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(Reprinted from Nature, Vol. 215, No. 5100, pp. 549-550,
Fuly 29, 1967)

Unusual Susceptibility of Lingual Eplthehum to
Tumour Induction by 4-Nitroquinoline-l1-oxide

4-NITROQUINOLINE-1-0X1DE (NQO), a sunple blcychc
compound which was synthesized by Ochiai in 1945, 1s a
potent carcinogen. Application of NQO to the skin of
mice, rats or hamsters has been shown to induce local
tumours'-®> and also neoplasms of lung®8, stomach?,
uterus!® and the lymphatic system!!. The present report
describes the unexpected induction of epithelial tumours
of the tongue in mice following the application of NQO
and croton oil to the dorsal skin; the doses of these two
agents were insufficient to induce more than a few tumours
of the treated skin or any neoplasms at other sites.
Similar findings have not previously been encountered in
this laboratory in numerous experiments in which known
carcinogens have been applied to mouse skin.

Two groups of €57 x DBA2 mice were studied, each of
thirty female animals which were housed in boxes of six.
Mice in Group 1 received 0-2 ml. of 0-2 per cent NQO in
acetone applied to the dorsal skin at weekly intervals for
16 weeks; the first dose was given when the animals were
20 weeks old. This was followed by weekly applications
of croton oil, initially of 0-3 ml. of a 0-1 per cent solution
in acetone. After 12 weeks, the concentration of croton
oil was reduced to 0-05 per cent and treatment was con-
tinued for a further 53 weeks. Mice in Group 2 acted as
controls and were painted with 0-2 ml. acetone alone for

the first 16 weeks. Thereafter, they received croton oil

for 65 weeks in the same way as the animals in Group 1.
Mice in Group 1 died or were killed because of their poor
condition, at intervals ranging from 291 to 489 days after
the beginning of the experiment. During the same period,
only three of the animals in Group 2 had to be killed and
the remaining twenty-seven were Kkilled at the end of the
experiment, at 563 and 574 days. A full post-mortem
examination was carried out on all mice.

The distribution of neoplasms in the two groups 18
shown in Table 1. The results in Group 1 are of consider-
able interest: only four skin tumours were produced but
neoplasms of the tongue developed in six instances. The
animals in which these lesions developed became strikingly
cachectic and, in each case, the only abnormality found
at post-mortem examination to account for their con-
dition was the lesion in the tongue. Macroscopically, the
tumours appeared as ulcerating outgrowths on the dorsum
of the tongue. Five of the tumours were squamous
carcinomata and two of these showed extensive invasion
throughout the substance of the tongue (Fig. 1). Three

372

4

n—)




[image: image2.png]Table 1. INCIDENCE OF LINGUAL AND OTHER TUMOURS IN C57x DBA2
MICE FOLLOWING APPLICATIONS OF NQO AND CROTON OIL TO DORSAL SKIN

No. of Skin Other
Treatment = mice tumours Tongue tumours tumours
NQO +croton 30 Papilloma 2  Squamous
oil Papilloma— carcinoma 2 Lymphoma 1

| - carcinoma 2  Carcinoma wn sifu 3
. - . Basal cell tumour 1

Croton oil 30  None None Hepatoma
only | | - Lymphoma
Pulmonary

adenoma

Carcinoma

of breast

Carcinoma

of ovary

= = e DO

tumours were regarded as carcinomata in situ; such
lesions were confined to the epithelium and the basement
membrane was intact but the component cells were grossly
disorganized with loss of normal polarity, cellular atypia,
and increased mitotic activity. Omne basal cell tumour
was seen. In a seventh mouse, a tumour was diagnosed
on gross examination of the tongue but sections at several
levels showed only focal hyperplasia of the lingual
epithelium with no evidence of malignancy. No meta-
stases from any of these carcinomata were seen and no
other lingual tumours, such as sarcomata, were en-
countered. Apart from one animal which developed an
anaplastic lymphoma, no distant tumours were found.
Various neoplasms were observed in the control mice but
no lingual carcinomata were seen. |
These results indicate that an unexpectedly high pro-
portion of C57x DBA2 female mice develop lingual
carcinomata after application of NQO and croton oil to
the dorsal skin; this undoubtedly reflects a direct effect
on the lingual epithelium of NQO, acquired as a result of
licking. Two points are of particular interest. First, the
experimental production of tumours of the tongue 1s
apparently difficult. Only two successful reports have
been found and, in both of them, the carcinogen was
applied directly to the tongue. In one account!?, 3,4-benz-
pyrene induced sarcomata (but not carcinomata) in rats. In
the other, direct application of NQO in mice was combined
with chronic irritation from an implanted metal wire!3;
in the absence of this added mechanical trauma, local
painting with NQO produced only one lingual carcinoma.
Spontaneous tumours of the tongue in mice have not been
observed in this department, nor have such tumours been
recorded in the literature. The comparatively large
number of lingual carcinomata in the present experiment
1s therefore most unusual. Second, the increased
incidence of these neoplasms is even more 1mpressive
when compared with the unexpectedly low yield of
tumours of the skin. Unfortunately, 1t 1s impossible to
assess the degree of exposure of the tongue to NQO but
it i1s improbable that high concentrations of this material




[image: image3.png]Fig.1. Tongue from mouse in which N QO and croton oil were applied to
the dorsal skin; a keratinizing squamous carcinoma which is widely infil- |
trating the substance of the tongue. Haematoxylin and eosin x ¢. 100.

remained there for any length of time. This may indicate
that, in some circumstances, lingual epithelium is more
sensitive to the carcinogenic effects of NQO than the skin.
The basis for such a difference in susceptibility is obscure
and several factors may be involved. The absence of
other tumours commonly induced by NQO such as pul-
monary adenomata suggests that genetic factors may be
important; the range of tumours induced by NQO is
known to vary in different strains of mice®1* and the
effects of NQO on C57x DBA2 mice do not appear to
have been studied previously. Furthermore, local factors
in the lingual epithelium itself may predispose to tumour
induction. There is evidence, for example, that NQO 1is
mainly active in its reduced form, as 4-hydroxyamino-
quinoline-1-oxide'®-17, and it is possible that conditions in
the lingual epithelium favour a conversion of this kind.
Conversely, it may be argued that epidermal elements in
the dorsal skin of these mice are unusually resistant to
the carcinogenic effects of NQO. Some support for this
view is provided by recent work by Searle and Spencer?,
who painted the dorsal skin of C57Bl mice with N QO;
little epidermal damage was caused but there was a high
incidence of local sarcomata. No sarcomata were, how-
ever, seen 1n the present study and it appears that differ-
ences 1n sensitivity to the carcinogenic properties of NQO




[image: image4.png]may occur not only between epithelial and connective
tissues but also between two closely similar epithelial
surfaces—the squamous epithelium of the skin and the
tongue.
R. L. CArTER
NorMA HEATHCOTE
F. J. C. Roe
Department of Experimental Pathology,
Chester Beatty Research Institute,
Institute of Cancer Research : Royal Cancer Hospital,
London, S.W.3.

Received May 1, 1967.

! Nakaharo, W., Fukuoka, F., and Sakai, S., Gann, 49, 33 (1958).
® Hayashi, Y., Gcmn 50, 219 (1959)

3 Takayama, S Gann, 51, 139 (1960). |

1 Parish, D. J., and Searle, C. E., Brit. J. Cancer,20, 206 (1966).

> Searle, C. E., and Spencer, A. J Brit. J. Cancer,20, 877 (1966)
§ Mori, K., and Yasumo, A., Gann, 52,149 (1961).

? Mori, K., Gann, 52, 265 (1961)

8 Mori, K., Gann, 54, 415 (1963).

® Baba, T.,Misu, Y., and Takayama, S., Gann, 53, 381 (1962)

10 Mori, K., Gann, 55 277 (1964).

11 Tanaka, T Kakefuda, T., and Kinosita, R., Proc. Amer. Assoc. Cancer Res.,
4, 67 (1963)

12 Golbert, Z. W., Arkh. Pat.,10, 31 (1948).

13 Fujimo, H., Chino, T., and Imai, T., J. Nat. Cancer Inst., 35, 907 (1965).
1# Shirasu, Y., Proc. Soc. Exp. Biol. Med.,118, 812 (1965).

> Shirasu, Y., and Ohta, A., Gann, 54, 221 (1963).

16 Shirasu, Y., Gann, 54, 487 (1963).

17 Endo, H., and Kume, F., Naturwiss., 50, 525 (1963).

Printed in Great Britain by Fisher, Knight & Co., Ltd.. St. Albans.




