and the 
linear regression analysis of their correlation is shown in figure 3. The  correlation 
coefficient of r=0"83 for these 16 new clones compares  well with a previously 
reported correlation coefficient of 0"94 for 17 different B16 melnoma clones [1|].  

Lack of correlation between platelet-aggregating activity, Met-72 expression and lung- 
colonizing potential of B16 melanoma clones 

Aliquots of the same cell suspensions described in the preceding section were 
used to determine their platelet-aggregating activity. These  simultaneous analyses 
permit ted  comparisons with the values obtained for cell-surface Met-72 expression 
and lung-colonizing potential (table). As shown in the table, levels of platelet 
aggregation ranged f rom 2"5 to 40 per cent with the various clones. I t  is noteworthy 
that three clones giving the lowest value of platelet aggregation (2"5 per cent for 
clones 6, 13, BL6-10) had the largest variation in lung colonies (1 versus 215 
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Plate let  aggregat ion ,  Met-72 express ion  and  metas ta t i c  potent ia l  of  B16 m e l a n o m a  
c lones .  

Platelet N u m b e r  of pulmonary  Met-72 
Clone number  aggregation (~)a metastases b expression c 

1 29"5 167 19'4 
2 12"0 2 13-0 
3 10-0 4 6"1 
4 17"5 11 6'2 
5 22'0 162 16"5 
6 2"5 5 6-9 
8 33"0 192 20"8 
9 39"0 14 11"8 

10 15"5 2 7 
12 37"5 1 10"4 
13 2-5 1 6'6 
14 37-0 148 14'1 
15 40-0 9 13"8 
16 29-0 29 5"6 
17 36-0 3 9"2 

BL6-10 2"5 215 31"8 

a Mean percentage platelet aggregation of duplicate determinations.  In all cases the S.E. was 
less than 10 per cent of the mean. 

b Values represent  the mean number  of pu lmonary  metastases f rom six mice three weeks 
after i.v. injection of 3 × l0  s melanoma cells. 

c Binding index was calculated as described in the Materials  and methods.  
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Figure  3. Linear  regression analysis of the correlation between the lung-colonizing activity 
and Met-72 expression of sixteen BI 6 melanoma clones derived by cloning procedures.  

p u l m o n a r y  co lon ies ) .  L i n e a r  r e g r e s s i o n  ana lys i s  o f  t h e  d a t a  e x a m i n i n g  the  c o r r e l -  

a t i on  b e t w e e n  p l a t e l e t  a g g r e g a t i o n  a n d  l u n g - c o l o n i z i n g  ac t i v i t y  is s h o w n  in f igu re  4, 

w h e r e  r = 0 - 1 6 .  S i m i l a r l y ,  as s een  in t h e  t ab le  and  f igure  5, no  p o s i t i v e  c o r r e l a t i o n  
c o u l d  be  e s t a b l i s h e d  b e t w e e n  t h e  m e t a s t a t i c  c e l l - s u r f a c e  m a r k e r ,  M e t - 7 2  and  p l a t e l e t  

a g g r e g a t i n g  ac t iv i ty .  I n  t h e  l a t t e r  c o m p a r i s o n ,  t h e  c o r r e l a t i o n  coef f i c i en t  was  r = 0"06. 
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Figure 4. 
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Linear regression analysis of the correlation between the lung-colonizing and 
platelet-aggregating activity of sixteen Bt6 melanoma clones. 
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Linear regression analysis of the correlation between Met-72 expression and 
platelet-aggregating activity of sixteen B16 melanoma clones. 

D i s c u s s i o n  

A n u m b e r  of  obse rva t ions  in the  l i t e ra tu re  have p o i n t e d  to an assoc ia t ion  b e t w e e n  
t u m o r  me tas t a s i s  and  b l o o d  coagu la t ion .  T h e s e  inc lude  the  f r equen t  occu r r ence  of  
t h r o m b i  a r o u n d  t u m o r  cell  embol i ,  i n t r avascu la r  coagu la t ion ,  and  dec reased  
inc idence  of  me tas t a s i s  d u r i n g  t h r o m b o c y t o p e n i a  [1,2,  7, 8, 12, 17, 19]. T h e s e  
obse rva t i ons  have led to the  a s s u m p t i o n  tha t  t h r o m b o p l a s t i c  and  p r o c o a g u l a n t  
ac t iv i t ies  of  t u m o r  cells are i m p o r t a n t ,  and  p e r h a p s  essent ia l ,  p r o p e r t i e s  of  me tas t a t i c  
cells.  W h e n  t u m o r  cells of  va ry ing  me ta s t a t i c  po ten t i a l  were  tes ted  for  the i r  ab i l i ty  to 
cause  p la te le t  agg rega t ion  in vitro, a pos i t ive  co r re la t ion  has been  r e p o r t e d  in some 
[6, 16] b u t  not  all sys t ems  [3, 18]. In  the  s tud ies  p r e s e n t e d  here ,  we have used  the  i.v. 
lung  co lon iza t ion  assay to focus on the po ten t i a l  va r iab les  re la t ing  to the  role of  
t u m o r  c e l l - i n d u c e d  p la te le t  agg rega to ry  ac t iv i ty  in the  ar res t  and  ex t r avasa t ion  
p o r t i o n  of  the  me tas t a t i c  cascade.  
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Much of the confusion and discrepancy regarding the role of platelet aggregation 
in the metastatic cascade stems from the tacit assumption that the same cells which 
cause platelet aggregation are in fact the metastatic variants which seed and give rise 
to metastatic lesions. Ultrastructural evidence of tumor cells surrounded by either 
platelets or fibrin [2, 17, 18] has suggested, but does not prove, that these cells initiate 
the thrombus formation and are the successful beginnings of future metastases. In 
the present study, several in vivo selected cell lines of the B16 melanoma which cause 
little or extensive experimental pulmonary metastases were compared with indiv- 
idual clonal components derived from them. Such studies allowed us to determine 
more accurately whether the individual cional abilities of inducing platelet aggreg- 
ation quantitatively paralleled their experimental metastatic potential. Our results 
show that selected clones of the B16 melanoma vary in their experimental metastatic 
potential and that this variability is not directly related to their platelet stimulatory 
activity (figures 2, 4 and the table). A significant finding to emerge from these studies 
was that the strong correlation between lung-colonizing activity and platelet 
aggregation of B16 melanoma lines was lost when these parameters were compared 
with individual B16 melanoma clones. Previous studies from our laboratory have 
shown a strong correlation between the experimental metastatic activity of B16 
melanoma clones and levels of Met-72 expression on their cell surfaces [11,20, 21]. 
In the present studies, this cell surface marker of experimental metastatic potential 
was included as an additional parameter to test its relationship to platelet aggregating 
activity. As shown in figure 3 and the table, Met-72 shows a strong correlation 
(r = 0"83) with the lung-colonizing potential of the clones specifically developed for 
this study, and no correlation ( r=  0"06, figure 5) with platelet aggregation. 

The  reason our melanoma clones did not exhibit parallel metastatic potential and 
platelet-stimulatory activity in this study may relate to several factors. First, cloned 
cells represent a population of limited cellular heterogeneity, unlike selected cell 
lines such as B16-F1 and B16-F10. Our results are consistent with the possibility 
that tumor cells may require the presence of other cell types for full expression of 
platelet-aggregatory activity. Alternatively, processing of cells in vivo, as occurs 
when tumor cells are selected after serial selection of cell lines [4, 5], may cause full 
expression of platelet-stimulatory activity and experimental metastatic potential. 
This in vivo processing effect may be lost when single cell clones are isolated. Such a 
concept does not diminish the potential significance of platelet aggregation during 
the blood-borne phases of implantation, extravasation and survival of metastatic 
variants. Our results along with those of previous reports [3, 18] do show, however, 
that high platelet-aggregating activity of non-metastatic tumor cell clones is not 
sufficient for the establishment of experimental or spontaneous metastases. 

Consideration of our results may explain why investigators have been unable to 
agree experimentally on the correlation between platelet aggregation and metastatic 
potential of tumor cells in different systems. Proponents of a positive correlation 
between platelet aggregation and metastatic potential have all used tumor cell lines 
either maintained and passaged in vitro or in vivo [6, 16], while those unable to show a 
correlation have all used clones of presumed limited cellular heterogeneity [3, 18]. 

Finally, an important technical consideration is that measurement of light 
transmission through platelet-rich plasma may not accurately measure platelet- 
tumor cell thrombus formation. Although light transmission increases after platelet 
aggregation, this may occur due to platelet platelet, platele~tumor,  or tumor tumor 
cell clumping. The results of preliminary morphologic evaluation of aggregates 
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f o r m e d  u n d e r  these  cond i t i ons  have shown  tha t  t u m o r  cells are assoc ia ted  wi th  m o s t  
p la t e l e t  c lumps .  F u r t h e r  s tud ies  are  in p rog re s s  w h i c h  wil l  m o r e  p rec i se ly  def ine  the  
i m p a c t  of  t u m o r - t u m o r  cell  i n t e r ac t ion  on  p la te l e t  aggrega t ion .  
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