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BRIEF COMMUNICATIONS

Transmission of devil facial-tumour disease

An uncanny similarity in the karyotype of these malignant tumours means that they could be infective.

The Tasmanian devil, alarge carnivorous Aus-
tralian marsupial, is under threat from a wide-
spread fatal disease in which a malignant
oral-facial tumour obstructs the animal’s abil-
ity to feed'. Here we show that the chromo-
somes in these tumours have undergone a
complex rearrangement that is identical for
every animal studied. In light of this remarkable
finding and of the known fighting behaviour of
the devils®, we propose that the disease is trans-
mitted by allograft, whereby an infectious cell
line is passed directly between the animals
through bites they inflict on oneancther.

The cancer, known as devil facial-tumour
in more than half of Tasmania®. The growth of
the tumours, which ulcerate and become fri-
able, eventually causes the devils to starve. As
the tumour cells are easily dislodged and
because almost all bites from the devils' fre-
quent fighting occur around the mouth?, we
investigated whether the disease might be
transmitted by allograft between animals. We
studied tumours that included early neo-
plasms, huge primary cancers and secondary
cancers. The cancers were sampled from ani-
mals throughout eastern Tasmania, Australia,
over a 12-month period (for methods, see sup-
plementary information).

The normal number of chromosomes in the
devil is 14, including the X3 or XY sex chro-
mosomes (Fig. 1a). We found that the facial
tumours contained only 13 chromosomes and
that these were grossly abnormal (Fig. 1b). The
number and appearance of the chromosomes
{the karyotype) indicated that both sex chro-
mosomes, both chromosomes 2 and one chro-
mosome & were absent. There was also a
deletion of the long arm of one chromosome 1,
and four unidentified marker chromosomes
were present. Most important, these anomalies
were the same in the facial tumours from every
animal (n=11).

These rearrangements are complex, but no
intermediate stages were found between nor-
mal and tumour chromosomes, even in small
primary cancers. [n human cancers, there is
generally a common breakpoint (first event)’,
irrespective of whether the neoplasm is caused
by viral insertion (as in Burkitt’s lymphoma®)
or arises spontaneously (as in Ewing’s sar-
coma®); complex rearrangements occur in
solid tumours as a result of further donal evo-
lution®. However, the identical chromosomal
rearrangements that we found in the facial
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Figure 1| Chromasomes of facial tumours from Tasmanian devils. a, Normal karyotype for a male
Tasmanian devil (14 chromosomes, including XY). b, Karyotype of cancer cells found in each of the
facial tumours of all 11 animals studied (13 chromosomes, with no sex chromosomes, no chromosome-2
pair and only one chromosome &; the long arm of one chromosome 1 was deleted; four additional

marker chromosomes were present (M1-M4).

tumours of each devil are too complex for
a common breakpoint to have occurred’.
Indeed, the rearrangements do not conform
to any human model, particularly given the
loss of sex chromosomes in all the tumours of
devils of both sexes.

Further support for the allograft theory of
disease transmission derives from the serendip-
itous observation of a pericentric inversion of
chromosome 5 in the constitutional karyotype
of one animal. This constitutional anomaly was
found in all cultures of that devil’s normal tis-
sues, but was not present in either of the chro-
mosomes 5 in his facial-tumour cells, where it
would have been found had the neoplasm
arisen from his own tissue.

Cases of transmissible venereal sarcoma in
dogs*® also show similar chromosomal defects
among tumours, leading to the proposition
that this sarcoma may develop from “a clone
capable of a parasitic existence™ — a descrip-
tion that also fits the features of the devil’s
facial tumour. We suggest that the devils' can-
cer (like the dogs’) is infective and that the
infective agent is a rogue cell line that initially
evolved in a tumour of unknown origin.

Humans, too, can accidentally infect each
other with cancer, through cell implantation in
patients that have received organ transplants®;
such cancers then develop according to their
usual course®. Organ transplants are less likely
to be rejected ifthe donor is a dose relative who
has a matching tissue type; by analogy, the low
genetic diversity and high degree of kinship
among devils™ might help to reduce their
immune response to cancer cells implanted
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during biting. Although the devils immune sys-
tem is poorly understood, preliminary investi-
gations indicate that there is little immune
reaction between lymphocytes taken from
devils from within and outside local popula-
tions {G. Woods, personal communication).
To obtain further insight into the transmis-
sion of the devil's facial-tumour disease, it will
be necessary to DN A-fingerprint tumours and
clarify their derivation by using whole-chro-
mosome painting probes, as well as searching
for oncogenes. This should reveal the diseases

toxicology, progression and epidemiology.
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