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ABSTRACT
Background: The canine transmissible venereal tumor (CTVT) or Sticker’s sarcoma
is a neoplastic disease affecting dogs. This disease is presented as a tumoral mass
in the genital organs of both, male and female individuals. Up to date, there is
no clear evidence indicating a viral agent as the causative mediator for CTVT
development.
Purpose: The present work aims to analyze 21 samples from canines with CTVT
for molecular identification of Papillomavirus DNA sequences. In addition,
microbiological analysis, cytologic and histopathologic evaluations were also
performed.
Results: All patients showed no biochemical and microbiological alterations.
Molecular analysis demonstrated the viral DNA presence in the samples using
different primer sets. The MY primers amplified a 450 bp band in seven out
of 21 samples (33%). The PVF and Fap64 primer set, targeting the L1 sequence of
Canine Papillomavirus (CPV), showed positivity in 16 out of 21 samples (76%).
Conclusion: These results support the possible causative association between CPV
and CTVT; nevertheless, additional studies are required to uphold such statement.
This work presents evidence indicating that a viral agent might be involved in
the pathogenesis of CTVT and set the bases for a better understanding of the
CTVT pathobiology.
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INTRODUCTION
The canine transmissible venereal tumor (CTVT), also known as infectious sarcoma,
venereal granuloma, transmissible lymphosarcoma or Sticker’s sarcoma, is a neoplastic
disease propagated typically during the intercourse in dogs. The symptoms mostly
exhibiting an extra genital presentation. This neoplasm appears as a tumoral mass at the
glans bulb in males, or in the vaginal vestibule in females (Ganguly, Das & Das, 2016),
and normally has a high ratio of chemotherapy response (Birhan & Chanie, 2015).
The CTVT is found more frequently at the genital area, while less in the oral cavity,
nasal cavity, eyes or on the skin (Ganguly, Das & Das, 2016; Ojeda et al., 2016). The CTVT
occurrence is worldwide, with the highest incidence in tropical areas. In Mexico, the
CTVT is shown to be the most prevalent cancer type among stray dogs, with a rate as high
as 34% in the analyzed cases (Ortega-Pacheco et al., 2003).

After implantation, tumor mass starts to grow after 15–60 days, initially displaying a
slow and unpredictable behavior and eventually becoming malignant (Ganguly, Das &
Das, 2016). Different approaches designed to study the genetic origin of the CTVT
suggest that this type of tumors share a common ancestor that was spread in the dog
population worldwide (Murgia et al., 2006; Strakova et al., 2016). Nevertheless, despite
several studies focusing on the immunological behavior, chromosomal abnormalities
and immunophenotype, the molecular mechanisms altered by CTVT cells to avoid the
immune response remain unclear (González et al., 2002; Siddle & Kaufman, 2013). There is
still a discrepancy among researchers regarding the causative agent of the CTVT.

Although some works have described the presence of particles similar to virus in this
neoplasm, but the evidence indicating that a virus is the responsible for CTVT remains
unclear. Among the different cancer-causing viruses, the Papillomavirus (PV) family is
responsible for almost a 5% of human cancers (Plummer et al., 2016). In this regard,
PV infect a plethora of species such as reptiles, birds and mammals, including humans
and dogs (Rector & Van Ranst, 2013). Several diseases caused by PV in dogs include
proliferative disorders such as oral papilloma, oral papillomatosis and pigmented plaques
which are mostly self-resolving (Munday et al., 2016). Additionally, PV has been associated
to the development of squamous cell carcinoma in dogs (Zaugg et al., 2005) and other
animal species such as horses and cattle indicating a causative role of PV in neoplastic
lesions (Carvajal et al., 2012; Díaz et al., 2012). Since the oncogenic potential of PV has
been well established (Smith et al., 2016) and the presence of particles similar to viruses
has been reported in CTVT, it is of special interest in testing the presence of PV sequences
in the CTVT to study its possible association with the disease.

MATERIALS AND METHODS
Type of study and ethics statement
This was a cross sectional study, carried out in Puerto Escondido, Oaxaca, Mexico.
After reviewing and approval of the protocol by the Institutional Committee, a total of
21 specimens attended at the Clinical Oncology Service of the civil association Esteriliza &
Educa A.C. were enrolled.
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Inclusion criteria: patients with positive diagnosis of CTVT by clinical examination,
confirmed by cytological and histological analysis, both sexes, at reproductive age (between
2 and 5 years old), who have not received previous chemotherapy treatment. The owner
signed the informed consent and commitment letter.

The Asociación Esteriliza y Educa A.C. approved this study.

Hemato-biochemical analysis
In order to assess the general condition of the patients in their first consultation, blood
samples were collected from each patient for hemogram and clinical biochemistry using
a Vacutainer� system. Blood samples were analyzed using the Cell-Dyn 1800 device
(ABBOT, Chicago, IL, USA) based on impedance resistance method. Then, a peripheral
blood smear was performed and stained according to the Wright technique for differential
and morphological analysis.

Levels of glucose, urea, BUN, creatinine, cholesterol, triglycerides and uric acid were
obtained through the ChemWell� 2910 equipment (Awareness technology, Palm City, FL,
USA) following the manufacturer’s instructions.

Pathological analysis
Clinical examination of the patients included hepatic, splenic and lymph node palpation.
During clinical examination, one imprint was taken from the surface of the tumor mass
for microbiological analysis as well as for Papanicolaou and Wright staining to confirm
the clinical diagnosis. Additionally, one smear was taken for Gram staining. Likewise,
incisional biopsies were taken, which were fragmented into two parts: one for the
histopathological study of the tumor mass and one for DNA extraction, the latter was
preserved in physiological saline solution at −20 �C until analysis. Simultaneously,
two imprints were taken from the extracted tumor mass per patient.

Tissue samples were placed into sterile containers with Phosphate Buffered Saline/10%
formaldehyde for processing, according to the standard technique; two to four mm
tissue sections were made with a microtome and then stained with Hematoxylin and
Eosin technique for subsequent visualization under an optical microscope, Primo Star
(Carl Zeiss, San Diego, CA, USA).

DNA extraction
DNA extraction from biopsies was performed using the DNeasy Blood and Tissue Kit
(Qiagen, Germantown, MD, USA.) according to the manufacturer’s instructions. To verify
the integrity of the resulting DNA, an electrophoresis was performed on a 1% agarose
gel using 1× TAE buffer. Gel was visualized in the MultiDoc-ItTM Imaging System
(Ultra-Violet Products Ltd., Cambridge, UK) using Gel Red as a dye.

PV sequences detection
Papillomavirus sequences were identified in biopsies using universal primers aimed to
detect the L1 region of PV (MY09 and MY11) (Gravitt et al., 2000). Specific primers for
Canine Papillomavirus (CPV), PVf and FAP64 for the L1 gene and CP4 and CP5 for
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the E1 gene, were used (Lange et al., 2011). DNA integrity was verified by amplifying the
β-globin gene (primers: GH20 and PC04) or the enzyme glyceraldehyde-3-phosphate
dehydrogenase (primers: dogGAPDHf and dogGAPDHr) following the protocol
established by Luff et al. (2012). Table 1 describes the primer sequences used in this study.
The amplification conditions are described in Table 2 for each pair of primers.

Statistical analyses
Descriptive analysis was performed using mean as a central tendency measure, as well as
absolute and relative frequencies.

RESULTS
Population description
A total of 21 patients with a clinical diagnosis of CTVT were analyzed, of which
seven (33%) were males and 14 (67%) females. Of individuals included, 20 (95%) were

Table 1 Primers used for Papillomavirus detection and analysis of genetic integrity. Primers used in
this study for Papillomavirus detection and analysis of genetic integrity are listed.

Primer Sequence (5′-3′) Sense Product

MY09 CGTCCMARRGGAWACTGATC Fwd 450 bp

MY11 GCMCAGGGWCATAAYAATGG Rev

PVf CTTCCTGAWCCTAAYMAKTTTGC Fwd 450 bp

FAP64 CCWATATCWVHCATNTCNCCATC Rev

CP4 ATGGTACARTGGGCATWTGA Fwd 500 bp

CP5 GAGGYTGCAACCAAAAMTGRCT Rev

GH20 GAAGAGCCAAGGACAGGTAC Fwd 268 bp

PC04 CAACTTCATCAACGTTCACC Rev

dogGAPDHf GGTGATGCTGGTGCTGAGTA Fwd 585 bp

dogGAPDHr GACCACCTGGTCCTCAGTGT Rev

Table 2 Amplification protocols for PCR by primers set. Amplification conditions used in this study
are indicated.

Primer Denaturing Annealing Elongation Cycles

MY09 94 �C/50 s 55 �C/50 s 72 �C/55 s 38

MY11

PVf 94 �C/1 min 50 �C/1 min 72 �C/1 min 45

FAP64

CP4 94 �C/30 s 42 �C/30 s 72 �C/30 s 40

CP5

GH20 94 �C/50 s 55 �C/50 s 72 �C/55 s 38

PC04

dogGAPDHf 94 �C/30 s 50 �C/30 s 72 �C/30 s 45

dogGAPDHr
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non-neutered and one (5%) castrated. After corroborating the clinical diagnosis by
cytology and histopathology, all the 21 patients were enrolled in the study. All the enrolled
patients exhibited presence of neoplasia in the reproductive system. The analyzed
samples showed no alterations in the hemogram and biochemical values, fitting within
biological reference intervals for the species (Nuñez Ochoa, 2019) (Table S1). All patients
received chemotherapy treatment based on Vincristine Sulphate (Crivosin� Vet; Pisa
Agropecuaria, Guadalajara, Mexico) at a dose of 0.023 mg/Kg for five or six cycles
weekly. After sampling each case, the patients were monitored for 3 months after
receiving the last cycle of chemotherapy. No recurrence was observed in any of the
21 patients. Table 3 summarizes the clinical information of the patients.

Macroscopic diagnosis
Patients with a clinical diagnosis of CTVT displayed newly formed tissue of variable size,
in the vestibule of the vagina in females and on the dorsum of the penile bulb in males,
showing colorations ranging from pink to red, superficial and in some cases pedunculated,
hemorrhagic, fragile, projecting toward the lumen of the vagina and the foreskin with
diameters between 10 and 15 cm (Fig. 1).

Table 3 Population description. Demographic characteristics: sex, site of tumor, breed and type of
treatment.

Patient Sex Breed Reproductive status Site of tumor Treatment

1 M Mixed Non-neutered Penis Vincristine 5 cycles

2 M Mixed Non-neutered Penis Vincristine 5 cycles

3 F Mixed Non-neutered Vestibulum Vincristine 6 cycles

4 M Mixed Neutered Penis Vincristine 5 cycles

5 F Mixed Non-neutered Vestibulum Vincristine 5 cycles

6 F Mixed Non-neutered Vestibulum Vincristine 5 cycles

7 F Mixed Non-neutered Vestibulum Vincristine 5 cycles

8 F Mixed Non-neutered Vestibulum Vincristine 5 cycles

9 M Mixed Non-neutered Penis Vincristine 5 cycles

10 F Mixed Non-neutered Vestibulum Vincristine 6 cycles

11 M Mixed Non-neutered Penis Vincristine 5 cycles

12 F Mixed Non-neutered Vestibulum Vincristine 6 cycles

13 F Mixed Non-neutered Vestibulum Vincristine 6 cycles

14 F Mixed Non-neutered Vestibulum Vincristine 5 cycles

15 M Mixed Non-neutered Penis Vincristine 5 cycles

16 F Mixed Non-neutered Vestibulum Vincristine 6 cycles

17 F Mixed Non-neutered Vestibulum Vincristine 6 cycles

18 F Mixed Non-neutered Vestibulum Vincristine 5 cycles

19 M Mixed Non-neutered Penis Vincristine 6 cycles

20 F Mixed Non-neutered Vestibulum Vincristine 6 cycles

21 F Mixed Non-neutered Vestibulum Vincristine 5 cycles
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Microbiological analysis
The microbiological analysis of the samples indicated scarce colony-forming units of
Staphylococcus epidermidis in the 28.6% of the patients, isolated as a single strain, which is
considered as normal microbiota.

Cytological analysis
The presence of ovoid cells with vacuolated eosinophilic cytoplasm, hyperchromatic
round nucleus with one or two conspicuous nucleoli was observed. Likewise, some
atypical mitotic figures were observed, and the nucleus cytoplasm ratio was 4:1 (Fig. 2).
The plasmocitoid 172 morphology tumor cells was 57% and the lymphocytoid
morphology was 43%.

Histopathological analysis
Formalin-fixed Parafin embeeded sections were stained with Hematoxylin and Eosin.
Neoplastic lesion formed by cells were arranged in mantles and in a dispersed manner,
presenting a poorly defined eosinophilic cytoplasm and nuclei ovals with fine granular
chromatin and prominent nucleoli, numerous atypical mitoses were identified in a
dispersed manner (Fig. 3). The stroma was lax and there were congestive vessels with
neoplastic cells on the wall.

Figure 1 Canine transmissible venereal tumor presentation in patients. (A) The presence of a tumor
mass can be observed in the dorsum and the sides of the bulb of the penis, (B) the tumor mass size
impedes the correct drainage of the penis, (C) a tumor mass protrudes from the vulva, (D) tumor mass
completely invading the vagina’s lumen. Full-size DOI: 10.7717/peerj.7962/fig-1
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Papillomavirus sequences are present in CTVT samples
After DNA extraction, the analytical quality was confirmed by amplifying the β-globin
gene (GH20 and PC04 primers, 285 bp) as well as the dog-specific Gliceraldehyde-3-
phosphate dehydrogenase gene (dogGAPDHf and dogGAPDHr primers, 585 bp).
A 76% of the samples (16 of 21) amplified for the β-globin gene and 95% (20 of 21) for
the glyceraldehyde-3-phosphate dehydrogenase gene (Fig. 4). Afterward, a PCR was
performed to amplify the viral L1 gene using MY09 and MY11 primers. The results
demonstrate the presence of a 450 bp band in only seven samples (33%) of the
21 tested (Fig. 5A). In addition, a PCR was performed using the PVF and the FAP-64
primers which are used to detect several CPVs (Lange et al., 2011). The PC4 and
PC5 pair of primers targeting the PV E1 gene were also included. The results obtained
with the PVF/FAP64 primers showed a positivity of 76% (16 of 21) of the samples
(Fig. 5B) whilst the amplification of E1 gene using the CP4 and CP5 primers,
none of the analyzed samples were positive (Fig. 5C). PCR results are summarized
in Table 4.

Figure 2 Cytological imprint of canine transmissible venereal tumor. (A) Red blood cells as well as
round to ovoid cells with vacuolated eosinophilic cytoplasm are observed, also hyperchromatic round
nucleus with one or two conspicuous nucleoli (green arrow). (B and D) mitotic figures observed in early
and (C) later anaphase (yellow arrows). The plasmocitoid morphology tumor cells was 57% (continuous
blue arrow) and the lymphocytoid morphology was 43% (blue dashed arrow), the nucleus-cytoplasm
ratio was 4:1. Wright staining was used. Images were taken under a 100× magnification.

Full-size DOI: 10.7717/peerj.7962/fig-2
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DISCUSSION
In this study were analyzed 21 patients clinically diagnosed with CTVT by cytology and
histopathology according to Herrera, Thomas & Carlos (2006) at the Clinical Oncology
Service of the civil association Esteriliza y Educa A.C. in Puerto Escondido, Oaxaca,
Mexico.

A higher proportion of CTVT was found in females (67%) than in males (33%), which
perhaps because in females the neoplasm occurs initially in the vestibule of the vagina
and is more evident than in males. Also, in its initial form in males it can only be detected
when the penis is drawn for copulation and it is when the owners perceive the presence
of a new mass formation and ask for consultation. These results are in agreement with
those reported by Ortega-Pacheco et al. (2003) that a higher prevalence of CTVT was
reported in females than in males in a study conducted in Yucatán, Mexico. Moreover a

Figure 3 Histological analysis of biopsies. Tumoral tissue is observed composed of cells that are
arranged in mantles and in a dispersed manner, which have scanty, ill-defined eosinophilic cytoplasm
and oval nuclei with fine granular chromatin and conspicuous nucleoli, identifying mitosis in a dispersed
pattern in metaphase (black arrow) and anaphase (blue arrow) mainly. The observed stroma is lax (green
arrow) and there are congestive vessels with neoplastic cells on the wall. Hematoxilin and Eosin staining
was used. Images were taken under a 40× magnification. Full-size DOI: 10.7717/peerj.7962/fig-3

Figure 4 Amplification of the GAPDH enzyme gene from genomic DNA obtained from biopsies of CTVT. Ladder: Molecular Weight Marker,
GeneRuler; lanes 1–21: biopsy samples; H2O: negative control and C+: HeLa DNA (positive control). In samples 1–8 and 10–21, a band corre-
sponding to the amplicon of the GAPDH gene (586 bp) is observed. Full-size DOI: 10.7717/peerj.7962/fig-4
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retrospective analysis comprising 2,062 biopsies showed a 55% of CTVT (González-Chávez
et al., 2015). Thus, the transmissible venereal tumor has a high prevalence and incidence
among dog population.

Although some reports have shown an important proportion of patients with anemia at
the moment of diagnosis (Herrera, Thomas & Carlos, 2006). The authors attributed the
result to the fact that the tumors of the patients under study were ulcerated and bleeding,

Figure 5 PV detection in samples. (A) Amplification of the Papillomavirus L1 gene with primers MY09 and MY11 from genomic DNA obtained
from biopsies of CTVT. Ladder: Molecular Weight Marker, GeneRuler; lanes 1–21: biopsy samples; H2O: negative control and C+: HeLa DNA
(positive control). Samples 7, 10, 13 and 14–17 a band corresponding to the amplicon of the L1 gene of Papillomavirus (450 bp) is observed.
(B) Amplification of the L1 gene of Canine Papillomavirus with the primers PVF/FAP-64 from genomic DNA obtained from biopsies of CTVT.
Ladder: Molecular Weight Marker, GeneRuler; H2O: negative control and C+: HeLa DNA (positive control); lane 1–21: biopsy samples. A total of 16
of the samples were positive for PV sequences. (C) Amplification of the Canine Papillomavirus E1 gene with the CP4 and CP5 primers. Ladder:
Molecular Weight Marker, GeneRuler; H2O: negative control and C+: HeLa DNA (positive control); lane 1–21: biopsy samples. None of the analyzed
biopsies was positive. Full-size DOI: 10.7717/peerj.7962/fig-5

Table 4 Papillomavirus presence. Percentages of PV presence by each pair of primers used.

n (%)

MY09/11

Positive 6 (28.6)

Negative 15 (71.4)

CP4/5

Positive –

Negative 21 (100)

PVF/FAP64

Positive 16 (76.2)

Negative 5 (23.8)
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similar to those reported by Carvajal Santana et al. (2016) and Bianchi et al. (2011). It
should also be mentioned that the patients analyzed in the present study did not present
significant ulcerations. Since CTVT is an exposed neoplasia, it is susceptible for infection,
thus the analysis of the presence of any bacterial infection was performed and no
pathogenic bacteria were isolated from the tumor masses, probably because the patients
were diagnosed 1-month latter after adoption and the owners of the patients included
in the study revealed good hygienic practices.

In order to determine whether an infectious agent could be present in the CTVT,
a series of PCR reactions were performed to detect PV sequences in the CTVT samples.
After analyzing DNA integrity, all the patients were included. The results of the
amplification of the L1 gene using the pair of universal primers MY11 and MY09
demonstrated the presence of viral DNA in 33% of the samples, these primers are widely
used in molecular studies of detection of the Human PV (Gravitt et al., 2000) and its
usefulness in the detection of animal viruses has also been reported in several studies in
which CPV was identified in cutaneous pigmented plaques or in palmar lesions of
Greyhound dogs (Luff et al., 2012; Anis et al., 2016).

Interestingly, when using the pair of primers PVF and FAP-64, targeting a region of the
L1 gene encoding the major protein of the capsid highly conserved among PV, the
percentage of positivity of the analyzed samples was 76%; however, the pair of primers CP4
and CP5 did not show positivity for any of the samples tested, this last pair of primers
is designed to amplify a region of the E1 gene, which presents an important variation
among the PV (Bergvall, Melendy & Archambault, 2013). This fact could partially explain
the absence of E1 amplification in the analyzed samples. Since, PVF and FPA-64 primers
have been used for the amplification of CPV sequences in a study by Lange et al. (2011),
The results strongly suggest that the sequences detected in the samples belong to CPV,
nevertheless, further studies are required to confirm the specific identity of the viral
agent detected.

It is worth to mention that so far only 14 types been reported for CPVs assigned to
three genera: Lambda, Tau and Chi, based on the nucleotide sequences of the L1 gene
(De Villiers, 2013; Lange et al., 2013) and to date no specific detection method has been
reported, being the study conducted by Lange et al. (2013) the only one that has provided
PCR conditions that are capable of detecting CPV using the PVF and FPA-64 primers.
Importantly, the results allow to suggest that the virus could be involved in the oncogenic
process of the transmissible venereal tumor since a 17.8% of all cancer cases in humans
are due to infectious agents, which include viruses (12.1%), bacteria (5.6%) and helminths
(0.1%) (Plummer et al., 2016). Whether the virus was necessary for CTVT establishment
remains an unresolved issue, and additional experiments are required to demonstrate
the physical status of viral genome in CTVT cells such as in situ hybridization.
Also, the possible role of the viral products in the maintenance of CTVT needs further
exploration. It is worth to mention that seven viruses have been described as carcinogenic
biological agents with the capacity to induce cellular transformation, either indirectly
by chronic inflammation as a result of a continuous immune response to a persistent
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infection as its occurs with Hepatitis B and C viruses; or by direct action of its oncogenic
proteins such as Human PV (Smith et al., 2016).

The presence of a viral agent in the pathogenesis of the CTVT has been previously
studied (Kennedy, Yang & Allen, 1977), where pups and adult dogs were inoculated with
CTVT tumor derived masses, after the incubation period transmission electron
microscopy was performed to the resulting tumors searching for viruses. The authors
declare the presence of virus-like particles in puppies derived samples, whilst in adult dogs
no such particles were observed.

Cytological changes of cells infected with PV include acanthosis, prominent cytoplasmic
vacuolization, nuclear atypia and binucleation. During a latent infection, the viral DNA
remains inside the cell in an episomal form without replicating, therefore no identifiable
morphological changes are observed in the cytology, so viral detection in this type of
infections can only be done by molecular methods (De La Fuente-Villarreal et al., 2010).
It is very likely that due to this fact (Kennedy, Yang & Allen, 1977) did not find viral
structures in the analyzed samples, probably because that the adult patients have a
stronger performance of the immune system or because the virus was latent or episomal
without entering into a productive phase making it hard to detect unless using of more
sensitive techniques such as PCR.

CONCLUSIONS
A prevalence of DNA sequences of PV was found in the analyzed cases suggesting a
possible role of this virus in the CTVT biology. Whether the virus is involved in tumor
maintenance or how it was first involved in tumor establishment remains to be studied and
further analyses will help to understand the probable contribution of this virus in the
pathogeny of CTVT.

ACKNOWLEDGEMENTS
We are grateful to the civil association Esteriliza y Educa A.C. from Puerto Escondido,
Oaxaca, Mexico for all support in sample collection and patient’s treatment during this
study. We are very grateful to John Zhu for helping with English revision.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This work was supported by Instituto Nacional de Cancerología (017/048/IBI)(CEI/1227/17).
The funders had no role in study design, data collection and analysis, decision to publish,
or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Instituto Nacional de Cancerología: (017/048/IBI)(CEI/1227/17).

Ayala-Díaz et al. (2019), PeerJ, DOI 10.7717/peerj.7962 11/14

http://dx.doi.org/10.7717/peerj.7962
https://peerj.com/


Competing Interests
Jaime Arroyo-Ledezma is a volunteer at the Asociación Esteriliza & Educa A.C.
The authors declare that they have no other competing interests.

Author Contributions
� Sergio Ayala-Díaz conceived and designed the experiments, performed the experiments,
prepared figures and/or tables, authored or reviewed drafts of the paper, approved the
final draft, submitted protocol for acceptance.

� Roberto Jiménez-Lima analyzed the data, prepared figures and/or tables, authored or
reviewed drafts of the paper, approved the final draft.

� Katia M. Ramírez-Alcántara performed the experiments, prepared figures and/or tables,
approved the final draft.

� Marcela Lizano analyzed the data, contributed reagents/materials/analysis tools,
authored or reviewed drafts of the paper, approved the final draft.

� Leonardo J. Castro-Muñoz performed the experiments, prepared figures and/or tables,
approved the final draft.

� Diego O. Reyes-Hernández performed the experiments, prepared figures and/or tables,
approved the final draft.

� Jaime Arroyo-Ledezma analyzed the data, authored or reviewed drafts of the paper,
approved the final draft.

� Joaquín Manzo-Merino conceived and designed the experiments, analyzed the data,
contributed reagents/materials/analysis tools, prepared figures and/or tables, authored
or reviewed drafts of the paper, approved the final draft.

Animal Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The Asociación Esteriliza y Educa A.C. approved this study.

Data Availability
The following information was supplied regarding data availability:

The uncropped gels of Fig. 5 are available as a Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.7962#supplemental-information.

REFERENCES
Anis EA, Frank LA, Francisco R, Kania SA. 2016. Identification of canine papillomavirus by

PCR in Greyhound dogs. PeerJ 4(3)e2744 DOI 10.7717/peerj.2744.

Bergvall M, Melendy T, Archambault J. 2013. The E1 proteins. Virology 445(1–2):35–56
DOI 10.1016/j.virol.2013.07.020.

Bianchi B, Silva G, Carvajal C, Santini A. 2011. Documentos El papel de la radioterapia en el
tratamiento del cáncer de ovario: revisión de la literatura. Revista Chilena de Obstetricia y
Ginecología 76:365–375.

Ayala-Díaz et al. (2019), PeerJ, DOI 10.7717/peerj.7962 12/14

http://dx.doi.org/10.7717/peerj.7962#supplemental-information
http://dx.doi.org/10.7717/peerj.7962#supplemental-information
http://dx.doi.org/10.7717/peerj.7962#supplemental-information
http://dx.doi.org/10.7717/peerj.2744
http://dx.doi.org/10.1016/j.virol.2013.07.020
http://dx.doi.org/10.7717/peerj.7962
https://peerj.com/


Birhan G, Chanie M. 2015. A review on canine transmissible venereal tumor : from morphologic
to biochemical and molecular diagnosis. Academic Journal of Animal Diseases 4(3):185–195.

Carvajal JS, Mvz E, Bonilla AF, Mvz E, Rondón-barragán IS. 2012. Squamous cell carcinoma
with lung metastasis in a Colombian native Equine : a case report � Carcinoma de Células
Escamosas con metástasis pulmonar en un Equino Criollo Colombiano : reporte de caso
Carcinoma de Células Escamosas com metástase pulmonar. Revista CES Medicina Veternaria y
Zootecnia 7:56–63.

Carvajal Santana DA, García Cuellar AR, Maltes Sánchez JM, Ortiz Fajardo DA, Valencia
Hernández AF. 2016. Efecto del sulfato de vincristina sobre las células hematológicas en un
paciente con tumor venéreo transmisible (TVT). Revista Electronica de Veterinaria 17:1–13.

De La Fuente-Villarreal D, Guzmán-López S, Barboza-Quintana O, Adrián González-Ramírez R.
2010.Medicina universitaria Biología del Virus del Papiloma Humano y técnicas de diagnóstico.
Medicina Universitaria 12(49):231–238.

De Villiers E-M. 2013. Cross-roads in the classification of papillomaviruses. Virology
445(1–2):2–10 DOI 10.1016/j.virol.2013.04.023.

Díaz V, Duch E, Gómez D, Duato G-L, Rico B. 2012. Papilomatosis Bovina: Epidemiología Y
Diversidad De Papilomavirus Bovinos (Bpv) Bovine Papillomatosis: epidemiology and diversity
of bovine papillomavirus (Bpv). Revista Complutense de Ciencias Veterinarias 6:38–57.

Ganguly B, Das U, Das AK. 2016. Canine transmissible venereal tumour: a review. Veterinary and
Comparative Oncology 14(1):1–12 DOI 10.1111/vco.12060.

González C, Cepeda R, Flores E, Cattaneo G, Colarte K. 2002. Separación y purificación de
células del tumor venéreo transmisible canino espontáneo, en gradiente de densidad de
polisucrosa y diatrizoato de sodio. Avances en Ciencias Veterinarias 17(1–2)
DOI 10.5354/0719-5273.2010.9205.

González-Chávez MT, Peraza González B, Fabré Rodríguez Y, Rodríguez Aurrecochea JC,
Calaña Seane L, Márquez Älvarez M, Zamora Montalvo Y, Ruibio García JL,
Martín Romero JL, Camacho Socarrás C. 2015. Frecuencia de presentación de neoplasias
en caninos del municipio San Miguel. Revista de Salud Animal 37:39–46.

Gravitt PE, Peyton CL, Alessi TQ, Wheeler CM, Coutlee F, Hildesheim A, Schiffman MH,
Scott DR, Apple RJ. 2000. Improved amplification of genital human papillomaviruses.
Journal of Clinical Microbiology 38:357–361.

Herrera IC, Thomas RE, Carlos J. 2006. Comprobación de la efectividad de dos esquemas
terapéuticos en el tratamiento del Tumor de Sticker en perros. Revista Electrónica de Veterinaria
8:1–7.

Kennedy JR, Yang TJ, Allen PL. 1977. Canine transmissible venereal sarcoma: electron
microscopic changes with time after transplantation. British Journal of Cancer 36(3):375–385
DOI 10.1038/bjc.1977.203.

Lange CE, Tobler K, Schraner EM, Vetsch E, Fischer NM, Ackermann M, Favrot C. 2013.
Complete canine papillomavirus life cycle in pigmented lesions. Veterinary Microbiology
162(2–4):388–395 DOI 10.1016/j.vetmic.2012.10.012.

Lange CE, Zollinger S, Tobler K, Ackermann M, Favrot C. 2011. Clinically healthy skin of dogs is
a potential reservoir for canine papillomaviruses. Journal of Clinical Microbiology 49(2):707–709
DOI 10.1128/JCM.02047-10.

Luff JA, Affolter VK, Yeargan B, Moore PF. 2012. Detection of six novel papillomavirus
sequences within canine pigmented plaques. Journal of Veterinary Diagnostic Investigation
24(3):576–580 DOI 10.1177/1040638712443360.

Ayala-Díaz et al. (2019), PeerJ, DOI 10.7717/peerj.7962 13/14

http://dx.doi.org/10.1016/j.virol.2013.04.023
http://dx.doi.org/10.1111/vco.12060
http://dx.doi.org/10.5354/0719-5273.2010.9205
http://dx.doi.org/10.1038/bjc.1977.203
http://dx.doi.org/10.1016/j.vetmic.2012.10.012
http://dx.doi.org/10.1128/JCM.02047-10
http://dx.doi.org/10.1177/1040638712443360
http://dx.doi.org/10.7717/peerj.7962
https://peerj.com/


Luff J, Moore P, Zhou D, Wang J, Usuda Y, Affolter V, Schlegel R, Yuan H. 2012. Complete
genome sequence of canine papillomavirus type 10. Journal of Virology 86(20):11407
DOI 10.1128/JVI.01982-12.

Munday JS, Dunowska M, Laurie RE, Hills S. 2016. Genomic characterisation of canine
papillomavirus type 17, a possible rare cause of canine oral squamous cell carcinoma.
Veterinary Microbiology 182:135–140 DOI 10.1016/j.vetmic.2015.11.015.

Murgia C, Pritchard JK, Kim SY, Fassati A, Weiss RA. 2006. Clonal origin and evolution of a
transmissible cancer. Cell 126(3):477–487 DOI 10.1016/j.cell.2006.05.051.

Nuñez Ochoa L. 2019. LIBRO PATOLOGIA CLINICA VETERINARIA - Nuñez. Available at
https://es.scribd.com/doc/114710430/LIBRO-PATOLOGIA-CLINICA-VETERINARIA-Nunez
(accessed 17 July 2019).

Ojeda J, Alfaro A, Moroni M, Camacho V, Martínez J, Noro M. 2016. Tumor venéreo
transmisible diseminado sobre piel, párpados y pene en un perro: reporte de caso. Archivos de
Medicina Veterinaria 48(1):119–123 DOI 10.4067/S0301-732X2016000100015.

Ortega-Pacheco A, Acevedo-Arcique M, Sauri-Arceo C, Bolio-González M, Gutiérrez-Blanco E.
2003. Prevalencia de tumor venéreo transmisible en perros callejeros de la ciudad de Mérida,
Yucatán, México. Revista Biomédica 14(2):83–87 DOI 10.32776/revbiomed.v14i2.345.

Plummer M, De Martel C, Vignat J, Ferlay J, Bray F, Franceschi S. 2016. Global burden
of cancers attributable to infections in 2012: a synthetic analysis. Lancet Global Health
4(9):e609–e616 DOI 10.1016/S2214-109X(16)30143-7.

Rector A, Van Ranst M. 2013. Animal papillomaviruses. Virology 445(1–2):213–223
DOI 10.1016/j.virol.2013.05.007.

Siddle HV, Kaufman J. 2013. A tale of two tumours: comparison of the immune escape strategies
of contagious cancers. Molecular Immunology 55(2):190–193
DOI 10.1016/j.molimm.2012.10.017.

Smith MT, Guyton KZ, Gibbons CF, Fritz JM, Portier CJ, Rusyn I, DeMarini DM, Caldwell JC,
Kavlock RJ, Lambert PF, Hecht SS, Bucher JR, Stewart BW, Baan RA, Cogliano VJ, Straif K.
2016. Key characteristics of carcinogens as a basis for organizing data on mechanisms of
carcinogenesis. Environmental Health Perspectives 124(6):713–721 DOI 10.1289/ehp.1509912.

Strakova A, Ní Leathlobhair M, Wang G-D, Yin T-T, Airikkala-Otter I, Allen JL, Allum KM,
Bansse-Issa L, Bisson JL, Castillo Domracheva A, De Castro KF, Corrigan AM, Cran HR,
Crawford JT, Cutter SM, Delgadillo Keenan L, Donelan EM, Faramade IA, Flores Reynoso E,
Fotopoulou E, Fruean SN, Gallardo-Arrieta F, Glebova O, Häfelin Manrique RF,
Henriques JJGP, Ignatenko N, Koenig D, Lanza-Perea M, Lobetti R, Lopez Quintana AM,
Losfelt T, Marino G, Martincorena I, Martínez Castañeda S, Martínez-López MF, MeyerM,
Nakanwagi B, De Nardi AB, Neunzig W, Nixon SJ, Onsare MM, Ortega-Pacheco A,
Peleteiro MC, Pye RJ, Reece JF, Rojas Gutierrez J, Sadia H, Schmeling SK, Shamanova O,
Ssuna RK, Steenland-Smit AE, Svitich A, Thoya Ngoka I, Vițălaru BA, De Vos AP, De Vos JP,
Walkinton O, Wedge DC, Wehrle-Martinez AS, Van Der Wel MG, Widdowson SAE,
Murchison EP. 2016. Mitochondrial genetic diversity, selection and recombination in a canine
transmissible cancer. eLife 5:1–25 DOI 10.7554/eLife.14552.

Zaugg N, Nespeca G, Hauser B, Ackermann M, Favrot C. 2005. Detection of novel
papillomaviruses in canine mucosal, cutaneous and in situ squamous cell carcinomas.
Veterinary Dermatology 16(5):290–298 DOI 10.1111/j.1365-3164.2005.00467.x.

Ayala-Díaz et al. (2019), PeerJ, DOI 10.7717/peerj.7962 14/14

http://dx.doi.org/10.1128/JVI.01982-12
http://dx.doi.org/10.1016/j.vetmic.2015.11.015
http://dx.doi.org/10.1016/j.cell.2006.05.051
https://es.scribd.com/doc/114710430/LIBRO-PATOLOGIA-CLINICA-VETERINARIA-Nunez
http://dx.doi.org/10.4067/S0301-732X2016000100015
http://dx.doi.org/10.32776/revbiomed.v14i2.345
http://dx.doi.org/10.1016/S2214-109X(16)30143-7
http://dx.doi.org/10.1016/j.virol.2013.05.007
http://dx.doi.org/10.1016/j.molimm.2012.10.017
http://dx.doi.org/10.1289/ehp.1509912
http://dx.doi.org/10.7554/eLife.14552
http://dx.doi.org/10.1111/j.1365-3164.2005.00467.x
http://dx.doi.org/10.7717/peerj.7962
https://peerj.com/

	Presence of Papillomavirus DNA sequences in the canine transmissible venereal tumor (CTVT)
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


