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EFFECT OF NEONATAL THYMECTOMY ON THE INDUCTION OF PAPILLOMATA

AND CARCINOMATA BY 3,4-BENZOPYRENE IN MICE

By GWEN GRANT, Dr. F. J. C. ROE and Dr. M. C. PIKE

Department of Experimental Pathology, Chester'Beatty Research Institute, Institute of Cancer Research, Royal Cancer Hospital,
London, and the Medical Research Council Statistical Research Unit, University College Hospital Medical School, London

REVIOUS experiments in this laboratory wusing
random-bred Schofield mice! and inbred C57BL
mice? have shown that benign and malignant tumours
arise earlier in animals whose homograft reactivity is
impaired by thymectomy on the third day of life than in
sham-thymectomized control mice. However, thymectomy
on the third day of life has less effect on immunological
function than thymectomy within 24 h of birth3. In some
inbred strains neonatal thymectomy is associated with
wasting disease if the animals are reared under conventional
conditions*®. However, random-bred Swiss § mice, thy-
mectomized within 24 h of birth, are not affected in this
way, yet show distinct impairment of immunological
function as judged by their ability to form antibody in
response to foreign antigens® and by the proportion of
spleen cells capable of lysing sheep red cells when cultured
with these cells using Jerne’s technique? 4-5 days after
an immunizing injection with these cells®. 1t was decided,
therefore, to repeat one of the experiments previously
reported in which thymectomized and sham-thymecto-
mized mice had skin tumours induced by applications of
3,4-benzopyrene using Swiss S mice thymectomized during
the first 24 h of life and a low weekly dose of the hydro-
carbon. |
Swiss S mice from the colony maintained at Pollards
Wood Research Station were therefore thymectomized
or sham-thymectomized within 24 h of birth, and 50 pg
of 3,4-benzopyrene dissolved in 0-2 ml. acetone was
applied to the shaved skin of the back once a week for

40 weeks beginning when the mice were approximately

6 weeks old. Papillomata and carcinomata which arose
as a result of this treatment were recorded every week.
Carcinomata were only so designated when they reached
a diameter of 10 mm and when a biopsy taken a week
after this size was first recorded showed that invasion of
the panniculus carnosus muscle had occurred.

Thymectomized animals were examined after death
for thymus remnants and no animals with macroscopic
or microscopic fragments were included in the results.
25 thymectomized and 33 sham-thymectomized animals
survived to 26 weeks of age, the time when the first
papillomata appeared. The experiment was terminated
45 weeks after the initial application of benzopyrene when
the survivors, 21 thymectomized and 28 sham-thymec-
tomized miqe, were 51-52 weeks old. Results are expressed
in Figs. 1 and 2 in terms of the proportion of tumour-
free survivors (that is, animals which have never shown
the relevant tumour).

The statistical method? chosen to analyse this experiment
is based on the hypothesis that for any animal in a given

group the probability that it is tumour-free at x weeks
can be written:
exp [—b (x—w)]

The parameters w and k are the same for both groups
(though, of course, different for papillomata and carcino-
mata), and the effect of the treatment is measured by the
parameter b. This distribution is called the third extreme
value distribution.
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Fig. 1. Percentage of tumourless mice, that is, mice without a benign
tumour, at different stages of the experiment. The first appearance of a
benign tumour on any animal was at 20 weeks, and (as expl_ampd in the
text) what are plotted here are tumours appearing after this time. The
parameters of the fitted curves stopping at 40 weeks are k=4:34, w=
13-97, b (for control group)=1-91 x10-¢, b (for thymectomized group)
=3-35 x 10°, %, = 3-98 for difference between b’s (P = 0-05)
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Fig.2. Percentage of tumourless mice, that is, mice without a malignant
tumour, at different stages of the experiment. The first appearance of a
carcinoma on any animal was at 30 weeks, and (as e:gpla.;ned in the text)
what is plotted here are tumours appearing after this time. The para-
meters of the fitted curves stopping at 40 weeks are k=866, w= 15-5%7,
b (for control group)=2-98x 10-13, b (for thymectomizéd group)=
8-10 x 10-13, x%, =4-92 for difference between b’s (P =0-03)
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For this distributional form there is a linear relationship
between ‘death’-rate (that is, the rate of getting the relevant
tumour) and the logarlthm of (x —w); and this is precisely
what is observed in many human cancers!?-12,

The parameters w, k and b are estimated by a maximum
likelihood method? and the fits of this distributional form
to the data are shown in Figs. 1 and 2. For technical
statistical reasons it is convenient to consider in the figures
only those animals free of tumours at the time of appear-
ance of the first relevant tumour in any animal. The first
papillomata appeared at 20 weeks and the percentage of
the remaining mice without papillomata at different
stages of the experiment is shown in Fig. 1. Similarly,
the first carcinomata appeared at 30 weeks and the per-
centage of the remaining mice without carcinomata at
different stages of the experiment is shown in Fig. 2.
The series of short straight horizontal lines in Figs. 1 and
2 show the ‘observed’ proportions; for example, the
papilloma results for the thymectomized group given in
Fig. 1 show that 100 per cent are tumour-free from 20 weeks
after the first application of benzopyrene until 22 weeks,
95-8 per cent are tumour-free from 22 weeks until 23 weeks,
91-7 per cent are tumour-free from 23 weeks until 24
weeks, 87-5 per cent are tumour-free from 24 weeks until
26 weeks, and so on. To calculate the ‘observed’ propor-
tion of tumour-free survivors making allowance for inter-
current deaths an actuarial method is used?!3.

The painting stopped at 40 weeks and, as we have pre-
viously shown!®14 that very soon after painting ceases
there is a definite break in the rate at which the first
papillomata appear, we should not expect any smooth
continuous curve to fit the complete experimental data.
For this reason we consider here the papilloma results only
up to 40 weeks (in this instance this means excluding only
the final papilloma in the control group).

The fit of the suggested form of distribution is clearly
good (Fig. 1) and the difference between the thymecto-
mized and sham-thymectomized group is significant at
the 5 per cent level (x2=3-98 on one degree of freedom).

The cessation of painting at 40 weeks also affected the
incidence of carcinomata, so that we should not expect
any smooth continuous curve to fit the complete experi-
mental data. For this reason we consider first the results
only up to 40 weeks.

The fit of the suggested form of dlstrlbutlon is satis-
factory (broken line in Fig. 2) and the difference between
the thymectomized and sham-thymectomized groups is
significant at less than the 5 per cent level (y2=4:92 on

one degree of freedom).
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Fig. 2 also shows the third extreme value distribution
fitted to the complete carcinoma data. This may be ration-
alized by noting that the experiment continued for only
5 weeks after painting stopped, and that the carcinomata
recorded during the last five weeks were already present
at 40 weeks but were too small to be counted.

If this reasoning is accepted, then the difference between
the thymectomized and sham-thymectomized groups 1s
significant at the 0-5 per cent level (2= 7-94 on one degree
of freedom).

The results show that when random-bred mice are
thymectomized during the first day of life so that the
homograft rejection mechanism is slightly impaired
benign and malignant tumours appear earlier in response
to application to the skin of low doses of a chemical
carcinogen. This confirms previous observations when a
higher dose of benzopyrene was used and thymectomy
was performed on the third instead of the first day of life.

The differences between the immunologically deficient
group and the normal animals although statistically
significant are not so great as to suggest that the immuno-
logical state of the host is the major factor in determining
whether tumours grow or not. It may be that some tum-
ours initiated by benzopyrene do not differ sufficiently
from the host to evoke a homograft reaction against them
even when the immunological competence is unimpaired.
It may be that factors such as the growth-rate of the
tumour allow it to progress in spite of a reaction against
it, or it may be that under some conditions an animal
may become specifically tolerant to a tumour which it

‘bears.
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