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Abstract 
Multicellular tumour spheroids (MTS), diameter 650 pm, from PC-6, SBC- 1 and NCL-H60 
small-cell lung carcinoma cell-lines in man were prepared by the liquid overlay culture 
method and used to study the influence of treatment with dispase (bacterial neutral protease 
from Bacillus polymyxu, 1000 units mL- ') on the effectiveness of carboplatin, as deter- 
mined by colony-forming assay. 

When carboplatin alone was used on monolayers the curve of survival fraction against 
concentration was exponential in shape, indicating that the drug was active against the 
monolayer. When MTS were treated with medium concentrations (lop5 and l O P 4 M )  of 
carboplatin alone the survival fractionxoncentration curve showed that the effectiveness 
of the treatment was less than that against the monolayer. On treatment of MTS with 
carboplatin and dispase the survival fraction-concentration curve was similar to that 
obtained for the monolayer and the survival fraction of the core of the MTS was also less 
than when carboplatin alone was used. 

These results imply that dispase dissolves the intercellular matrix of the MTS enabling 
enhanced infiltration of carboplatin into the core of the MTS. Dispase thus indirectly 
increases the effectiveness of carboplatin. 

Small-cell lung carcinoma is often treated by che- 
motherapy rather than surgery even at early stages 
of the disease. The three-dimensional structure 
of the tumour can prevent penetration of the 
anti-cancer drug into the core of the tumour. Mul- 
ticellular tumour spheroids have been used as 
three-dimensional in-vitro tumour models in many 
studies. In this paper we describe how dispase, a 
bacterial neutral protease from Bacillus polymyxa, 
which can dissolve the intercellular matrix of 
multicellular tumour spheroids (MTS) from human 
lung small-cell carcinoma cell-lines, increased 
penetration of carboplatin into the core and as a 
result indirectly enhanced the effects of the drug. 

Materials and Methods 
Cell-lines 
Experiments were performed on three cell-lines 
from human lung small-cell carcinoma-PC-6, 
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SBC-1 and NCL-H60. Monolayer cultures were 
maintained in RPMI- 1640 complete culture med- 
ium (Gibco, Grand Island, NY) supplemented with 
10% foetal bovine serum (Gibco), benzylpenicillin 
potassium (50 units m I -  '), streptomycin sulphate 
(50 pg m I -  ') and fluconazole (10 pg mI- '). The 
cell-lines were grown in an atmosphere of 100% 
relative humidity, 95% air-5% C02 at 37°C in our 
laboratory. 

MTS production 
MTS were produced by the liquid overlay culture 
method described by Yuhas et a1 (1977). Viable 
cells of three cell-lines (lo5 m ~ -  ') in complete 
culture medium were placed in 60-mm plastic Petri 
dishes (Falcon, Cockysville, MD), previously 
coated with complete culture medium containing 
0.5% Noble agar (Difco Laboratories, Detroit, MI), 
and incubated in an atmosphere of 100% relative 
humidity, 95% air-5% C02 at 37°C. Aggregated 
cells were transferred into fresh complete culture 
medium on new agar-coated plates once a week by 
use of 1-mL pipettes (Falcon). After three weeks 
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aggregated cells became MTS with a diameter of 
approximately 650 pm, the maximum size of MTS 
with viable core cells. These were used for sub- 
sequent studies. 

Monolayer studies 
When the three cell-lines were in exponential 
growth phase as monolayers, they were treated with 
carbo latin diluted to different concentrations 
(lo-! 10-5,10-4 or 10-3M) in complete culture 
medium and incubated for 1 h at 37°C in 95% air- 
5 %  C02. After incubation, a single-cell suspension 
was obtained by trypsinization with 0.2% trypsin 
containing 0.01% EDTA. After inactivation of the 
trypsin by addition of FBS, the cells were gently 
washed twice with the RPMI-1640 medium and re- 
suspended in complete culture medium with 0.3% 
Noble agar. The number of cells was adjusted to 
lo4 mL- '. For colony assay this suspension (1  mL) 
was placed in 35-mm Petri dishes (Falcon) pre- 
viously coated with 1 mL complete culture medium 
containing 0.5% Noble agar and incubated in an 
atmosphere of 100% relative humidity and 95% 
air-5% C 0 2  at 37°C. After two weeks colonies of 
50 cells were counted. As a control, cells from a 
monolayer which had not been treated with car- 
boplatin were adjusted to lo4 cells mL-' and 
subjected to the same colony assay under the same 
atmospheric conditions. The concentration- 
response curve was drawn by plotting the number 
of colonies as a percentage of control against each 
drug concentration. Each experiment was per- 
formed thirty times and each measurement was 
repeated at least three times. 

MTS studies 
MTS of approximate diameter 650 pm were treated 
with carboplatin diluted with complete culture 
medium to the concentration used for monolayer 
studies and incubated for 1 h at 37°C in 95% air- 
5% COz. After incubation a single-cell suspension 
was obtained by trypsinization with 0.2% trypsin 
containing 0.01 % EDTA. After inactivation of the 
trypsin by addition of FBS the cells were gently 
washed twice with RPMI-1640 medium and re- 
suspended in complete culture medium containing 
0.3% Noble agar. The cell numbers were adjusted 
to 104mL-'. For colony assay this suspension 
(1 mL) was placed in 35-mm Petri dishes (Falcon), 
previously coated with 1 mL complete culture 
medium containing 0.5% Noble agar, and incu- 
bated in an atmosphere of 100% relative humidity 
and 95% air-5% C 0 2  at 37°C. After two weeks 
colonies of 50 cells were counted. As a control, 
cells from multicellular tumour spheroids which 
had not been treated with carboplatin were adjusted 

to 104cellsmI-' and subjected to the same colony 
assay under the same atmospheric conditions. The 
concentration-response curve was drawn by plot- 
ting the number of colonies as a percentage of 
control against each drug concentration. Each 
experiment was performed thirty times and each 
measurement was repeated at least three times. 

Effect of dispase alone on monolayers and on MTS 
Three cell-lines, as monolayers and as 650pm 
diameter MTS, were treated with 100, 500 or 
1000 units mL- ' dispase (Godo Shusei, Matsudo, 
Chiba) and incubated in complete culture medium 
for 1 h at 37°C in 95% air-5% C02. After incu- 
bation, a single-cell suspension was obtained by the 
same trypsinization technique as used for previous 
monolayer and MTS studies. Using this single-cell 
suspension, the same colony assay was performed. 
Cells from monolayers and from MTS which had 
not been treated with dispase were used as controls. 
Each experiment was performed thirty times and 
each measurement was repeated at least three 
times. 

Effect of combined dispase and carboplatin on MTS 
MTS, 650 pm diameter, were treated simulta- 
neously with carboplatin and dispase and incubated 
for 1 h at 37°C in 95% air-5% COz in complete 
culture medium. The carboplatin concentration was 
the same as that used for the previous MTS studies. 
After incubation, a single-cell suspension was 
obtained by trypsinization and the same colony 
assay was performed. Cells from MTS which had 
not been treated with carboplatin or dispase were 
used as controls. Each experiment was performed 
thirty times and each measurement was repeated at 
least three times. 

Effect of combined dispase and carboplatin on MTS 
cores 
After the same 1-h treatment with carboplatin and 
dispase as in the previous study, the outer layers of 
the MTS were removed by use of 0.2% trypsin 
containing 0.01% EDTA. The trypsin was then 
inactivated by addition of FBS and the 150-200- 
pm-depth cell layer from the surface was dissolved 
while under microscopic observation. The residual 
cores of the MTS were then picked up micro- 
scopically by use of a micro-pipette and the colony 
assay perviously performed in the complete MTS 
study was performed on these MTS cores. Cores 
from MTS which had not been treated with car- 
boplatin or dispase as controls. Each experiment 
was performed thirty times and each measurement 
was repeated at least three times. 
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Statistical analysis 
Values are expressed as meansfs.e.m. All data 
were analysed by the two-tailed Student's t-test. P 
values < 0.05, compared with controls, were taken 
as indicative of statistical significance. 

Results 
MTS with a diameter of 650pm were obtained in 
three weeks (Figure 1). The number of colonies 
formed in the controls were 163.4f 12.2, 
132.2 f 18.4 and 118.7 f 11.6 for cell-lines PC-6, 
SBC- 1 and NCL-H60, respectively; these values 
were used for subsequent calculation of survival 
fraction. 

Effect of dispase against small-cell carcinoma 
cell-lines both as monolayers and as MTS 
Dispase alone did not influence the survival frac- 
tion for the three cell-lines whether as monolayers 
or as MTS. 

For PC-6 monolayers the survival fraction was 
95 f 9 %  for dispase concentrations of 100 and 
500units m I -  ' and 95 f 10% for a dispase con- 
centration of lOOOunitsmL-'. For PC-6 MTS 
the survival fraction was 9 2 f 3 %  for a dispase 
concentration of 100 units mL ' and 92 f 5% 
for dispase concentrations of 500 and 1000 
u n i t s d - ' .  

For SBC-1 monolayers the survival fraction was 
95 f 8 %  for dispase concentrations of 100 and 
500unitsmL-' and 9 4 f 8 %  for a dispase con- 
centration of 1000 units m I -  '. For SBC- 1 MTS the 
survival fraction was 9 2 f 3 %  for a dispase 
concentration of 100 units mI-  ' and 91 f 7% 
for dispase concentrations of 500 and 1000 
u n i t s d - ' .  

Figure 1 .  
650 pm). 

Multicellular tumour spheroid (PC-6, three weeks, 

For NCL-H60 monolayers the survival fraction 
was 95 f 8% for dispase concentrations of 100 and 
500unitsmLp' and 9 4 f 8 %  for a dispase con- 
centration of 1000 units mL- '. For NCL-H60 MTS 
the survival fraction was 9 2 f 4 %  for dispase 
concentrations of 100 and 500 units mI- ' and 
91 f 5 %  for a dispase concentration of 1000 
units m ~ -  '. 
Effect of dispase on the effectiveness of carboplatin 
against both monolayers and MTS (Figure 2 )  
The survival of PC-6 monolayers was reduced 
exponentially by carboplatin alone whereas for 
carboplatin concentrations of lop5 and lop4  M the 
survival fractions for PC-6 MTS were significantly 
higher (80.6 f 6.9% and 51.1 f 9.5%, respec- 
tively). Treatment with both dispase and carbo- 
platin did not affect the concentration-survival 
curve for monolayers; for MTS, however, the sur- 
vival fractions were significantly (P  < 0.05) 
reduced to 71.2f4.8% and 4 1 - 4 f 2 - 9 %  for 
carboplatin concentrations of lop5 and lop4 M, 
respectively. Similarly, although survival of SBC- 1 
monolayers was reduced exponentially by carbo- 
platin the survival fractions for MTS were sig- 
nificantly higher, 82.3 f 3.8% and 49.1 f 10.3% 
for carboplatin concentrations of and l O P 4 M  
respectively. Treatment with both dispase and 
carboplatin did not affect the concentration-survi- 
Val curve for SBC-1 monolayers but the survival 
fraction for SBC-1 MTS was significantly 
( P  < 0.05) reduced to 70.6 f 9.2% and 41-9 f 8.4% 
respectively for carboplatin concentrations of lop5 
and 1 0 K 4 ~ .  

Survival of NCL-H60 monolayers was reduced 
exponentially by carboplatin but for NCL-H60 
MTS the survival fraction was significantly 
higher- 78.3 f 943% for carboplatin concentrations 
of 1 0 K 5 ~ .  Treatment with both dispase and car- 
boplatin significantly ( P  < 0.05) reduced the sur- 
vival fraction for NCL-H60 MTS (to 68.2 f 7.9% 
for a carboplatin concentration of lop5 M). 

Effect of dispase on the effectiveness of carboplatin 
against the core of MTS (Figure 3) 
Combined use of dispase and carboplatin sig- 
nificantly (P(0 .05 )  reduced the survival of the 
cores of PC-6, SBC-1 and NCL-H60 MTS; for 
carboplatin concentrations of lop5  and l o r 4  M 
survival was reduced from 93.6 f 7.6 to 80.9 f 8.4 
and from 79.2 f 8.2 to 67.7 f 5.9, respectively, for 
the PC-6 cell-line; from 90.5 f 6.9 to 78.7 f 9.9 
and from 73.6 f 11.1 to 55-4 f 943, respectively, 
for the SBC-1 cell-line; and from 91-0 f 7.7 to 
79.5 f 11.3 and from 72.9 f 12.8 to 5643 f 10.4, 
respectively, for the NCL-H60 cell-line. 
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Figure 2. Curves of survival fraction against carboplatin 
concentration for (a) PC-6, (b) SBC-1 and (c) NCL-H60. Figure 3. Curves of survival fraction against carboplatin 
0, Monolayer treated with dispase and carboplatin; 0, MTS concentration for (a) PC-6, (b) SBC-1 and (c) NCL-H60 
treated with carboplatin alone; 0, MTS treated with dispase MTS cores. 0, MTS treated with carboplatin alone; 0, MTS 
and carboplatin. Each point is the mean of results from 30 treated with dispase and carboplatin. Each point is the mean of 
experiments; s.e.m. are indicated by the vertical bars. results from 30 experiments; s.e.m. are indicated by the 
*P < 0.05, significantly different. vertical bars. * P  i 0.05, significantly different. 
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Discussion 

MTS have characteristics of in-vivo tumours that 
monolayer cultures do not have. Originally MTS 
were maintained in semi-solid agar (McAllister et 
a1 1967) or in spinner flasks (Inch et a1 1970; 
Sutherland et a1 1971). These methods had many 
limitations which affected the quality and quantity 
of the MTS produced. As a consequence of 
Sutherland' s report that on agar-coated dishes cell- 
cell interaction was enhanced at the expense of 
cell-dish interactions, the liquid-overlay culture 
method was developed (Yuhas et a1 1977) and MTS 
prepared by this method have been used for many 
studies of the effects of radiation or chemotherapy 
(Kuroki 1973; Franko & Sutherland 1979; West et 
a1 1980; Inoue & Ohnuma 1989; Mashiyama et a1 
1989; Russell et a1 1989; Schwachoefer et a1 1989; 
Gaze et a1 1992). Since the development of extra- 
cellular matrix analysis of glioma and thyroid 
cancer cells (Nederman et a1 1984) attempts have 
been made to increase three-dimensional penetra- 
tion into the core of MTS and thus enhance the 
performance of chemotherapy (Sasaki et a1 1984). 
Kohno et a1 (1988) reported that pretreatment with 
cisplatin enhanced penetration of doxorubicin into 
the core of MTS. They also reported that hyalur- 
onidase effected mild dissolution of the inter- 
cellular matrix and enhanced penetration of 
doxorubicin into the core of MTS. In the current 
study we used protease to dissolve the intercellular 
matrix of MTS and enhance penetration, in an 
attempt to increase effectiveness of the anticancer 
drug indirectly. 

Dispase, first described by Matsumura et a1 
(1975), is a bacterial neutral protease, molecular 
weight 35900 (Irie 1976), released into culture 
media by Bacillus polymyxa. It is activated by 
Ca2+ and several other metal ions and inhibited by 
chelating agents such as EDTA. Dispase maintains 
its activity for days in a tissue culture medium 
supplemented with foetal bovine serum. As a result 
of these properties it is possible that dispase could 
become an important enhancer in future chemo- 
therapy in-vivo. Dispase has been shown to have 
different actions on the intercellular matrix of 
different cell-lines (Nagata & Matsumura 1986). 
With fibroblast-like cells (BNK-21, CHO-Kl, 
L-929, L6TG, V79) cell-dispersing capacity was 
good, with epithelial-like cells (8999C, FRSK, 
HeLa S3, JB6, JTC-16, MDCK, RK13, RLC-10(2), 
Vere) it was variable, and with melanoma cell B16 
no cell-dispersing capability was apparent. No 
obvious dispersion has been reported for the three 
cell-lines of small-cell human carcinoma used in 
this study and they are regarded as hard to disperse. 

When using such a protease in-vivo, cytotoxicity 
to normal cells is a serious problem. Nagata & 
Matsumura (1986) reported the cytotoxicity of 
dispase (500 units m I -  ') against several cell-lines 
(BHK21, CHO-K1, HeLa S3, JTC-16, L6TG, L- 
929, V79, 8999C). Long-term exposure to dispase 
resulted in cytotoxicity against all the cell-lines, but 
to different extents. Severe concentration-depen- 
dent damage was observed for CHO-K1, L-929, 
V79 and 8999C, and weak concentration-dependent 
damage for BHK21 and L6TG. Damage to HeLa 
S3 was low even when the dispase concentration 
was high and JTC-16 was severely damaged even 
by low concentrations of dispase. Short-term 
exposure of all cell-lines to a high concentration of 
dispase (500 units mL- ', 40-min incubation) did 
not result in significant cytotoxicity. 

In our study, no cytotoxicity was observed after 
60-min incubation in 1000 units mL- dispase but 
use of dispase resulted in improved cell dispersion 
and improvement of the cytotoxicity of carboplatin. 
Reducing cytotoxicity against normal cells and 
selective administration to the tumour are required 
for in-vivo application. 
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