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Abstract

Transmissible tumors are those that have transcended the bounds of their incipient hosts by 

evolving the ability to infect another individual through direct transfer of cancer cells; thus 

becoming parasitic cancer clones. Coitus, biting, and scratching are transfer mechanisms for the 

two primary species studied, the domestic dog (Canis lupus familiaris) and the Tasmanian devil 

(Sarcophilus harrisii). Canine transmissible venereal tumors (CTVT) are likely thousands of years 

old, and have successfully travelled from host to host around the world, while the Tasmanian devil 

facial tumor disease (DFTD) is much younger and geographically localized. The dog tumor is not 

necessarily lethal, while the devil tumor has driven the population to near extinction. 

Transmissible tumors are uniform in that they have complex immunologic profiles, which allow 

them to escape immune detection by their hosts, sometimes for long periods of time. In this review 

we explore how transmissible tumors in CTVT, DFTD, and as well as the soft-shelled clam and 

Syrian hamster can advance studies tumor biology.
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Types of TransmissibleTumors

Transmissible tumors are by definition spread directly by transfer of cells between 

individuals. They are clonal in origin, suggesting an ancient, singular event from which all 

modern tumors evolved. The most-well studied transmissible tumor is CTVT, dubbed the 

“oldest continuously propagated cell lineage” [1, 2]. Originally termed Sticker’s sarcoma, it 

has been observed for over 200 years and is spread primarily by coitus and oral contact [3, 

4]. It was initially defined as a histocytic tumor by Novinski in 1876, who demonstrated 

transmissibility by rubbing an excised tumor from one dog onto the genital mucosa of 
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another [5, 6]. CTVT tumors feature strong genetic identity with one another, but are 

markedly distinct from their extant, transient host [1, 2, 7, 8]. CTVT is endemic in more than 

90 countries and believed to be the most widely disseminated tumor in existence [6, 9, 10–

12].

DFTD is a much younger tumor, first diagnosed in 1996 in the Tasmanian devil, the largest 

marsupial carnivore [13, 14]. Originating in the northeast corner of Tasmania, DFTD has 

reached epidemic proportions. Between 1996 and 2006 it was observed in 41 locales, 

encompassing 50% of the island [13]. In contrast to CTVT, DFTD is not a venereal tumor, 

rather it is spread by biting, often during mating or feeding [15–17]. The tumor forms 

around the face and neck [18], ulcerating and causing death within six months of onset by 

asphyxiation or starvation [19]. This underscores a very real concern that current rates of 

infection may drive the population to extinction [13, 20, 21]. In the following, we compare 

and contrast available genomic data from these two transmissible tumors. We consider, 

specifically, how genomic advances have changed our view of these two tumors. Finally, we 

briefly discuss additional manifestations of transmissible tumors in two other species, the 

Syrian hamster and the softshelled clam.

Canine Transmissible Venereal Tumor

CTVT is a Parasitic Tumor

Several lines of evidence support CTVT as a naturally transmissible allograft. It can only be 

induced in a naïve individual by transplanting living tumor cells; and neither frozen, heated, 

desiccated, killed or filtered cells transmit the tumor [5, 22–24]. Also, karyotypes of tumors 

collected from different regions are more divergent than those from the same region, which 

are themselves highly similar, confirming cellular transfer as well as clonality [24, 25] (Box 

1). Finally, electron microscopy has not detected oncogenic viral particles in tumor cells, 

further supporting this paradigm [26–28]. The tumor clone is demonstrably long-lived and 

stable [29], with experimental passaging for 40 generations (564 dogs) over 17 years 

producing no changes in histopathology [30].

The epidemiology of CTVT suggests no sex bias [12], or breed barrier [9, 10, 22]. Many 

canids including dogs, wolves, foxes and coyotes can be infected [24, 29]. However there is 

no evidence for transfer between distant species, as inoculation into rats, mice, hamsters, and 

cats has been unsuccessful [31].

The tumor generally remains localized to the external genitalia [9] (Figure 1). Histologic 

staining shows it to be characterized by large diffuse masses of compact round or polyhedral 

neoplastic cells [24]. Canid sexual intercourse entails a long (up to 30 minute) “tie” where 

male and female genitalia are in direct physical contact, often resulting in abraded tissue, 

likely contributing to the spectacular success of the tumor. Based on morphology and 

histologic staining patterns, CTVT was originally proposed to be histiocytic [24, 25], 

lymphatic, or reticuloendothelial [32]. Subsequent immunohistochemistry has since assigned 

it to macrophage origin [33, 34].
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Tumor Dissemination

Early cytogenetic support for the clonality of all CTVT was demonstrated by extensive 

conservation of genomic imbalances across tumors (Figure 2) [26, 29, 35, 36]. Analysis of 

microsatellites, mitochondrial DNA (mtDNA) and the major histocompatility locus (MHC) 

in 40 dogs from five continents also showed that worldwide CTVT is derived from a single 

neoplastic clone [1]. Two major tumor clades were proposed, one in coyote and another 

encompassing gray wolf and domestic dog lineages. This data suggested that CTVT 

originated in the pre-domestication Canis lupus lineage [37]. These findings would later be 

refuted using modern genomic methods [2, 8].

Epidemiologic studies of CTVT, done using mtDNA, identify a close relationship among 

tumor haplotypes from Mexico, the U.S., Chile and Brazil. Asian haplotypes were more 

divergent, though most closely related to American haplotypes, suggesting that tumors in the 

U.S., although rare, may have originally disseminated from Asiatic lineages [38].

Recent data suggest that CTVT has likely existed on all continents (except Antarctica) for 

decades [11], or longer ([12] and refs therein). The tumor reservoir is largely stray and wild 

dogs in regions of indigenous populations [11, 12]. The disease is essentially eradicated in 

Canada, the United Kingdom, several additional European countries, and New Zealand due 

to high levels of veterinary surveillance. CTVT affects between one and 10% of dogs in 

Africa, Asia, and South and Central America, with the highest incidence in Belize (10–20%) 

[12].

CTVT Tumor Origins and Whole Genome Sequencing

Initially, the tumor was proposed to have originated 200–2500 years ago, but this was based 

on the absence of any molecular evidence [1]. In later microsatellite analysis, the estimate 

increased to 6000 years [37]. However, this method assesses only a small portion of the 

genome, and may not be well suited to estimate tumor evolution. Finally, using a 

controversial molecular clock approach in which a steady evolutionary rate based on human 

medulloblastoma was applied, the tumor age was proposed to be 11,000 years [2]. The true 

answer is unknown, but estimates between 6000 and 11,000 years are generally considered 

to be the most accurate. Two steps needed to correctly date the tumor include an accurate 

genome sequence/assembly not biased toward the modern boxer, and population level tumor 

sampling.

The above studies led to queries regarding the nature of the first dog to develop the tumor. 

Two distinct approaches have been taken to address this question. Murchison and colleagues 

[2] used principal components analysis (PCA) to analyze nearly 24,000 previously published 

canid genotypes [39, 40], together with DNA sequence generated from two tumors and their 

hosts (Brazil and Australia). They concluded that the founder dog likely belonged to the 

“ancient” group our research previously demonstrated includes huskies, malamutes, basenjis 

and several Asian breeds [40, 41]. Their initial sequence analysis was highly informative, 

providing no evidence that CTVT is undergoing strong positive selection and suggesting 

that few changes are now required for tumor survival [2]. Only a modest number of somatic 

variants differed between the two currently sequenced tumors, indicating derivation from a 
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single source. Finally, they reported that 1.9 million SNVs found in both tumors were likely 

to be somatic, which is several orders of magnitude more than the average human tumor. 

The authors also showed that mutations in major known cancer genes, including CDKN2A, 

MYC, ERG, etc. are both characteristic and critical for CTVT survival [2].

We, in turn, addressed the founder question by identifying germline-specific variants within 

the CTVT sequence after comparison to whole genome sequence (WGS) from 186 modern 

canids [8]. Implementing maximum likelihood phylogenetic inference across 1.3 million 

founder-inherited alleles, we identified the founder as a post-domestication canid with 

significant identity to Arctic spitz breeds [8], as suggested previously [2]. Subsequent PCA 

with only these breeds clustered CTVT between Huskies and Malamutes, indicating that the 

founder was related to the ancestor of these two modern breeds [8].

Since our goals were to not only to more accurately identify SNVs, but also to find insertion/

deletions (indels) and structural variations (SVs), our analysis relied on high-coverage WGS 

(mean 37.9×) from the 186 diverse dogs mentioned previously. This included American 

Kennel Club-recognized and international breeds, village dogs, and wild canids. Thus, we 

created the largest existing catalog of genome-wide canine variation to date, consisting of 

28.01 million SNVs, 12.62 million indels, and 31,613 SVs, which includes over 99% of 

SNVs and indels, and over 95% of SVs found in modern canids [8]. Previous studies utilized 

only the canine dbSNP database, which contains only SNVs and encompasses less than one-

third of the variants found in the average canid WGS (Figure 3) [8] (Outstanding Questions).

We compared our catalog to high quality variants identified in our analysis of the two 

published CTVT tumors [2]. We classified CTVT variants found in the catalog as putative 

founder alleles, and novel variants as likely somatic mutations [42]. We found that 75.6% of 

SNVs, 92.1% of indels, and 17.6% of SVs originated in the founder’s germline, with the 

remainder being strong candidates for somatic acquisition [8]. The mutation signature of 

putative founder alleles was indistinguishable from that of modern canids, while somatic 

variation was more consistent with human melanoma [43], a tumor induced by UV 

exposure. This supports the existing hypothesis that UV exposure was central to initial 

CTVT tumor formation [2]. (Text Box 1) [2]. Tumor genes found by this method which had 

deleterious nonsynonymous changes included those associated with cell adhesion, 

extracellular cohesion, cytoskeletal, cell membrane structures, apoptotic signal transduction 

and chromatin organization.

CTVT Host Immune Interactions

CTVT is unique in that host survival is high, though studies differ on the rate of spontaneous 

regression [24, 44–46] (Outstanding Questions). Although not considered metastatic, Das 

and Sahay report that up to 7% of dogs with CTVT demonstrate metastasis [47]. Strakova 

and Murchison put the number at 0–5%, dependent on geographic region [12]. The 

disturbing appearance of the tumor, which is often bright red, highly vascularized, ulcerated 

and necrotic (Figure 1), with an unsightly discharge [6], incentivizes owners to treat the 

tumor using chemotherapy. Tumors are generally responsive, and recede quickly [11, 48, 

49]. As a result, life history studies of CTVT are rare.
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CTVT does a remarkable job evading the host immune system for extended periods (Box 1). 

Murgia first proposed CTVT tumors down-regulated expression of MHC class I molecules 

and that class II was essentially absent [1]. Belov argued that genetic diversity at MHC 

genes could play a critical role in population susceptibility to contagious cancer, particularly 

if the species underwent genetic bottlenecks and/or lost MHC diversity [50]. This model 

does not fit the canine scenario since the tumor spreads between canine species, and dogs 

feature highly diverse HLA systems [51, 52]. We therefore investigated the precise nature of 

the somatic mutations.

Following variant filtering using our catalog, we found the two sequenced CTVT tumors 

shared nearly a million high-confidence somatic substitutions [8], an order of magnitude 

more than even the most mutated human cancers [43]. Functional annotation highlighted 

nearly 7000 of these. Since many are likely damaging, we used Gene Set Enrichment 

Analysis [53] to identify pathways with the most high-impact somatic disruptions (Figure 4). 

We found somatic mutations spanning all aspects of somatic cell participation in immune 

surveillance, including candidates in the self-antigen presentation pathway and each 

component of the transporter associated with antigen processing. Both tumors had 

deleterious mutations that disrupt both initiators and executors of apoptosis (Figure 3). 

Finally, mutations were observed in genes involved in maintenance of genome integrity. 

Though not unique to CTVT, the sheer numbers and redundancy of these mutations was 

surprising; indicating thousands of years of cryptic selective pressures. These evolutionary 

processes, CTVT’s exclusivity to canids, and the mechanisms leading to regression are 

intriguing questions that require further inquiry (Outstanding Questions).

Tasmanian Devil Facial Tumor

Evolution and Recent History of DFTD

DFTD was first noted in the northeast portion of the island of Tasmania in 1996 [13] (Figure 

5A). Like CTVT, DFTD is a clonal cell line transmitted as an allograft [16], but is restricted 

to Tasmania, the only natural devil habitat (Box 2) [54]. Since 1996, DFTD has spread 

rapidly across Tasmania, where it has decimated populations by nearly 90% in some regions 

[14, 20]. Indeed, estimates from 2004–2007 suggested that the disease was endemic across 

70% of Tasmania [14, 20]. The rapid success of the disease may be due in part to the fact 

that devils are non-territorial and highly vagile, with home ranges up to 27 km2 [14]. 

Additionally, they are known to bite one another both during feeding (Figure 5A) and 

mating, facilitating transfer (Box 2) [15].

Tumor Origins

Compared to the normal appearance of devils (Figure 5B), DFTD tumors are disfiguring, 

initially appearing on the face and mouth (Figure 5C). About 65% undergo true metastasis to 

internal organs, particularly the lungs [15, 18]. The cells are round and characterized as 

undifferentiated, soft neoplasms [18]. They are composed of infiltrative masses contained 

within a pseudocapsule, which is itself supported by fibrovascular stroma. Tumors are both 

ulcerated and exudative [18] (Figure 5C).
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Clonality of DFTD has been established several times, initially by karyotypic data showing 

that tumors from different individuals contain the same complex chromosomal 

rearrangements [16, 55]. This was followed by microsatellite and MHC analysis indicating a 

lack of diversity across tumors, consistent with clonal transmissibility [15]. This was 

verified by Murchison who showed that DFTD tumors shared similar microsatellite 

genotypes across all loci tested, regardless of location, sex, or age of devil [56].

DFTD Cell Type of Origin

The ancestral cell type of DFTD was originally categorized as neuroendocrine because 

tumors express diagnostic markers from neuron-specific enolase, synaptophysin, and 

vimentin [57]. More recently, hierarchical clustering showed high concordance between 

tumor cells and those associated with the peripheral nervous system. Subsequent antibody 

staining indicated that tumor cells produce a Schwann cell-specific protein, periaxin [56]. 

Schwann and neuroendocrine cells are both derived from the neural crest and overlap in 

gene expression, suggesting that DFTD is derived from a precursor neural crest cell (Box 2). 

The Schwann cell marker periaxin is considered a sensitive and specific diagnostic for 

DFTD tumors [58].

Genetic Variation and Tumor Success

How could the DFTD tumor have arisen so quickly? Overall, the species possesses limited 

genetic diversity and low heterozygosity (14, 60). Assessing devils from six geographic 

regions using microsatellites revealed similar genetic profiles and no signatures of 

bottlenecks or recent expansions. Heterozygosity was estimated to range from only 0.39–

0.47 while allelic diversity was 2.7–3.3; only 2/3 to 1/2 of that observed in other Australian 

marsupials. Such low diversity is likely related to restricted habitat, founder effects, disease 

burden, as well as natural fluxation in the population [13, 59]. In addition, long-term low 

population density over time, as the devils have experienced, leads to popular sire effects, 

which further reduces diversity. In 2011, two Tasmanian devils and their tumors from 

distant parts of Tasmania were sequenced, and a de novo assembly performed [60]. Analysis 

of these data combined with mtDNA of extant and museum specimens, again suggested low 

diversity in contemporary populations. This perfect storm of events, which reduced both 

population size and genetic diversity, set the stage for the current high magnitude DFTD 

outbreak.

Murchison et al. also sequenced two Tasmanian devils and two DFTD cell lines, reporting 

15,000–17,000 somatic mutations in each DFTD, again substantially higher than most 

human cancers [61]. Using mtDNA from 104 tumors, phylogenetic inference demonstrated 

that DFTD clearly derived from a single devil, likely located on the east coat of the island. 

To investigate subsequent divergence from this ancestor, the authors collected DFTD from 

69 devils and genotyped them for 16 likely somatic variants, each of which was present in 

one or the other sequenced tumor, but not both. Two distinct lineages exist; one from 

Forestier Peninsula, and a divergent subpopulation that bloomed between 2007–2010. It is 

this subpopulation and its derived subclones that now populate most of the island.
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Tasmanian Devil MHC

When considering spread of any transmissible tumor epidemic, one can imagine two ways in 

which MHC fails the host. First, the tumor can escape the immune system by modulating 

expression of MHC genes. DFTD does not display functional MHC class I molecules, in 

vivo or in vitro, and thus avoids recognition by host CD8+ T cells. This has been 

demonstrated to be the result of coordinated epigenetic down-regulation of multiple aspects 

within the antigen presenting system, likely during the initial neoplastic transformation [62]. 

Alternatively, the host (devils) may simply lack enough genetic diversity to recognize the 

tumor as non-self (Box 2). Clearly, the former is at work with CTVT [8]. However, both 

may be important for DFTD. Analysis of Tasmanian devil MHC also suggests low genetic 

diversity in the devil population [15]. Since the tumor is an allograft, it should be recognized 

and rejected by the host immune system. However, Siddle and colleagues collected 

lymphocytes from 30 eastern Tasmanian devils, and tested pools against each other as well 

as lymphocytes isolated from other parts of the island. Despite differing origins, no mixed 

lymphocyte responses were detected. This very striking result highlights the lack of MHC 

diversity in the population, i.e. the devil immune system is incapable of recognizing foreign 

lymphocytes as non-self, much less as tumor [15].

DFTD and Possible Extinction

Due to the severity of the DFTD epidemic, major concerns exist that this unusual 

metatherian mammal will become extinct [13, 20, 21] in perhaps as few as 35 years [21]. As 

devils are unable to recognize the clonal facial tumors as foreign and mount an effective 

immune response, it has been proposed that the only effective way to deal with the epidemic 

is to isolate unaffected animals while developing a rational plan for culling affected 

individuals from the population [15]. Recently, the development of a potential vaccine for 

DFTD has provided new hope [63]. Whether these or other actions are taken, it is imperative 

that they be taken rigorously and soon.

Syrian Hamsters

In contrast to the single origin of CTVT and DFTD, transmissible tumors with multiple, 

independent origins occur within the golden Syrian hamster (Mesocricetus auratus) (Figure 

6A). Numerous, spontaneously occurring sarcoma lineages have been discovered in 

different experimental populations originating from the same founder [64]. These tumors are 

reportedly aggressive, highly transmissible and generally fatal.

Subsequent research shows that the sarcomas naturally spread within a laboratory population 

without inoculation, presumably by hamsters gnawing at tumors and cannibalism [65]. 

Surprisingly, when present in the bloodstream of experimentally inoculated hamsters, tumor 

cells can also be transmitted between colony members via mosquito bite, with metastases 

forming within days of vector transfer [66]. Initial reports argue strongly that there is no 

evidence for viral induction of tumorgenesis associated with original reports of the hamster 

disease, and tumor cells reportedly possessed a stable karyotype through numerous passages 

[67], including one spanning 11 years and 288 passages. In every experimental case 
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throughout these passages, inoculation of the tumor produced metastases that spread freely 

and invariably proved fatal.

In 1975 Ambrose and Coggin [68] published a report describing an epidemic of lymphomas 

that arose spontaneously on three occasions at an animal facility housing both random bred 

and inbred Syrian hamsters. This story is distinct from those described above in that tumor 

formation in these hamsters was not apparently dependent on the ingestion of the tumor by 

healthy individuals, scratching, biting or sexual contact, etc. Rather, the tumor appeared in 

the colony each time spontaneously [68]. It occurred in a facility that had noted no history of 

natural appearance of lymphomas in hamsters. It was, however, similar to the above story of 

golden Syrian hamsters in that once in the colony it spread quickly. The addition of healthy 

new hamsters to the diseased part of the colony resulted in those animals contracting the 

same tumor type as the original index case. New animals housed with hamsters that had no 

evidence of disease remained healthy for the one-year duration of the experiment. Affected 

individuals experienced metastases, often to distant organs, and death. Despite efforts to 

clean the affected rooms, the epizootic appeared repeatedly in newly introduced animals.

The authors gave considerable thought as to the cause of the initial infection. They found no 

evidence for retroviridae or oncogenic viruses in the tumors or hosts. Whatever the causative 

agent, it was resistant to UV inactivation, and antiviral cleaning agents. The investigators 

argued initially that procedures undertaken in the laboratory had no likely relationship with 

tumor formation. However the treatments animals experienced included injections with the 

polyoma virus Simian Virus 40 (SV40), now known to be a DNA tumor virus, as well as 

various adenoviruses. The tumor extracts were negative for STV0 T antigen, the hallmark of 

viral infection. Additionally, a follow-up publication utilizing cell-free extracts showed the 

presence of a naturally transmitting, oncogenic, naked DNA viroid-like agent, the origins of 

which were unclear [69]. These studies did not extend beyond the report of the viroid like 

agent, raising the question as to its role in initiation and transmission. Further, the 

relationship between these studies and those done in the 1970s and 80s examining the 

transmissible Golden Syrian hamster sarcoma are ambiguous. Thus, it may be that all Syrian 

hamster transmissible tumors are virally induced; while it is unclear if virus or what 

elements of the virus are needed for transmissibility.

In any event, over time it is likely that other examples of transmissible mammalian tumors 

will appear in the literature, perhaps revealing as yet unidentified modes of transmission, 

such as lactation. Careful studies are needed to assess the potential role of viruses, prions, or 

other vectors in initiation and transmission of such tumor events.

Other Potential Transmissible Tumors

Soft Shelled Clams

Dogs, Tasmanian devils and Syrian hamsters provide the only current examples of 

transmissible tumors among mammals. But to fully explore the biology of transmissible 

tumors it is essential to consider non-mammalian species. Recent studies suggest a possible 

candidate has emerged from the Phylum Mollusca (e.g. snails, clams, oysters, mussels) 

(Figure 6B). The soft shell clam (Mya arenaria) is distributed along the east coast of North 
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America, and since the late 1960’s has been the subject of numerous reports of a 

disseminated leukemia-like neoplasia [70–71].

Clams have an open circulatory system comprised of hemolymph, which surrounds and 

bathes body organs. Hemolymph contains elements similar to mammalian blood, including 

respiratory proteins and hemocytes, which are the primary line of defense against foreign 

matter, analogous to mammalian phagocytes. The clam neoplasia is characterized by the 

hemolymph containing anywhere from 1% to 100% mitotic hemocytes [72]. Neoplastic 

hemocytes show loss of phagocytic ability and promotion of dissemination into tissues [73]. 

During disease progression, amitotic hemocytes are replaced by proliferating leukemia cells 

that invade all tissues, leading to death [74].

The strongest evidence for a transmissible neoplasia in clams comes from studies of 

unfiltered hemolymph and lysed hemocytes that induce cancer in healthy individuals [75]. 

Subsequent studies were consistent with a retrovirus or retrotransposon etiology [76].

Studies from the 1990s reported reverse transcriptase (RT) activity in the tissues of affected 

clams [77]. Recently, Arriagada and colleagues detected two to 10-fold higher RT levels in 

cell-free hemolymph and 20–50× higher in cultured hemocytes from neoplastic versus 

healthy clams [74]. Examination of the hemolymphatic transcriptome identified the presence 

of retroviral protease, RT and integrase. In combination, these represent a complete copy of 

a previously uncharacterized retroelement insertion from the gypsy family. Dubbed 

‘Steamer’, this element shows a significantly elevated DNA copy number in diseased cells. 

Analysis of Steamer integration sites, mt-DNA, SNVs, and microsatellites, demonstrates 

that the genotypes of neoplastic cells collected from multiple locations including New York, 

Maine, and Prince Edward Island are nearly identical to one another, and all cases differed 

significantly from their transient hosts [78]. The authors conclude that the cancer is 

spreading as a clonal, transmissible cell derived from a single original clam.

While the above data support the transmissible tumor hypothesis, no conclusive evidence 

has identified the mechanism of neoplastic transfer. Clams are primarily sessile organisms 

that do not normally come into contact with each other at any point in their life cycle. They 

are external fertilizers and broadcast spawners, releasing eggs and sperm into the 

surrounding seawater. The resulting “embryos” eventually settle out of the water column 

and undertake a benthic existence with little or no movement for the rest of their lives. 

Clearly, additional studies are needed before we can conclude that soft-shell clams or other 

mollusk species truly have transmissible tumors [79].

Concluding Remarks and Future Perspectives

While many types of cancer have been described in birds, amphibians, reptiles and 

especially fish, to date there have been no reports of a transmissible tumor among any of 

these non-mammalian vertebrates (Figure 7, Key Figure). Given that these four groups 

collectively represent about 55,000 described species with incredibly rich and diverse 

behavioral repertoires, compared to ~5,500 species of mammals, it is not unreasonable to 

expect that examples of transmissible tumors will ultimately be reported. In fact, given the 

efficacy of evolutionary pressures in generating life to fill biological niches, it would be 
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unreasonable to expect that only four species on the planet be burdened with transmissible 

tumors. The path to transmissibility is already less obscured in that convergent evolution 

exists between CTVT and DFTD. Presentation of Class I MHC molecules is ablated by 

redundant somatic mutation in the former, and by coordinated epigenetic down-regulation in 

the latter, leading to host immune avoidance. This clearly underscores the importance of this 

early mechanism in overcoming an essential hurdle for these tumors. The prolonged 

timeframe of CTVT evolution may have begun with a similar epigenetic pathway as is seen 

in modern DFTD.

Cancer is a disease of normal cells whose progeny have broken the bonds of normal 

function. In the case of transmissible tumors, even the known paradigm of cancer is broken. 

Because they are directly conferrable between hosts and therefore perpetuate for dozens to 

thousands of years, they represent a biological curiosity of the greatest magnitude that 

intrigues and concerns (Figure 7, Key Figure). It remains to be determined how these tumors 

originated, and why such events are so rare. Further, we need to better understand how dogs 

overcome the tumor and sometimes survive. We also need a clearer understanding of the 

epidemiology of each tumor, with data about speed of transmission and susceptible hosts. 

Thus, considerable work remains to understand the biology behind the three known 

mammalian transmissible tumors, and to understand how the mollusk tumors are 

transmitted. Such data will not only help predict if additional tumors are likely, and in what 

types of species, but will also inform on the nature of the requisite mechanisms of clonal 

transmissibility, providing a fundamental understanding of the functions underpinning the 

basic biology of evolving tumors.
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Glossary

aCGH microarray comparative genomic hybridization

CTVT Canine venereal transmissible tumor

dbSNP database of single nucleotide variation

DFTD Tasmanian Devil Facial Tumor

DLA Dog leucocyte antigen locus

DNA Deoxyribonucleic acid

dbSNP database of single nucleotide polymorphisms

HLA Human leucocyte antigen locus

Indel Insertion/deletion

LINE Long interspersed nuclear element

PCA Principal components analysis

RNA ribonucleic acid

SINE short interspersed nuclear element

SNP Single nucleotide polymorphism

SNV Single nucleotide variant

SV Structural variant

WGS Whole genome sequence

WSINE Wallaby short interspersed nuclear element

U.S. United States
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Trends Box: Transmissible Tumors

• Recent whole genome sequencing of CTVT has allowed the first detailed 

glimpse into mechanisms allowing transmissibility.

• Evaluation of CTVT against 186 canine whole genomes drastically increased 

the ability to distinguish between somatic and germline variants, leading to 

accurate classification of SNVs, indels, and SVs.

• This evaluation as well as a more accurate depiction of tumor evolution and a 

better understanding the underlying immunology which facilitates the 

characteristic transmissibility of transmissible tumors

• DFTD shows evidence for convergent evolution with the much older CTVT 

within class I MHC molecule presentation, indicating an essential hurdle for 

host immune evasion.

• Additional transmissible tumor models in the Syrian hamster and soft-shelled 

clam may further highlight commonalities and divergences between tumor 

transmissibility mechanisms.
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Box 1. Key features of CTVT

1. CTVT is a transmissible tumor believed to have originated hundreds or 

thousands of years ago.

2. Tumor is clonal, meaning that tumors from all infected canids share strong 

genetic identity.

3. Distinguishing somatic mutations, which drive tumor growth from those, found 

in the original or transient host is important for understanding how the tumor 

evades host immunity.

4. The tumor evades how immune detection by accumulated mutations in all 

pathways related to recognition of self versus nonself.

5. Genomic approaches including large catalogs of variation found in modern 

canids are critical for identifying somatic drivers of tumor growth.
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Box 2. Distinguishing features of DFTD

1. The Tasmanian Devil tumor (DFTD) developed much more recently then CTVT 

and was first described in Tasmania in 1996, where it is restricted to that island.

2. Found only in Tasmanian Devils, the tumor is lethal, unlike CTVT and is spread 

by biting and scratching; DFTD has brought the species to the brink of 

extinction.

3. DFTD is comprised of Schwann like cells, suggesting a neural crest origin for 

the tumor.

4. Key Immune features allow the tumor to escape host surveillance including 

differential expression of key miRNAs and epigenetic down-regulation of Class 

I MHC molecules.
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Outstanding Questions Box 1: Origins of transmissible tumors

1. What factors have lead to the stunning success of CTVT as a parasitic cancer?

2. Could such factors be easily replicated in other species?

3. Are mammals particularly suited to transmissible cancers?

4. Why do some CTVT tumors resolve and others do not?
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Figure 1. 
Photographs of external genitalia infected with CTVT in (A) Female and (B) Male.
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Figure 2. 
Copy number alterations in 5 CTVT cases (6A, 29M, 57C, 72C, 82K) assayed by aCGH 

(taken from [36]). Genomic copy number relative to domestic dog indicated as increase 

(green), decrease (red), and even (yellow) with the sixth column as consensus call.
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Figure 3. 
186 canid variant catalog included the two host dogs, 64 dogs representing 40 modern 

breeds, 27 dogs representing 12 ancient breeds, 86 outbred canids spanning four continents, 

and nine wild canids. (A) Fraction of SNVs found in canine dbSNP (mean 32.65%). 

Sequenced canids. (B–D) Fraction of SNVs, indels, and SVs found in a single canid that are 

present in at least one other canid in the catalog (means of 99.55%, 99.57%, and 95.63%, 

respectively) (Taken from [8]).
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Figure 4. 
Somatic mutations shared by both CTVT tumors impact all aspects of pathways involved in 

immunosurveillance (Taken from [8]).
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Figure 5. 
Tasmanian devils harbor DFTD. (A) Devils bite and gnaw as a matter of fighting and of 

sociality. (B) Normal devil facial features. (C) Severely affected devil with DFTD
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Figure 6. 
Two additional species that harbor transmissible tumor “models” (A) Syrian hamster. (B) 
Soft-shelled clam.
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Figure 7. 
Summarization of transmissible tumors, including their original cell type, mode of 

transmission, potential mechanisms for host evasion, and approximate age.
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