
Letter to the Editor 

Possible Therapeutic Use of Modified Anaerobic 
Bacteria in Cancer 

LEON M. COBB 

Division of Experimental Pathology and Therapeutics, MRC Radiobiology Unit, Chilton, Didcot. Oxon O.Yll ORD, 1r.K. 

AN EXPANDING tumour ccl1 population in an organ 
sooner or later reaches a point at which the host 
blood supply is unable to support further growth 
without some tumour cells becoming temporarily, 
or permanently, hypoxic. Further expansion of the 
ccl1 population is usually accompanied by the 
development of foci of necrosis as the tumour fails 
to find adequate vascular support from the host. 
The oxygen tension in these necrotic areas can be 
expected to be very low or zero [ 11. It is precisely 
these conditions of minimal to zero oxygen together 
with tissue necrosis in which many anaerobic bac- 
teria can thrive. 

M&e and M&c, and others [2-51 have screened 
a number of sporing clostridia for their ability 
to proliferate in experimental tumours. One such 
anaerobe, Clostridium butyricum strain M-55, iso- 
lated by M&e and M&e from a soil sample, was 
shown by them, and subsequently by others, to 
produce extensive lysis of transplanted and chem- 
ically induced tumours in a variety of laboratory 
animals [4, 6, 71. In a typical experiment Engcl- 
bart and Gericke [6] implanted melanoma subcu- 
taneously in hamsters and when the tumour was 
1 cm in diamctcr (18-22 days) 10” Cl. but_yricum 
spores were in.jccted intravenously (i.v.). The 
sports became trapped, and subsequently germi- 
nated, in the tumours of 10 out of 10 animals, 
and within 3 days the tumours were liquificd. 
Subsequently the skin over the tumours ulcerated 
discharging the fluid contents, which contains vcg- 
etative forms of CI. bu&ricum. At that point some of 
the tumour-bearing animals died, probably from 

the combined effects of the bacterial toxins and the 
products of tumour necrosis [6]. In other cxper- 
iments the periphery of the tumour was not com- 
pletely lyscd and this led to the regrowth of the 
tumour. Some workers have obscrvcd that a 
tumour which regrows after oncolysis may again 
undergo lysis due, it is thought, to the pcrsistcncc 
of spores after the initial lytic episode [8]. In a 
small clinical trial von Hcppncr and Miisc injected 
10”’ strain M-55 Cl. bulyricum spores into the 
carotid artery of 20 patients with brain tumours 
[9]. Because there was only a small number of 
patients, and amongst thcsc the tumour type dif- 
fered, it was not possible to assess clrarly the 
benefit of this form of treatment, but this trial did 
show that in most of the patients the spores settled 
in the tumours, gcrminatcd and produc-cd rumour 
lysis. 

Over the years attempts to supplement the 
therapeutic action of anaerobcs have included local 
hyperthcrmia [lo] and regimens of radiation and 
drugs directed towards the cells at the periphery of 
the tumour [X, 11, 121. These combinations have 
occasionally produced cures in cxperimcntal 
tumours [ 131. It is perhaps not surprising that this 
form of trcatmcnt remains a minority intcrcst. The 
trapping and subsequent proliferation in tumours 
of clostridial spores injected into the blood stream 
is a random process, and we have Iittlc knowlcdgc 
of the factors which influence the rrtcntion of an- 
aerobes within tumours. Even when germination 
has occurred the subscqucnt tumour lysis is uncon- 
trolled, relying as it does upon c)-totoxin pro- 
duction by the organism and possibl) also compe- 
tition for availablr nutrients bctwccn the bacteria 
and the tumour cells [8]. 
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We have been looking again at the use of an- 
aerobes in cancer therapy and conclude that 
advances in recombinant DNA technology made 
in the last few years may perhaps provide a means 
for refining the use of anaerobes in tumour therapy 
and diagnosis. For example, an innocuous an- 
aerobe proliferating in a tumour and carrying plas- 
mids producing high levels of an enzyme capable 
of activating an otherwise inactive cytotoxic drug 
(prodrug) might produce a valuable degree of 
tumour necrosis. Control of local concentration of 
active drug would be derived from the rate of 
administration of the prodrug. With the general 
approach of genetic engineering in mind the 
tumour localizing ability of the non-sporing an- 
aerobe Bacteroides nodosus has been examined. B. 
nodosus has the advantage that it is only pathogenic 
in special circumstances, and then only in the 
sheep (‘foot rot’) and ox (dermatitis). Additionally, 
because it does not spore and is sensitive to the 
common antibiotics, it can quickly and easily be 
eliminated from the host should the need arise. B. 
nodosus, strain 405, was kindly supplied to us by 
Dr. C.M. Thorley of the Wellcome Research Lab- 
oratories, Beckenham, Kent. 

In a series of studies the persistence of B. nodosus 
4 days after i.v. injection was examined in tumour- 
bearing mice. In addition, the possibility was 
explored that the simultaneous injection of a non- 
pathogenic coccus (facultative anaerobe) could 
improve the likelihood of the B. nodosus becoming 
established. Two transplantable mouse tumours, 
an osteosarcoma (A44) and a hcpatocarcinoma 
(A112), syngeneic to the male CBA/H mice used 
in the study, were prepared by an injection of 10” 
viable cells subcutaneously into both flanks. When 
the tumours were 0.5-0.8 cm in diameter, which 
was 10-15 days after the injection of the tumour 
cells, the animals (44 mice), were injected with the 
test bacteria. 

B. nodosus was cultured anaerobically on a 
medium consisting of 1% w/v proteose peptonc, 
1.5% w/v tryptone, 1% w/v liver digest, 0.5% 
w/v NaCl, 3.5% w/v agar [ 141. The bacteria were 
harvested in the active growth phase and lo* 
injected i.v. in 0.1 ml nutrient broth. The non- 
pathogenic coccus was cultured on nutrient agar 
and similarly injected (Table 1). The coccus was 
included with some injections because pilot studies 
had indicated that its presence in a tumour might 
encourage the establishment of B. nodosus, possibly 
by reducing the local pop. For each of the two 
tumour types 22 mice were injected with bacteria 
and examined as follows, Culture for intratumour 
B. nodosus was carried out on six mice injected with 
B. nodosus alone and on six mice injected with B. 
nodosus plus coccus. Examination of normal organs 
(spleen, liver and kidney), but not tumour, for B. 

nodosus and coccus was carried out on 10 mice 
injcctcd with B. nodosus plus coccus. The cxamin- 
ation of tumour and normal organs for bacteria 
was made 4 days after bacterial injection. The 
tissues to be examined wcrc gently fragmented and 
samples at two concentrations of supernatant were 
cultured anaerobically and the colonies counted 
and identified. 

The tumour results arc given in Table 1. All 
samples from the spleen, liver and kidney from the 
20 mice were ncgativc for both injected bacteria. 
The simultaneous injection of coccus had not 
improved the retention of B. nodosus by the osteo- 
sarcoma but may have been of assistance in the 
hcpatocarcinoma. The results confirm the findings 
of previous workers in this field, that anaerobes 
will persist in tumours, presumably because of the 
necrotic, anoxic, conditions that exist. Because of 
the random nature of the trapping of circulating 
bacteria in the tumour it would seem likely that 
repeated injections might incrcasc the percentage 
of tumour with positive growth. It could also be 
assumed that the larger the tumour mass the 
grcatcr the likelihood of bacterial trapping. 

By far the majority of cloned genes are available 
in plasmids compatible with the aerobe Escherichia 
coli. Neverthclcss, plasmid transfer to Bacteroides 
has been achicvcd [ 151. This opens up the possi- 
bility of putting into B. nodosus the DNA required 
to express a wide variety of antigens, enzymes, 
toxins and receptors. The administration of an- 
aerobes carrying genetic information which is then 
cxprcsscd in malignant tissue may find application 
in the following ways: 
(i) The bacteria could be cngincercd to export 
substances which arc cytotoxic to certain tumour 
cells; for example, 1-asparaginase. However, as 
with Cl. butyricum the amount of cytotoxin produced 
in this way would not be controlled. 
(ii) Enzymes could be produced locally by the an- 
aerobcs (within the tumour) which would activate 
otherwise inactive injected drugs. For example a 
high level of B-glucuronidasc would produce loc- 
ally the highly cytotoxicpara-hydroxy analine mus- 
tard from the minimally toxic glucuronyl analine 
mustard. The latter compound is formed in the 
liver and subsequently circulates following the 
administration of the innocuous precursor analine 
mustard [16, 171. 
(iii) Novel surface or secreted bacterial antigens 
could be used to form high affinity antibodies. 
The use of such antibodies would be of particular 
advantage in radioimmunodiagnosis as the anaer- 
obe-produced antigen could be tumour specific. 
Additionally, one antibody would serve all tumour 
types. The possibility that Cl. bu@cum (M-55) 
would have suitable natural antigens was explored 
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Table 1. Positive culture of B. nodosus in tumours 

Bacteria injrctrd 

II. nodosus Il. nodams + cocci 

Ostcusarcoma (AM) s/12* (3/G) 1/l? (316) 

Hrpatocarcinoma (Al 12) 2/l” (2/6) <Ii12 (6/6) 

by hliise and Schwagcr 1181 with the same purpose 
in mind. 
(iv) Receptors, not necessarily antigcnic, could be 
formed and accumulate locally. These would 
rcccivr the appropriatr injected ligand. This ligand 
could carry drugs, toxins or radionuclides. For 
cxamplc, locally formed bacterial avidin would 
rrtain injcctcd ’ ” I-labcllcd biotin for thr purposes 
of tumour imaging. 
(v) Locally formed subsances could augment prc- 
sent day treatment of the patient. Human tumour 
necrosis factors (TNF) (Y and p have already been 

In conclusion, WC know that in many patients 
tumour is unique among tissues in providing an 
environment for the proliferation of anarrobcs; and 
DNA technology allows us to programmc such 
anaerobcs to export a lrariety of substances. If we 
can now develop techniques for reliably trapping 
innocuous injected anaerobes in tumours WC may 
just have another handle on the diagnosis and 
therapy of this discasr. 
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