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T has been shown that in certain cases viruses and
- chemical earcmogens may interact so that tumour

- production is modified. For example, Rous et al.l:2
found that when Shope papilloma virus was injected

. intravenously into rabbits the ears of which had been
" painted with tar for 1-5-3 months, many warts and

several metastasizing ‘epitheliomata soon arose on
the tarred ears. Tarring alone ‘gave rise to a few

~ warts, and only one malignant tumour among ninety
'ra.bb1ts, while the intravenous injection of Shope
~ virus alone was 1neffeet1ve Ahlstrom and Andrewes® -
“injected tar or carcinogenic hydrocarbons intra-
muscularly or subcutaneously into ‘rabbits, and
 Shope fibroma virus- mtradermally In some rabbits

the tumours due to the virus grew progressively,

“in others they slowly regressed In controls which-
received the virus-alone, rapid regression was the
rule. Duran-Reynals* found that the intradermal
injection of vaccinia virus into cortisone-treated mlce_ |
produced much more severe local lesions than in
untreated mice. These more ‘severe les1ons ‘were.

- followed by scar formation. If mice were given a

course of paintings with methylcholanthrene on

~ both ﬂanks, before treatment with: cortisone and

| _’va,ccmatlon, benign and malignant tumours developed:
- at the site of the vaccination scar. ‘No tumours were
~ .geen-in control animals which recelved no previous -

treatment with methylcholanthrene or no cortlsone

'at the time of vaccination.

In the present work the mteractlon of polyoma
V1rus, m]ected mto new-born mice, and two chemi¢al

carcinogens, - 9 : 10 - dimethyl - 1,2 - benzanthracene

(DMBA) and 3, 4. benzpyrene (BP), and a tumour-
promoting substa,nee, croton oil, applied to the skin

‘of the. injected mice, has been -examined. The
'experunents were de31gned to - show, first, Whether

treatment with a chemical carcinogen or a tumour-

promoter can modify tumour induction by polyoma

virus, and secondly, whether polyoma. infection
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[image: image2.png]modifies tumour induction by chemicals; for example,
~ whether it can play any part in the two-stage mechan-
ism of carcinogenesis, as tumour-initiator or promoter,
or alter the incidence of malignancy. The second
question has an important practical bearing, since
polyoma is widespread as a latent infection in mouse
stocks® such as are used for the testing of chemical
substances for carcinogenicity. By injecting the
virus into new-born animals, and choosing the dorsal
skin as the site for later application of the chemical
agents, it was reasonable to expect that answers to
both these questions could be obtained at the same
time. Chemical carcinogens applied to the skin give
rise mainly to skin tumours; mammary, ovarian,
and pulmonary - tumours, subcutaneous sarcomas,
and leuksemia may also be induced, but much less
frequently. Polyoma virus, on the other hand, induces
tumours of the parotid and mammary glands, renal
pelvis, bone, and subcutaneous tissues, and less
frequently at a variety of other distinctive sites®:’.
No superficial tumours of the epidermis have been
reported, though one strain has been found to produce
enormously hypertrophied hair follicles®. When
distribution and relative frequency are taken into
account there should be little difficulty in distinguish-
ing the characteristic effects of each type of agent.
In order to produce tumours in mice with polyoma
virus it is necessary to introduce it either before
birth, or during the early neonatal period, into mice
from a polyoma-free stock. Mice exposed to the virus
after the end of the neonatal period develop antibodies
to it, but no tumours. These antibodies may pass to
feetal mice through the placenta, or to new-born
mice in the milk, and so provide passive immunity®.
~ The mothers of the mice used in the present experi-
ment were all free from polyoma hzmagglutination-
inhibiting antibodies. They were divided randomly
into two main groups which were thereafter housed
in separate rooms under otherwise identical conditions.
Both groups were fed diet 41B supplemented with
rolled oats twice weekly, and provided with water
ad libitum. All the litters from one group were
injected subcutaneously during the first 24 hr. of
life with 0-02 ml. of fluid containing 10¢ infective doses
of polyoma virus (determined by the antibody
production test?). The strain of virus used, LH Py,
was originally isolated in this department from a
C,H mouse!® and the material used for injection in
the present experiment was the tissue culture fluid
and homogenized cells from the fourth mouse embryo
tissue culture passage. The group of mice injected
with polyoma virus was designated ‘P+’ and the
control group ‘P-free’. The latter litters were injected
while less than 24 hr. old with culture fluid from the
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9,10-Dimethyl-1,2-benzanthracene (DMBA) and, 3,4-
benzpyrene (BP) were obtained from L. Light and
Co.; croton oil from Stafford Allen and Co.; and
acetone (‘Analar’ grade) from British Drug Houses,
Ltd.

In general the P+ mice grew less well than the
P-free mice. Several of the former showed abnormali-
ties of hair growth in the form of bald patches and a
sticky appearance of the hair. However, from the
tenth week onwards these symptoms disappeared
and the mice grew progressively to the same size as
the P-free controls. It is most unlikely that the
early effects on growth and on the skin were due to
the polyoma virus. We were able to isolate a virus
in tissue culture from the tissues of similarly affected
mice which when injected into mice 5-7 days old
reproduced the condition, but was lethal to new-born
mice. A similar syndrome has been described by
Stanley et al.'l. The inoculum used in the present
experiment was found to be free of this agent, which
was clearly distinguishable from polyoma virus by
the type and species specificity of its cytopathogenic

effect in tissue culture. It would seem that the

P+ groups became accidentally infected with this
virus, whereas the P-free groups, housed in another
room, remained free of it. All the mice were weaned

-and sexed at four weeks of age. Ten experimental

groups were then constructed, five consisting of P}
mice and five of P-free mice. Each group consisted
of sixteen males and sixteen females, and mice from
individual litters were distributed as widely as possible
among the five groups for which they were eligible.
By using an ear-punch system of numbering it was
possible throughout the experiment to determine
from which litter a mouse was derived.

The ten groups were treated with chemical agents
(Table 1) and have now been observed for six
months. Taking the results in the four groups treated
with chemical substances (groups 2-5) together,
they had a higher incidence of polyoma tumours than
the control unpainted group (group 1). This differ-
ence was significant according to the x2 test
(0-01> P> 0-001). With regard to epidermal tumours
attributed to the treatment with chemical agents,
apart from one papilloma in group 9 (P-free and
croton oil only), they were only seen in the groups
treated with DMBA + croton oil (groups 3 and 8), or
with BP twice weekly (groups 5 and 10). The injec-
tion of polyoma virus into new-born mice had no -
marked influence on their subsequent response to
treatment with DMBA + croton oil; papillomas
began to appear after the sixth week of croton oil
treatment in both groups, approximately the same
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[image: image5.png]* Each group consisted of 32 mice at start of experiment.

Treatment begun when mice were 7 weeks old.

1 Parotid gland tumours were multicentric in origin.

T Applied to dorsal skin after removal of hair,

Involvement of one gland counted as one tumour, and both glands as two tumours.

§ Including bone, mammary glands, and subcutaneous tissues.

proportion of mice developed : papillomas, and the
total numbers of tumours after fifteen weeks of croton
oil treatment, though on.an average somewhat
greater in the P+ than P-free mice (6-4 and 4-4 per
survivor, respectively), was not regarded as signifi-
cantly different. However, in the group which
received weekly BP-treatment a definite difference
in response was seen : tumours began to appear during
the thirteenth week in the P+ mice (group.5) and
not until the seventeenth week in the P-free (group
10). At the present time (twenty-first week of
treatment with BP) there are forty-eight benign
and six malignant tumours in twenty-three P+
survivors, but only fourteen benign and one malignant

tumour in thirty P-free survivors. Treatment and

observation of these two groups continue. In
addition to the tumours which could without
doubt be attributed to the polyoma virus, or-to
treatment with chemical agents, there were seen, in
the groups 1-5, a number of cystic lesions in the sub-
cutaneous tissues. Several of these appeared to be
simple lymph-filled cysts arising in lymph glands,
others were multilocular or filled with thin blood-
stained fluid, and not obviously associated with a
lymph gland. None of them had any solid elements,
and it is doubtful whether any of them were neoplastic.
The incidence of mice with these lesions in groups 1-5
was 4, 3, 2, 5, and 4 respectively. :
At this point it is necessary to consider a factor
which slightly complicated the experiment. - During

the ninth week of treatment with chemical agents,

eight males and eight females from each of the five
experimental groups of P-free mice (groups 6-10) were
tested. for hsemagglutination-inhibiting antibodies.
All tests were negative. At this time there were
already several benign papillomas in group 8. Nine
weeks later, a second check for antibodies was made,
and on this occasion several positives were found
(0/32 in group 6, 1/29 in group 7, 9/30 in group 8,
10/30 in group 9, and 4/30 in group 10). Clearly the
polyoma, virus had found its way into the P-free colony
and the infection had begun to spread. However,
by this time, except in the case of groups 5-10, the
experiment was over, and this incidence of mice with
antibodies in the P-free group was not sufficient to
invalidate conclusions which could otherwise be
drawn. In point of fact there was no association
between the number of tumours and the presence of
antibodies in individual mice of group 8.

The number of tumours which developed in the
group of mice which were infected with polyoma virus
when newly born, but received no other treatment,
was less than was expected from previous experience
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[image: image6.png]of this strain of virus. It is possible that an accidental
secondary viral infection, which has been described,
had an interfering action. However, since all the
polyoma-injected mice suffered from this infection,
the difference in polyoma-type tumour incidence
between the groups which received subsequent
chemical treatment and the group which did not is
" not invalidated. It is conceivable that the difference
in the incidence of skin tumours between P+ and
P-free mice treated with chemicals may have been
due in part to both viruses, but very unlikely that the
accidental infection both inhibited tumour-induction
by polyoma virus and enhanced the effect of chemicals
on it. Despite the complicating factors the following
conclusions appear justified: (1) Mice inoculated with
polyoma virus when newly born and later treated by
application to the skin of carcinogenic or tumour-
promoting agents developed significantly more
polyoma-type tumours than mice which received the
virus alone. (2) Skin tumours which developed in
mice treated repeatedly with BP appeared sooner
and in larger numbers, and more became malignant,
in those which had been injected when new-born
with polyoma virus than in those which had not.
(3) : Injection of polyoma virus into new-born mice
did not initiate tumour formation, as shown by the
failure of subsequent treatment with croton oil to
produce skin tumours. (4) Polyoma virus injected
into the newly born mouse is known to persist
throughout life. The presence of this virus did not
promote the formation of tumours In mice given
an initiating application of DMBA at 7 weeks of
age. (5) An intercurrent infection which produced
symptoms in all polyoma-injected mice is described.
Reasons are given for the view that these conclusions
are not invalidated by this accident.
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