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Summary. Using mouse  b l a d d e r  t u m o r  cells (MBT-2 cells) 
and  epi thel ia l  cells, the  presen t  s tudy eva lua ted  the 
func t iona l  character is t ics  o f  the ac tomyos in  system in 
b l adde r  cancer  cells. A n  immunof luorescence  s tudy  dem-  
ons t r a t ed  the presence o f  cont rac t i le  p ro te ins  (act in and  
myos in)  in MBT-2 cells as well as b l a d d e r  epi thel ia l  cells. 
T r i ton - t r ea t ed  MBT-2 cells and  epi thel ia l  cells showed a 
Ca2+-dependent  con t rac t ion .  This  was inh ib i ted  by  N- 
e t h y l m a l e i m i d e - m o d i f i e d  myos in  sub f r agmen t  1 ( N E M -  
$1), demons t r a t i ng  tha t  the in te rac t ion  be tween act in  and  
myos in  is respons ib le  for  the con t r ac t ion  of  T r i ton - t r ea t ed  
cells. The  extent  of  Ca2+-dependent  con t rac t ion  was much  
grea ter  in MBT-2 cells t han  in epi thel ia l  cells. These results  
suggest  tha t  MBT-2 cells possess  a l ocomot ive  appa ra tu s  
consis t ing of  act in  and  myos in ,  and  tha t  Ca > can act ivate  
this a c tomyos in  system, leading  to the con t r ac t ion  or  
active l o c o m o t o r y  m o v e m e n t  o f  t u m o r  cells. 
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Invas ion  and  metas tas is  are  p r o m i n e n t  features  of  mal ig-  
nan t  tumors .  Recent ly ,  evidence has been accumula t ed  
suggest ing tha t  these character is t ics  of  ma l ignan t  t umors  
can be a t t r i bu ted  to the l ocomot ive  act ivi ty  of  t u m o r  cells 
[3, 6, 9, 12, 13]. Since the presence o f  cont rac t i le  p ro te ins  
(act in and  myos in)  in n o n - m u s c u l a r  m a m m a l i a n  cells [5, 
8, 16] as well as cancer  cells [2] has been demons t r a t ed ,  the 
concepts  deve loped  in the s tudies  of  muscle  con t r ac t ion  
have been the basis  for  the unde r s t and ing  of  mot i l i ty  in 
non-musc le  cells. The ac tomyos in  system in non-musc le  
cells is thus a s sumed  to be the fo rce-genera t ing  system for  
cell l ocomot ion .  However ,  as far  as t u m o r  cells are  
concerned,  li t t le is k n o w n  a b o u t  the dynamic  aspects  of  
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this ac tomyos in  system, pa r t i cu la r ly  in u rogen i t a l  mal ig-  
nan t  t u m o r  cells. 

The  present  s tudy,  using Tr i ton - t r ea t ed  mouse  b l adde r  
t u m o r  cells, inves t iga ted  whether  Ca 2+ act ivates  the 
ac tomyos in  system and  induces  con t r ac t ion  or  mic ro-  
scopic  l o c o m o t i o n  in b l adde r  cancer  cells. 

Materials and methods 

Mouse bladder tumor (MBT-2) was used in this experiment. This 
tumor is a poorly differentiated transitional cell carcinoma and has 
retained its histological characteristics during serial transplantation 
in syngeneic mice [ 14]. A single-cell suspension of MBT-2 tumor was 
prepared according to the procedure of Soloway [ 14]. Epithelial cells 
of mouse bladder were used for control experiments. Bladder was 
taken from a C3H mouse and opened in cold Krebs solution. 
Epithelium was detached from submucosa and minced. After 
enzymatic dissociation (0.25% trypsin), epithelial cells were col- 
lected by differential centrifugation. MBT-2 cells and epithelial cells 
were grown in RPMI 1640 medium (Gibco) supplemented with 10 % 
fetal calf serum. Cells cultured for 5-6 days on collagen-coated 
plates (Sumitomo Bakelite) were used for the contraction exper- 
iment. 

Since the cell membrane is known to form the major obstacle to 
influences on the actomyosin system from the external medium, the 
permeabilized cell model obtained from a detergent treatment was 
used [1, 4, 10]. To prepare permeabilized cells, cells were washed 
once with CaZ+/Mg2+-free phosphate-buffered saline (PBS) and 
treated with an ice-cold solution consisting of 0.02% Triton X-100, 
100 mM KC1, 2 mM EGTA, 1 mM dithiothreitol (DTT) and 10 mM 
imidazole-HC1 (pH 7.2) for 5 rain. In some cases the concentration 
of Triton was changed from the standard 0.02% to 0.1% or 0.2% to 
estimate the effect of Triton concentration on the contractility of 
cells. After Triton treatment the cells were washed with an ice-cold 
solution containing 100 mM KCI, 2 mM EGTA and 10 mM imida- 
zole-HC1 (pH 7.2) to remove the detergent. 

In the contraction experiment, Triton-treated cells were preincu- 
bated in Ca2~-free relaxing solution consisting of 1 mM EGTA, 
100 mM KC1, 3 mM MgCI2, 3 mM ATP and 10 mM imidazole-HC1 
at room temperature. Then, the medium was replaced with the 
activating solution containing Ca >, and the changes in cell shape 
continuously recorded using a phase-contrast microscope-video 
imaging system (NAC). The activating solution contained 100 mM 
KCI, 10 mM imidazole-HC1, 3 mM MgC12, 3 mM ATP, 1 mM EGTA 
and  Ca  2+. The various Ca 2+ concentrations in the activating solution 
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Fig. 1 a-d. Immunofluorescent staining of frozen sections. Actin (a) 
and myosin (b) in mouse bladder epithelium. Actin (c) and myosin 
(d) in MBT-2 tumor. (Original magnification x200) 

were made by adding CaC12 to the relaxing solution containing 
1 mM EGTA and calculated with an EGTA-Ca EGTA buffer 
system. 

Cells which had been separated from each other were selected for 
the contraction experiment because preliminary observations 
showed that within a dense cell population the contraction of 
individual cells was difficult to measure. The extent of contraction 
was estimated by measuring the cell area before and after replacing 
the relaxing solution with the activating solution. In order to 
measure the cell area, a still picture was printed out from the video 
recording. The area of the cell was then determined by weighing a 
cut-out picture of each cell outline. 

As a specific inhibitor for the actin-myosin interaction, N- 
ethylmaleimide-modified myosin subfragment 1 (NEM-S1) was 
used, prepared by the method of Cande [1]. Myosin subfragment 1 
(Sigma) at 5 mg/ml was incubated in 10 mM imidazole-HC1, 0.2 mM 
DTT with 1 mM freshly dissolved NEM, pH 7.0, at room tempera- 
ture for 75 min. The reaction was stopped by adding DTT (10 raM), 
and unreacted NEM was removed by exhaustive dialysis. 

An indirect immunofluorescence study was performed to con- 
firm the presence of contractile proteins in both MBT-2 cells and 
bladder epithelial cells. Anti-actin (Sigma) and anti-myosin (Sigma) 
which had been developed in rabbit against actin isolated from 
chicken back muscle and myosin isolated from bovine uterine 
smooth muscle, respectively, were used as primary antibodies. 
Frozen mouse bladder wall and MBT-2 tumor were cut in a cryostat 
at 4-6 ~tm thickness. The cryostat sections were mounted on glass 
slides and treated with acetone at 4~ for 5 rain after air drying. They 
were subsequently washed with PBS. An appropriate dilution (1:40 
for anti-actin, 1:10 for anti-myosin) of the rabbit antibody was 
applied to the sections. After incubation in a moisture chamber at 
20~ for 1 h, the sections were washed with PBS and incubated for 
1 h with a 1 : 80 dilution of goat anti-rabbit globulins (Sigma) coupled 

Fig. 2a, b. Phase-contrast microscopy of Triton-treated epithelial 
cell. a In Ca2+-free relaxing solution; b 20 min after replacement with 
the activating solution containing 5 gM Ca 2+. (• 

Fig. 3 a-d. Contraction and movement of Triton- 
treated MBT-2 cells, a, b MBT-2 cells before and 
15 min after addition of 5 ~tM Ca 2§ A r r o w s  indi- 
cate the shortening of a cytoplasmic process, e, d 
Before and 15 rain after adding 5 ~tM Ca 2+. A r -  

rows  show the movement of the cell. Other cells 
exhibit contraction in response to Ca z+. (• 
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Fig. 4A, B. Dependence of contraction on Ca 2+ concentration. The 
response of epithelial cells and MBT-2 cells to Ca 2+, respectively 

to fluorescein (FITC). The sections were finally washed with PBS 
and covered with a drop of 80% glycerol in PBS and a coverslip. 
These samples were examined in an Olympus MMST fluorescence 
microscope. 

Results 

Epithelium of  mouse bladder  as well as MBT tumor  
showed immunof luorescent  staining for actin and myosin  
(Fig. 1). The staining of  contractile proteins in bo th  
epithelial cells and MBT-2 cells was strong a round  the 
nucleus (which itself was not  stained) and part icularly at 
the per iphery o f  the cell. In the sections incubated with 
rabbit  ant iserum obta ined before immunizat ion,  no fluor- 
escence was present. 

Tri ton-treated epithelial ceils showed an extremely 
small contract ion when the bathing medium was changed 
to the activating solution containing Ca 2+ (Fig. 2). In 
contrast  to epithelial cells, Tri ton-treated MBT-2 cells 
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Table 1. Effects of Triton concentration on Ca2+-induced contrac- 
tion 

Triton X-100 
concentration (%) 

Decrease relative to initial area (%) 

Epithelial cells MBT-2 cells 

0.02 6.2 _+ 3.6 (n =25) 24.4 + 2.1 (n =26) 
0.1 5.3 + 2.8 (n = 10) 25.1 + 1.6 (n = 14) 
0.2 5.9 + 3.4 (n = 15) 24.8 + 2.5 (n = 10) 

The decrease (%) in cell area at 20 min after addition of 5 gM Ca 2+ is 
shown as the mean _+ SD. The differences in cell contraction when the 
Triton concentration was increased to 0.1% and 0.2% were not 
significant in either group 

Table 2. Effect of NEM-S1 on Ca2+-induced contraction 

Area of cell (gm 2) 

MBT-2 cell Epithelial cell 
(n = 21) (n = 20) 

Control 760.2 + 164.8 1682.6 _+ 455.9 

At 20 min after addition 
of 5 gM Ca 2+ 767.6 +_ 166.8 1688.5 + 456.9 

Values are shown as the mean _+ SD 

exhibited a marked contract ion in response to Ca 2~ 
(Fig. 3). This contractile response was characterized by a 
shrinkage of  the cytoplasm. In addition, processes extrud- 
ing f rom the cytoplasm sometimes showed a shortening 
(Fig. 3 a, b) In  a few cases, as a process shortened, the cell 
moved  toward  the end of  the process which was at tached 
to the subst ra tum (Fig. 3c, d). 

Figure 4 shows the dependence of  the contractile 
response on Ca 2+ concentrat ion.  In Tri ton-treated epithe- 
lial cells (Fig. 4a), 0.5 gM Ca 2+ did not  cause contract ion.  
At  5 o f  10 ~tM Ca 2+, the epithelial cells slowly contracted,  
the decrease in cell area being only 6.2% of  the initial area 
at 20 min after the addit ion o f  Ca 2+ (Fig. 4a). When  the 
concentra t ion of  Tri ton was increased to 0.1% or 0.2%, 
Tri ton-treated epithelial cells showed a contract ion in 
response to 5 g M  Ca ;+ identical to that  at a Tri ton 
concentra t ion of  0.02% (Table 1). 

Tri ton-treated MBT-2 cells (Fig. 4 b) began to shrink at 
a Ca 2+ concentra t ion o f  0.1 taM. At  Ca 2+ concentrat ions 
less than 0.1 gM the contract ion did not  occur. The extent 
and rate o f  contract ion were increased with an increase in 
Ca 2+ concentrat ion.  MBT-2 ceils contracted maximally 
within 10 min at 5 g M  or more  Ca 2+. The maximal  
response estimated by the changes in cell area was 
approximate ly  a 24% decrease relative to the initial area 
(Fig. 4 b). This contracti l i ty of  Tri ton-treated MBT-2 cells 
was not  altered by increasing the Tri ton concentra t ion up 
to and including 0.2% (Table 1). 

When  Tri ton-treated MBT-2 cells and epithelial cells 
were preincubated with 1 mg /ml  NEM-S1 for 5 min, the 
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contraction of cells induced by 5 gM Ca > was completely 
inhibited (Table 2). There was no significant difference 
between the cell areas before and after adding 5 gM Ca 2+ 
in either cell group (paired t-test). 

Discussion 

The immunofluorescence study demonstrates that the 
contractile proteins actin and myosin are present in both 
MBT-2 cells and bladder epithelial cells. In order to 
investigate the functional characteristics of this actomyo- 
sin system we used the permeabilized cell model obtained 
by Triton extraction. Recently, Masuda et al. [10] showed 
that actin and myosin were retained in various non-muscle 
cells after Triton treatment. 

It was also demonstrated in the present study that 
Triton-treated MBT-2 cells as well as epithelial cells are 
capable of contraction in the presence of Ca >,  the extent 
of  contraction being dependent on the Ca z+ concentra- 
tion. Since this Ca>-dependent  contraction was inhibited 
by NEM-S1, the biochemical interaction between actin 
and myosin might be responsible for the contraction of 
Triton-treated cells. 

The significant difference between the Triton-treated 
epithelial cells and MBT-2 cells is that the Ca2+-induced 
contraction of epithelial cells is much smaller and slower 
than that of MBT-2 cells. If  the cell membrane of epithelial 
cells is more resistant to Triton treatment, the difference in 
contractility may appear because both types of cells were 
treated with the same concentration (0.02%) of Triton. 
Thus, we briefly examined the effect of  Triton concentra- 
tion on contractility. The results, however, showed that in 
neither cell group was the extent of Ca2+-induced contrac- 
tion altered by increasing the Triton concentration. There- 
fore, the difference in contractility demonstrated here 
seems to reflect a difference in Ca 2+ sensitivity between the 
two cell species. It would be assumed from these results 
that the actomyosin system in MBT-2 cells is more 
sensitive to Ca 2+ than that" in bladder epithelial cells. 

These dynamic characteristics of the actomyosin sys- 
tem in MBT-2 cells are similar to those in muscle cells, in 
that Ca > primarily regulates the function of the contrac- 
tile apparatus which is mainly composed of actin and 
myosin [11]. In this ~espect the actomyosin system in 
MBT-2 cells is considered as a locomotive apparatus that 
generates a driving force in the interior of  the cell. 

With regard to a morphological unit of locomotion, it 
has been generally accepted that in the cytoplasm of most 
eukaryotic cells actin is organized into microfilaments 
which are decorated with myosin and other accessory 
proteins [7, 8, 16]. The same Ca2+-dependent contraction 
was also demonstrated in Triton-treated 3T3 fibroblasts 
[4, 10], which are known to possess actin-myosin-contain- 
ing microfilaments [8, 16]. Thus, microfilaments seem to 
be the main morphologically discernible element of this 
locomotive apparatus. 

If  human bladder cancer cells and other malignant 
tumor cells have the same locomotive apparatus as 
demonstrated in MBT-2 cells, Ca 2+ can induce locomoto- 
ry movement,  which may result in tumor cell invasion or 

metastasis. Evidence to support  this hypothesis may be 
drawn from a recent study [15] showing that in cultured 
human carcinoma and melanoma cells, histamine (a 
ubiquitous hormone) mobilized intracellular Ca 2+ and 
subsequently increased cell migration. 

Although this study suggests the functional basis for 
understanding the locomotory activity of  malignant 
tumor  cells in culture, the results can not be directly 
transferred to the in vivo situation. Further investigation 
is required to clarify the role of tumor cell motility based 
on this mechanism in invasion or metastasis. 
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