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Transmissible cancers deviate from the traditional cancer 
paradigm in that they can be transmitted as allografts and pro-
liferate throughout a host population.32 Currently, only 2 trans-
missible cancers are known to exist in vertebrates in nature: 
devil facial tumor disease (DFTD), affecting Tasmanian devils 
(Sarcophilus harrisii) , and canine transmissible venereal tumor 
(CTVT), inflicting members of the canid family, mostly domesti-
cated dogs.32 Although both cancers have similar characteristics 
in terms of transmission, they differ in disease progression as 
well as severity (Figure 1). Without treatment, CTVT tumors 
usually regress after 1 to 3 mo.42 In contrast, DFTD has been 
shown to cause close to 100% mortality in some devil popu-
lations.30 CTVT is often enters a regressive phase after prolif-
eration.5,50 CTVT responds well to traditional chemotherapy 
treatments and host species have shown the ability to mount an 
effective immune response in the regressive phase.50 However, 
CTVT continues to persist in the canid family and in fact has 
been referred to by some as the oldest malignancy to have ever 

been identified.43 CTVT is transmitted primarily through physi-
cal contact, and tumors tend to predominantly affect the genital 
region. Lesions usually appear as bright red, cauliflower-like 
circular masses in the genitalia of both female and male dogs.28 
Lesions are known to bleed easily and become ulcerated, giv-
ing them their contagious characteristics.28 Since its divergence, 
CTVT has been shown to occur in canine species on virtually 
almost every continent.

Tasmanian devils are carnivorous marsupials native to the 
island of Tasmania. This species is the largest extant carnivo-
rous marsupial.34 S. harrisii are nocturnal foragers and scaven-
gers that typically feed on dead remains or smaller insects and 
animals.34 DFTD was first reported in the mid to late 1990s and 
has since proliferated throughout the population, bringing S. 
harrisii to the brink of extinction.25 Devil facial tumor disease, 
another transmissible cancer, is transmitted clonally as an al-
lograft.32 The baseline genome has remained remarkably stable 
throughout the last 20 y; however, some differentiation exists, 
and subclones have developed.39 The tumors are usually spread 
through biting during intercourse or altercations between dev-
ils. Tumors appear as rounded, ulcerative, and exudative lesions 
typically located on the face and oral mucosa.27 The Tasmanian 
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devil population showed a decline in 1863 and then again, from 
1908 to 1920, perhaps suggesting that a population bottleneck 
had occurred, reducing genetic diversity. However, the popula-
tion had since rebounded and become numerous prior to the 
proliferation of DFTD.14

Immunologic Escape Mechanisms in DFTD: 
Epigenetic Downregulation

DFTD can evade recognition by the host’s immune system.48 
Failure to elicit an immune response has been correlated with 
epigenetic modifications of the DNA promotor regions of β2m, 
transporters associated with antigen processing (TAP) 1 and 2, 
MHC I, and MHC II (Figure 2)47. These genes ultimately lead 
to the expression of functional MHC I and II molecules.48 Tu-
mor cells do not express functional MHC molecules on the sur-
face.47,48 Downregulation is not solely due to somatic mutations 
or structural changes but rather to reversible modifications in 
promoter regions of important immune genes involved in the 
antigen-processing pathway (β2 microglobulin, TAP1,TAP2).48

One pathway of epigenetic modification involves deacety-
lation of histone proteins.4,53 Acetylation, as well as methylation, 
is a crucial factor in regulating the expression of genes.19 His-
tones are a family of positively charged or basic proteins that as-
sociate with DNA.19 Five types of histones have been identified 
(H1, H2A, H2B, H3, and H4), which wrap DNA into a more con-
densed form by associating with the negatively charged phos-
phate backbone.19 When acetyl groups are added, they bind to 
lysine residues in the N-terminal portions of histone proteins, 
effectively negating some of the positive charge used to bind 
the DNA phosphate backbone.19 Therefore, chromatin is trans-
formed into a more relaxed structure, enabling DNA binding 
proteins to initiate gene transcription.

Another method used by DFTD to escape immunologic de-
tection is modification of the antigen processing pathway itself, 
in particular in β2m, TAP1, TAP2, and MHC I molecules.48 Each 
of these molecules plays an important role in the presentation 
of foreign peptides to cells of the innate and adaptive immune 
systems. β2m is an integral component of the antigen-present-
ing complex of the MHC I molecules present on the surface of 
nearly all cells, excluding erythrocytes.19 MHC I is involved in 
the endogenous presentation of antigens that is, antigens pres-
ent in the cytosol of cells.19 β2m ensures appropriate antigen 
binding in the peptide-binding groove of MHC I molecules.19

If DFTD can be clonally transmitted successfully as an al-
lograft and avoid immune detection, DFT cells should not 
express molecules associated with the host immune system, 
specifically the components of the antigen-processing pathway 
(that is, β2m, TAP 1, MHC). To address this issue, one group set 
out to identify whether MHC I molecules were present in DFTD 
cells.48 By using 4 DFTD cell lines as well as a host fibroblast cell 

line, a monoclonal against the MHC I molecules and a poly-
clonal antibody against β2m were created.48 Western blotting 
and flow cytometry revealed no evidence of β2m and little to 
no evidence of MHC I molecules.48 Previous studies have found 
limited evidence of infiltration of lymphocytes and neutrophils 
into tumor regions.41 However, this effect is likely due to the in-
tertwined nature of the neoplasms with host connective tissue.44

β2m is a component of the MHC I complex and is required 
for the appropriate binding of foreign peptides presented on 
the surface of MHC I molecules.19,48 The binding groove, which 
is recognized by CD8+ T cells, is a heterotetramer consisting of 3 
α-subunits as well as the β2m subunit.19,48 Thus, in the absence 
of β2m, endogenous antigens are unable to be presented. TAP 
proteins are composed of 2 subunits (TAP1 and TAP2) that to-
gether form part of the ATP-binding cassette.17,51 The protein 
complex uses ATP hydrolysis to deliver degraded foreign pep-
tides, resulting from proteasome degradation, to the lumen of 
the endoplasmic reticulum, where these peptides will eventu-
ally be loaded on to MHC molecules and displayed for immune 
detection.17,51

Investigators used RT-PCR to identify whether mRNA tran-
scripts for proteins involved in the antigen-processing and pep-
tide-loading pathways were expressed in 4 DFTD cell lines.48 
Specifically, the investigators examined mRNA sequences 
for β2m, TAP1, and TAP2 and found that DFTD cells express 
little to none of these mRNA transcripts, indicating that these 
proteins are not constitutively expressed.48 Interestingly, PCR 
analysis revealed that DNA transcripts for β2m, TAP1, TAP2, 
MHC I, and MHC II molecules were present and not deleted.48 
Furthermore, these transcripts showed all the capabilities of un-
dergoing translation into functional proteins with no deletions 
present when compared with normal devil fibroblast cells.48 
This finding suggests that some mechanism of downregulation 
is playing a role. Normally, in vivo histone acetyltransferases 
catalyze the transfer of acetyl groups from acetyl-CoA to lysine 
residues on the N-terminals of histone proteins, thus relaxing 
chromatin structure and enabling transcription.13,24 In addition, 
factors such as histone deacetylases catalyze the removal of ace-
tyl groups, resulting in a more compact chromatin structure and 
thereby halting translational activity.13,24

Exploitation of either method of acetylation or deacetylation 
may result in cancer. However, downregulation most likely re-
sults from DFTD cells increasing histone deacetylase activity. 
Several histone deacetylase inhibitors have been widely used to 
regulate transcriptional activity when histone deacetylases are 
inhibited.2,31 Treatment of DFTD cells with histone deacetylase in-
hibitor trichostatin A increased the transcription of MHC I, β2m, 
TAP1, and TAP2 genes.48 This result indicates that downregula-
tion by DFTD is due at least in part to deacetylation of these tran-
scripts, which are essential to promoting an immune response.

Figure 1. Disease and pathophysiologic characteristics of DFTD and CTVT.
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Escape of Immune Surveillance in CTVT
Similar to DFTD, CTVT has also shown the ability to escape 

detection by the host immune system but with notable excep-
tions. Most importantly, CTVT is characterized by a prolifera-
tive phase, during which the tumor evades immune detection 
and the malignancy grows pervasively. The proliferative phase 
typically continues for 11 to 12 mo.9 Usually after this prolifera-
tive phase is a stage of regression, when the host exhibits im-
mune rejection to the tumor cells.9

Immunologic escape by CTVT is due to at least in part by dis-
ruption of the TGFβ signaling pathway.9 TGFβ is a cytokine that 
is elevated in many forms of human cancers,29 due to its role in 
the regulation of the cell cycle, as well as its immunosuppressive 
functions.6,29

Using experimentally induced tumors, one group of research-
ers has shown that TGFβ disrupts the MHC antigen-processing 
pathway, allowing CTVT to grow undetected by the innate 
immune system.9 In addition, the ability of natural killer cells 
to detect downregulation of the various arms of the immune 
system may be impeded by tumor cells secreting TGFβ.9 Fur-
thermore, chemokines from the CXC family have shown to play 
an important role in the development and progression of CTVT, 
as well as various human cancers.9 CXC chemokines consist of 
small (8 to 10 kDa) proteins involved in inflammation and im-
mune system activation. This type of chemokine acts by induc-
ing various cells of the adaptive and innate immune systems to 
migrate toward sites of infection or invasion by foreign particles 
(chemotaxis).19 The CXC notation is conventionally used to in-
dicate that the conserved cysteine residues used to characterize 
these proteins are separated by a single amino acid in this family 
of chemokines.9 Scientists have demonstrated that one particu-
lar chemokine in the CXC family, CXCL7, is associated with the 
proliferative phase of CTVT.9 By perpetuating a state of chronic 
inflammation, both TGFβ and CXCL7 may contribute to a favor-
able microenvironment for tumor proliferation.9 Interestingly, 
the effects of both TGFβ and CXCL7 are at least in part inhibited 
by IL6 that is secreted by tumor-infiltrating lymphocytes dur-
ing the regressive phase.9 The cytokine IL6 is involved in many 
aspects of the immune system, including the differentiation of B 
cells into their immunoglobulin-producing form7 IL6 seems to 
play a pivotal role in the progression of CTVT to the regressive 
phase.9 CTVT cells treated with IL6 were shown to significantly 
downregulate their expression of CXCL7, indicating that IL6 has 
potential to be used in vaccination.9

The exact mechanisms of how these complex interactions 
can lead to proliferation or regression in CTVT is not yet fully 
understood. In humans, a combination of both positive and 
negative signaling is required to ensure a specific and efficient 
immune response.19 For example, the activation of CD4+ T 
helper cells, which respond to MHC II molecules, requires an 
additional signal distinct from the MHC II molecule.19 This sig-
nal usually comes in the form of a protein present on the surface 
of antigen-presenting cells that, along with the MHC II mol-
ecule, binds to the T-cell receptor.19 Once activated, T cells begin 
to secrete cytokines such as TGF-β and IL6.19 However, without 
the correct stimulatory signals, no such activation occurs, and 
thus the secretion of cytokines may be altered. Whether signal-
ing pathways mediated by cytokines are altered in CTVT has 
yet to be determined, but further investigation is warranted and 
may provide insight into the transitions into the progressive and 
regressive phases of CTVT.

Evolutionary Considerations
CTVT and DFTD are transmitted as allografts. Therefore, 

host–parasite dynamics come into play, and the transmissible 
cancers of these 2 vertebrates can be viewed from an evolution-
ary paradigm. Given that the sources of transmission for both 
CTVT and DFTD are clonal cell lines, they can be viewed as 
analogous to parasites invading a host. Host–parasite coevolu-
tion was first described in 1949, in which the host and parasite 
were envisioned as engaged in an everlasting evolutionary arms 
race.15 In essence, how virulent a pathogen or parasite is in rela-
tion to its host can be shaped by natural selection; therefore thus 
adaptations from both sides (host and parasite alike) enable a 
parasitic relationship to persist.40 Mathematical relationships 
can be applied to describe the dynamics in host and parasite 
evolution. One notable model, proposed in 1981, describes how 
successful a parasite or pathogen can be in transmission and 
infection, depending on several factors:3

  

where R0 indicates the basic reproductive rate of the parasite, 
which is a measure of its fitness; α represents the disease-in-
duced mortality rate of the host; b is the disease-free mortality 
rate (that is, the number of hosts dying due to causes other than 
parasitic infection); v indicates the recovery rate of the host; and 

Figure 2. Genetic, immunologic, and evolutionary interpretations regarding DFTD and CTVT.

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-25



Vol 69, No 4
Comparative Medicine
August 2019

294

N represents the population density of the host.3 A couple of 
predictions can be made by using this model. First, the basic 
reproductive rate of the parasite is maximized when the α value 
reaches 0, representing an inverse relationship. Because α rep-
resents the number of hosts dying in the presence of parasitic 
infection, a 0 value for this parameter indicates that a majority 
of the infected hosts should not succumb to the disease. There-
fore, to ensure successful transmission and success, a parasite or 
pathogen would evolve to be less virulent over time. Intuitively, 
a high virulence rate would almost ensure the death of the par-
ticular host and impede a parasite or pathogen from reproduc-
ing. The model also predicts that success of the pathogen or 
parasite is directly related to host density. As a population of 
hosts begin to decline, the basic reproductive rate of the para-
site decreases. Considering that CTVT has been in existence for 
6000 to 10,000 y, some form of host–parasite coevolution likely 
could be involved. Given that CTVT is not particularly lethal 
to canids and that most canines enter the regressive phase, it 
stands to reason that the reduction in virulence is due at least 
in part to these evolutionary parameters. In contrast, DFTD is 
incredibly aggressive and leads to death of almost 90% of its 
hosts in certain areas.25 The Tasmanian devil species is currently 
listed as endangered and has decreased dramatically in size.14 
Whether DFTD adopts a malignant pattern similar to CTVT is 
an important question to consider. Given the relatively recent 
emergence of this disease in comparison to CTVT,8 DFTD still 
has the potential to conform according to the coevolutionary 
model. Indeed some immunologic responses to DFTD have 
been observed.11 One group has demonstrated that devils are 
showing signs of evolutionary response particularly in genomic 
regions related to immunologic detection and surveillance.11

The Tasmanian devil population has experienced popula-
tion size reductions over the past 150 y.18 A large susceptible 
population may be another requisite for transmissible cancer 
or parasite to spread with high virulence, as indicated in the 
model presented earlier3 Because the Tasmanian devil is strictly 
an island species, the notion of reduced genetic diversity may 
be invoked to explain such susceptibility to a devastating trans-
missible cancer in these marsupials. Of particular importance 
are the allelic frequency and genetic diversity of MHC loci in 
the population. Because MHC proteins play a crucial role in 
the immunologic response, a lack of genetic diversity among 
these genes could explain an inability for the devil population 
to recognize DTFD as nonself. In humans, 20 different MHC 
genes have been identified, with each gene showing incredibly 
high degrees of variability.19 In fact, more than 6000 alleles for 
MHC genes have been discovered,19 owing to the remarkable 
ability of the MHC to recognize a vast variety of antigens. The 
MHC alleles in a population are under selective pressures and 
thus have been shaped by natural selection.19 If, for example, an 
individual in a population possesses a particular MHC allele 
that is better suited to present peptides of a threatening infec-
tious agent, that individual is more likely to survive and pass 
on its genetic information.19 This is one reason why population 
bottlenecks are known to reduce genetic diversity. Even if the 
population were to rebound, the lack of genetic diversity cannot 
be overcome without input from an additional source of diver-
sity. Devils have been restricted to the island of Tasmania for a 
significant time, and thus the island itself has presented a barrier 
to gene flow. Devils possess moderately low genetic diversity 
and heterozygosity likely due to a founder effect in combination 
with population bottlenecks.18

Given the aggressive nature of DFTD and its high mortality 
rate, it is reasonable to assume that devils have altered some 

life-history characteristics to ensure their survival. It has long 
been known that host species can alter life-history characteris-
tics in the presence of parasitic infections to ensure reproduc-
tion and survival. This behavioral plasticity not only involves 
the host, but also research has shown that parasites themselves 
are capable of remarkable acclimation in the face of changing 
host behavior—antibiotic resistance is often cited as one such 
example.20 Recent studies suggest that Tasmanian devils are in-
deed altering life-history characteristics to survive a devastat-
ing disease.45 Female devils seem to show a propensity toward 
semelparity, with precocial breeding also being observed.25,45 
DFTD tends to affect adult devils more than juvenile devils. 
This effect could be due to aggressive behavior, such as biting, 
during mating in adults.25 Given the imminent death that occurs 
once a devil acquires DFTD, an earlier reproductive bout would 
ensure that the individual will pass on its genetic information. 
In addition, female devils seem to reproduce in a facultative 
manner to favor production of female offspring, thus biasing 
the sex ratio.25,45 This effect may help to ensure that fitness is 
preserved. Interestingly, one aspect of the Tasmanian devils’ life 
history is crucial to the spread of DFTD, namely the aggressive 
behavior males display toward other males when competing for 
mates.25,45 The biting that occurs is one of the primary means by 
which DFTD is transmitted among the population.25 Therefore, 
an evolutionary stable strategy49 would ensure a balance be-
tween the benefits of aggression toward other males (not being 
infected) and the reduction in reproduction.45 An evolutionary 
stable strategy, first proposed in 1972, is a strategy that, when 
adopted, is ‘iron clad,’ that is, is impenetrable by any other strat-
egy as it ensures the highest fitness.49

Immune Response to DFTD in Devils
Despite the moderately low genetic diversity among the devil 

population, research has shown that these marsupials are fully 
capable of immunologic rejection of foreign agents character-
ized by a robust immune response.21,22,23,41 DFTD cells treated 
with the cytokine IFNγ have demonstrated an immune response 
characterized by T-lymphocyte infiltration of the tumor eventu-
ally leading to regression.41 This response, however, is relatively 
rare.41 When skin grafts containing foreign MHC molecules 
were transplanted onto devils to illicit immunologic rejection, 
devils showed a robust immune response and rejected the tissue 
within 14 d, invalidating the claim that low genetic diversity has 
made the devil population susceptible to DFTD.22,38 It is more 
likely that the mechanism employed by the tumor allograft itself 
allows it to proliferate.

In addition, devils can be induced to show cytotoxic and hu-
moral immunity when treated with irradiated DFTD cells com-
bined with adjuvants—montanide and CpG oligonucleotides.21 
Montanide is a mixture of oil and water combined with a specific 
antigen designed to enhance the immune system’s cytotoxic T-
lymphocyte response.33,21 It is a type of immune modulator cur-
rently being studied to enhance the body’s response to cancer 
treatment. The CpG oligonucleotides are short, single-stranded 
DNA molecules containing a modified phosphate backbone; that 
is, a phosphorthioate backbone as compared with phosphodi-
ester backbone.55 CpG molecules have shown to be powerful 
stimulators of immune cells, and they may work by activating 
toll-like receptors.55 Toll-like receptors (TLR) are transmembrane 
proteins that belong to a family of pattern-recognition recep-
tors.19 TLR can act extracellularly, by detecting various portions 
of microbes or bacteria, or even intracellularly, functioning in 
the endogenous recognition of viral particles, foreign fragments, 
and the like.19 When a TLR binds a molecule derived from a 
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pathogen, a signal cascade is initiated, which leads to the acti-
vation of the adaptive immune system, among other immune 
responses.19 TLR are known to recognize unmethylated CpG 
oligonucleotides which are present in bacterial DNA.19 In ad-
dition, the TLR family activates a specific transcription factor, 
NFκB, which is a crucial element in the immune response in 
vertebrates.19 Among devils tested for immunity against DFTD, 
one animal showed a transient immune response after a second 
challenge with DFTD cells that were not irradiated, after an ini-
tial injection of irradiated DFTD cells and immune system adju-
vants.21 A booster injection was required for this devil to reject 
the challenge initially, however, a subsequent challenge in this 
devil resulted in tumor growth, indicating that continuous vac-
cination would be required for any long-term immunity.21 The 
cited study21 may give evidence to support further vaccine de-
velopment. Large-scale results are needed, but given the endan-
gered nature of this species, it is difficult to conduct appropriate 
studies with reliable controls. Nonetheless, the study21 showed 
promising results, suggesting that perhaps supplementing an 
immune response in devils with adjuvants and activation of TLR 
may lead to successful immune responses to DFTD.

Another promising drug used in the treatment of DFTD is 
imiquimod (Aldara).35 Imiquimod is currently being used in 
human cancers (melanoma)10 as an immunotherapy agent that 
activates both the innate and adaptive immune response and is 
effective in treating certain tumors.10,16,54 Imiquimod has been 
shown to activate TLR7, in addition to many apoptotic path-
ways, most likely by enhancing cytokine release.10,16,54 Interest-
ingly, imiquimod tends to be effective due to its specificity in 
certain human cancers. The drug can selectively target and kill 
malignant cells without affecting normal cells.10 One team dem-
onstrated that imiquimod-treated DFTD cells underwent apop-
tosis upon continued treatment, and, after 120 h, total apoptosis 
had occurred.36 Continuous treatment was required to maintain 
the reduction in DFTD tumor cells.36 Imiquimod is known to 
regulate the transcription of antiapoptotic genes,54 which is a 
TLR-independent mechanism. In normal devil fibroblast cells, 
both pro- and antiapoptotic proteins likely are differentially reg-
ulated to ensure appropriate apoptosis of damaged or foreign 
cells.36 This regulation may not occur in DFTD and might be a 
pathway elicited by imiquimod in triggering apoptosis.

Genetic Characteristics of DFTD and CTVT
The devil genome is diploid consisting of 6 pairs of auto-

somes plus an additional pair of sex chromosomes, in which the 
male is the heterogametic sex (XY), similar to most mammals.39 
The Tasmanian devil belongs to the family of marsupials known 
as Dasyuride.39 This family of marsupials has displayed a highly 
conserved genome over time, enabling karyotype comparison 
as well as the ability to map the devil genome.39 The first DFTD 
karyotype was matched in 2006 and since then, multiple sub-
clones have arisen. These subclones, however, are characterized 
by a few rearrangements and little variation, and the baseline 
tumor genome has remained relatively conserved. Chromo-
some painting results support the hypothesis that DFTD arose 
from a single progenitor cell line that likely was from a female 
devil.39 Considering that DFTD identifies as a tumor cell line, the 
random mutational process that is a hallmark of most tumors 
and characterizes their genetic instability has not been found 
in DFTD. Tumor cell lines observed in vitro and in vivo have 
gone through as many as 10 cycles of replication without any 
significant rearrangements or alterations to the normal DFTD 
genome.39 This outcome is unexpected, given the mitotic rate of 
most neoplasms.

Three strains of DFTD have been identified across the island 
of Tasmania; subclones have been identified for each of the 3 
strains, and tumors have sometimes contained multiple sub-
strains within the same host,39 suggesting that transmission 
likely occurs through the passage of multiple cells and not just 
a single cell. The exact mechanism through which DFTD has 
developed into subclones but retained its characteristic karyo-
type is not yet fully understood. The hypothesis of chromothrip-
sis—in which tumor progression is characterized by a burst of 
rearrangements, breaks, and nonhomologous repair in a very 
small portion of one or a few chromosomes—might explain the 
variation and rearrangements seen in DFTD.44 Chromothripsis 
deviates from the traditional model of oncogenesis, in which 
mutations accumulate over time. DFTD chromosome painting 
revealed high-density regions of breaks and rearrangements 
in a few chromosomes, 1 and X in particular, and the authors 
suggested that chromothripsis might be associated with de-
generation of the telomeres.39 Telomere length varies among 
chromosomes, and various chromosomes are more predisposed 
to telomeric degeneration than others.39 Cytogenic differences 
between tumor cell strains are low, and intrastrain and inter-
strain differences are of similar magnitudes.39 Intrastrain and 
interstrain differences suggest that tumor evolution is occurring 
while the underlying characteristic karyotype remains stable.39 
For example, chromosome 1 is hypothesized to be the chromo-
some that underwent the initial rearrangement in the progenitor 
cell.39 All DFTD strains seem to maintain the rearrangements in 
chromosome 1, suggesting its importance in the survival of the 
tumor.39 Although chromosome 1 rearrangements are consistent 
among clones and subclones, chromosomes 4,5, and X show 
variable rearrangements.39 A combination of genetic instability 
and natural selection may be at play. Genes essential for sur-
vival and proliferation may be conserved while other nonessen-
tial genes may be free to mutate. Mutations in 4, 5, and 6 appear 
to be neutral.39

Since its origin, CTVT has spread to nearly every conti-
nent. Estimates suggest that the original progenitor cell arose 
anywhere from 6000 to 10,000 y ago.43 Tumors sampled from 
different continents have little microsatellite variation when 
compared with each other,43 suggesting CTVT is likely due to a 
single origin that is now spreading clonally, as occurs in DFTD. 
Genetic characteristics of CTVT suggest that it is transmitted 
asexually as an allograft.43 The most recent common ancestor 
of extant tumors is dated to only a few hundred years ago, well 
after the emergence of the first progenitor cell.43 The typical 
domestic dog has a diploid genome (2n) consisting of 76 auto-
somes, as well as a pair of sex chromosomes.43 In contrast, CTVT 
shows a reduction in chromosome number (2n = 57 to 59) that 
is observed in tumor samples from different continents.43 CTVT 
possesses a characteristic long interspersed element (LINE), 
which is a transposable element that inserts nearby a known 
oncogene, such as myc.12,43,46 LINE are retrotransposons capable 
of inserting and removing themselves from the genome.12,46 Hu-
mans possess these transposable elements, but most of them are 
inactive and do not undergo transcription.26,46 The only active 
LINE in the human genome today is LINE1.26,12,46 This charac-
teristic transposable element may have been crucial to the early 
success and divergence of CTVT, given that it has likely been 
maintained over time.1,43 CTVT can transfer to a large variety 
of hosts, including even distantly related canid species, such as 
foxes.43

Recently, a second genetically distinct transmissible cancer 
(DFT2) was identified in the southern portion of the island.42 
The characteristic genetic mutations present in DFTD are not 
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seen in this emerging transmissible cancer.42 DFT2 possesses X 
and Y chromosomes and does not stain positive for periaxin, the 
diagnostic marker for DFTD.42,52 Although this second strain ap-
pears to be cytogenetically distinct from the original DFTD, it is 
identical in gross morphology and phenotype.27,42 DFT2 demon-
strates the same transmission patterns (allograft transmission) 
as DFTD.42 The identification of a second distinct form of DFTD 
challenges the notion that transmissible cancers are rare entities. 
Whether DFT2 alters the evolutionary landscape and the man-
ner in which DFTD and DFT2 interact in the host population is 
unknown as yet but will provide new insight into transmissible 
cancers.

Conclusion
The 2 transmissible cancers seen in vertebrates provide a 

unique insight into host–tumor dynamics and a nuanced per-
spective of immunosurveillance concerning malignancies (Fig-
ure 2). Typically cells with neoplastic potential are rejected by 
the innate and adaptive immune systems as nonself. However, 
in cases where an individual is immunocompromised, allorejec-
tion sometimes fails to occur. Both canines and Tasmanian dev-
ils have been shown to have competent immune systems with 
the ability to reject foreign grafts. The transmission of these 2 
cancers in their respective hosts therefore presents an aberration 
to the norm. DFTD and CTVT have provided an in-depth per-
spective of how immune system downregulation might occur 
in not only these transmissible cancers but also other malignan-
cies as well. To date, no known transmissible cancers have been 
found in humans, other than cases in which the host is immuno-
compromised. In such instances, the transmission of cancer can 
occur during tissue grafting.37

Furthermore, many of the same pathways elicited by typical 
cancers have been used by DFTD and CTVT with modification. 
Ongoing research is warranted to ascertain how these trans-
missible cancers continue to affect host populations, especially 
among Tasmanian devils. Immunologic studies have shown 
promising results for vaccine development. Tasmanian devils 
represent a keystone species on the island of Tasmania, and its 
extinction will likely have major ecologic effects on the ecosys-
tem as a whole. Conservation efforts are therefore warranted, 
and a prudent approach needs to be considered for a species 
teetering so closely to extinction.

References
 1. Adams EW, Sapp WJ, Carter LP. 1981. Cytogenetic observations 

on the canine venereal tumor in long-term culture. Cornell Vet 
71:336–346.

 2. Adcock IM. 2007. HDAC inhibitors as antiinflammatory agents. Br 
J Pharmacol 150:829–831. https://doi.org/10.1038/sj.bjp.0707166.

 3. Anderson RM, May RM. 1982. Coevolution of hosts and 
parasites. Parasitology 85:411–426. https://doi.org/10.1017/
S0031182000055360.

 4. Annunziato AT. 2008. DNA packaging: nucleosomes and chroma-
tin. Nature Education 1:26.

 5. Arif SA, Das N, Goswami S, Bhuyan M, Mahato G, Pathak M, 
Das A. 2017. Clinico-pathological study on metastatic form of 
canine transmissible veneral tumour (TVT) and its therapeutic 
management. International Journal of Chemical Studies 5:593–
595.

 6. Blobe GC, Schiemann WP, Lodish HF. 2000. Role of transforming 
growth factor β in human disease. N Engl J Med 342:1350–1358. 
https://doi.org/10.1056/NEJM200005043421807.

 7. Brocker C, Thompson D, Matsumoto A, Nebert DW, Vasiliou 
V. 2010. Evolutionary divergence and functions of the human 
interleukin (IL) gene family. Hum Genomics 5:30–55. https://doi.
org/10.1186/1479-7364-5-1-30.

 8. Brüniche-Olsen A, Austin JJ, Jones ME, Holland BR, Burridge 
CP. 2016. Detecting selection on temporal and spatial scales: a 
genomic time-series assessment of selective responses to devil 
facial tumor disease. PLoS One 11:1–15. https://doi.org/10.1371/
journal.pone.0147875.

 9. Chiang HC, Wang YS, Chou CH, Liao AT, Chu R-M, Lin CS. 
2012. Overexpression of chemokine ligand 7 is associated with the 
progression of canine transmissible venereal tumor. BMC Vet Res 
8:216. https://doi.org/10.1186/1746-6148-8-216.

 10. El-Khattouti A, Selimovic D, Hannig M, Taylor EB, Abd Elma-
geed ZY, Hassan SY, Haikel Y, Kandil E, Leverkus M, Brodell 
RT, Megahed M, Hassan M. 2015. Imiquimod-induced apoptosis 
of melanoma cells is mediated by ER stress-dependent Noxa induc-
tion and enhanced by NF-κB inhibition. J Cell Mol Med 20:266–286. 
https://doi.org/10.1111/jcmm.12718.

 11. Epstein B, Jones M, Hamede R, Hendricks S, McCallum H, 
Murchison EP, Schonfeld B, Wiench C, Hohenlohe P, Storfer 
A. 2016. Rapid evolutionary response to a transmissible cancer in 
Tasmanian devils. Nat Commun 7:1–7. https://doi.org/10.1038/
ncomms12684.

 12. Ewing AD, Kazazian HH Jr. 2010. Whole-genome resequencing 
allows detection of many rare LINE-1 insertion alleles in humans. 
Genome Res 21:985–990. https://doi.org/10.1101/gr.114777.110.

 13. Grunstein M. 1997. Histone acetylation in chromatin structure and 
transcription. Nature 389:349–352. https://doi.org/10.1038/38664.

 14. Guiler E. 1970. Tasmanian devils and agriculture. Tasmania J Agr 
42:134–137.

 15. Haldane JBS. 1949. Disease and evolution. Ric Sci 19 Suppl:68–76.
 16. Hemmi H, Kaisho T, Takeuchi O, Sato S, Sanjo H, Hoshino 

K, Horiuchi T, Tomizawa H, Takeda K, Akira S. 2002. Small 
antiviral compounds activate immune cells via the TLR7 MyD88-
dependent signaling pathway. Nat Immunol 3:196–200. https://
doi.org/10.1038/ni758.

 17. Janeway CA Jr, Travers P, Walport M, Shlomchik M. 2001. Antigen 
presentation to T lymphocytes, p 168. Chapter 5. In: Janeway CA 
Jr, Travers P, Walport M, Shlomchik MJ, editors. Immunobiology: 
The immune system in health and disease, 5th ed. New York (NY): 
Garland Science.

 18. Jones ME, Paetkau D, Geffen E, Moritz C. 2004. Genetic diversity 
and population structure of Tasmanian devils, the largest marsupial 
carnivore. Mol Ecol 13:2197–2209. https://doi.org/10.1111/j.1365-
294X.2004.02239.x.

 19. Karp G, Iwasa J, Marshall W. 2018. Cell and molecular biology: con-
cepts and experiments, 8th ed. Hoboken (NJ): John Wiley and Sons.

 20. Kochin BF, Bull JJ, Antia R. 2010. Parasite evolution and life 
history theory. PLoS Biol 8:1–4. https://doi.org/10.1371/journal.
pbio.1000524.

 21. Kreiss A, Brown GK, Tovar C, Lyons AB, Woods GM. 2015. Evi-
dence for induction of humoral and cytotoxic immune responses 
against devil facial tumor disease cells in Tasmanian devils (Sar-
cophilus harrisii) immunized with killed cell preparations. Vaccine 
33:3016–3025. https://doi.org/10.1016/j.vaccine.2015.01.039.

 22. Kreiss A, Cheng Y, Kimble F, Wells B, Donovan S, Belov K, 
Woods GM. 2011. Allorecognition in the Tasmanian devil (Sar-
cophilus harrisii), an endangered marsupial species with limited 
genetic diversity. PLoS One 6:1–8. https://doi.org/10.1371/jour-
nal.pone.0022402.

 23. Kreiss A, Fox N, Bergfeld J, Quinn SJ, Pyecroft S, Woods GM. 
2008. Assessment of cellular immune responses of healthy and 
diseased Tasmanian devils (Sarcophilus harrisii). Dev Comp Im-
munol 32:544–553. https://doi.org/10.1016/j.dci.2007.09.002.

 24. Kuo MH, Allis CD. 1998. Roles of histone acetyltransfer-
ases and deacetylases in gene regulation. BioEssays 20:615–626. 
https://doi.org/10.1002/(SICI)1521-1878(199808)20:8<615::AID-
BIES4>3.0.CO;2-H.

 25. Lachish S, McCallum H, Jones M. 2009. Demography, disease and 
the devil: life-history changes in a disease-affected population of 
Tasmanian devils (Sarcophilus harrisii). J Anim Ecol 78:427–436. 
https://doi.org/10.1111/j.1365-2656.2008.01494.x.

 26. Lander ES, Linton LM, Birren B, Nusbaum C, Zody MC, Baldwin 
J, Devon K, Dewar K, Doyle M, FitzHugh W, Funke R, Gage D, 
Harris K, Heaford A, Howland J, Kann L, Lehoczky J, LeVine 

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-25



Immunoregulation in canine transmissible cancers

297

R, McEwan P, McKernan K, Meldrim J, Mesirov JP, Miranda C, 
Morris W, Naylor J, Raymond C, Rosetti M, Santos R, Sheridan 
A, Sougnez C, Stange-Thomann Y, Stojanovic N, Subramanian A, 
Wyman D, Rogers J, Sulston J, Ainscough R, Beck S, Bentley D, 
Burton J, Clee C, Carter N, Coulson A, Deadman R, Deloukas P, 
Dunham A, Dunham I, Durbin R, French L, Grafham D, Gregory 
S, Hubbard T, Humphray S, Hunt A, Jones M, Lloyd C, McMur-
ray A, Matthews L, Mercer S, Milne S, Mullikin JC, Mungall A, 
Plumb R, Ross M, Shownkeen R, Sims S, Waterston RH, Wilson 
RK, Hillier LW, McPherson JD, Marra MA, Mardis ER, Fulton LA, 
Chinwalla AT, Pepin KH, Gish WR, Chissoe SL, Wendl MC, Dele-
haunty KD, Miner TL, Delehaunty A, Kramer JB, Cook LL, Fulton 
RS, Johnson DL, Minx PJ, Clifton SW, Hawkins T, Branscomb E, 
Predki P, Richardson P, Wenning S, Slezak T, Doggett N, Cheng 
JF, Olsen A, Lucas S, Elkin C, Uberbacher E, Frazier M, Gibbs 
RA, Muzny DM, Scherer SE, Bouck JB, Sodergren EJ, Worley 
KC, Rives CM, Gorrell JH, Metzker ML, Naylor SL, Kucherlapati 
RS, Nelson DL, Weinstock GM, Sakaki Y, Fujiyama A, Hattori 
M, Yada T, Toyoda A, Itoh T, Kawagoe C, Watanabe H, Totoki 
Y, Taylor T, Weissenbach J, Heilig R, Saurin W, Artiguenave F, 
Brottier P, Bruls T, Pelletier E, Robert C, Wincker P, Smith DR, 
Doucette-Stamm L, Rubenfield M, Weinstock K, Lee HM, Dubois 
J, Rosenthal A, Platzer M, Nyakatura G, Taudien S, Rump A, Yang 
H, Yu J, Wang J, Huang G, Gu J, Hood L, Rowen L, Madan A, Qin 
S, Davis RW, Federspiel NA, Abola AP, Proctor MJ, Myers RM, 
Schmutz J, Dickson M, Grimwood J, Cox DR, Olson MV, Kaul 
R, Raymond C, Shimizu N, Kawasaki K, Minoshima S, Evans 
GA, Athanasiou M, Schultz R, Roe BA, Chen F, Pan H, Ramser J, 
Lehrach H, Reinhardt R, McCombie WR, de la Bastide M, Dedhia 
N, Blöcker H, Hornischer K, Nordsiek G, Agarwala R, Aravind L, 
Bailey JA, Bateman A, Batzoglou S, Birney E, Bork P, Brown DG, 
Burge CB, Cerutti L, Chen HC, Church D, Clamp M, Copley RR, 
Doerks T, Eddy SR, Eichler EE, Furey TS, Galagan J, Gilbert JG, 
Harmon C, Hayashizaki Y, Haussler D, Hermjakob H, Hokamp 
K, Jang W, Johnson LS, Jones TA, Kasif S, Kaspryzk A, Kennedy 
S, Kent WJ, Kitts P, Koonin EV, Korf I, Kulp D, Lancet D, Lowe 
TM, McLysaght A, Mikkelsen T, Moran JV, Mulder N, Pollara 
VJ, Ponting CP, Schuler G, Schultz J, Slater G, Smit AF, Stupka 
E, Szustakowki J, Thierry-Mieg D, Thierry-Mieg J, Wagner L, 
Wallis J, Wheeler R, Williams A, Wolf YI, Wolfe KH, Yang SP, Yeh 
RF, Collins F, Guyer MS, Peterson J, Felsenfeld A, Wetterstrand 
KA, Patrinos A, Morgan MJ, de Jong P, Catanese JJ, Osoegawa 
K, Shizuya H, Choi S, Chen YJ, Szustakowki J; International Hu-
man Genome Sequencing Consortium. 2001. Initial sequencing 
and analysis of the human genome. Nature 409:860–921. https://
doi.org/10.1038/35057062.

 27. Loh R, Bergfeld J, Hayes D, O’Hara A, Pyecroft S, Raidal S, 
Sharpe R. 2006. The pathology of devil facial tumor disease (DFTD) 
in Tasmanian Devils (Sarcophilus harrisii). Vet Pathol 43:890–895. 
https://doi.org/10.1354/vp.43-6-890.

 28. Martins MIM, de Souza FF, Gobello MC. 2005. The canine 
transmissible venereal tumor: etiology, pathology, diagnosis 
and treatment. Ithaca (NY): International Veterinary Information 
Service.

 29. Massagué J, Blain SW, Lo RS. 2000. TGFβ signaling in growth 
control, cancer, and heritable disorders. Cell 103:295–309. https://
doi.org/10.1016/S0092-8674(00)00121-5.

 30. McCallum H, Tompkins DM, Jones M, Lachish S, Marvanek 
S, Lazenby B, Hocking G, Wiersma J, Hawkins CE. 2007. Dis-
tribution and impacts of Tasmanian devil facial tumor disease. 
EcoHealth 4:318–325. https://doi.org/10.1007/s10393-007-0118-0.

 31. Miller TA, Witter DJ, Belvedere S. 2003. Histone deacetylase 
inhibitors. J Med Chem 46:5097–5116. https://doi.org/10.1021/
jm0303094.

 32. Murchison EP. 2009. Clonally transmissible cancers in dogs and 
Tasmanian devils. Oncogene 27 Suppl 2:S19–S30. https://doi.
org/10.1038/onc.2009.350.

 33. National Cancer Institute at the National Institute of Health. 
[Internet]. 2018. NCI drug dictionary: Montanide ISA 51 VG. 
[Cited 5 December 2018]. Available at: https://www.cancer.
gov/publications/dictionaries/cancer-drug/def/montanide-
isa-51-vg

 34. Parks and Wildlife Service. [Internet]. 2018. Tasmanian devil, 
Sarcophilus harrisii. [Cited 2 December 2018]. Available at: https://
www.parks.tas.gov.au/?base=387.

 35. Patchett AL, Darby JM, Tovar C, Lyons AB, Woods GM. 2016. The 
immunomodulatory small molecule imiquimod induces apoptosis 
in devil facial tumour cell lines. PLoS One 11:1–17. https://doi.
org/10.1371/journal.pone.0168068.

 36. Patchett AL, Tovar C, Corcoran LM, Lyons AB, Woods GM. 2017. 
The toll-like receptor ligands Hiltonol (polyICLC) and imiquimod 
effectively activate antigen-specific immune responses in Tasma-
nian devils (Sarcophilus harrisii). Dev Comp Immunol 76:352–360. 
https://doi.org/10.1016/j.dci.2017.07.004.

 37. Penn I. 1978. Tumors arising in organ transplant recipients. Adv 
Cancer Res 28:31–61. 

 38. Pinfold  TL,  Brown  GK,  Bettiol  SS,  Woods  GM.  2014.  
Mouse model of devil facial tumour disease establishes that  
an effective immune response can be generated against the cancer 
cells. Front Immunol 5:251. https://doi.org/10.3389/fimmu.2014. 
00251.

 39. PLOS Genetics Staff. 2014. Correction: Genomic restructuring 
in the Tasmanian Devil Facial Tumour: chromosome painting 
and gene mapping provide clues to evolution of a transmissible 
tumour. PLoS Genet 10:e1004840. https://doi.org/10.1371/journal.
pgen.1004840.

 40. Pybus OG, Rambaut A. 2009. Evolutionary analysis of the dynam-
ics of viral infectious disease. Nat Rev Genet 10:540–550. https://
doi.org/10.1038/nrg2583.

 41. Pye R, Hamede R, Siddle HV, Caldwell A, Knowles GW, Swift K, 
Kreiss A, Jones ME, Lyons AB, Woods GM. 2016. Demonstration 
of immune responses against devil facial tumour disease in wild 
Tasmanian devils. Biol Lett 12:1–5.

 42. Pye RJ, Pemberton D, Tovar C, Tubio JM, Dun KA, Fox S, Darby 
J, Hayes D, Knowles GW, Kreiss A, Siddle HV, Swift K, Lyons 
AB, Murchison EP, Woods GM. 2015. A 2nd transmissible cancer 
in Tasmanian devils. Proc Natl Acad Sci USA 113:374–379. https://
doi.org/10.1073/pnas.1519691113.

 43. Rebbeck CA, Thomas R, Breen M, Leroi AM, Burt A. 2009. Origins 
and evolution of a transmissible cancer. Evolution 63:2340–2349. 
https://doi.org/10.1111/j.1558-5646.2009.00724.x.

 44. Rode A, Maass KK, Willmund KV, Lichter P, Ernst A. 2015. Chro-
mothripsis in cancer cells: an update. Int J Cancer 138:2322–2333. 
https://doi.org/10.1002/ijc.29888.

 45. Russell T, Madsen T, Thomas F, Raven N, Hamede R, Ujvari B. 
2018. Oncogenesis as a selective force: adaptive evolution in the 
face of a transmissible cancer. BioEssays 40:1700146. https://doi.
org/10.1002/bies.201700146.

 46. Sheen FM, Sherry ST, Risch GM, Robichaux M, Nasidze I, 
Stoneking M, Batzer MA, Swergold GD. 2000. Reading between 
the LINEs: human genomic variation induced by LINE-1 retrotrans-
position. Genome Res 10:1496–1508. https://doi.org/10.1101/
gr.149400.

 47. Siddle HV, Kaufman J. 2015. Immunology of naturally transmis-
sible tumours. Immunology 144:11–20. https://doi.org/10.1111/
imm.12377.

 48. Siddle HV, Kreiss A, Tovar C, Yuen CK, Cheng Y, Belov K, Swift 
K, Pearse AM, Hamede R, Jones ME, Skjodt K, Woods GM, 
Kaufman J. 2013. Reversible epigenetic down-regulation of MHC 
molecules by devil facial tumour disease illustrates immune escape 
by a contagious cancer. Proc Natl Acad Sci USA 110:5103–5108. 
https://doi.org/10.1073/pnas.1219920110.

 49. Smith JM, Price GR. 1973. The logic of animal conflict. Nature 
246:15–18. https://doi.org/10.1038/246015a0.

 50. Stettner N, Brenner O, Eilam R, Harmelin A. 2005. Pegylated 
liposomal doxorubicin as a chemotherapeutic agent for treatment 
of canine transmissible venereal tumor in murine models. J Vet 
Med Sci 67:1133–1139. https://doi.org/10.1292/jvms.67.1133.

 51. Suh WK, Cohen-Doyle MF, Fruh K, Wang K, Peterson PA, Wil-
liams DB. 1994. Interaction of MHC class I molecules with the 
transporter associated with antigen processing. Science 264:1322–
1326. https://doi.org/10.1126/science.8191286.

 52. Tovar C, Obendorf D, Murchison EP, Papenfuss AT, Kre-
iss  A,  Woods  GM.  2011.  Tumor-speci f ic  diagnost ic 

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-25



Vol 69, No 4
Comparative Medicine
August 2019

298

marker for transmissible facial tumors of Tasmanian devils: im-
munohistochemistry studies. Vet Pathol 48:1195–1203. https://
doi.org/10.1177/0300985811400447.

 53. Verdone L, Agricola E, Caserta M, Di Mauro E. 2006. Histone 
acetylation in gene regulation. Brief Funct Genomic Proteomic 
5:209–221. https://doi.org/10.1093/bfgp/ell028.

 54. Walter A, Schäfer M, Cecconi V, Matter C, Urosevic-Maiwald M, 
Belloni B, Schonewolf N, Dummer R, Bloch W, Werner S, Beer 

HD, Knuth A, van den Broek M. 2013. Aldara activates TLR7-
independent immune defence. Nat Commun 4:1560. https://doi.
org/10.1038/ncomms2566.

 55. Weiner GJ, Liu HM, Wooldridge JE, Dahle CE, Krieg AM. 1997. 
Immunostimulatory oligodeoxynucleotides containing the CpG 
motif are effective as immune adjuvants in tumor antigen im-
munization. Proc Natl Acad Sci USA 94:10833–10837. https://doi.
org/10.1073/pnas.94.20.10833.

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-25


