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Cell components of Clostridium sp. were tested for their antitumor activity, when
given to ddN-mice by the intraperitoneal injections 10 times (2 times before and
8 times after the implantation of sarcoma-180). Extracellular insoluble polysac-
charide (galactose :glucose=13.5: 86.5) produced by Clostridium sp. No. 45 com-
pletely regressed the growth of sarcoma-180 in 17 of 20 mice. Lyophilized cells
of C. saccharoperbutylacetonicum regressed in 7 of 10 mice. Cell walls of C. saccharo-
perbutylacetonicum, C. acetobutylicum and C. butylicum showed the complete regression
ratios of 18, 17 and 20/20, respectively. The activity of cell wall derived mainly
from peptidoglycan rather than polysaccharide layer. Acid- and alkali-extract
of fresh cdls of C. saccharoperbutylacetonicum showed the intensive antitumor ac-
tivity. The acid-extract completely regressed in 10/10 and all mice survived over
100 days.

INTRODUCTION

Clostridium saccharoperbutylacetonicum was used for industrial butanol fermen-
tation (Hongo and Murata, 1965). On the other hand, antitumor activity of
bacterial cells or cell components of BCG (Davignon et al,, 1970; Gutterman
et al., 1974; Mathé et al, 1969; Rosenthal et al., 1972), C. parvum (Halpern et al.,
1966), S. pyogenes (Koshimura et al., 1964 ; Okamoto et al., 1967), Mycobacterium
(Azuma et al., 1974, Ogura et al.,, 1975; Tokuzen et al., 1975, 1978; Yoshimoto et
al., 1976) and L. bulgaricus (Bogdanov et al.,, 1975) has been reported. The
present work is concerned with an antitumor activity of cells or cell com-
ponents as novel utilizations of anaerobic bacteria.

MATERIALS AND METHODS

Screening of extracellular polysaccharide producing strain

PG medium was used throughout this screening. It consisted of extract
of potato, 150 g; glucose, 10 g; ammonium sulfate, 1 g and calcium carbonate,
3g per liter. Bacterial growth was at 30°C for about 3 days under reduced
atmospheric pressure (5 to 10 mmHg).

Culture of Clostridium sp. No.45
Clostridium sp. No.45 was cultured in a modified TYA medium. It con-
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sisted of glucose, 40g; KH,PO, 0.5g; MgS0,.7TH,0, 0.3 g; FeS0,-7H,0, 6 mg;
ammonium acetate, 3 g ; polypepton (Daigo Eiyo Kagaku Ltd.), 2 g and deioniz-
ed water, 1,000 ml. The pH was adjusted to 6.5 with NaOH and autoclaved
for 15 min at 116°C. Fresh medium was inoculated with sufficient organisms
(10% seed) and placed at 30°C for 2 days with cotton plug.

Preparation of extracellular polysaccharide

The precipitates of culture broth were washed 3 times with cold deioniz-
ed water. Extracellular polysaccharide was dissolved into dimethyl sulfoxide
and separated from the cells by centrifugation. It was precipitated with 80 %
ethanol, washed 5 times with deionized water, then dialyzed against deionized
water and finally lyophilized.

Cultures of C. saccharoperbutylacetonicum, C. acetobutylicum, and C.
butyticum

Cultural conditions were the same as those of Clostridium sp. N0.45 except
the cultural time. C. saccharoperbutylacetonicum, C. acetobutylicum and C. busylicum
were cultivted for about 6, 12 and 12 hr, respectively, to obtain exponenti-
ally growing cells (0. D. 660=0.5-O. 7).

Preparation of chemical- or heat-treated cells

The cells were harvested and washed 3 times with cold deionized water
before each treatment. For acetone treatment, the cells were washed twice
with 10 volumes of acetone and then diethyl ether. Precipitates were dried
under reduced pressure. For formalin treatment, the cells were treated with
4% formalin with mixing overnight at room temperature. Precipitates were
washed 5 times with deionized water and lyophilized. For heat treatment,
the cells were heated either for 10 min at 100°C or for 30 min at 80°C. Pre-
cipitates were washed 5 times with deionized water and lyophilized.

Preparation of cell walls

The cell walls of C. saccharoperbutylacetonicum, C. acetobutylicum and C. but-
ylicum were prepared as described by Kawata and Takumi (1971). The cells
were harvested in middle logarithmic growth phase, and suspended in cold
deionized water. The cell walls were prepared by differential centrifugation,
aftet disruption of the cells by sonication for 15 min using Insonator (model
ZOOM, Kubota Co.). The resulting cell walls were immediately exposed to
1 % sodium dodecyl sulfate (SDS) solution with stirring at 37°C for 15 hr.
The SDS-treated cell walls were washed by the centrifugation 5 times with
deionized water and lyophilized.

Preparation of peptidoglycan and polysaccharide from cell wall

Polysaccharide was extracted twice from cell walls with 5 % trichloroa-
cetic acid with stirring at 35°C overnight. The supernatant was dialyzed
against deionized water and lyophilized. On the other hand, peptidoglycan
was prepared from the precipitate by washing with deionized water by cen-
trifugation and lyophilized.
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Preparation of acid-, alkali- or phenol-extract

The cells were harvested and washed 3 times with cold deionized water
before each extraction. For acid extraction, the cells were added to 500ml
of 0.125 N HCI solution and 1 ml of 40 % HCHO and stirred for 30 min at 70°C.
Acid-extract was precipitated with 85% ethanol and the precipitate was dia-
lyzed against deionized water and lyophilized. For alkali extraction, the cells
were added to 500ml of 24% KOH containing 15g of H,PO, and stirred
overnight at room temperature. Alkali-extract was acidified with HCl and
then precipitated with 80% ethanol. The precipitate was dialyzed against
deionized water and lyophilized. For phenol extraction, the cells were added
to 500ml of 45 % phenol and stirred for 15 min at 65°C. The water layer after
centrifugation was dialyzed against deionized water and lyophilized.

Preparation of water-extract

The cells were harvested and washed 3 times with cold deionized water
before extraction. The cells were added to 500ml of deionized water con-
taining 1 ml of 40 % HCHO and stirred for 30min at each temperature, from
20 to 100°C. Each water-extracts were precipitated with 85% ethanol, and the
precipitates were dialyzed against deionized water and finally lyophilized.

Antitumor bioassay

The procedures of antitumor bioassay were the same as those in an ac-
companying communication (Hayashida and Watanabe, 1983), except for the
sample concentration (5mg/ml unless otherwise stated) in PBS (—) (phosphate
buffered saline without Ca?* and Mg?*).

Sugar analysis

The details of sugar analysis by gas-liquid chromatography were described
in an accompanying communication (Hayashida and Watanabe, 1983).

RESULTS

Production and autitumor activity of extracellular polysaccharide from Clo-
stridium sp.

Among 120 strains of Clostridiumm which were stocked in our laboratory,
five strains, No. 4, No. 22, No0.45, No.73 and No. 81, produced extracellular
high molecular materials. The strain No. 45, which has subterminal spores
and does not hydrolyze gelatin, seeming to belong to the group 1 of Clostri-
dium by Bergey's manual (Smith and Hobbs, 1974), produced about 2 mg of the
polysaccharide per liter of culture broth. Total carbohydrate content of
the polysaccharide was 40.2 % as glucose’ by anthrone-sulfuric acid method
(Koehler, 1952), and the crude protein was 26.0% by Lowry method (Lowry
et al., 1951). The sugar composition was 13.5 % galactose and 86.5 % glucose
as weight. The tumor completely regressed in 16 or 17 of 20 mice at the
dosages of 1 or 2mg/day with 10 times injection, respectively; the mice sur-
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vived over 100 days, whereas the all control mice died for about 23 days after
tumor implantation (Table 1).

Antitumor activities of lyophilized C. saccharoperbutylacetonicum whole
cells

When exponentially growing cells (0. D. =0. 5-O. 7) were harvested, about
Ig cells as dry cell weight were prepared from 1 liter culture broth. Ef-
fects of these lyophilized whole cells of C. saccharoperbutylacetonicum on sarcoma-
180 are shown in Table 2. All of 10 mice died within about 20 days after
tumor implantation. When 1 mg of lyophilized whole cells of C. saccharoper-
butylacetonicum were administered 10 times, 7 of 10 mice did not get cancer
and survived over 100 days after tumor implantation. Three mice died this
time, but mean survival days of these mice were 62.7 days after tumor im-
plantation. This shows a strong activity in prolongation of life of these
mice died.

Table 1. Effects of extracellular polysaccharide produced by Clostridium sp.
No. 45 on sarcoma-180.

Dose? . Survival days®
(mg /mouse) Complete regression® (mean+SD)
Control 0/20 22.8+8.6
1x10 16 /20 27.0%+9.8
2x10 17 /20 35.0x8.2

2ddN mice were given intraperitoneal injections of 50 and 100 mg/kg/day of sample
in PBS (—) for 10 days. Only PBS (-) was injected as control. Sarcoma-180
cells were also injected intraperitoneally.

P Complete regression was measured as the ratio of survivors over 100 days after
sarcoma-180 implantation against test mice.

¢ Survival days were estimated as the mean survival days and standard deviation of
died mice.

Table 2. Effects of whole cell of Clostridium saccharoperbutylacetonicum on

sarcoma-MO.
Dose” : Survival days
(mg /mouse) Complete regression (mean =SD)
Control 0/10 20,2+ 4.3
1x10 7/10 62.7+27.9

*ddN mice were given intraperitoneal injections of 50 mg/kg/day of sample in
PBS (—) for 10 days. The other conditions were the same as those in Table 1.

Antitumor activities of chemical- or heat-treated cells of C. saccharoper-
butylacetonicum
Effects of these chemical- or heat-treated cells of C. saccharoperbutylaceto-

nicum are shown in Table 3. All control mice died in about 20 days. With
a weak treatment as acetone or heat treatment at 80°C for 30 min, complete
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regression (survivors/tested mice on 100 days after tumor implantation) was
both 9/10 and the strong antitumor activities were maintained. While a
strong treatment as formalin or heat treatment at 100°C for 10 min reduced

the antitumor activities.

Antitumor activity of clostridial cell wall

Effects of clostridial cell walls on sarcoma-180 are shown in Table 4.
Cell yields of each strain as dry cell weight was almost the same (1 g/liter
culture broth), but yields of cell walls were varied significantly. Cell wall
of C. saccharoperbutylacetonicum was prepared with the largest amount of all (13
mg/g dry weight of cells) and those of C. acetobutylicum and C. butylicum were
5 and 3 mg/g dry weight of cells, respectively. In each case, all control mice
died in about 20 days after tumor implantation. When 1 mg of C. saccharo-
perbutylancetonicum cell wall was administered 10 times, strong effect on the
prolongation of life was recognized; 18 of 20 mice did not get cancer, and 2
died mice survived for 56.0 days in average. In the case of C. acetobutylicum

Table 3. Effects of chemical treated cells of Clostridium saccharoperbutylace-
tonicum on sarcoma-180.

: Dose? Complete Survival days
Material (mg /mouse) regression (mean&SD
Control 0/10 20.2+ 4.3
Acetone-treated cell 1x10 9/10 70.0+ 0
4x10 3/ 5 66.5+33.5
Control 0/10 20.2+ 4.3
Formalin-treated cell 1x10 5/9 25.5+ 2.7
4x10 2/ 4 51.0% 2.0
Heat-treated cell Control 0/10 20.2+ 4.3
(80°C, 30 min) 1x10 9/10 24.0+ 0
' 4x10 5/ 6 85.0+ 0
Heat-treated cell Control 0/10 20.2+ 4.3
(100°C. 10 min) 1x10 6/10 33.8+18.7

addN mice were given intraperitoneal injections of 50 and 200 mg/kg/day of sample
in PBS (—) for 10 days. The other conditions were the same as those in Table 1.

Table 4. Effects of Clostridium cell wall on sarcoma-180.

Dose? Complete Survival days
Cell wall (mg/mouse) regression (mean& SD)
C. saccharoperbutylacetonicum Cf)?{gol lgﬁg %ggizgg
c butyli Control 0/20 19.9+ 3.6
- acetobutylicum 2x10 17/20 61.3+17.5
. Control 0/20 22.0% 3.3
C. butylicum 1x10 20/20 -

addN mice were given intraperitoneal injections of or 100 mg/kg/day of sample in
PBS (—) for 10 days. The other conditions were the same as those in Table 1.
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cell wall, complete regression was 17/20 and survived days of died mice was
61.3 days in average. Cell wall of C. butylicusn had very strong activity; com-
plete regression was 20/20 and tumor growth was almost perfectly inhibited.
Effects of polysaccharide and peptidoglycan from cell wall on sarcoma-180 are
shown in Table 5. Complete regression by polysaccharide and peptidoglycan
were 7 and 17/20, respectively. These results indicate that the antitumor
activity of cell wall could exist mainly in peptidoglycan, although polysac-
charide had some activity as well.

Table 5. Effects of polysaccharide and peptidoglycan fractions from Clost-
ridium saccharoperbutylacetonicum cell wall on sarcoma-180. Dose conditions
were mentioned in Table. 2.

Material Complete regression S(UIL‘QZI?' i%%y)s

Control 0/20 21,9+ 2 3
Polysaccharide 7/20 36.6117.6
Peptidoglycan 17/20 78.3f21.5

Table 6. Effects of cell extracts of Clostridium saccharoperbutylacetonicum on
sarcoma-180. Dose conditions were mentioned in Table 2.

Survival days

Material Complete regression (mean+SD)

Control 0/10 17.44 2.0
Acid extract 10/10 —
Acid residue 5/10 26.2+ 4.8
Alkali extract 9/10 93.0= 0
Alkali residue 8/10 37.0£18.0
Phenol extract 0/10 21.2+ 4.8
Phenol residue 8/10 28.5+ 2.5

Antitumor activities of acid- and alkali-extract from C. saccharoperbuty-
lacetonicum

Yields of acid- and alkali-extract were 67 and 170mg/g dry weight of
cells. Effects of acid-, alkali- and phenol-extract on sarcoma-180 are shownin
Table 6. Control mice died in about 18 days. Acid-extract possessed strongest
activity and complete regression was 10/10, while the activity of acid-residue
was low. In the case of alkali extraction, alkali-extract showed strong acti-
vity and alkali-residue had considerable activity as well. In the case of
phenol extraction, activity existed in the residue and phenol-extract did not
have any activity.

Antitumor activities of water-extracts from C. saccharoperbutylacetonicum

Aggregates by ethanol appeared rapidly in water extracts obtained above
60°C, while a little precipitate were found in one day after the addition of
ethanol in the extracts obtained below 60°C. Yields of precipitates caused by
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Table 7. Effects of water-extracts of Clostridium saccharoperbutylacetonicum on
sarcoma-180. Dose conditions were mentioned in Table. 2.

Temperature : Survival days

“0) Complete regression (mean& SD)

Control 0/10 20.2+3.9
40 9/10 90.0+0
60 9/10 62.0+0

10/10 _—

80 9/10 87.0+0
100 9/10 75.0£0

ethanol addition were 43, 85 and 112 mg/g dry weight of cells in the extracts
at 20, 60 and 100°C, respectively. The effects of water-extracts on sarcoma-
180 are shown in Table 7. Striking inhibitory activities against the growth
of tumor cells were recognized in all extracts obtained at 20 to 100°C.

DISCUSSION

As a result of study of antitumor activity of many fermentation bacteria,
a strong antitumor activity was recognized in clostridial cells and cell com-
ponents.

Up to this time, many bacterial components are reported as antitumor
substances. Halpern et al. (1966) reported the antitumor activity of C. parvum.
BCG is well known as strong antitumor substances and these cells are cur-
rently used in a clinical level (Davignon et al., 1970; Gutterman et al.,, 1974;
Mathé, et al., 1969; Rosenthal et al,, 1972). The antitumor activity of S. pyo-
genes was reported by Koshimura et al. (1964) and Okamoto et al. (1967), and
penicllin treated cells of S. pyogenes (OK-432) are widely used in Japan. Bog-
danov et al. (1975) reported the antitumor activity of cell component of L.
bulgaricus and the active component was found to be peptidoglycan. Yama-
mura and his colleagues (Azuma et al., 1974; Ogura et al., 1975; Tokuzen et al.,
1975, 1978; Yoshimoto et al., 1976) purified partially the cell of BCG (CWS) and
recognized the strong antitumor activity almost without toxicity.

Clostridial cell and cell component (extracellular polysaccharide, cell wall,
acid- and alkali-extract) showed strong antitumor activity compared with al-
ready known substances. Compared with BCG, culture of Clostridium sp. is
easy, cells grow fast, and acetone-butanol fermentation can be carried out in
a large scale.

Among cell walls of Clostridium sp., the cdl wall of C. butylicum showed
the strongest activity. Antitumor activity of cell walls existed mainly in
peptidoglycan rather than polysaccharide layer. Azuma et al. (1971) reported
the immunological adjubant activity of BCG cell wall was strong in peptido-
glycan layer. These are considered to be the same results.

Acid-extract showed in particular strong activity and inhibited perfectly
the growth of sarcoma-180 ascite tumor. Water soluble fraction of acid-
extract had strong antitumor activity and any toxicity was not recognized.
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The chemical structure of acid-extract will be reported in the following
paper.

ACKNOWLEDGEMENTS

The authors wish to thank Prof. K. Maekawa (Fukuoka Junior College of
Social Work and Nursery) and Dr. A. Momii (Otsuka Pharm. Co., Ltd.) for
their technical guidance about the antitumor bioassay. Associate Prof. Dr.
S. Ogata is acknowledged for his technical advice about the cultivation of
Clostridia. Thanks are due to Mr. F. Hirayama for his technical assistance in
part of this work.

REFERENCES
Azuma, |., S. Kishimoto, Y. Yamamura and J. F. Petit 1971 Adjuvanticity of mycoba-
cterial cell walls. Japan J. Microbiol., 15: 193-197
Azuma, |., T. Taniyama, F. Hirao and Y. Yamamura 1974 Antitumor activity of Cell-

wall skeletons and peptidoglycolipids of Mycobacteria and related microorganisms
in mice and rabbits. Gann, 65: 493-505

Bogdanov, I. G., P. G. Dalev, A. |. Gurevich, M. N. Kolosov, V. P. Ma’kova, L. A. Plemyan-
nikova and |. B. Sorokina 1975 Antitumor glycopeptides from Lactobacillus bulgaricus
cell wall. FEBS Letters, 57: 259-261

Davignon, L., P. Lemonde, P. Robillard and A. Frappier 1970 B.C. G. vaccination and
leukaemia mortality. Lancef, 2: 638

Gutterman, J. U., G. Mavligit, J. A. Gottlieb. M. A. Burgess, C. E. McBride, L. Einhorn,
E. J. Freireich and E. M. Hersh 1974 Chemoimmunotherapy of disseminated ma-
lignant melanoma with dimethyl triazeno imidazole carboxamide and bacillus calmette-
guerin. New Engl. J. Med., 291: 592-597

Halpern, B. N., G. Biozzi, C. Stiffel and D. Mouton 1966 Inhibition of tumour growth by
administration of killed Corynebacterium parvum. Nature, 212 : 853-854

Hayashida, S. and Y. Watanabe 1983 Productions of intracellular melanoidin-decolorizing
enzyme and extracellular anritumor polysaccharide by Coriolus sp. No. 20. [J. Fac.
Agr., Kyushu Univ., 28: 1-12

Hongo, M. and A. Murata 1965 Bacteriophages of Clostridium saccharoperduiylacetonicum 1.
Some characteristics of the twelve phages obtained from the abnormally fermented
broths. Agric. Biol. Chem., 29: 1135-1139

Kawata, T. and K. Takumi 1971 Autolytic enzyme system of Clostridium botulinum 1.
Partial purification and characterization of an autolysin of Clostridium botulinum type
A. Japan J. Microbiol., 15: 1-10

Koehler, L. H. 1952 Differentiation of carbohydrates by anthrone reaction rate and color
intensity. Anal. Chem., 24: 1576-1579

Koshimura, S., R. Shimizu, A. Fujimura and H. Okamoto 1964 Experimental anticancer
studies 21. Effect of penicillin treatment of hemolytic Streptococcus on its anticancer
activity. Gann, 55: 233-236

Lowry, 0. H.,, N. J. Rosebrough, A. L. Farr and R. J. Randall 1951 Protein measurement
with the folin phenol reagent. J. Biol. Chem., 193: 265-275

Mathé, G., J. L. Amiel, L. Schwarzenberg, M. Schneider, A. Cattan, J. R. Schlumberger,
M. Hayat and F. De Vassal 1969 Active immunotherapy for acute lymphoblastic
leukaemia. Lancet, 1: 697-699



Antitumor Activity of Clostridial Cell Components 21

Ogura, T., I. Azuma, H. Nishikawa, M. Namba, F. Hirao and Y. Yamamura 1975 Effect
of oil-attached BCG cell wall on the kinetics of lymphocytes in the tumor-draining
node. Gann, 66: 349-354

Okamoto, H., S. Shoin, S. Koshimura and R. Shimizu 1967 Studies on the anticancer and
streptolysin  S-forming abilities of hemolytic Streptococci. Japan J. Microbiol., 11: 323-
336

Rosenthal, R., R. G. Crispen, M. G. Thorne, N. Piekarski, N. Raisys and P. G. Rettig
1972 BCG vaccination and leukemia mortality. J. Am. Med. Ass., 222: 154331544

Smith, L. DS. and G. Hobbs 1974 Genus |1l Clostridium. |In “Bergey’s Mannual of Deter-
minative Bacteriology”, ed. by R. E. Buchanan and N. E. Gibbons, The Williams and
Wilkins Co., Baltimore, pp. 551-572

Tokuzen, R., M. Okabe, W. Nakahara, I. Azuma and Y. Yamamura 1975 Effect of Nocar-
dia and Mycobacterium cell-wall skeletons on autochthonous tumor grafts. Gann, 66:
433-435

Tokuzen, R., M. Okabe, M. Nakahara, |. Azuma and Y. Yamamura 1978 Suppression of
autochthonous tumors by mixed implantation with Nocardia rubra cell-wall skeleton
and related bacterial fractions. Gann, 69: 19-24

Yoshimoto, T., I. Azuma, H. Nishikawa, M. Sakatani, T. Ogura, F. Hirao and Y. Yama-
mura 1976 Experimental immunotherapy of neoplastic pleural effusion with oil-at-
tached BCG cell-wall skeleton in mice. Gann, 67: 737-740



