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(Reprinted from Nature, Vol. 222, No. 5200, pp. 1282-1283,
June 28 1969)

Influence of Germ-free Status on
Hepatoma Induction by
7,12-Dimethylbenz(a)anthracene in
C3H Mice

THE susceptibility of C3H male mice to the apparently
spontaneous development of hepatomas has long been
recognized!. Castration reduces the incidence of these
tumours? and a high protein diet increases 1t2.

Hepatoma induction brought about in mice of various
strains by the administration of chemical agents shortly
after birth has recently become interesting and contro-
versial. Certain polycyclic hydrocarbons and aromatie
amines?®, 6-aminochrysene® and maleic hydrazide’ when
administered during the neonatal period have been shown
to induce hepatomas in male mice. Administration of the
same substances to adult male mice either has no carcino-
genic effect at all or no carcinogenic effect on the liver.
In all cases females are either completely unresponsive
or develop very few hepatomas whether treated as new-
borns or adults. ‘,

In two of our experiments (unpublished), germ-free

mice have proved slightly less susceptible to the induc-

tion of sarcomas by a single subcutaneous injection of
a carcinogenic polycyclic hydrocarbon. Most reported
studies, however, have given little evidence that germ-free
status influences susceptibility to chemical carcinogens®-*°.
Cyecasin is the notable exception. The explanation in this
case is that germ-free animals lack the gut flora necessary
for the enzyme conversion of cycasin to the proximate
carcinogen, methylazoxymethanol!.

Against this background, the dlscovery reported here
of a marked effect of germ-free status on the induction of
hepatomas by a carcinogenic polycyclic hydrocarbon
administered during the neonatal period is of consider-
able interest. For this study, we used the carcinogen 7,12-
dimethylbenz(a)anthracene (DMBA) (L. Light and Co.,
- Colnbrook, England). C3H mice were obtained germ-free
(and therefore milk agent-free) during 1965 from the
Centre de Selection des Animaux de Laboratoire, Gif-sur-
Yvette, France. They were maintained germ-free in our
laboratories in Trexler-type plastic 1solators. Regular
checks for bacteria and fungi gave negative results
throughout all three experiments. ‘“‘Minimal disease’
animals were obtained from germ-free animals by removing
them from the isolators and introducing them into a mini-
mal disease closed animal unit, the features of protection
of which included sterilization of bedding, non-accept-

ance mto the unit of animals from other laboratories,
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[image: image2.png]~ventilation by filtered air, and control of staff hygiene.

The relation of the mice maintained germ-free to those
maintained in minimal disease conditions in each of
experiments 4, B and C is shown in Fig. 1.

Details of treatment in the three experiments are shown
in Table 1. Injections were given into the interscapular
region through a needle inserted under the skin near the
root of the tail. All mice, both germ-free and minimal
disease, were fed an irradiated (5 Mrad) 20 per cent protein
diet (“PRM Diet”’ supplied by Christopher Hill, Poole,
Dorset—formula: 20 per cent wheat meal, 20 per cent
wheat feed, 20 per cent oats, 10 per cent maize meal,
5 per cent barley meal, 5 per cent white fish meal, 10 per
cent soya bean meal, 7-5 per cent dried skim milk, 2-5 per
cent dried unextracted diastase yeast, and vitamins and
minerals in adequate amounts). Mice were killed at ages
between 32 and 41 weeks as shown in Table 1. Each was
subjected to complete and careful necropsy. Large numbers
of hepatomas and occasional pulmonary adenomas were
encountered (Table 1).

One out of sixteen untreated germ-free mice developed
a solitary hepatoma, but no pulmonary tumours were seen
in this group. A solitary pulmonary adenoma, but no
hepatomas, was seen in seventeen mice given 20 pg of
DMBA on the first day of life and maintained germ-free.

- Three out of seventeen germ-free mice given 40 pg of
DMBA on the seventh day of life had one hepatoma each
‘and one had a pulmonary adenoma. Minimal disease
status had no obvious effect on ‘pulmonary tumour induc-
tion In response to DMBA compared with germ-free status;
‘but it had a striking effect on hepatoma incidence in both
untreated and DMBA-treated mice. The incidence of
mice bearing hepatomas, the multiplicity of the tumours
and numbers of mice with large tumours were all strikingly

greater in minimal disease mice, . partlcularly In those
treated with DMBA. | T

- The hlstologwal appearances of the hepatomas pre-
sented no.unusual features. They Were all of parenchymal
cell type, some showing conspicuous fatty 1nﬁltrat10n. In
'no case was extrahepatic spread observed. s

. Parallel observations were made on: female C3H mlce
in experiment C. No: hepatomas or pulmonary tumours

‘were present in thirteen germ-free females or fifteen

minimal disease females exammed post mortem - when
40—41 Weeks old

Table 1. DEVELOPMENT OF HEP&TO\IAG AND. PULMONARY TUMOURS IN MALE C3H MICE AFTER A SINGLE SU BC[TAl\EO[S INJECTION OF DMBA ON THE
FIRST OR bE\ ENTH DAY OF LIFE

- 'No. of No. ofmlce with No. of
Experi- No. of Age at No. of mice with 'I'_o,t.al‘ __hepatomas of mice with
ment Treatment Status nice necropsy mice with multiple No. of 5 mm diameter pulmonary
_ (weeks) hepatomas hepatomas hepatomas or more tumours
A 40 pug of DMBA in 0-04 ml. of Minimum '
trioctanoin™ on day 7 disease 24 30-35 12 6 29 3 2
: ' Germ free 17 29-34 3 0 3 0 1
B 20 ug of DMBA in 0-02 ml. of Minimum _
trioctanoin* on day 1 discase 13 33-34 10 7 33 4 1
.Germ free 17 32-33 0 0 0 0 1
C None Minimum '
disease 17 40- 41 6 1 - 3 1
Gierm tree 16 36-40 1 0 ‘ 1 0 0

* Obtained from Eastman Kodak Co.




[image: image3.png]It is hard to predict a likely mechanism for the differ-
ences observed. For example, it 1s difficult to believe that
the germ-free and minimal disease mice in the three
experiments could be sufficiently different genetically to
account for the findings. Germ-free status might be
associated with the presence in low titre of a hepatoma
virus present in higher titre in mice maintained in minimal
disease conditions. In this case hepatoma induction by
chemical agents such as DMBA would seem to depend on
the presence of the hepatoma virus in adequate titre.
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- in mmlmal dlsease condntlons in expenments A B and c.

Alternatlvely, an 1mmunologleally unstressed mouse mlgh t
-be able to reject antigenically altered tumour cells more
effectlvely than a mouse exposed to -a wide range of
“microbes. - ‘Both sets of animals had the same diet, but
the gut flora'and other microbes in the environment of
" the minimal disease mice may  have destroyed an agent
that protects the liver from hepatoma induction. ' DMBA
‘'was administered by subcutanéous injection, and it seems
~unlikely that the absence of gut flora capable of convert-
ing it to a hepatoma-inducing metabolite could be the
“explanation’ of the''low incidence of hver tumours n
germ-free mice.
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