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ABSTRACT 

Papillomavirus (PV)-associated cancers are a well-recognized entity in humans as well as 

domestic and wild animals. Equus caballus papillomavirus type-2 (EcPV-2) has recently been 

recognized as a potential cause of genital squamous cell carcinomas (SCCs) in horses. However, 

little is currently understood regarding EcPV-2 in terms of exposure, transmission, persistent 

infection, clearance, interactions with host immune and cell proliferation pathways, nor its 

prognostic impact on clinical outcome – all critical information required for the development and 

application of meaningful diagnostic, therapeutic, prognostic and preventative measures.  The 

current working theory of EcPV-2 in horses is that asymptomatic infection is rare, the virus shows 

strict genital tropism, transmission is via sexual contact, and EcPV-2 is a causal factor in genital 

SCCs, but not non-genital lesions. 

Here we review the current understanding of PV-associated cancer as it pertains to the 

better understood human papillomavirus (HPV) and bovine papillomavirus (BPV).  We also 

highlight deficits in the literature as they relate specifically to EcPV-2 and horses. In Chapters 2 

and 3, we use polymerase chain reaction (PCR) and RNA- in situ hybridization (R-ISH) to show 

that asymptomatic EcPV-2 infection, and genital SCC-associated EcPV-2 infections, are 

statistically similar amongst Western Canadian horses. Similarly, we show that EcPV-2 exposure, 

as measured by serology, is also not infrequent. We also identify in utero and aborted fetuses 

infected with EcPV-2. 

In Chapter 3, we measure clinical outcome (overall survival time) through the use of a 

retrospective survey, issued to Western Canadian veterinary practitioners. We show that the EcPV-

2 status of genital SCCs is not a prognosticating factor. We identify treatment status and recurrence 

as major prognosticating factors, whereas histologic grade, treatment type, duration of lesions, and 

co-morbidity are not. 

In Chapter 4, we use a more extensive database to explore better the possibility of EcPV-2 

infection in non-genital SCCs, such as those arising from the ocular and periocular tissues, 

something not identified in our Western Canadian population in Chapter 3. Here we again use PCR 

and R-ISH to identify viral nucleic acids in equine SCCs arising from a variety of anatomic 

locations, sampled from horses in the Colorado State University, Veterinary Diagnostic Laboratory 

service area. In doing so, we compile a collection of EcPV-2 positive non-genital SCCs that serve 
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two purposes: 1) Provide additional data to compare to our asymptomatic tissues from Chapter 2, 

and 2) Act as the foundation for the materials needed in our Chapter 5 study. 

In Chapter 5, we use immunohistochemistry (IHC) to compare EcPV-2 status on cell cycle 

protein expression in both SCCs (genital and non-genital) and healthy tissues. We show that there 

is a difference in p53 expression of genital SCCs when compared by EcPV-2 status. We observe 

that p53 and Ki-67 expression is increased in an EcPV-2 positive genital SCC and is present in 

both the stratum basale and supra-basilar layers, whereas, the EcPV-2 negative genital SCC shows 

p53 and Ki-67 staining only within the stratum basale. A similar pattern was not readily evident in 

non-genital SCCs. In Chapter 5, we further attempt to infer p53 functionality by using IHC to 

detect changes in downstream effectors such as p21, Ki-67, and activated caspase-3. Finally, we 

strive to detect the presence of mutant p53 in equine SCCs. 

The combined conclusions of these works are 1) EcPV-2 exposure and asymptomatic 

infection are frequent in Western Canadian horses, 2) exposure likely occurs early in life, 3) 

transmission can occur in utero as well as through non-sexual routes, 4) the detection rate of EcPV-

2 in SCCs is similar to that of healthy skin, but EcPV-2 infection in non-genital SCCs appears to 

be less 'intense' as compared to genital SCCs, 5) EcPV-2 status of genital SCCs does not impact 

overall survival times and, 6) EcPV-2 infection does influence p53 expression, although not in the 

anticipated manner of triggering p53 proteasomal degradation.  We believe that all the above 

findings provide valuable contributions to the growing body of knowledge regarding EcPV-2 

infection in horses and that further research is warranted. 
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CHAPTER 1  INTRODUCTION AND LITERATURE REVIEW 

 

1.1 Introduction  

The role of papillomaviruses (PVs) as a necessary cause of certain mucosal and cutaneous 

neoplasms has been well-documented in humans1, as well as a variety of domestic veterinary 

species, including cattle, horses, cats, and dogs2–4.  Also, PVs have been isolated from neoplastic 

cutaneous lesions in wild mammals such as rabbits, Western barred bandicoots, Egyptian fruit 

bats, Natal multimammate mice, European harvest mice2 and cervids5–7. PVs have also been 

characterized in a variety of reptiles, birds, and fish8–13. The most studied veterinary PVs are bovine 

papillomaviruses (BPVs), which cause disease in cattle3, cats14, and horses15. The most extensively 

understood PVs are human papillomaviruses (HPVs)16. As such, a thorough understanding of 

HPVs and BPVs, are crucial to guiding research on PV-associated disease in veterinary species 

such as the horse. 

The ultimate aims of the current research include 1) analysis of the presence of PVs of any 

kind, including EcPV-2, in equine skin cancer, 2) detecting and measuring the prevalence of 

asymptomatic EcPV-2 infection in horses, 3) evaluating the prognostic impact of EcPV-2 status 

on equine SCCs, 4) exploring possible EcPV-2 oncogenic mechanisms and, 5) inferring 

information regarding viral transmission and identifying at-risk populations.  Such information is 

currently lacking and is essential if useful and practical preventative measures, treatment planning, 

and prognostication guidelines are to be developed for EcPV-2 associated disease in horses. 

 

1.2 PV taxonomy 

PVs are an ancient group of viruses that are typically highly host-adapted. Traditionally, 

PVs have been classified according to the nucleotide sequence of the highly conserved major 

capsid protein L1 gene, whereby < 90% similarity defines a type and <60% similarity, a genus, 

and further variations are designated as subtypes and variants13,17.  Letters of the Greek alphabet 

designate genera. For example, there are over 200 HPV types identified, belonging to several 

genera, including Alpha, Beta, Gamma, Nu, Mu, and others. High-risk HPVs (hr-HPV) associated 

with mucosal cancers are typically of the Alpha genus. Cutaneous carcinomas resulting from Beta-

HPV infections are mostly limited to people afflicted with epidermodysplasia verruciformis (EV), 

a hereditary disease that predisposes Beta HPV-associated viral plaques to transform into 
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carcinomas in the presence of ultraviolet (UV) radiation2,18. In contrast, only 9 EcPV types are 

recognized in horses, and these encompass the Delta, Dyoiota, Dyorho, Treiskappa, and Zeta 

genera15,19–23.   

PVs have traditionally been named by first identifying the host species in which they were 

discovered, followed by a numerical typing, reflecting the order of discovery (e.g., EcPV-1 was 

first described in its association with horses with generalized papillomatosis).  This system has 

proved inadequate as it becomes apparent that some PVs can infect more than one species (e.g., 

BPVs that cause sarcoids in horses and cats) and gives no indication to relatedness between PV 

species. The rate of discovery of novel PVs has skyrocketed, given advancements in genomic 

capabilities. The increased ease and accessibility of whole genome sequencing has allowed 

virologists to more accurately classify less highly conserved genes, prompting the question of 

whether classification should be based on whole genome sequencing instead of the L1 gene 

alone13. As such, there is a call to re-classify PVs. Suggested is the removal of any reference to the 

host species of discovery, and instead, genus name (as per sequencing) and order of discovery be 

used. For example, EcPV-8 becomes Treiskappapapillomavirus-113. 

 

1.3 HPV and cervical cancer: A historical perspective 

Papillomas, as a clinical entity, have been described in humans and equids as far back as 

the  Ancient Greek and Roman empires24 and 80021 BC, respectively.  However, it was not until 

1964 that BPV was recognized as having oncogenic properties, in both bovids and equids.  

Interestingly, it was shortly after this that it became apparent that a subset of hr-HPVs were 

responsible for virtually all cervical cancers in women1,25–27.  BPVs became a model for HPV-

driven cancer in people, given their amenity to cell culture4.   Fast-forward to today, and it is HPV 

research that we must turn to, to help guide veterinary-PV research endeavors.  

From very early on, it was recognized that the risk factors associated with a woman’s 

likelihood of developing cervical cancers mirrored those of a sexually transmitted infectious 

disease. Initial bacterial suspects included Neisseria gonorrhoeae and Treponema pallidum,  

which were later discarded in favor of a viral etiology, explicitly, Herpes simplex virus 2 (HSV-

2)1,16. It took many years of research to convince the human medical profession this virus was not 

the causative agent of cervical cancer.   As previously mentioned, one of the scientific obstacles 

that hindered early HPV research was the inconvenient fact that HPVs are not amendable to cell 
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culture. This limitation remains, and currently researched PVs are maintained as deoxyribonucleic 

acid (DNA) clones.  In addition to the fastidious nature of PVs, the pathogenesis of PV-associated 

disease is complicated: most people are exposed to and infected by an HPV at some point in life.  

The vast majority of PV infections clear spontaneously. Only a small fraction of infections 

establish persistency; even fewer develop cancer, and those unfortunate to do so may only show 

disease decades after infection28,29.  Also, there are a multitude of different HPV types, and they 

show a wide range of biological behavior. There are 200 HPV strains documented in GenBank, of 

which a minimum of only 15 have oncogenic properties1,25,26.  The presence of so many HPV 

types, combined with a high prevalence of transient infection, made establishing a direct 

correlation between HPV infection and cancer challenging, and that road to understanding was 

fraught with contradicting research1,25.    

The most intensive period of HPV research followed the advent of molecular diagnostics 

such as PCR, in situ hybridization (ISH), IHC, restriction endonucleases, and Western and 

Southern Blots. These modalities allowed for an exponential surge in PV research and the eventual 

elucidation of HPVs’ role in several human cancers, including cervical cancer. Today, we know 

that nearly 5% of all human cancers are PV related30.  HPV is now recognized as a necessary cause 

of certain mucosal SCCs in humans, including cervical, (99%), vulvar (40-51%), vaginal (40-

64%), penile (36-40%), anal (90-93%), and oropharyngeal (12-63%)28,31.  HPVs are implicated in 

a variety of non-SCC cervical cancers as well32. The role of hr-HPV infections in breast cancer 

and primary melanomas remains controversial 33–35.  Although almost all women’s cervical cancers 

are the result of hr-HPV infection, the majority (70%) are the result of either HPV-16 or HPV-

18.30  This is a sobering statistic: only two of more than 200 HPV types account for the majority 

of one of the most common cancers in women. This point is reiterated because it highlights the 

importance of recognizing that not all HPVs behave similarly.  When comparing PVs of differing 

genera, infecting different host species, assumptions must be made with caution. 

Additionally, one of the most important lessons learned from HPV research on human 

cancer is that neoplastic pathogenesis is multifactorial, and infection with HPV, although 

necessary, is not considered a sufficient cause for transformation4,16,26,36.  Risk factors associated 

with the development of cancers in people include UV exposure for cutaneous SCC2, smoking, 

and alcohol for pharyngeal SCC37, and chronic inflammation, or the presence of sexually 

transmitted diseases for genital SCC31. Smoking, multiple births, use of oral contraceptives or 
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diethylstilbestrol, and increased sexual activity, are all known risk factors for HPV-associated 

cervical cancer38.  Host and environmental factors contribute to this complex pathogenesis, and a 

large portion of HPV research has focused on individual genetic predispositions that might account 

for some women’s increased risk of developing persistent HPV infection and, ultimately, cancer36.  

Similarly, research focusing on ascertaining the impact of HPV status on clinical outcomes 

remains robust. In general, the prognosis for an HPV positive cervical cancer is better than that of 

an HPV negative one, and infections associated with viral integration into the host genome is a 

negative prognostic indicator39–41. As a result, current screening practices, as dictated by the 

American Cancer Society and similar bodies, include both cytology from regular Pap smears as 

well as PCR for HPV28.  PV-status is also known to have therapeutic and prognostic implications 

in non-cervical cancers, such as head and neck SCCs42,43.  

The goal of researching potentially PV-driven cancers, in any species, should be to 

understand the pathogenesis well enough to develop measures to prevent against infection. This 

goal has largely been attained with hr-HPVs causing cervical and anogenital cancers. Currently, 

there are three hr-HPV vaccines available in Canada: Gardasil®, Gardasil 9®, and Cervarix®. 

Vaccination helps prevent persistent infections with HPV, but does not have any impact on the 

regression of established lesions16.  Given that cervical cancer appears in mid to late adulthood 

and that Gardasil® was introduced in 2006 for vaccination of girls aged 9- to11-years-old, the real 

protective impact of immunization against cervical cancer will not truly be known for another 20 

years.  It took over 50 years of intensive research to cultivate the knowledge necessary to bring 

effective vaccines to market, and PV research remains an active field.  Much work has been done 

to determine how HPVs are transmitted, attach to, and infect cells, replicate, establish persistent 

infection, evade the immune system, interfere with the cell cycle, apoptosis, differentiation, and 

ultimately cause neoplastic changes.  Similarly, research in fields related to diagnostic screening, 

treatment protocols, and the development of prognostication algorithms are forever on-going. 

Understanding and reviewing HPVs and their neoplastic potential is an essential 

preliminary step in guiding research focused on potential veterinary PV-induced neoplasia in 

domestic species such as horses.    
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1.4 BPV infection in horses - sarcoids 

An extensive review of BPV infection and equine sarcoids is not the purpose of the current 

studies. However, a summary of this common cutaneous disease is warranted as much of the 

following literature review references equine sarcoids, and some aspects of the experimental 

designs used in the current research rely on an understanding of sarcoids. 

Sarcoids are, by far, the most commonly diagnosed equine cutaneous neoplasms, and it is 

now widely accepted that these tumors are the result of BPV infection, namely BPVs -1, -2, or -

1344,45.  Sarcoids can affect all equids, including zebras, donkeys, and mules2,46–48.  These tumors 

can have a significant impact on a horse's economic value in addition to welfare concerns.  

Infection may occur by contact with infected cattle or other horses. 

Sarcoids and SCCs were the most frequently received equine neoplastic submissions in 

one North American study48. Both sarcoids and SCCs occurred more regularly in the Pacific 

Northwest as compared to the Northeastern USA.  The reason for this geographic variation 

between Eastern and Western US studies is unclear. It may be the result of variations in the 

demographics of the horse populations, exposure to cattle and UV light, or other causes48.    

Grossly, sarcoids have a wide array of morphologies.  Regardless, these neoplasms share 

behavioral characteristics of being locally aggressive and invasive, but metastasis is unexpected.  

Lesions are typically poorly delineated, and histologically, satellite lesions are invariably present 

surrounding the central, primary lesion, making complete surgical excision challenging, as such, 

recurrence is a clinical reality49. Treatments commonly used include surgical removal, 

cryotherapy, mycobacterium wall extracts, immune stimulants, and platinum containing 

chemotherapeutics (e.g., cisplatin, and carboplatin). Autologous and virus-like particle (VLP) 

vaccines show variable results50–52. 

The path to our current understanding of sarcoid pathogenesis and BPVs has been long and 

fraught with controversy.  Facets of the debate surrounding BPVs as a cause of sarcoids have 

mirrored challenges faced by the human medical community in their quest to elucidate the role of 

HPVs in women's cervical cancer. Namely, that PV is sometimes found in healthy tissue and is 

not always present within neoplastic lesions. BPVs- 1,2 and 13, have been isolated from horse skin 

with and without sarcoids44,53–56. Similarly, BPV DNA is present in non-neoplastic cells associated 

with sarcoids, including sebaceous gland epithelium and hair follicles57. Interestingly, BPV-1 and 

BPV-2 DNA has also been isolated in blood from sarcoid-affected horses and might represent a 
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source of latency58.  The frequent recurrence following attempts at surgical excision of these 

tumors may be in part due to the presence of the virus in these non-neoplastic cells in the body. 

Additional detail regarding BPV gene expression, transmission, and interactions with immune 

cells, are provided in other sections of this chapter.  

 

1.5 PV structure 

PVs are double-stranded DNA, non-enveloped viruses, and measure approximately 55 nm 

in diameter2.  They contain a single, circular genome, ranging from 5000 to 8000 base pairs long.  

Genes are grouped into early (E) and late (L) genes based on their order of expression during 

infection.  PVs contain five to six early genes (E1, E2, E4, E5, E6, E7, +/- E8) and two late genes, 

(L1 and L2)59 (Figure 1.1). L1 and L2 code for the structural capsid proteins.  L1 is the most highly 

conserved of the PV genes, and as such, it is traditionally targeted for detection of PV DNA and 

sequencing for identification13.  Together, L1 and L2 form icosahedral structures, composed of 

360 L1 proteins, grouped into 72 pentameric structures.  L1 is integral to the binding of the virion 

to target cell receptors, and L2 plays an important role in escaping the late endosome and 

trafficking viral genome to the nucleus for transcription60–62.  In addition to the L and E genes, 

there is a long control region, also referred to as the upstream regulatory region (URR). The URR 

dictates host range and tissue tropism as well as regulates viral gene expression after infection59. 

Promoter regions are present for early genes and late genes within the URR and E7 respectively, 

although this distinction is not clear-cut.  

 

 

 

Figure 1.1:  Linear representation of the ORFs of the EcPV-1 genome. (URR: upstream 

regulatory region). Reprinted from Biochemical and Biophysical Research Communications, 324 

(3), Ghim, S. et al., Equine papillomavirus type 1: complete nucleotide sequence and 
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characterization of recombinant virus-like particles composed of the EcPV-1 L1 major capsid 

protein, (2004) with permission from Elsevier 
 
1.6 PV life cycle 

For this thesis, HPV infection is used as a model to describe PVs in general with the 

disclaimer being that not all PVs behave similarly. Where pertinent, comparisons to veterinary 

PVs are made.  

 

1.6.1 PV life cycle general 

Epithelial basal cells are the target of HPV infection; however, virion replication does not 

occur at this site, rather, it is limited to supra-basal cells62.  One of the unique features of PV 

infections is that the virus lifecycle is tightly linked to the differentiation of the epithelial cells, as 

they move from a basal morphology, through to the most superficial layers, which in the skin are 

those keratinocytes of the stratum corneum (Figure 1.2) 2,59,63,64.   

 

 

 

Figure 1.2:  HPV infection. A schematic representation of a section of HPV-infected epithelium.  

Reprinted by permission from Springer Nature: Cellular and Molecular Life Sciences, 66 (10) pp 

1700-1717, The regulation of cell proliferation by the papillomavirus early proteins, Hamid, N. et 

al, (2009).  

 

There are three levels of replication in the PV lifecycle: establishment, maintenance, and 

vegetative65.  Establishment occurs following infection of basal cells of the epithelium, whereby 



  

8 

 

low copy numbers of PV are present.  During maintenance, copy numbers increase to maintain a 

constant amount of viral genomes, which is coordinated with basal cell mitosis.  In contrast, the 

vegetative phase is productive, and high copy numbers of viral genomes are produced in 

differentiated cells. These viral genomes will assemble within capsids to desquamate with the 

keratinocyte.   Released viral particles may re-infect basal cells or other individuals1,25.  Disruption 

of normal maturation of epithelial cells, as occurs in neoplasia, will thus impact normal viral 

reproduction.  

Integral to this discussion is the recognition that not all PV infections are productive. 

Productive infection is defined by the creation and release of infective virions. Abortive infections, 

those that do not produce infective virions, have been described for BPV in non-bovid species, 

such as cats and horses afflicted with sarcoids. However, it is not clear if all sarcoids represent 

abortive infections. BPV DNA and viral proteins are identifiable within sarcoids46,54–57,66.  Initially, 

it was believed that BPV could only infect fibroblasts; now there is evidence that keratinocytes do 

contain BPV DNA early in the course of infection and could act as a source of virion production67. 

Similarly, a small percentage of BPV-1 and -2 DNA is present within epithelial and sebaceous 

glands that are associated with sarcoids57.  Studies on feline sarcoids have failed to identify BPV 

DNA within overlying hyperplastic epihtelium5. 

Also of note, is that variations in sampling procedures of infected skin or mucosa may 

influence results, particularly in the case of latent, asymptomatic infections.  Finally, the choice of 

viral gene target in PCR and similar modalities may impact results given the variation in the 

frequency of viral gene expression within different locations of stratified tissues. These 

considerations are discussed further in Chapter 2. 

 

1.6.2 PV attachment and entry into cells 

HPV requires a breach in mucosal or epithelial continuity to establish infection16,21.   

Although multiple pathways have been described, a complete understanding of how HPV attaches 

to and enters epithelial cells is lacking.  Much HPV research has been conducted using VLPs, as 

L1 can self-assemble into virus particles that appear similar to authentic virions60,68.  When VLPs 

from multiple types of PVs are exposed to a variety of cell cultures, they are all able to bind to 

both epithelial and fibroblast cells, suggesting that PVs can bind to a common, widely expressed, 

and well-conserved receptor on host cell surfaces60,69.  The L1 capsid proteins have been shown to 
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bind heparin sulfate proteoglycans (HSPG), particularly Syndecan-1, on either the epithelial cells 

of the stratum basale or its underlying basement membrane69.  HSPG act as receptors for growth 

factors, lipoproteins, and several infectious organisms.  L1 may also co-bind with specific growth 

factors60. 

A conformational change follows the binding of HSPGs. Capsid proteins are cleaved by 

host enzymes such as cyclophilin B and pro-protein convertase, exposing additional binding sites.  

Integrins such as alpha-6, are also bound by viral capsid sites, resulting in intracellular signal 

activation. However, alpha-6 appears only to enhance attachment. BPV-4 and HPV-11 can still 

infect alpha-6 integrin deficient human keratinocytes60.   Virus binding of cell surface receptors 

may stimulate signaling pathways involved in immunity, growth, survival, and apoptosis. Very 

little is known about PV-induced cell signaling events, but activation of the Ras-MAP kinase path 

appears involved70.  

HPV L2 binds to annexin II and facilitates endocytosis60. Virions are internalized by 

keratinocytes predominantly via clathrin-dependent endocytosis16.  Once intracellular, virions 

must evade destruction by lysosomal enzymes, and capsid proteins are shed such that the viral 

genome is exposed to host DNA replication machinery at the nucleus.  Non-enveloped viruses 

such as HPV can escape the endosome by either lysing it or forming a pore within the endosomal 

membrane.  The L2 capsid protein of HPV-33 contains a short hydrophobic peptide at the C-

terminus, which has a membrane-disrupting ability16.  Similarly, strains of BPV-1 whose L2 capsid 

is mutated at this portion, are retained within the late endosome.  At least partial shedding of capsid 

proteins occurs in the late endosome, and L2 appears to act as a chaperone, targeting the viral 

genome to specific sites within the nucleus, namely nuclear domain 104,71.  This process is 

particularly dependent on the promyelocytic leukemia (PML) protein. When PML is knocked out, 

a diffuse nuclear pattern of L2 distribution results, with only one-tenth of the level of PV 

messenger ribonucleic acid (mRNA) transcribed71.  It is unclear how L2 chaperones viral DNA 

within the cytosol. Presumably, it involves cytoskeletal structures such as microtubules and the 

microtubular organizing center.  

Cell attachment and uptake of BPVs share similarities with several HPVs. Steps presumed 

to be involved in endocytosis and intracytoplasmic trafficking can be experimentally blocked, and 

changes in BPV-1 mRNA evaluated72.  For example, chlorpromazine blocks clathrin-mediated 

endocytosis and latrunculin-B disrupts actin. Both prevent BPV-1 virions from infecting cells if 
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applied less than two hours post-infection. BPVs require an acidic environment, such as the late 

endosome, to establishing a productive infection. Blocking of vacuolar adenosine triphosphatases 

with bafilomycin A prevents infection if added to cell cultures early16.  These findings support the 

model that BPV-1 utilizes clathrin-coated endocytosis to enter keratinocytes.  

 

1.6.3 Viral replication and disruption of host gene expression 

 

1.6.3.1 E1, E2, and E4 viral replication 

E1 and E2 proteins play an integral role in initiating and controlling early viral 

replication73,74.  Following initial infection of the basal keratinocytes, copy numbers are kept low 

by E1 and E275.  However, viral transcripts can be detected as early as two hours post-infection in 

cell cultures16.  E1 has its own adenosine triphosphate-dependent DNA helicase activity59,76 and 

must bind to the viral origin of replication to attract cellular enzymes necessary for DNA 

replication74–76.  However, E1 has only a low affinity for the viral origin of replication and requires 

the aid of E2.  E1 is unique, as it not only unwinds DNA, but can also separate complementary 

strand65.  E1 is expressed throughout infection but expression is highest during later stages when 

the late promoter is most active.  Both E1 and E2 are present as monomers in solution, but function 

as dimers65. 

E1 and E2 regulation occur at the transcriptional, translational, and post-translational 

levels.  Transcriptional control includes the production of spliced-variants of E2 (for example, with 

little-discussed E8 or E9 genes) whose product may have repressor effects65.  Post-translational 

regulation includes phosphorylation of these proteins by host kinases, including several cyclin-

dependent kinases. Ubiquitin-mediated-protein-degradation is also controlled by binding of 

enzymes such as cyclin dependant kinase (CDK)-265.  

E1 and E2 contain the cleavage site necessary for the integration of viral DNA into the host 

genome77.  E2 also plays an essential role in regulating the expression of the two major oncogenes, 

E6 and E7.  When the viral genome integrates into the host genome, E2 is lost, leaving E6 and E7 

expression uninhibited.  E2 can interact with a variety of host cellular proteins, including p53.  

During mitosis, E2 functions to segregate HPV transcriptions between new daughter cells78,79. 

The role of E4 is unclear and likely supportive of other gene functions. E4 accumulates in 

the late stages of infection and classifying it as a 'late gene' would have probably been more 



  

11 

 

accurate.  E4 plays a role in the viral release from cells as it takes part in the destruction of host 

cytoskeleton networks63,80,81.   

 

1.6.3.2 E5, E6, and E7 oncogenes 

E5 is considered an oncogene; however, its effects are only additive to those of E6 and E7 

as experimental deletion of E5 from HPV 16 AND HPV 31 does not yield dramatic changes in 

cell transformation. E5 is deleted upon the insertion of the viral genome into the host genome77.  

However, E5 may remain episomal, following integration in 26-27% of cervical cancers, thus 

continuing to have an impact in later stages of infection77.  E5 disrupts normal cell proliferation 

via the activation of the epidermal growth factor receptor. This alters signal pathways involved in 

cell division, apoptosis, and angiogenesis77. E5 also inhibits p21 and p27, which removes 

inhibition on cyclin-dependent kinases such that they can inhibit retinoblastoma protein (pRb) 

family proteins, thus eliminating suppression of E2F, allowing S phase to proceed.  E5 is also 

capable of altering host microRNAs77.  

A significant difference between HPV and BPVs, particularly those causing disease in 

horses (BPV1,2,13), is that E5 is the major oncogene of BPVs. BPV E5 protein interacts with 

many cell enzymes, including activation of platelet-derived growth factor-β receptor and signaling 

molecules PI3-K and c-Src. E5 binds proton pump adenosine triphosphatase, thus inhibiting 

acidification of the late endosome, necessary for viral escape from lysosomal degradation82. E5 

protein of BPV-4, which causes upper gastrointestinal SCC in cattle who have ingested bracken 

fern, binds cyclin A promoter and inhibits major histocompatibility complex (MHC)-I molecules.  

By inhibiting MHC-I, antigen presentation by virally infected cells is diminished, thus aiding BPV 

to escape immune detection82.  E6 and E7 maintain lesser oncogenic roles in BPV infections; E7 

of BPV-4 has a similar function to that described in HPV and is capable of binding pRb, whereas 

BPV-2 E7 is not44. 

E6 and E7 are the most important genes of interest, given their abilities to not only push 

the host cell through the cell cycle, but also to promote genomic errors.  E6 enhances progression 

through the cell cycle and inhibits signals for apoptosis by enhancing proteasomal degradation of 

p53 via interactions with ubiquitin ligase E6AP83–85. E6’s negative effect on p53 is further 

amplified by its ability to inhibit p300, a transcriptional co-activator of p5386.  Pro-apoptotic 

proteins such as Bak, Bax, and c-myc are also negatively influenced by E644,87.  Within a given 
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HPV type, for example, HPV-16, variations of E6 amino acid sequences have been associated with 

increased malignant aggresiveness88.  E6 and E7 transcription are enhanced by stimulation of 

signaling pathways using Ras, Raf, MAPK, Fox and Jun77.  

E7 protein functions to drive the cell cycle from G1 to S89. It does this by binding to and 

degrading members of the pRb family16,25,85,87,90,91.  Degradation of pRb releases inhibition on the 

E2F transcription factor, which drives transcription of proteins necessary for the S phase of the 

cell cycle. Also, E7 inhibits CDK inhibitors, p21 and p27, further stimulating proliferation77,92.  E7 

also disrupts normal centrosomes, enhancing errors of chromosomal separation and stability at cell 

division93,94.  

Additional oncogenic actions of E6 and E7 include those on telomerase and cell 

signaling92,94.  As described above, E2 has a suppressive effect on E6 and E7 expression. When 

the PV genome inserts into host DNA, E2 and adjacent E4, E5, and L2 portions are deleted, causing 

dis-inhibition of E6 and E7 expression95. HPV-16 E6 and E7 have also been shown to induce 

chromosomal instability by inducing changes in centrosomes and mitotic spindle structures93. 

It should also be mentioned, through mechanisms that remain unclear, HPV influences the 

prevalence of a variety of miRNAs during both pre- and post-integration events.  Approximately 

50% of miRNA genes are present where HPV integrates, as these are unstable, fragile foci77.  The 

role of miRNAs in cell gene expression is profound, and approximately 90% of gene regulation 

within a cell is controlled by miRNAs77. 

As one can appreciate, the interactions between viral proteins and host cell functions are 

extraordinarily complex and varied.  This complexity has made creating a satisfactory model for 

HPV infection challenging.  Conversely, this complexity has allowed for a multitude of potential 

cellular biological markers, used to evaluate HPV effects, and act as diagnostic and prognostic 

factors30.   For example, changes in p21, p27, Cox-2, VEGFe, and, Caveolin-1 expression patterns 

are associated with HPV infection and  likely correlate with E5 protein activity77.  
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Figure 1.3: Overview of oncogene functions. HPV oncoproteins E5, E6 and E7 target epidermal 

growth factor, p53 and pRb, respectively. Reprinted from Biochimica et Biophysica Acta (BBA)- 

Reviews on Cancer, 1845(2), Molecular targets of HPV oncoproteins: Potential biomarkers for 

cervical carcinogenesis, pp 91-103 (2014) with permission from Elsevier 

 

1.6.4 Integration into the host genome 

There is some variation in how PVs behave once inside epithelial cells; some, such as HPV, 

are capable of integrating into the host genome, whereas others, such as BPV, remain episomal26,96.  

The ability of some HPVs to integrate seems to be a key step towards malignancy95. Genomic 

integration has the potential to not only directly disrupt host gene expression patterns, but also 

ensures that viral DNA is replicated with each round of mitosis. In contrast, episomal maintenance 

of viral DNA within host cells does not ensure repeated viral replication. As mentioned earlier, 

there are clinical implications; overall survival times and physical status are improved for those 

whose HPV infection remains episomal as compared to intergrated97. 

Recent work by Sykora et al. indirectly measured integration and concluded that EcPV-2 

is present in virion, episomal, and integrated forms within neoplastic epithelial cells of genital 

SCCs98. Ramsauer et al. later confirmed the presence of EcPV-2 integration into the equine host 

genome in neoplastic cells of penile SCCs99. It remains unclear, however, what the impact of 

EcPV-2 integration is on the host genome, latency and productivity of infection, and clinical 

outcome. 



  

14 

 

 

1.7 PV transmission 

Natural transmission of HPV can occur through sexual, direct skin, and indirect contact28.  

Experimentally, injection of HPV into the dermis or onto scarified skin can also induce HPV 

infection16,25. HPVs can be transmitted vertically from infected mother to child100.  

PV infection in mammals is also known to occur via direct transmission and requires a 

break in the epithelium101. BPV transmission is known to occur via insect vectors102, and EcPV-1 

transmission can occur by direct cutaneous contact or indirectly through fomites47. PVs may be 

transferred vertically in some species.  There is some experimental evidence that BPV may be 

transmitted through blood and passed vertically to calves103. 

Similar to HPV, BPV-1 and BPV-2 DNA and capsid protein L1 has been identified in 

circulating lymphocytes in cattle3,4,58 and may represent a reservoir for latent infection. One study 

also observed BPV-1 and -2 DNA in circulating mononuclear cells of horses (with and without 

sarcoids); E5 was identified but not L1 sequences58. Lymphocyte positivity for BPV DNA in cattle 

may explain why multiple tissues test positive for BPV, including milk, peripheral blood, semen 

and urine104. Lymphocytes infected with BPV have also been shown increased numbers of 

chromosomal abberations103,104.   

 

1.8 PV and the immune system 

One unique characteristic of epithelial PV infections is that viral replication is tightly 

coordinated with basal cell proliferation and differentiation1. Consequently, despite the initial 

infection being localized to the stratum basale, mature virions are released from desquamating 

superficial cells of the stratum corneum, and cell lysis is not a feature.  This lifecycle may help to 

keep HPV 'hidden' from the immune system.  When HPV infections do induce proliferation and 

loss of orderly differentiation of epithelial cells, this harms the progression of the virus's life cycle, 

and shedding from the host may be disrupted. 

The immune system plays a role in the development of HPV-associated neoplasia, such as 

cervical cancers. Immune compromised women, such as those infected with human 

immunodeficiency virus (HIV), develop cervical cancer at a faster rate than immunocompetent 

women105.  People with immunosuppressive conditions also have a higher incidence of overall 

HPV-positive SCC as compared to immunocompetent individuals2.  
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Non-infectious causes of immunodeficiency may shed light on the mechanisms by which 

the immune system combats oncogenic PV infections.  One of the better-understood examples of 

this is the predisposition to Beta-PV infection in people with epidermodysplasia verruciformis.  

Epidermodysplasia verruciformis is a hereditary disease whereby there is a mutation in the EVER1 

and EVER2 genes2,18.  The progression to SCC in these individuals is via a viral plaque, which is 

not part of the pathogenesis of SCC development in immunocompetent individuals.  As such, this 

may represent a different mechanism of SCC development. However, the exact nature of the 

interplay between virus and host immune cells remains unclear. 

HPV infection leads to the downregulation of STAT-1106. Work by Hong et al. evaluated 

HPV-31 and its ability to regulate the Janus kinase-signal transducers and activators of 

transcription (JAK-STAT) pathway, which plays an essential role in the innate immune response 

to viral infection42. They showed that HPV-31 E7 protein activates phosphorylation of the 

transcription regulator factor, STAT5, without concurrent changes in level of expression, enabling 

viral amplification. This effect appears to be the result of the downstream molecule, peroxisome 

proliferator-activated receptor γ (PPARγ), and regulation of the ATM-DNA damage response. 

ATM is a serine/threonine protein kinase and the ATM-DNA damage response is stimulated by 

breaks in double-stranded DNA, leading to a kinase cascade that activates cell cycle arrest, DNA 

repair, or apoptosis.  Its targets are broad and include p53.  Inhibition of this process, for example, 

with drugs such as pimozide, causes cessation of viral amplification and late gene expression. 

PVs can bind to a variety of white blood cells, including monocytes, macrophages, B cells, 

and dendritic cells, but oddly enough, not T cells68.  The uptake of VLPs by dendritic cells also 

appears to be much faster than that of epithelial cells, suggesting a different receptor is involved, 

possibly an immunoglobulin-G (IgG) receptor such as CD-16 (aka FcγRIII)68.  

Studies have shown that BPV infection  in horses with sarcoids is associated with an 

increase in FOXP3 expression108, a transcription factor of regulatory T lymphocytes, suggesting 

that immune system evasion is, at least in part, mediated by poorly understood viral effects on anti-

inflammatory lymphocytes.  

Interestingly, infection with BPV, although necessary, is not sufficient to cause sarcoids in 

horses. Experimental inoculation leads only to small, spontaneously regressing lesions.  Genetic 

factors, such as MHC-allele variations or other immune function differences and environmental 

factors such as trauma, may also be influential47,109.  Studies have shown that foals homozygous 
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for severe combined immunodeficiency (SCIDs) are at a higher risk of developing sarcoids109.  

Again, PV-associated disease appears to be multifactorial, regardless of species, and immune 

function represents one of those factors.  

 

1.9 PV persistence in the environment 

The ability of PVs to survive in the environment is unknown. These viruses are resistant to 

heat and drying. Most PVs are killed with UV radiation, heating to 100°C, 90% ethanol or 1% 

bleach. All PVs are resistant to current anti-viral medications110. 

 

1.10 EcPVs 

 

1.10.1 EcPV infection in general 

Nine EcPVs (EcPV-1 through 9) are recognized15,19,20,22,23,111. EcPV infection appears to 

be strictly limited to equids. Three clinical papilloma syndromes are recognized in equids: classical 

papillomatosis, aural plaques, and genital papillomas. Mixed infections have been documented, 

but only genital lesions seem to have a risk of progressing into a cancerous disease19,112,113. Table 

1.1 summarizes EcPV types identified within different diseases.  

 

Table 1.1 EcPV-associated disease in horses. 

Disease Genera EcPV-type 

 

Classical papillomatosis 

 

Zeta EcPV-1 

 

Aural plaques 

 

Dyoiota 

Dyorho 

Zeta 

 

EcPV-4, -5 

EcPV-3, -6 

EcPV-1 

 

 

Genital SCCs and precursors including plaques 

 

Dyoiota 

Dyorho 

Treiskappa 

 

EcpV-2, -4, -9 

EcPV-6, -7 

EcPV-8 

 

Bolded PV types represent those most frequently identified. 
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Congenital papillomas have been reported in foals, but EcPV has not been identified by 

IHC or PCR in these lesions.  As such, they are considered to be hamartomatous in nature114. 

 

1.10.2 Classical papillomatosis 

Classical papillomatosis afflicts horses one to two years of age and are caused by EcPV-1 

of the Zeta genus21.  EcPV-1 was the first of the EcPVs to be sequenced and its phylogenetic 

analysis puts it as a 'close to root' PV, meaning its divergence from other PVs occurred very long 

ago. EcPV-1 does not share much homology with other PVs, including HPV and BPV21.  It does 

share a similar arrangement of viral genes, including early and late genes as those described for 

HPV, although EcPVs lack E521. 

Classical papillomatosis manifests as numerous small cutaneous warts, often over the 

muzzle and limbs or in the mouth and nose. They may be present in the genital region (vulva or 

prepuce) or ocular tissues (cornea & conjunctiva)49.   

 Papillomas are pale and friable, with numerous frond-like projections, and may be 

ulcerated and covered in exudate. Classical papillomatosis is a highly contagious disease, and the 

virus is transferred by rubbing. Surgical removal is often futile as growths typically recur47,49,115.  

Fortunately, however, they usually spontaneously regress after approximately 50 days, although 

one to nine-month periods have been reported. Life-long immunity follows regression. Papillomas 

in older animals, on the other hand, tend to be more likely to persist49. 

Histologically, papillomas from the muzzle of horses have been well described116. The 

initial growth phase is characterized by marked hyperplasia of basal cells and parakeratotic 

hyperkeratosis.  Maturation is marked by the presence of acanthosis, koilocytes, and intranuclear 

inclusion bodies in the superficial layers of the epidermis.  Eventually, spontaneous regression 

occurs, accompanied by fibroblastic proliferation and lymphocytic infiltration, and the epidermis 

returns to standard thickness117. 

As with HPV and BPV, EcPV infection requires a breach of skin integrity. Experimental 

inoculation with wart extracts requires either scarification of the epidermis, or intradermal or 

subcutaneous injection to induce clinical lesions16,101,116,118.  

Little is known about how EcPVs evade the immune system during papilloma formation, 

nor what elicits the host response that allows for spontaneous regression.  Langerhans cells are 

hypo-functional during infection and hyper-functional during papilloma regression, particularly at 
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the dermis-epidermis interface119. Similarly, little is known about how EcPVs spread between 

horses. Direct contact and insect vectors are likely involved. EcPV-1 late gene protein products 

expressed by insect cells, have been shown to react with antibodies in vivo, suggesting the potential 

usefulness of non-infective viral vaccines to help reduce the incidence of classical papillomatosis 

in young horses21.  

 

1.10.3 Aural plaques 

Aural plaques may also be referred to as papillary acanthomas, hyperplastic dermatitis of 

the ear, or “ear fungus”98. Aural plaques can occur in horses of any age, although they have only 

rarely been reported in horses less than one year of age.  Plaques are usually limited to the internal 

aspect of the pinnae but can occur at the perineum and external genitalia. Unlike classical 

papillomatosis, aural plaques do not regress47. To date, EcPV-3 has most commonly been 

identified from aural plaques but in a recent Brazilian study, EcPV-1, -4, -5, and -6 were also  

isolated19,112,120.   Co-infection of more than one EcPV type has also been reported112,120. 

Aural plaques are often bilateral, and early lesions are small (1 to 2 mm), well-demarcated, 

raised, depigmented papules which may coalesce into larger, white hyperkeratotic plaques ranging 

from 1 to 3 cm.  Beneath the grey-white keratin, plaques are shiny, pink, and non-ulcerated.   

Histologically, aural plaques have fewer papillary fronds and significantly less melanin as 

compared to classical papillomas.  These lesions are histologically similar to human “flat warts” 

(aka verruca plana)98. Aural plaques have little clinical significance other than being esthetically 

displeasing.  Attempts to remove aural plaques often results in fibrosis or irritation, which can lead 

to behavioral problems, such as being “head shy”.  Removal may cause discomfort and 

disfigurement of the pinnae.  A plethora of topical and intralesional treatments exist; the most 

effective treatment is benign neglect and adequate fly control to avoid irritation115,121.  

 

1.10.4 Genital PV diseases 

Genital, and in particular penile, papillomas and SCCs have long been recognized by 

veterinarians, and treatment of these lesions can be challenging122,123.  Unlike classical 

papillomatosis, genital papillomas typically affects older horses, and lesions do not spontaneously 

regress47. Most importantly, genital lesions are clinically distinct because they may transform into 
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SCCs2,124.  Recently, EcVP-2 infection has been credited with causing such transforming 

disease125.   

The first evidence that penile papillomas are caused by a PV different from that which 

causes classical papillomatosis was that the restriction endonuclease pattern of cloned viral DNA 

sampled from diseased horses differed126.  Also, the late region of the penile PV was very similar 

to that of BPV-1, but the early gene, E2, was most similar to that of HPV-1126.  From there, further 

work was done to sequence this PV, today known as EcPV-2125. 

The realization that a subset of SCCs in equids may have a viral cause has prompted a 

renewed interest in EcPVs, particularly EcPV-2 and in 2012 the entire EcPV-2  genome was 

sequenced125. Numerous studies have now shown the presence of EcPV-2 DNA within penile 

SCC124,125,127–133.  Not only has EcPV-2 DNA been repeatedly identified within penile SCCs, but 

the mRNA of EcPV-2 oncogenes E6 and E7 are present and in increased copy numbers in cells in 

the superficial layers of stratified epihtelium130. 

The incidence of EcPV-2 DNA in penile SCCs varies amongst several studies across 

different countries and ranges from 10-100% 125,128,132.   EcPV-2 DNA has been amplified from a 

small number of primary SCCs of the oral cavity or pharynx129 and there is a single report of co-

infection of BPV-1 and EcPV-2 in a SCC of the head and neck of a mare113.  Interestingly, EcPV-

2 DNA has been amplified from non-SCC lesions of the penis, oral cavity and pharynx127–131.  

EcPV-2 has been identified in non-SCC penile lesions such as melanoma, amyloidosis, and 

balanoposthitis. Reports of EcPV-2 positive balanoposthitis included 1) pyogranulomatous type 

due to botryomycosis and 2) eosinophilic type due to habronemiasis. EcPV-2 has also been 

identified within a follicular cyst127.  In contrast, attempts to isolate PV DNA from periocular SCCs 

have been unrewarding, and EcPV2 has been discounted as a cause of SCCs involving the eye or 

surrounding tissues76. 

Similar to the challenges of identifying HPV as a causal factor in  cervical cancer,  the role 

of EcPV2 in genital, and possibly, other SCCs, is hampered by the fact that EcPV2 can also be 

found within healthy tissues including penile, oral, pharyngeal and vulvar mucosae129.   

 This raises the question as to the prevalence of EcPV2 infection in asymptomatic equids. 

Four studies have been recently published on this topic.  The first was a 2010 Belgian study that 

found 10% of penile swabs and 0% of vulvar swabs from healthy horses contained amplifiable 

EcPV-2 DNA128.   A 2012 Austrian study compared the prevalence of amplifiable EcPV-2 DNA 
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in clinically normal horses to those affected with SCCs133.  Tissues from normal horses were 

positive for EcPV-2 DNA by PCR as follows: genital (4%), ocular (3%), semen (0%), and milk 

(0%).  A 2013 New Zealand study found that only 5 of 222 fresh tissue samples (including penile, 

vulvar, nictitating membrane, and oral-pharyngeal), from 75 apparently healthy horses,  contained 

amplifiable EcPV-2 DNA129.  Of normal horses, EcPV-2 DNA was detected in penile (6%), oral-

pharyngeal (3%), and vulvar (3%) swabs, suggesting that, at least within this geographic region, 

EcPV-2 infection is relatively rare. EcPV-2 seropositivity of asymptomatic horses was analyzed 

in a single 2014 Swiss study evaluated 50 clinically normal horses and found 46% were positive 

for either EcPV-2 DNA from genital swabs or had circulating anti-EcPV-2 antibodies135.  Only 

8% of horses tested were positive for both circulating antibodies, and EcPV2 DNA, and 54% of 

horses lacked evidence of infection or seropositivity.  In this particular study, 18% of genital swabs 

from healthy horses were positive for EcPV-2 DNA, which is significantly more than previous 

studies. The variation in observed prevalence may be explained either by the methodology of 

sample collection or geographical and population variation.      

To date, little is definitively known regarding the transmission of EcPV-2. Although it 

seems logical to assume that transmission of EcPV-2, a virus presumed to cause genital lesions, 

should be via sexual contact, this theory is somewhat difficult to accept given the fact that so many 

of the afflicted geldings have never had known sexual contact.  To the author’s knowledge, the 

incidence of EcPV-2-associated genital cancers in breeding populations, as compared to non-

breeding populations, has not been explored directly.  Additional transmission routes should be 

considered, including indirect or more complex routes, such as vertical transmission, mechanical 

transfer (insects, fomites), or even the movement of the virus from a distant site of exposure to that 

of the observable lesion. 

EcPV-2 has been detected within peripheral white blood cells113 and at distant metastatic 

SCC sites130, including lymph nodes128.  The presence of EcPV-2 within metastatic sites is likely 

explained by the movement of the virus within metastasizing epithelial cells and not re-

establishment of malignancy at distant sites.  The presence of PV viruses in white blood cells has 

been documented in humans136 and bovids58 and even been proposed as a potential source of 

latency.  
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1.10.5 A note on equine SCCs 

SCCs can occur anywhere on the body, are most prevalent at mucocutaneous junctions, 

and the eyelid is the most common site, followed by the prepuce and vulva. SCCs are the most 

common reported neoplasm of the equine eyelid and external genitalia and the second most 

common malignant skin tumor of horses48.  Sixteen percent of periocular SCCs are bilateral and 

represent de novo development, not metastasis49,137.   

SCCs are typically solitary and poorly delineated, ranging from 0.5 to 6 cm in diameter.  

Early lesions can easily be mistaken for infected, non-healing granulation tissue as they are often 

ulcerated, may have a secondary infection, and appear cauliflower-like47.  Histologically, SCCs 

contain irregular sheets or chords of neoplastic keratinocytes that invade the dermis.  

Keratinization is variable, inter-cellular bridges are prominent, and cells exhibit malignant 

characteristics such as dysplasia, atypia, and increased mitotic figures47.  SCCs are frequently 

accompanied by inflammatory infiltrates, including T and B lymphocytes, plasma cells, and 

macrophages. The nature or severity of the inflammatory response does not appear to have any 

correlation to the neoplasm's metastatic risk.  SCCs are IHC positive for cytokeratin , and this 

marker can aid the diagnosis of spindle or clear cell variants47,49,115.   

A variety of risk factors for SCC development have been proposed, but UV light exposure 

is likely the most important as SCCs most frequently develop on sun-damaged skin and are often 

preceded by actinic keratosis and carcinomas in situ (CIS)138.  Additional risk factors relating to 

UV exposure include geographical information such as increased altitude and longitude, and 

decreased latitude.  Host features such as reduced pigmentation of skin and hair and sparsity of 

hair coat also increase the risk of UV damage.  Whether UV exposure contributes to genital SCC 

development remains unclear. It seems counterintuitive that an area as protected from the sunlight 

as the penis, typically within the prepuce, or the vulva, covered by the tail, would be exposed to 

high levels of UV radiation. 

Horses, on average, range from 10 to 12 years of age at the time of clinical onset of SCC 

and lightly pigmented breeds, such as Belgian, Clydesdale, Shire, Appaloosas, American Paint, 

and Pinto appear to be at higher risks49.  Geldings have a higher incidence of SCC than stallions122.  

This observation bred the concept that chronic irritation due to smegma accumulation in geldings 

is a risk factor, a theory that is still mostly unconfirmed49.  An alternative explanation may lie in 

hormonal cues that are absent in castrated males as compared to their intact counterparts. 
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Surgical removal with regional chemotherapy is the treatment of choice for large tumors, 

whereas smaller lesions may respond to topical treatments, radiotherapy and intralesional 

cisplatin139.  Generally speaking, mucocutaneous SCCs tend to be slow to metastasize even if they 

are locally aggressive; an exception to this is the SCC of the conjunctiva of medial canthus which 

often shows vascular invasion138.  Recurrence of incompletely excised SCCs is common and may 

be influenced by the anatomical restrictions needed to achieve clear margins. Horses treated by 

conservative excision of penile SCCs have an increased rate of recurrence as compared to those 

treated with complete phallectomy123.  Such surgery obviously has a detrimental effect on animals 

used for reproduction. There is some evidence that histologic grade can be prognosticating for 

penile and preputial SCCs123,131 . The presence of enlarged inguinal and subiliac lymph nodes is a 

negative prognostic indicator49.  One study reported 30/72 (42%) of horses with penile or preputial 

SCC died of the disease131. 

If a subset of equine SCCs is induced by EcPV-2 infection, then this therapeutically 

challenging disease could be prevented if infection can be avoided (identify and isolate shedding 

animals) or protected against (vaccination).  Similarly, and as discussed earlier for HPV, PV status 

of equine SCCS may play a role in therapeutic planning and prognostication. 

 

1.11 Current understanding of EcPV-2 molecular interactions  

From a molecular viewpoint, little is known regarding EcPV-2 and its interactions with 

host cells.  Scase et al. sequenced the genome and identified putative E6 and E7 genes, although 

E7 lacked a Retinoblastoma binding site20.  This study also noted the lack of E5; thus, the presumed 

major oncogenic abilities of EcPV-2 appear to lie within E6. 

Ramsauer et al. reported that EcPV-2 infected penile SCCs showed preferential expression 

of nearly 2000 host genes as compared to normal skin99. Pathways involved included those of cell 

proliferation and adhesion. A clear mechanism was not identified, and because no comparison was 

made to EcPV-2 negative penile SCCs, it remains unclear if the observed changes in gene 

expression are the result of the virus or unrelated neoplastic transformation. A second study by 

Ramsauer et al. did evaluate penile lesions for p53 expression and observed an increase in IHC 

staining and a change in the pattern of staining, of epithelial cells in invasive lesions (CIS, SCCs) 

as compared to non-invasive lesions (hyperplasia and papillomas)140.  
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Few studies have attempted to directly correlate EcPV-2 gene expression with disease 

development or clinical outcome99.  Van den Top et al. examined a variety of cell marker changes 

in EcPV-2 positive penile and preputial SCCs and found that histologic grading was a strong 

prognostic indicator, whereas expression of p53 and Ki-67 was not, nor was the presence of EcPV-

2 or EcPV-3 DNA131.  Theirs is the only study to date to consider the prognostic impact (survival 

time) of EcPV-2 status on penile SCCs, although this study did not account for differences in 

treatments or other potentially compounding factors such as co-morbidity or age as causes of 

euthanasia.  

 

1.12 Conclusion 

Dermatologic complaints are one of the most common reasons for horse owners to seek 

veterinary care.  Aetiologies can include infectious, neoplastic, toxic, immune-mediated, and 

inflammatory, similar to other domestic species49.  In one retrospective study, approximately 30% 

of equine pathology submissions were neoplastic48.  Many of these conditions are more than just 

esthetically displeasing and constitute a concern for welfare as well as the potential loss of 

performance. 

Recent research supports a model in which EcPV-2 plays an essential role in a subset of 

genital SCCs.  Much remains to be learned about EcPVs, including the variety and types present 

in horse populations, their geographic distribution, and whether they are responsible for equine 

diseases beyond genital SCCs.   An understanding of how EcPVs are transmitted, the prevalence 

of asymptomatic infection in Canadian horse populations, the breadth of viral tissue tropism, the 

ability to evade immune detection or the interactions between the virus and host cellular proteins 

are lacking.    

There is a lesson to be learned from HPV research and that is that PVs have long been 

underestimated in terms of their complexity and pathogenic capabilities. This is likely true of 

EcPVs in horses.  The ultimate long-term goal of EcPV research should be to gain a thorough 

understanding as to if, and how, these viruses cause disease, such that improvements can be made 

in the diagnosis, treatment, and prognostication of EcPV-associated cancers, and hopefully, the 

development of preventative measures, such as vaccination.  
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1.13 Hypotheses 

We propose that if EcPV-2 is a cause of equine SCCs, it may behave like hr-HPVs in that: 

1. Asymptomatic and transient EcPV-2 infection is common. 

2. EcPV-2 exposure is frequent, and likely occurs at a significantly younger age than disease 

manifestation, 

3. Sexual transmission is not the only route of EcPV-2 transmission  

4. Infection is causal but not sufficient for neoplastic change, and that additional environmental 

and host factors play a role. 

5. The EcPV-2 status of a tumor may impact its biological behavior and clinical outcome. 

6. EcPV-2 E6 gene expression is associated with changes in cell cycle protein, p53, in neoplastic 

tissues. 

In the following chapters, we collect data to explore the role of EcPV-2 infection as a 

contributing cause in a subset of equine SCCs, as well as challenge the current theories that the 

virus is limited to causing genital disease, is exclusively sexually transmitted, and absent from 

healthy animals.  
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2.1 Abstract 

EcPV-2 has been recognized as a potential cause of a subset of genital SCCs in horses.  To 

date, no studies have examined Canadian horse populations.  In the current study, we measured 

EcPV-2 seropositivity in 50 healthy horses from Western Canada, and these were compared to a 

herd of horses with known EcPV-2 exposure.  Secondly, the presence of EcPV-2 DNA was 

measured using EcPV-2 specific PCR, performed on a variety of tissues collected from 70 

necropsied horses lacking any history, gross or histologic evidence of neoplasia or PV-associated 

disease. EcPV-2 specific RNA in situ hybridization (R-ISH) was performed on PCR-positive 

samples to identify the specific tissues infected. The results of this study were that the 

asymptomatic EcPV-2 infection rate was 20/70 (29%), and exposure to EcPV-2, as measured by 

seropositivity, was 18/50 (36%).  EcPV-2 positivity by anatomic location, as measured by R-ISH 

was as follows: penis 10/29 (35%); vulva 5/34 (15%), eyelid 8/68 (12%), oral mucosa 7/65 (11%), 

skin from muzzle 7/68 (10%) and retropharyngeal lymph node 2/64 (3%). The youngest horses 

with EcPV-2 infection were fetuses, suggesting for the first time that vertical transmission of 

EcPV-2 occurs in horses.  

 

2.2 Introduction 

PVs are non-enveloped, double-stranded DNA viruses with a circular genome of 

approximately 8,000 bp16. These viruses are ancient and generally highly host- and even tissue- 

specific2.  PVs are responsible for a subset of cancers in a variety of species2.  Of these, HPVs are 

the best studied.  Over 200 types of HPVs have been identified, of which only a small subset have 

known oncogenic abilities, the most notable of which are HPV types 16 and 18, associated with 

virtually all cases of human cervical cancers1,25,27,105.  HPVs have been implicated in a subset of 

anogenital and head and neck cancers (HNSCC) and possibly some melanocytic and breast 

cancers1,31,34,35,37,83,141. It is essential to recognize that subclinical HPV infection is more common 

than the clinical disease, with many infections being cleared and fewer becoming persistent16.  

Understanding how HPVs are transmitted, the molecular interactions between host and viral 

proteins, the identification of at-risk populations, and the development of screening protocols have 

all contributed to early detection and use of preventive measures such as vaccination105.  

In contrast to HPV, our understanding of PVs infecting horses is limited.  Recently, a subset 

of equine genital SCCs and precancerous lesions (papillomas, CIS, and plaques ) have been 



  

27 

 

associated with the presence of EcPV-2 DNA125,127,128,130,133,135. It is now generally accepted that 

this virus plays an active role in the development of these tumors.  However, little is definitively 

known regarding the mechanism of oncogenicity, route(s) of transmission, the existence of a 

carrier state, or impact of PV status on prognosis or therapeutic protocols.  Given the anatomic 

distribution of EcPV-2 positive SCCs, it has been proposed that this virus is transmitted by sexual 

contact, although other possible routes such as direct contact and insects have been 

contemplated124,125,128,132.  

To date, five studies128,129,132,133,135 have attempted to measure the prevalence of exposure 

or infection of EcPV-2 within the apparently healthy horse population, and no studies have 

included Canadian horses.  The purpose of the current study was twofold. First, to evaluate the 

prevalence of EcPV-2 seropositivity amongst clinically normal horses from across Western 

Canada, using the same methods as previously described by Fischer et al.,135. These findings were 

compared to those of a herd of horses with known exposure to a gelding with an EcPV-2 positive 

penile SCC.  The second objective was to determine the frequency of EcPV-2 infection in 

asymptomatic horses by sampling several strategically selected sites from necropsied horses that 

lacked any known history or gross evidence of neoplasia or PV-associated disease (papillomas, 

aural plaques, sarcoids, SCCs).   

The prevalence of EcPV-2 infection in normal horse tissues is crucial information when 

discussing the potential role of EcPV-2 as a risk factor in SCC development. We discuss and 

compare our findings to previously published reports of the proportion of EcPV-2 positivity of 

equine SCCs and samples collected from healthy horses from similar anatomical sites.   

 

2.3 Materials and methods 

 

2.3.1 Selection of horses of EcPV-2 PCR 

Seventy horses submitted to Prairie Diagnostic Services Inc. (PDS, Saskatoon, SK) for 

necropsy or disposal during the period of October 2016 to June 2017 were selected for collection 

of tissues. Inclusion criteria allowed for any equid lacking a history of, or lesions at necropsy, 

indicative of any kind of neoplasia or PV-associated diseases, such as papillomas, aural plaques, 

sarcoids or SCCs.  Horses received for disposal were given a thorough external exam and whenever 

possible, a cursory necropsy (SG).  For the purposes of this study, the included horses were termed 
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'normal,' despite many having an unrelated disease. No restrictions were placed on age, breed, or 

gender. Tissues were collected from the following sites: haired skin from the middle of the upper 

lip (muzzle), lower eyelid, buccal mucosa at the level of the second premolar, retropharyngeal 

lymph node (RPLN) and either vulvar labia or the glans of the penis.  In addition to these tissues, 

the placenta was collected, whenever available, from fetal submissions.  For each sample, a portion 

was retained frozen at – 20˚C for future studies, and a second portion was fixed with 10% buffered 

formalin.  For each animal sampled, a single formalin-fixed, paraffin-embedded (FFPE) block was 

produced, which included tissues from all the sampled sites.  These FFPE blocks constituted the 

material for both EcPV-2 specific conventional PCR and chromogenic R-ISH. 

 

2.3.2 EcPV-2 PCR 

In brief, four sequential 25µm shavings were taken from each of the FFPE blocks and 

deparaffinized using sequential xylene washes. DNA extraction was performed as described 

previously142: Overnight incubation in lysis buffer and proteinase K (5 uL) was followed by the 

extraction of nucleic acids using phenol-chloroform isoamyl alcohol. Nucleic acids were 

precipitated out using 2.0 Vol of 100% ethanol and 1/10 volume of 3M sodium acetate.  Samples 

were resuspended in 50 uL of TE buffer and nucleic acid concentrations were measured using 

Nano Drop® spectrophotometer.  The presence of amplifiable DNA was confirmed by performing 

PCR using primers for the equine housekeeping gene beta-actin as previously described55. 

Consensus primers were designed for amplification of a 306 bp segment of the L1 gene of 

EcPV-2 based on the alignment of the EcPV-2 isolates (HM461973.1 and EU503122.1). 

Sequences were as follows: EcPV-2For 5'-TCCTCCACCAATTTTAAA-ACCTAT-3' and EcPV-

2Rev 5'-ATCCAAGTCAAGGGAAAG-3'.  The DNA was amplified in a standard PCR reaction 

using the Eppendorf Mastercycler using a 50 µL PCR reaction. The PCR assay was optimized 

using 2 µl of DNA template and end concentrations of 4 mM MgCl2, 0.25 dNTPs, 1.25U of Taq 

polymerase, 0.8 µM of each reverse and forward EcPV-2 L1 primers. The following cycling 

conditions were used: 3 min denaturation step at 94ᵒC, 40 cycles of amplification employing 94ᵒC 

for 30 s, annealing at 58.4ᵒC for 30 s, and extension at 72ᵒC for 1 min.  A final extension step was 

used at 72ᵒC for 10 min, then held at 10ᵒC. The amplification products were subjected to 1.2% TE-

gel electrophoresis and visualized by ethidium bromide staining. A sample was considered positive 

for EcPV-2 if a band was visible at the anticipated 300 bp size.   
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To confirm that the newly designed EcPV-2 L1 primers were amplifying EcPV-2 DNA, 

known positive EcPV-2 samples were amplified using the new EcPV-2 specific primers, and the 

amplicons were sent to Macrogen (Seoul, South Korea) for sequencing. The known positive EcPV-

2 samples were FFPE biopsies of SCCs used in a separate study whereby broad spectrum MY09/11 

PCR and sequencing had identified them as EcPV-2 positive.  These samples were assembled 

using the Staden Package software program and had a 99-100% sequence identity to HM461973.1 

and EU503122.1 based on the alignment over 424 bp in National Center for Biotechnology 

Information database.  

Internal controls included block blanks, extraction blanks, and non-template controls.  A 

previously sequenced EcPV-2 sample from an equine penile SCC was used as a positive control.  

A known EcPV-2 negative equine tissue was used as a negative control.  A sample was considered 

EcPV-2 positive if a band was visible under UV light on the gel at the expected size and position, 

consistent with the positive control. 

 

2.3.3 EcPV-2 R-ISH 

All FFPE blocks that were EcPV-2-PCR positive were submitted for EcPV-2 R-ISH to 

both identify the specific tissues responsible for positivity and confirm PCR positive results.  The 

methods used were similar to those previously described by Zhu et al., 2015130.  Reagents used for 

the RNAScope assay included the V-EcPV-2 probe that targets the E6 and E7 genes, the 2.5 HD 

Detection Reagent Red, H202, Protease Plus Reagents, Target Retrieval Reagents and Wash Buffer 

Reagents (RNAScope, Advanced Cell Diagnostics, Hayward, CA).  In brief, tissues were placed 

in the target retrieval solution for 15 min at 98°C, and apart from reducing the hematoxylin 

counterstain from 1:2 to 1:5 and allowing air drying of slides for 18 h prior to cover-slipping, 

manufacturer instructions were followed. Control tissues included equine SCCs that were: 1). 

known PV-positive but EcPV-2-negative; 2). PV-negative, and 3). EcPV-2- positive. Control 

tissues had been subjected to previous broad-spectrum PV PCR (MY09/11 and FAP 59/64) or 

EcPV-2 L1 PCR, followed by sequencing. 

EcPV-2 E6/E7 R-ISH probe hybridization (hereafter called “signal”) was visualized by 

routine light microscopy. Slides were examined at 40X magnification, and the presence and 

location (cell type) of the signal was recorded for each of the five tissue types on the slide. Based 

on previous work (unpublished) and similar publications,57,130,143 signal distribution pattern was 
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categorized as being either granular (GS) or diffuse nuclear (DNS). A GS pattern was typically 

seen within the nucleus and cytoplasm of epithelial cells and is characterized by a fine, granular 

or, punctate signal. A DNS pattern was characterized by the intense, complete filling of the nucleus 

by the signal, which obscured nuclear detail and was visible at low (4X or 10X objective) 

magnification. 

 

2.3.4 Selection of horses for serology 

Fifty equine serum samples were selected over a two-week period from submissions to 

PDS for equine infectious anemia (EIA) testing.  Only horses designated as healthy and requiring 

testing for export, sale or showing purposes and whose EIA results were negative, were included.  

This group of samples was referred to as the "general population." From these, sera were randomly 

selected from stratified groups such that a broad range of ages and geographical distribution was 

represented. Groups were stratified geographically by the Western Canadian province where the 

horse resided at the time of sampling: British Columbia, Alberta, Saskatchewan, and Manitoba.  

Age was stratified as either “young” (10 years and younger) or “old” (11 years and older).  

In addition, serum was collected from a herd of 17 horses, which included one 18-year-old 

gelding with a known EcPV-2 positive penile SCC, and these samples constituted what is referred 

to as the "known exposure population." The known EcPV-2 positive gelding had a history of penile 

SCC for which he had been treated surgically.   Both full-thickness biopsies and swabs from this 

horse were subjected to two different EcPV-2 L1 PCR reactions that were part of a separate, 

unpublished study. EcPV-2 PCR amplicons were sent for sequencing and identification 

(University Core DNA Services at the University of Calgary, AB, Canada). Additionally, EcPV-2 

(E6/E7) R-ISH was performed, as described in the current study, and was also positive.   

 

2.3.5 EcPV-2 serology 

EcPV-2 serology was performed (by SR) using the same enzyme-linked immunosorbent 

assay (ELISA) as developed and previously described by Fisher et al.,135.  To test the collected 

horse sera for the presence of virus-specific antibodies, a glutathione-S-transferase-capture ELISA 

with EcPV-2 L1 and CPV1 protein was performed. The EcPV-2 plasmid produced from Fischer 

et al., (2014)135 and the CPV1 plasmid from Lange et al., (2009)144 were used to heterologously 
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express the proteins in Escherichia coli strain BL21 (DE3) as described previously145 with minor 

modifications including cell lysis by sonification instead of using a high-pressure homogenizer. 

Polysorb 96-well plates were coated at 4 °C overnight with 50 mM sodium carbonate buffer 

pH 9.6 containing 0.1 % glutathione casein.  Plates were washed three times with phosphate-

buffered saline (PBS) buffer supplemented with 0.3 % Tween 20 (PBS-T). These washing steps 

were applied between every incubation step. Plates were blocked at 37°C for one hour with casein 

buffer (PBS-T containing 0.2 % casein). The GST-tagged antigens (EcPV-2 and CPV1), diluted 

1:10 in casein buffer, were applied to the plates and incubated at 37°C for one hour. 

The horse sera were diluted 1:500 in casein buffer, mixed with an equivalent of lysed 

untransformed E. coli strain BL21 (DE3) and incubated at 4°C for one hour to block reactions with 

contaminating bacterial proteins145. The coated ELISA plates were then incubated with the diluted 

pre-incubated sera or, for evaluation purposes as plate control, with goat anti-GST antibody diluted 

1:1000 in casein buffer.  As a secondary antibody, goat anti-equine IgG conjugated to horseradish 

peroxidase (HRP) or HRP-conjugated anti-goat antibody was used for the plate controls; both were 

diluted 1:1000 in casein buffer and applied for one hour at 37°C. Following six final washes, 

substrate (78 mM CH3COOH, 24 mM CH3COONa, 50 mM NaH2PO4, 2 mM ABTS with 1.25 

mM H2O2 applied shortly before use) was added. The absorbance was measured after 45 min at 

405 nm in a SunriseTM microplate reader.  

The horse sera were tested in triplicates against the antigen EcPV-2 L1-GST and, as a 

negative control, against CPV1 L1-GST. On each plate, one triplicate per antigen was tested with 

GST antibodies as a plate antigen coating control.  In order to normalize the results of the different 

plates, the same positive and negative control sera were included on every plate. 

Serum samples were tested in triplicates in ELISA. Plate to plate variability was 

compensated by dividing every value by the mean of the control sera values from the 

corresponding plate and multiplying the result by the mean of all control sera from all plates.  

Bootstrapping with thousand replicas was applied to the plate-normalized values of the 

negative controls to calculate the mean and the 97.5%-confidence interval (CI). The cut-off value 

(COV) was set to the upper CI-limit. Means of the plate-normalized values, including the COV, 

were plotted using R (Free Software Foundation; Boston, USA). 
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2.3.6 Demographic categorization 

Horses were categorized by age as either “young” (ten years and younger) or “old” (11 

years and older), using submission information. Breed information was extracted from the 

histopathology submission forms and used as a surrogate marker to categorize horses by expected 

patchiness of hair and skin pigmentation. Breeds typically displaying depigmented skin areas 

included Appaloosa, American Paint, and Pinto. Breeds lacking this feature included Quarter 

Horse, Draft, Thoroughbred, Arabian, and Warmblood. 

 

2.3.7 Statistical analysis 

Microsoft Excel (2016) software was used for descriptive statistical analytical 

measurements such as mean and median ages and proportion of positivity. Openepi online 

software was used to calculate chi-squared values (CI 95%, mid-p exact, 2 tail) when determining 

the significance of differences in EcPV-2 positivity by age and breed categories in the current 

study and for comparison by anatomic location to previous publications.    Significance was set as 

p <0.05. 

 

2.4 Results 

 

2.4.1 EcPV-2 PCR (necropsy) 

Seventy equids were sampled post-mortem, including 35 mares, 21 geldings, nine stallions, 

and five horses where gender was not recorded.  Ages ranged from zero (fetus) to 30 years. The 

average age was nine years and 11 months, and the median age was seven years. A variety of 

breeds were represented, the most common of which were Quarter Horses and their crosses 32/70 

(46%). Other breeds included Warmbloods (Hanoverian, Canadian, Foreign), 5/70 (7%), 

Appaloosa, 4/70 (6%), Thoroughbred 4/70 (6%), Draft breeds (e.g., Percheron, Clydesdale, 

Belgian) 4/70 (6%), Miniature Horse 4/70 (6%), American Paint 3/70 (4%), Arabian 3/70 (4%), 

Pony 2/70 (3%) and one each (1%) of Peruvian Paso, Saddlebred, and Mule. Five horses were of 

unknown breeds (7%). 

Reasons for euthanasia or death included: lameness, advanced age, trauma, colic, dystocia, 

developmental heart defect, chronic airway disease, sepsis, suppurative arthritis, ionophore 

toxicity, and research (including studies on septic joints and intra-abdominal adhesions).  
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All seventy of the FFPE blocks prepared for these horses had amplifiable DNA as 

determined by a positive PCR reaction using primers against the housekeeping gene, beta-actin. 

Twenty of the 70 horses (28.6%) yielded a positive result on EcPV-2 specific PCR performed on 

FFPE blocks of combined tissues (Figure 2.1). The youngest horses for which an EcPV-2 positive 

PCR result was obtained included two near term fetuses and two one-day-old foals. One of the 

fetuses was still in utero and belonged to a dam who was also necropsied (euthanized due to 

dystocia); the dam’s tissues were negative for EcPV-2.  

 

 

Figure 2.1:  EcPV-2 L1 PCR on pooled samples taken from asymptomatic horses collected 

at necropsy.  Agarose gel with ethidium bromide showing two positive EcPV-2 L1 PCR reactions 

for samples 24 and 40 (arrows). NTC: no-template control, Ex: extraction blank, La= ladder; 

Pos=positive control using known EcPV-2 positive equine tissue that had been sequenced and 

identified by BLAST analysis. 

 

When comparing EcPV-2 positivity by coat pigmentation (as indicated by breed 

information where available), there was no difference between breeds with patchy skin, 2/9 (22%) 

versus solid, 17/56 (30%) colored skin (p=0.67).  Similarly, there was no statistical difference in 

EcPV-2 positivity when comparing age groups with younger horses (10 years old and younger; 

8/38; 21%) versus older horses (11 years and older; 10/27; 37%) (p=0.173).  
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2.4.2 EcPV-2 R-ISH (necropsy) 

All of the FFPE blocks that were positive on EcPV-2 PCR were submitted for chromogenic 

EcPV-2 specific R-ISH to identify the tissue source of the PCR positivity (Figure 2.2A-I; Figure 

2.3A-L). Of the twenty horses deemed EcPV-2 positive by PCR, 17 (85.0%) showed EcPV-2 

positivity by R-ISH in at least one tissue.  The remaining three of the 20 (15.0%) samples identified 

as EcPV-2 positive on PCR were negative on EcPV-2 R-ISH.   

EcPV-2 R-ISH results were as follows and are summarized in Table 2.1 genital 16/68 

(24%), whereby penis was 10/29 (35%) and vulva 5/34 (15%); eyelid 8/68 (12%); buccal mucosa 

7/65 (11%); muzzle 7/68 (10%); RPLN 2/64 (3%); placenta .  Of the 17 horses with a positive 

EcPV-2 R-ISH result, four blocks had a single positive tissue, six had two positive tissues, four 

were positive for three tissues, and three were positive for four tissues.    

Signal in all sections deemed positive for EcPV-2 by R-ISH was typically present within 

the nucleus of epithelial cells and was characterized by fine, granular, or punctate signal (granular 

signal; GS) (Figure 2.2A and I; Figure 2.3C and I). A subset of sections also had an intense, diffuse 

nuclear signal that obscured detail of the nucleus (diffuse nuclear signal; DNS) (Figure 2.2F).  In 

an unrelated penile section with both types of signal (granular and diffuse nuclear; unpublished 

data), pre-treatment with RNAse greatly attenuated GS but only mildly attenuated DNS. Pre-

treatment with DNAse had no effect on GS but partially attenuated DNS 

 

2.4.3 EcPV-2 serology (general population) 

Fifty equine sera were collected (general population) with a range in age from one to 33 

years, and an average age of ten years and ten months and a median of ten years. Genders included 

21 mares, 27 geldings, and two stallions. Represented breeds included: Quarter Horse (22/50; 

44%), Warmblood (7/50; 140%), Thoroughbred (6/50; 12%), American Paint (3/50; 6%), Draft 

and crosses (3/50; 6%), Arabian (2/50; 4%), and one each (1/50; 2%) of Grade, Miniature Horse, 

Morgan, Mule and Welsh Cobb. Two submissions lacked breed information (2/50; 4%). 

Geographical distribution of sampled horses included 27 from the province of Alberta, 16 from 

Saskatchewan, and seven from Manitoba.  These 50 horses represented 40 different geographical 

locations at the time of sampling, as indicated on the EIA submission (nine submissions included 

two horses from the same farm, and one submission included three horses from the same farm).  
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 Eighteen of the 50 (36%) horses had evidence of EcPV-2 seropositivity.  The youngest 

horse showing seropositivity was three years old, and the oldest was 16 years old. 

When EcPV-2 seropositivity of the general population group was compared by age 

category, young horses (ten years or younger; 7/25; 28%) were similar (p= 0.26) to their older 

counterparts (11 years or older; 11/25; 44%).  When EcPV-2 seropositivity of the general 

population group was compared by breed category, there was no statistical difference (p=0.16) 

between horses with patchy and solid skin pigmentation.  

 

2.4.4 EcPV-2 serology (known exposure population):   

The 16 sera collected from horses in the 'known exposure population".  Genders include 

included six mares and ten geldings. Fourteen of the 16 horses had known ages and ranged from 

5.5-24 years and had a mean of 14 years and 11 months and a median of 15 years six months.  

Breeds included Quarter Horse (4/16; 25%), American Paint (3/16; 19%), Appaloosa (2/16; 13%), 

and one of each (1/16; 6%) Thoroughbred, Pony, Arabian, Morgan-Welsh cross.  Three of 16 

(19%) lacked information regarding the breed.  Six of the 16 (38%) asymptomatic horses known 

to be in contact with the horse having the EcPV-2 positive penile SCC showed seropositivity to 

EcPV-2 L1 capsid protein.  The horse with the EcPV-2 positive SCC also showed seropositivity.     

When comparing EcPV-2 seropositivity between our “general” (18/50; 36%) and “known 

exposure” (6/16; 38%) populations, there was no statistically significant difference (p=0.91). 

 

Table 2.1  EcPV-2 (E6/E7) positivity using RNA-in situ hybridization by anatomic location in 

normal tissues collected at necropsy.  

Anatomic Location Total (n) EcPV-2 positive (%) 

Buccal Oral Mucosa 65 7 (11%) 

Eyelid 68 8 (12%) 

Penis 29 10 (35%) 

Vulva 34 5 (15%) 

Genital 68 16 (24%) 

Retropharyngeal Lymph Node 64 2 (3%) 

Haired Skin (Muzzle) 68 7 (10%) 
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Figure 2.2:  Normal tissue samples (penis, vulva, eyelid), positive by EcPV-2 L1 PCR, equine.  

First two columns: Hematoxylin-eosin, Third column: R-ISH for EcPV-2 E6/E7 (red stain, 

arrows). (A, B, C) = Penis (glans) mucosa. 17-year old Thoroughbred gelding. (A, B). Normal 

stratified, pigmented epithelium with moderate infiltration of lymphocytes in the submucosa. (C). 

EcPV-2 positivity is present as a multifocal, weak, punctate nuclear signal within suprabasal 

keratinocytes. (D, E, F) = Vulva mucosa. 21-year old Quarter-horse.  (D, E). Normal, non-

pigmented, stratified epithelium with mild hyperkeratosis. (F) Intense EcPV-2 positivity is 

identified as both a diffuse nuclear stain as well as a weaker, granular cytoplasmic signal. (G, H, 

I) = Eyelid (cutaneous aspect). Quarter-horse gelding, adult of unknown age. (G, H). Normal, 

pigmented, stratified epithelium.  (I). EcPV-2 positivity is present as a multifocal, weak, granular 

signal within supra-basal epithelial cells. 

 

 

A B C 

D E F 

G H I 
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Figure 2.3: Normal tissue samples (oral mucosa, retropharyngeal lymph node, haired skin 

of muzzle), positive EcPV-2 L1 PCR, equine. Hematoxylin-eosin (A, B, D, E, G, H, J), R-ISH 

for EcPV-2 E6/E7 (C, F, I, K, L).   (A, B, C) Oral (buccal) mucosa at the level of second premolar 

(first cheek tooth).  Fetus, Miniature horse, gender not recorded. (A, B). Normal, stratified, non-

keratinizing oral mucosa with mild submucosal infiltration by lymphocytes. (C) Both a diffuse and 

granular nuclear EcPV-2 R-ISH signal are present within both basal and suprabasal epithelial cells. 

(D, E, F) Retropharyngeal lymph node.  Quarter horse cross, gelding, adult, age unknown (D, E). 

Lymphoid follicles within the retropharyngeal lymph node. (F). Multifocal EcPV-2 R-ISH 

positivity is present as both a diffuse and granular nuclear signal within lymphocytes. (G, H, I) 

Haired skin (muzzle) surface epithelium. 21-year old, Quarter-horse cross, mare. (G, H). 

Pigmented, stratified epithelium with hyperkeratosis (I). The surface epithelium has moderate 

EcPV-2 R-ISH positivity with a granular nuclear signal in both basal and suprabasal keratinocytes. 

(J, K, L) Haired skin (muzzle) dermal adnexa. 20-year old Pony, mare. (J). Normal haired skin is 

seen in cross-section at the level of the dermis. (K). Multifocally, the EcPV-2 signal is diffuse and 

nuclear within sebocytes. (L). Hair follicle with nuclear EcPV-2 R-ISH signal in follicular 

epithelial cells. 

A B C 

D E F 

G H I 

J K L 
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2.5 Discussion 

 

2.5.1 EcPV-2 infection in healthy Western Canadian horses 

The current study shows that EcPV-2 infection occurs amongst grossly normal horses in 

Western Canada (20/70; 29%) when assessed by EcPV-2 L1 specific PCR performed on multiple 

tissue samples taken from each horse.  The prevalence of EcPV-2 infection (as measured by PCR) 

and exposure (as measured by seropositivity) was similar in horses of different age categories and 

skin pigmentation patterns.   

The use of RNA-ISH to localize E6/E7 nucleic acids within histologic samples highlighted 

the presence of EcPV-2 mostly within epithelial cells but also in occasional lymphocytes within 

the RPLNs.  This is perhaps not surprising as prior research on BPVs and HPVs has shown 

lymphocyte infection, and it has been proposed that this may even represent a potential source of 

latency for the virus4,103,104,146–148.  

 

2.5.2 Agreement between R-ISH and PCR 

Seventeen of the 20 (85%), of the samples identified as containing EcPV-2 DNA using 

PCR were also found to be positive when using R-ISH. The three FFPE blocks that failed to yield 

a positive result on R-ISH despite PCR positivity included tissues from a five-year-old Quarter 

horse mare, a 24-year-old gelded mule, and a three-year-old Quarter horse gelding.  Similar 

findings of EcPV-2 PCR positivity but R-ISH negativity have been previously reported in equine 

genital SCCs by Zhu et al., 2015130. 

When using the same EcPV-2 R-ISH procedure on FFPE samples of equine SCCs, from 

other studies (  
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Table 6.1-6.6), we found no false positives (0/5) by EcPV-2 R-ISH on samples deemed 

PV-negative by PCR. Similarly, no false positives were identified when EcPV-2 R-ISH was 

performed on non-EcPV-2, PV-positive samples (0/8). However, we did find disagreement 

whereby EcPV-2 nucleic acids detected by PCR were not detected by R-ISH, and this was 

mostly limited to periocular SCCs (7/10; 70%). In that subset, the remaining 3/10 (30%) of 

periocular SCCs that were positive on both EcPV-2 PCR and R-ISH, the R-ISH signal was 

significantly weaker and less frequent as compared to other tumors evaluated, such as EcPV-2 

positive penile SCCs. 

Given the above, we propose that the discrepancy is best explained by R-ISH being less 

sensitive at detecting EcPV-2 nucleic acids as compared to PCR, given that only the latter amplifies 

the targeted nucleic acid. Previous studies have noted a similar discrepancy in diseased tissues130. 

The presence of multiple PCR controls in the current study makes contamination a less likely 

explanation for why three of the 20 samples in the current sample were positive on EcPV-2 PCR 

but not R-ISH. Such differences in sensitivity should be considered particularly when evaluating 

tissues that may have low viral loads, as is suspected in asymptomatic infections, such as those in 

the current study.  Additionally, the starting material for PCR required four 25 µm shavings to be 

collected, whereas, for an R-ISH slide, only 4µm are analyzed. It is possible that EcPV-2 nucleic 

acids are not uniformly distributed within tissues sampled (see Chapter 3, Fig. 3.3); differences in 

tissue volumes sampled between the two methodologies could result in disagreement between PCR 

and ISH results from the same tissue sample.  

 

2.5.3 Interpretation of R-ISH 

The R-ISH probes used in this study are designed to target mRNA of EcPV-2, a double-

stranded DNA PV. However, when PV DNA strands are uncoupled during viral replication, the 

complementary DNA strand may also become available for probe binding. Therefore, a positive 

signal may represent both viral mRNA and DNA130,143. To distinguish between these, a trial was 

conducted on an EcPV-2-infected penile sample from another study (unpublished) using RNAse 

and DNAse pre-treatment before R-ISH. Results suggest that GS is predominantly viral RNA, and 

DNS is predominantly viral DNA. 
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2.5.4 Fetal infection with EcPV-2 

 In the current study, three of the seven fetuses (43%) tested positive for EcPV-2 DNA by 

PCR. EcPV-2 RNA-ISH identified the positive tissues as follows: genital (3/7; 43%), oral mucosa 

(1/7; 14%), eyelid (3/7; 43%) and skin from muzzle (1/7; 14%), placenta (0/5). Equine fetal 

infection with EcPV-2, although not previously documented to the authors' knowledge, is not 

surprising given that vertical transmission of HPV and BPV has been documented100,103.  None of 

the three placentas from infected fetuses were positive for EcPV-2 on R-ISH.  Interestingly, in one 

submission, both the fetus and corresponding mare were available for sampling as euthanasia was 

due to dystocia; the fetus was positive for EcPV-2 while the mare was negative.  This finding is 

highly suggestive of the possibility of vertical transmission of EcPV-2 that is not the result of 

simple passage through an infected birth canal or through nursing.  The finding of an EcPV-2 

positive fetus within an EcPV-2 negative mare may suggest multiple possibilities: that the mare 

had been infected and cleared the virus, was infected but not in the tissues sampled or that the 

source of EcPV-2 came from the stallion.  Although a single previous study evaluating the presence 

of EcPV-2 nucleic acids in healthy equine semen did not identify the virus133, in bovids, PV nucleic 

acids were identified in peripheral blood and semen of both healthy cattle and those with bladder 

tumors103,104,147.  Identification of in utero infection with EcPV-2 also probes the possibility of 

immunotolerance in some animals and could explain the findings in a  previous study of a subset 

of horses that were infected but lacked evidence of seropositivity135. 

 

2.5.5 Comparison of the current study to previous reports of EcPV-2 infection in 

asymptomatic horses 

 Our finding of 20/70 (29%) for overall EcPV-2 PCR positivity among "normal" horses is 

significantly increased (p<0.001) as compared to the previous studies128,129,133,135. Our results are 

increased both as compared to individual studies and, also, as compared to the combined results 

reported by a recent review paper Sykora et al.(2017)149. However, when we examined EcPV-2 

positivity by anatomic location, using EcPV-2 R-ISH performed on the EcPV-2 PCR positive 

FFPE blocks, statistically, significant differences between our results and previous studies' were 

limited to penile and ocular sites, and they are summarized in Table 2.2.   

EcPV-2 positivity in the current study of normal penile tissue samples was 10/29 (35%), 

which is significantly increased as compared to three prior reports128,129,133 using penile urethral 
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fossa swabs which ranged from of 5%133 (p<0.001) to 10%128 (p=0.01).  EcPV-2 positivity in the 

current study of vulvar tissue samples was 5/34 (15%) and was not statistically different as 

compared to the same three prior reports128,129,133 using vulvar swabs, which had a range of 0%128 

to 3%129 (p=0.09 and 0.07, respectively).  EcPV-2 positivity in the current study of genital tissue 

samples was 16/68 (24%), which was increased as compared to one report (4%)129 (p = < 0.01) 

which used swabs, but similar to another (18%)135 (p= 0.48) which used cytobrush to obtain DNA. 

EcPV-2 positivity in the current study of eyelid tissue samples was 8/68 (12%), which is 

significantly increased as compared to a study performed on sampled nictitans (0%)129 (p<0.01) 

but similar to another using ocular swabs (3%)133 (p=0.2).   EcPV-2 positivity in the current study 

of tissue samples taken from the oral buccal mucosa was 7/65 (11%), which was similar to a prior 

study of 3%129 (p=0.06) that used oro-pharyngeal tissue samples.   

One of the notable differences between the current study and earlier publications is that we 

have compared EcPV-2 positivity by PCR and R-ISH between tissue samples from “normal” 

horses whereas other studies collected DNA using swabs, cytobrush or body fluids of live horses 

free of neoplasia, the exception being one New Zealand study which harvested the third eyelid 

from abattoir horses129.  We propose that it is possible that in asymptomatic EcPV-2 infection in 

horses, that viral copy numbers may be very low and restricted to the deeper layers of the stratified 

epithelium, consistent with what is known of HPV infection16,59, and therefore unlikely to be 

detected by superficial swabbing.  Conversely, swabs may be effective for detecting horses with 

productive infections (shedders).  

Secondly, the methodology of PCR varies somewhat between studies, both in the types and 

numbers of primers used and whether conventional versus quantitative PCR was employed. 

Finally, prior studies have varied in the number of sites sampled per horse. In the current study, 

each necropsied horse had five tissues examined, whereas, in prior studies referenced above, only 

genital, with or without periocular or oral sites were sampled. Increasing the number of 

mucocutaneous sites sampled per animal will result in an increased likelihood of attaining a 

positive result in at least one site, thus increasing the overall EcPV-2 prevalence of infection 

reported.  
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2.5.6 Comparison of current findings to prior publications of EcPV-2 infection of 

SCC at similar sites 

  EcPV-2 has been proposed to play a causal role in a subset of genital SCCs, and this has 

largely been supported by the finding of the virus within SCCs but rarely in swabs from healthy 

horses. As discussed above, superficial swabbing may not adequately detect low copy number 

infections present within deeper layers of epithelium, which is likely to be what is occurring in 

asymptomatic EcPV-2 infection in horses.  When comparing the prevalence of EcPV-2 infection 

of normal horse tissues in the current study to that of SCCs from similar anatomic locations in 

prior publications (limited to genital, periocular and oral-pharyngeal sites), significant differences 

were detected in some cases, but not all and these are detailed here and summarized in Table 2.2.   

Table 2.2: EcPV-2 positivity of normal tissues in the current study compared to that of 

previously reported ranges in normal horses and those with squamous cell carcinomas from 

similar anatomic locations. 

Anatomic 

location 

Current study of 

EcPV-2 positivity on 

normal tissues 

 

Range of EcPV-2 

positivity in previous 

studies on normal 

tissues125,128,129,133,135 

Range of EcPV-2 

positivity in previous 

studies on SCCs19,125,128–

131,134 

 

Penis 35% 5% - 10%** 45% - 100%* 

 

Vulva 15% 0% - 4% 75 - 100%** 

 

Genital 24% 4% - 18%* 50% - 100%** 

 

Eyelid 12% 0% - 3%* 0%** 

* Significant difference to only some studies in range as compared to the current study  

** Significant difference to the entire range of prior studies reported as compared to the current 

study 

 

Prior studies of EcPV-2 positivity of penile SCCs (and in one study, both penile and 

preputial SCC) reported a range from 45% to 100%125,127–130,134,150,151.  In the current study, EcPV-

2 positivity of normal penile skin was 10/29 (35%), which was similar to the lower range of 

previous reports of 45%134 for SCCs (p=0.45) but significantly lower as compared to the upper 

end of the range (p<0.001).   EcPV-2 positivity of vulvar SCCs reported in previous studies ranged 

from 75% to 100%125,128,133
, which is significantly increased as compared to the current study of 

normal vulvar tissue (5/34; 15%)(p=0.02 and 0.03 respectively). However, sample sizes in the 

previous vulvar SCC studies were small (n<5), and further studies on vulvar SCC EcPV-2 
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positivity are warranted to confirm the significance of our comparison.  When comparing EcPV-2 

positivity of the current study on normal genital tissues to prior publications (which evaluated both 

vulvar and penile SCCs), the current study reported 16/68 (24%) which was significantly lower 

than the previously reported range of 50% to 100%125,128,133 (p= 0.04; <0.001 and 0.0014 

respectively).   

Interestingly, EcPV-2 positivity of ocular and periocular SCCs has previously been 

reported as 0%125,134 whereas normal eyelid tissue samples from horses in the current study were 

significantly increased at 8/68 (12%) (p=0.018 and 0.03).  Possible explanations for the increased 

prevalence of EcPV-2 infection in normal eyelid tissues from the current study as compared to 

those with SCCs could be: 1) periocular sites are commonly infected and readily cleared by the 

immune system (decreased tropism), 2) Other carcinogens, such as UV radiation, play a more 

important role in SCC development at this site, or 3) excessive UV exposure to EcPV-2 infected 

periocular skin may result in clearance of the virus through mechanisms yet to be described    

EcPV-2 positivity of oral-pharyngeal SCCs has been reported as 15%129, which was similar  

(p=0.6) as compared to the current study on normal oral mucosa (7/65; 11%). 

EcPV-2 nucleic acids have been identified within lymph nodes of horses with regional 

metastasis of SCC130,150 but to the authors’ knowledge, not in any cases of lymphosarcoma.  The 

finding of EcPV-2 nucleic acids within lymphocytes of RPLNs of normal horses in the current 

study is perhaps not surprising given that BPV and HPV nucleic acids have been identified in 

circulating lymphocytes in bovids and humans respectively and it has even been proposed that 

these may serve as a source of latent infection4,104,136,146. 

To the authors' knowledge, there are no published studies pertaining to EcPV-2 prevalence 

in equine body sites other than genital, oral-pharyngeal, or periocular, although in the current 

study, we demonstrated that 7/68 (10%) of haired skin from the muzzle contained EcPV-2 nucleic 

acids. This site was selected for analysis because of equids' use of their upper lip to contact other 

horses (nuzzling, grooming), agitate surfaces, and explore interesting textures or smells.   

 

2.5.7 EcPV-2 seropositivity 

The current study shows that EcPV-2 exposure, as measured by seropositivity, is not 

uncommon (18/50; 36%) in our Western Canadian horse population.  The youngest age of a horse, 

which was seropositive, was three years old.    
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When EcPV-2 seropositivity of the general population group was compared by breed 

category, there was no statistical difference (p=0.16) between patchy and solid pigmentation. 

However, this may not reflect a true trend as our sampled population of horses had very few 

animals identified as having a 'patchy' coat pigmentation as compared to 'solid'. Secondly, the use 

of breed information identified on the submission form as a surrogate marker for pigmentation 

pattern carries multiple assumptions. The actual pigmentation of epithelial cells or hair shafts was 

not quantified for each biopsy in this study, and as such, an animal identified as an appaloosa could 

have a well- pigmented eyelid. 

Our results are similar to the only two other studies measuring EcPV-2 seropositivity in 

tumor-free horses135,151 (18/50; 36%; p>0.99 and 3/20; 15.0%; p=0.09) in Switzerland and Austria, 

respectively. This would suggest that there is little geographical variation in EcPV-2 prevalence 

between the three locations.  When comparing the Swiss horse population to that of the current 

study, they were similar in age (range and mean) as well as gender distribution (p=0.8). The 

demographic data of the tumor-free horses sampled in the Austrian study was not published. 

It is possible that in the current study, we have underestimated exposure, given that not all 

infected individuals will seroconvert, and EcPV-2 specific antibodies may wane over time if 

individuals are not re-exposed to the virus.  In the study by Fischer et al., 5/50 (10%) of horses 

were found to be infected with EcPV-2 but were seronegative135.   

What is perhaps curious in the current study is that the prevalence of EcPV-2 seropositivity 

was not statistically increased in older horses (11/25; 44%) as compared to younger horses (7/25; 

28%) (p = 0.26). One possible explanation is that EcPV-2 can evade immune detection with time.  

Alternatively, given the finding of infected fetal tissues in the current study, it is possible that some 

animals are born with an immune-tolerance to EcPV-2. Finally, considering that the antibody being 

detected targets the L1 protein, the current study may only be capturing the seroconversion of 

horses, which have, at some point, had a productive infection. 

 

2.6 Conclusions 

The current study suggests that both exposure to, and infection with, EcPV-2 are not 

uncommon in asymptomatic Western Canadian horses and can occur as early as in utero, both of 

which are novel findings. The presence of EcPV-2 infection in a variety of tissues suggests that 

transmission is not solely via sexual contact, and other routes should be considered (direct and 
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indirect).  Further research is warranted, particularly if preventative measures such as vaccination 

are to be applied in a meaningful manner. 

The current study reported an increased overall prevalence of EcPV-2 infection in 

asymptomatic horses as compared to prior studies on similar horses.  However, when EcPV-2 

positivity of normal tissues is considered by anatomical location, only penile EcPV-2 positivity in 

the current study was consistently significantly increased as compared to prior publications.  

Vulvar, genital, and periocular tissue EcPV-2 positivity in the present study was similar to some 

earlier studies but not others.  Such differences are thought to reflect differences in experimental 

design, particularly the use of excised tissue samples (as opposed to superficial swabbing) in the 

current study.  It seems unlikely that Canadian horses are more likely to be infected with EcPV-2 

as compared to other horse populations given that seropositivity against EcPV-2 L1 in the current 

study was similar to the only other two reports evaluating EcPV-2 seropositivity in healthy 

European  horse135,151.  

When EcPV-2 positivity is compared by anatomical site between normal tissues in the 

current study and those of prior publications concerning SCCs, the current study reported 

decreased prevalence as compared to only some studies on penile SCCs, but all vulvar SCC studies 

(albeit the latter had typically low sample numbers). When only studies examining both penile and 

vulvar SCCs were considered, tissue EcPV-2 positivity was significantly increased as compared 

to the current results in similar normal tissues. We did not detect a difference in EcPV-2 tissue 

positivity in normal oral pharyngeal tissue as compared to a prior report of similarly located SCCs.  

Counterintuitively, normal periocular tissue EcPV-2 positivity was significantly increased in the 

current study as compared to prior reports of SCCs.  

The finding of EcPV-2 positivity by R-ISH in occasional lymphocytes within the RPLN is 

a novel finding in horses and warrants further investigation, including assessment of infection of 

circulating lymphocytes as has been seen in HPV and BPV infections4,104,136,146. 

If EcPV-2 is potentially oncogenic, and not a bystander, we propose that it likely behaves 

in a manner like its better-understood HPV counterpart. We offer that most horses with a 

competent immune system can clear a PV infection, and the prevalence of persistent infection 

exceeds that of disease.  We suggest that only a fraction of proliferative lesions eventually show 

neoplastic transformation. The role of oncogenic HPVs in human cancers is described as 'necessary 

but not sufficient’16; once infected, additional host and environmental factors will influence 
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whether or not neoplastic transformation occurs.  Based on our findings that EcPV-2 DNA can be 

detected frequently within tissues from asymptomatic horses, we propose that a subset of equine 

mucocutaneous SCCs may be influenced by EcPV-2 infection, but that additional host and 

environmental factors are also necessary.  
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PREFACE TO CHAPTER 3 

In Chapter 2, we have shown that asymptomatic infection with EcPV-2 is not infrequent 

(29%) amongst Western Canadian horses and that numerous tissues may be affected (eyelid, 

genital, retropharyngeal lymph node, oral mucosa, skin of the muzzle). Additionally, we showed 

that previous exposure to EcPV-2, as measured by seropositivity, was common (36%). This 

information challenges previous conclusions that EcPV-2 has a strict genital tropism and is limited 

to diseased tissues only.  Such previous conclusions have formed the current working theory that 

EcPV-2 is a sexually transmitted infection that directly causes genital SCCs. 

In Chapter 3, we collect data regarding the prevalence of EcPV-2 infection of SCCs and 

their precursor lesions (papillomas and CIS) amongst Western Canadian horses for 1) comparison 

to normal tissues (collected in Chapter 2) and 2) establishing whether EcPV-2 status has an impact 

on clinical outcomes such as overall survival times.  Additionally, we gather information 

pertaining to potential confounding factors such as comorbidity, age of horse at the time of 

diagnosis, and owner and veterinary perceptions of disease outcome. Finally, we explore potential 

prognostic indicators such as treatment status, treatment type, histologic grade, and recurrence. 

By tackling these research questions, we aim to discern better whether EcPV-2 infection 

in equine SCCs is a causal factor or a bystander phenomenon, and if the presence of the virus has 

any clinical significance in terms of disease outcome. 
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3.1 Abstract 

EcPV-2 has been proposed as a causal factor in equine genital SCCs. This study had two 

objectives: first, to calculate the frequency of PV and EcPV-2 infection in papillomas, CIS, and 

SCCs in Western Canadian horses; second, to determine if EcPV-2 status of equine SCCs 

influences overall survival (OS).  EcPV-2 status of 115 archived tissue samples, spanning six 

years, was determined using broad-spectrum (MY09/11) and EcPV-2-specific PCRs, EcPV-2-

E6/E7 chromogenic R-ISH and sequencing.  A retrospective survey gathered data on history, 

outcome, breeding, treatment, and rationales considered by referring veterinarians when managing 

PV-associated diseases. Histologic grade and completeness of surgical margins of SCCs were also 

considered.  EcPV-2 DNA was identified in 8/27 (30%) of papillomas, 0/5 of CISs, 10/58 (17%) 

of SCCs and 0/11 of lesions identified as "other"; overall EcPV-2 % positivity was 18/101 (17.8%). 

EcPV-2 was identified in SCCs arising from genital tissues, but not SCCs from other locations. 

Logistic regression found that breeding history did not predict the EcPV-2 status of genital SCCs.  

Survival analysis showed that the EcPV-2 status of SCCs was not a predictor of OS (p=0.76).  The 

strongest negative predictors of OS were a lack of treatment (p<0.01) and recurrence post-

treatment (p<0.01).  Weaker predictors of OS included age at the time of diagnosis (p=0.02). 

Completeness of margins at surgical excision, concurrent disease, treatment type, anatomic 

location of the SCC (anogenital versus other), and histologic grade of the SCC did not influence 

OS (p>0.1). 

 

3.2 Introduction  

PVs are a group of ancient, highly-host adapted, non-enveloped, double-stranded DNA 

viruses2,4,16.  Horses are susceptible to infection by EcPV, for which nine types (EcPV-1-9) have 

been identified to date 15,19,23,111. EcPV-1, commonly seen in younger horses, is associated with 

cutaneous papillomatosis and is highly contagious and typically self-limiting49.  EcPV-2 has been 

associated with anogenital lesions and neoplastic transformation to SCCs124,127–129. EcPV-3 is 

responsible for aural plaques that typically afflict mature horses and are persistent but not 

considered pre-neoplastic49.  EcPV types-4, -5, and -6 have been identified in aural plaques, often 

as part of mixed infections120. Additionally, EcPV-4 has been identified in inguinal and vulvar 

plaques19.  EcPV-7 has been associated with penile masses19. EcPV-8 has been identified in three 

horses with generalized papillomatosis111 as well as a fourth horse with inguinal plaques, 
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papillomas, and SCC22. EcPV-9 has most recently been identified in the semen of a stallion with 

a penile lesion23. 

To date, the possible oncogenic mechanism of EcPV-2 has not been definitively 

determined, but whole genome sequencing of EcPV-2 by Scase et al. (2010)125 has shown the 

presence of both E6 and E7 genes.  In contrast to hr-HPVs known to cause cervical cancer in 

women, the EcPV-2 E7 lacks the pRb-binding motif, making E6 the oncogene of major interest in 

EcPV-2.  Hr-HPV E6 protein interacts with various host cell pathways, including those of the cell 

cycle. Inactivation of p53 by E6 by signaling for proteasomal degradation is one such 

example25,59,84,85,91,152.  The finding of EcpV-2 DNA within SCCs is, on its own, insufficient data 

to infer causality of neoplastic transformation.  EcPV-2 DNA has been identified in up to 20/70 

(29%) of asymptomatic horses (Chapter 2).  As such, one alternative hypothesis remains viable: 

increased EcPV-2 infection in SCCs could represent the up-regulation of viral DNA replication in 

response to the increased proliferation of neoplastic cells. Until such time that EcPV-2’s oncogenic 

mechanisms have been better studied, alternative hypotheses such as this one remains viable.  

The focus of our study was the evaluation of EcPV-2 infection of Western Canadian horses 

with mucocutaneous lesions, including SCCs, from a variety of anatomic locations.  We analyzed 

the effect of EcPV-2 status on OS while also addressing confounding factors such as treatment 

variations, co-morbidities, and election of euthanasia for non-SCC related reasons.  In addition, 

the survey gathered data regarding age of onset, duration of disease prior to treatment, and breeding 

history. 

In contrast to the relatively small body of research on EcPV-2 and SCCs, extensive studies 

on HPVs have shown a clear prognostic impact of HPV-status on a subset of cancers including 

head and neck squamous cell carcinomas (HNSCCs)42,141.  HPV-positive HNSCCs have a 

favorable prognosis when compared to their PV-negative counterparts, impacting both 

prognostication and therapeutic recommendations.    To the authors' knowledge, only one study 

has evaluated the prognostic impact of EcPV-2 status on penile and preputial SCCs, and it 

concluded that there was no impact on overall- or disease-free- survival times, although this study 

did not account for variation in treatments131.  To date, there are no published studies on the 

prevalence of EcPV-2 infection in tumors in the Canadian horse population.   We compare the 

proportion of EcPV-2 positivity of SCCs from Western Canadian horses to those of prior reports 

on different populations as well as to comparable normal tissues from a similar population.  
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3.3 Methods and materials 

3.3.1 Inclusion criteria 

A search of the PDS, Saskatoon, SK database was performed using the criteria for 

histologic diagnosis of any of the following terms: “SCC," “CIS” or “papilloma” (P) for equine 

submissions between 2009 and 2014, inclusively.  The search parameters also allowed for the 

inclusion of the above terms as differential diagnoses listed by the histopathologist; such lesions 

were reviewed and designated as "other" (O).  The associated archived, FFPE tissue samples were 

retrieved as well as their corresponding hematoxylin- and eosin-stained (HE) slides.  Where more 

than one block existed for a single submission, a review of the glass slides was used to select the 

block with the most affected tissue and where possible, some adjacent, normal epithelium.  

Information collected from the requisition forms included age, breed, and sex of the horse, 

anatomic location of the lesion, and date that the lesion was sampled as well as any pertinent 

historical information. 

 

3.3.2 Categorization 

Age was reported in years and then further categorized as "young" for horses being ten 

years or younger and "old" for those 11 years or older. Gender was recorded as either mare, 

gelding, or stallion and sex categorized as female or male. 

 

3.3.3 Categorization of lesions by PV and EcPV-2 status 

All samples with available FFPE material were first subjected to MY09/11 PCR, and those 

that were positive were categorized as "PV-positive." Samples that were negative on MY09/11 

PCR were considered "PV-negative." "PV-positive" lesions were then subjected to EcPV-2 

specific R-ISH; samples that were positive were classified as "EcPV-2 positive".  R-ISH negative 

lesions were further analyzed by EcPV-2 specific PCR to identify potential false-negative R-ISH 

reactions. Samples that were MY09/11 PCR positive, EcPV-2 R-ISH negative, and EcPV-2-PCR 

negative were categorized as “EcPV-2-negative/PV-positive”; to identify the PV in question, these 

samples were sequenced.  As such, only samples that were positive for MY09/11 PCR and one of 
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the following: EcPV-2 specific PCR, R-ISH or identification of EcPV-2 by sequencing, were 

considered “EcPV-2 positive”.  

 

3.3.4 PCR (MY09/11 and EcPV-2-specific) 

 Chemical DNA extraction was performed as described previously153. In brief, 

deparaffinization was performed using xylene and ethanol washes. Overnight incubation in a 56°C 

water bath with lysis buffer and proteinase K was followed with sequential extractions using 

phenol-chloroform, followed by precipitation with sodium acetate and ethanol overnight at – 20°C.  

Nucleic acid pellets were washed in ethanol, dried, and then re-suspended in tris EDTA buffer.  

Extracted DNA was stored at -20°C until amplification could be performed. Sequential, 

conventional PCR reactions were performed using two different primer pairs, both of which target 

the L1 gene.  Firstly, PCR using a broad-spectrum papillomavirus degenerate primer, MY09/11, 

was performed on all samples as previously described132.  The second PCR reaction used EcPV-

2-specific primers, which are described elsewhere (Chapter 2). In brief, consensus primers targeted 

EcPV-2 to amplify a 306 bp segment of the L1 gene; sequences were as follows: EcPV-2For 5’-

TCCTCCACCAATTTTAAA-ACCTAT-3’ and EcPV-2Rev 5’-ATCCAAGTCAAGGGAAAG-

3’.   All amplicons were visualized with UV light applied to an agarose gel with 1.2% ethidium 

bromide. A sample was considered positive if a band of the appropriate size was visible.  Internal 

negative controls included blank blocks, extraction blanks, and non-template controls. The 

presence of amplifiable DNA was confirmed by a positive PCR reaction using primers for 

housekeeper gene equine β-actin.  Positive controls for both MY09/11 and EcPV-2 PCR reactions 

included a previously sequenced EcPV-2 sample.   

 

3.3.5 EcPV-2 specific chromogenic R-ISH 

 EcPV-2 E6/E7 chromogenic R-ISH was performed on all EcPV-2 PCR positive tumors to 

identify which cells were infected and to confirm PCR results.  The methods used were similar to 

those previously described by Zhu et al. (2015)130 and Chapter 2, which targets EcPV-2 E6/E7 

nucleic acids and uses the RNAscope assay (RNAscope, Advanced Cell Diagnostics, Hayward, 

CA).  EcPV-2 probes were designed to bind a portion of the E6/E7 region (NCBI EU503122.1).  

R-ISH probe hybridization (referred to herein as "signal") was visualized at 40x under routine light 
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microscopy. The EcPV-2 signal presented as a red, predominantly nuclear stain and tissue was 

considered EcPV-2 positive if a signal could be clearly visualized within at least one epithelial 

cell.  Whenever present, non-surface epithelial structures (adnexa) and adjacent normal epithelium 

were also evaluated for the presence of an R-ISH signal. 

 

3.3.6 Sequencing and BLAST analysis 

 For tissues that were positive on MY09/11 PCR (PV-positive) but negative on both EcPV-

2-specific R-ISH and -PCR, (PV-positive/EcPV-2 negative), DNA was amplified in triplicate 

using MY09/11 PCR and sent for sequencing (Macrogen ®, Seoul, South Korea).  Samples were 

assembled using Staden Package software program and BLAST analysis performed for 

identification against GenBank entries.  

 

3.3.7 Histologic scoring of SCCs 

The histologic grading system used in the current study was initially published for human 

penile SCCs154 and adopted for equine mucocutaneous SCCss131,139.  Under this system, grade 1 

represents the most well-differentiated tumors, grade 3 the most anaplastic and grade 2 all those 

that fail to classify as grades 1 or 3 (Figure 3.1).  Under this system, a tumor was assigned a grade 

consistent with the most abnormal cells identified, irrespective of their overall percentage of the 

tumor cell population. Seventy-seven HE-stained slides of available SCCs and CISs were reviewed 

by a single American College of Veterinary Pathology-board-certified veterinary anatomic 

pathologist (BW) who was blinded to the original histologic diagnoses and patient information. 
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Figure 3.1: Equine SCCs, histologic grades.  G0= CIS; G1=SCC well-differentiated; G2=SCC 

moderately differentiated; G3=poorly differentiated.  Grade 1 = epithelium shows orderly 

maturation towards squamous cells and keratinization. Keratin pearls may be frequent (not shown) 

(A), Grade 2 = loss of orderly maturation but keratinization is evident (intracellularly) (B) and 

Grade 3 = loss of orderly maturation and difficult to discern squamous differentiation or production 

of keratin (C). 

 

3.3.8 Retrospective survey 

 A ten-question survey (APPENDIX) was sent to each referring veterinarian responsible 

for the submitted biopsy samples identified by the database search. The survey addressed historical 

factors such as duration of the lesion, the number of lesions, prior treatment, considerations 

pertaining to the decision to treat, type of treatment selected, and outcome following 

histopathologic diagnosis (ex. post-treatment recurrence, survival time and cause of death or 

euthanasia). Clinicians were encouraged to submit photographs of lesions if available (Figure 3.2).  

A B 

C 
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Figure 3.2: Gross images of equine SCCs of horses included in the survey- penis (A), vulva 

(B), perianal (C), and ocular (D). Courtesy of the WCVM VMC, Saskatoon, SK (A, C, D), and 

the Animal Medical Centre, Dunmore, AB, (B). 

 

In addition, veterinarians were asked to provide information regarding the presence of in-

contact animals sharing similar lesions and historical information regarding the breeding status of 

the affected animal.  Hard copy surveys were mailed to each clinic, and two follow-up attempts 

were made, four weeks apart, by email and telephone.  For those submissions that listed the 

primary referring veterinary clinic as the Western College of Veterinary Medicine (WCVM), 

Veterinary Medical Clinic (VMC), information was gathered directly from the hospital's archived 

records. Similarly, whenever horses had been referred to the WCVM VMC by general 

practitioners, data was collected from the WCVM VMC database, in addition to sending a survey 

to the primary care veterinarian. 

 

3.3.9 Statistical analysis 

Descriptive statistics were performed using Microsoft Excel (2017) to analyze the 

proportion of PV and EcPV-2 positivity by histologic diagnosis, anatomic site, age, breed, and sex 

categories. Openepi software was used for Chi-square calculations to compare the proportion of 

EcPV-2 positivity of tissue samples by age categories and anatomic sites and to compare results 

from the current study to previous related publications. Significance was set as p<0.05. 

Survival analysis was used to analyze the time to event data, given that many horses were 

lost-to-follow-up during the time frame covered by the retrospective study time period. Outcomes 

for the analysis include 1) "study-time" which was the time from the submission of the diagnostic 

sample to the end of the study, or date of death or loss to follow-up and 2) "owner-time" which 

was the time from when the owner or referring veterinarian first noted the lesions to the end of the 

study or date of death or loss to follow-up. The data were analyzed using the test for equality of 

A B C D 
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survivor functions (log-rank test) in STATA 15 (p=0.20 for consideration for model building). A 

Cox proportional hazard model with a single predictor using a chi-squared test was used for the 

analysis of continuous predictors (age and duration). A visual assessment of the assumption of 

proportionality of the survivor functions for categorical predictors involved graphing the Kaplan-

Meier survival estimates and global test for proportional hazards for continuous predictors.  Since 

a large number of cases were lost to follow-up shortly after the diagnostic sample submission, a 

few different datasets were assessed: 1) all deaths where the cause of death could not be confirmed 

(unknown deaths) or censored cases for which little information existed to confirm the time to the 

event were excluded (n=36); 2) all censored cases for which little information existed to confirm 

the time to event were excluded, but the unknown deaths were treated as either a) all censored or 

b) all failures (n=40); and 3) all censored cases for which little information to confirm time to 

event were given the value of 7 days (lost shortly after the diagnostic submission) and the unknown 

deaths were treated as either a) all censored or b) all failures (n=54).  To account for possible 

confounders, which included horse's age at the time of histologic diagnosis of SCC (categorized 

dichotomously by greater than ten years of age), sex (gelding, stallion or mare), anatomic site 

(anogenital versus other) and margins (complete or incomplete) and duration (only for study time 

outcome), a stratified log-rank test was used.  

 

3.3.9.1 Logistic regression 

Logistic regression (with extension to exact logistic regression for some variables) was 

used to assess what factors were associated with EcPV-2 status (positive or negative). Variables 

of anatomic site and histologic diagnosis did not have enough cases for each of the categories and 

were condensed to dichotomous variables of genital site and SCC. Each variable was assessed 

independently with the outcome, using a conservative p-value (0.20) for further model building. 

Potential confounders included age category and sex using a 20% change in the risk factor of 

interest's coefficient. Model building used a forward stepwise selection process (using exact 

logistic regression) using a p-value of 0.05 for inclusion.                        
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3.4 RESULTS 

3.4.1  PV and EcPV-2 status of all FFPE tissue samples    

The initial database search identified 123 submissions that met inclusion criteria, 

representing 115 distinct lesions once repeated biopsies were excluded. Of the 115 identified 

lesions, 14 either lacked access to the FFPE blocks or had non-amplifiable DNA (β-actin PCR 

negative) such that PV and EcPV-2 status could not be determined. The remaining 101 

submissions were amenable to determining PV and EcPV-2 status, and the demographics of those 

horses are described here.   Ages of horses were available for 89/101 submissions and ranged from 

two to 30 years old with a mean of 14 years and six months and a median of 14 years. Age category 

distribution was as follows: young 27/89 (30%) and old 62/89 (70%). Information regarding breed 

(including crosses) was available for 82/101 submissions and included the following: Quarter 

horse (29), American paint (17), Appaloosa (13), Warmblood (5), Arabian (4), Draft (4), 

Tennessee walker (4), Thoroughbred (2), and one each of Morgan, Donkey, Miniature Horse, and 

Pony.  Gender information was available for 100/101 and included 81 males (72 geldings, nine 

stallions) and 19 mares. 

Table 3.1 summarises the included submissions by anatomic location, histologic diagnosis, 

and PV and EcPV-2 status. One hundred of the 101 submissions had known anatomic locations 

and were as follows:  penis or sheath (51), vulva (8), perianal (2), periocular (22), "other" (17). 

"Other" locations included those described as arising from the face, nose, shoulder, coronary band, 

frog, lower lip, tail head, muzzle, ear, mouth, gingiva, pastern, and rectum. 
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Table 3.1: PV and EcPV-2 % positivity of equine histologic submissions by anatomic location and histologic diagnosis. n=number; 

P=papilloma; CIS=carcinoma in situ; SCC=squamous cell carcinoma; O=other; n/a=not applicable  

 

Anatomic site (n) 
Histologic 

diagnosis (n) 
PV positive (%) % EcPV-2 positive (n) 

Other PVs identified 

(GenBank ID); (% identity) site (n) 

Penis/sheath (51) 

P (12) 7 (58%) 7 (58%) n/a 

CIS (2) 0 (0%) 0 (0%) n/a 

SCC (30) 9 (30%) 8 (27%) No significant match (1) 

O (7) 0 (0%)  0 (0%) n/a 

Vulva (8) 

P (2) 1 (50%) 1 (50%) n/a 

CIS (1) 0 (0%) 0 (0%) n/a 

SCC (5) 2 (40%)  2 (40%) n/a 

Genital (59) 

P (14) 8 (57%) 8 (57%) n/a 

CIS (3) 0 (0%) 0 (0%) n/a 

SCC (35) 11 (31%) 10 (29%) No significant match (1) 

O (7) 0 (0%) 0 (0%) n/a 

Peri-anal (2) 
P (1) 0 (0%) 0 (0%) n/a 

SCC (1) 0 (0%) 0 (0%)  n/a 

Ano-genital (61) 

P (15) 8 (53%) 8 (53%) n/a 

CIS (3) 0 (0%) 0 (0%) n/a 

SCC (36) 11 (31%) 10 (28%) No significant match (1) 

O (7) 0 (0%) 0 (0%) n/a 

Periocular/ocular (22) 

P (2) 1 (50%) 0 (0%) Feline PV-3 (KP868618.1); (98%) (1) 

CIS (2) 0 (0%) 0 (0%) n/a 

SCC (18) 1 (6%) 0 (0%) Deer PV (M11910.1); (91%) (1) 

Other (17) 

P (10) 4 (40%) 0 (0%) 
EcPV-1 (AF98323.1 & MF288893.1); (94-98%) 

Face (1), shoulder (1), muzzle (1), ear (1) 

SCC (3) 1 (33%) 0 (0%) Deer PV (M11910.1); (92%) nose (1) 

O (4) 1 (25%) 0 (0% 
Human PV type-107 (EF433331.1); (99%)  

Oral ossifying fibroma (1) 

Unknown location (1) SCC (1) 0 (0%) 0 (0%) n/a 

Overall (101) 

P (27) 13 (48%) 8 (30%) 

 

CIS (5) 0 (0%) 0 (0%) 

SCC (58) 13 (22%) 10 (17%) 

O (11) 1 (9%) 0 (0%) 

TOTAL (101) 27 (26.7%) 18 (17.8%) 
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Histologic diagnoses included 27 papillomas, five CISs, 58 SCCs, and 11 "other."  "Other" 

lesions were included whenever a differential diagnosis of SCC was noted in the pathologist's 

histology report. Lesions classified as "other" included basosquamous carcinomas (1), hyperplasia 

(2), inflammatory polyp (1), normal (1), inflammation (2), sarcoid (1), soft tissue sarcoma (1), 

fibroma (1), and dyskeratosis (1).   

PV DNA was identified in 13/27 (48%) of papillomas, 0/5 of CISs, 13/58 (22%) of SCCs 

and 1/11 (9%) of "other lesions".  When lesions were categorized by anatomic site, 16 of 51 (31%) 

of penile lesions contained PV DNA.  These were all identified as EcPV-2, except for one SCC, 

for which no significant match was identified in GenBank.  Three of the eight (38%) vulvar lesions 

were PV positive, and all were identified as EcPV-2. Neither of the two perianal lesions contained 

PV DNA.  Two of the 22 (9%) periocular/ocular lesions were PV positive and identified as Deer 

PV (1) and Feline PV-3 (1).  The remaining 17 lesions from 'other locations' included six PV-

positive lesions (35%) that were identified as Deer-PV (one SCC from the nose), EcPV-1 

(papillomas from the face (two), shoulder (one) and ear (one)) and HPV-107 from a single oral 

ossifying fibroma. 

When we compared EcPV-2 positivity by age category (all lesions, any location), there 

was no significant difference between young horses (3/27; 11%) and old horses (14/62; 23%) 

(p=0.22).  

 

3.4.2 EcPV-2 status of SCCs only. 

The overall EcPV-2 positivity of SCCs in this study was 10/58 (17%).  EcPV-2 positivity 

by anatomical site for SCCs was penile and sheath 8/30 (27%), vulva 2/5 (40%); perianal 0/1, 

periocular and ocular 0/18, “other sites” 0/3 and 0/1 from an unknown location.  When considering 

SCC submissions from horses of known ages, older horses (48/58; 83%) were statistically more 

likely to have SCCs as compared to younger horses (10/58; 17%) (p<0.001). However, there was 

no statistical difference in EcPV-2 percentage positivity of SCCs when age categories were 

compared (p=0.6): older horses (8/40; 20%) and younger horses (1/9; 11%).   
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3.4.3 EcPV-2 E6/E7 R-ISH 

All samples identified as PV positive by MY09/11 PCR (27) were submitted for EcPV-2 

E6/E7 RNA-ISH.  Seventeen of the 27 were positive by EcPV-2 R-ISH, and the remaining ten 

were negative, and thus EcPV-2 specific PCR was performed to rule out R-ISH false negatives. 

EcPV-2 PCR identified a single sample as EcPV-2 positive that had been deemed negative on R-

ISH; the remaining nine negative samples were sequenced for identification.  Of the non-EcPV-2 

PVs, Deer-PV (2), EcPV-1 (3), Feline PV-3 (1) and HPV-107 (1) were identified. One sample 

showed no significant match.  To check for the possibility of false positives by R-ISH, five known 

PCR-negative SCCs from a separate study were subjected to EcPV-2 RNA-ISH; all five were 

RNA-ISH negative. 

All samples that were R-ISH positive contained at least one intra-lesional epithelial cell 

with a diffuse and nuclear signal. However, the distribution of the R-ISH positive epithelial cells 

within the lesions was usually random and multifocal (Figure 3.3A, B, D, E, G, and H). In addition 

to diffuse nuclear signals, epithelial cells, particularly those of the stratum basale, frequently also 

had a less intense, granular nuclear or cytoplasmic signal present.  Seven SCCs samples (five 

penile and two vulvar) contained adjacent non-neoplastic skin that was variably hyperplastic. In 

these adjacent hyperplastic tissues, it was common to find a similar patchy distribution of positive 

epithelial cells (Figure 3.3I).  Only three of the seven EcPV-2 positive SCCs showed R-ISH 

positivity that was strictly limited to the tumor and absent in the normal adjacent skin).  

Hyperplastic skin adjacent to some papillomas and one CIS were negative for the EcPV-2 R-ISH 

signal (Error! Reference source not found.C and F). A significant signal was not present in d

ermal structures such as sebocytes or follicular epithelium in any of the EcPV-2 R-ISH positive 

submissions.    
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Figure 3.3: EcPV-2 infected mucocutaneous papilloma, CIS and SCC, equine. EcPV-2 

(E6/E7) R-ISH ((red stain). (A, B, C) Papilloma, penis, equine. (B, C) EcPV-2 positivity is 

multifocally distributed throughout the papilloma. (D)  The hyperplastic epithelium adjacent to the 

papilloma is negative. (D, E, F): CIS, vulva, equine. (D, E). EcPV-2 positivity is inconsistently 

scattered throughout the lesion as both an intense, diffuse, nuclear stain, and a weaker, granular, 

cytoplasmic stain. (F). EcPV-2 positivity is lacking in the hyperplastic epithelium adjacent to the 

CIS. (G, H, I) SCC, histologic grade 2, penis, equine.  (G, H) EcPV-2 positivity is present in 

dispersed clusters within epithelial cells, predominantly as a diffuse nuclear stain. (I). The 

hyperplastic epithelium adjacent to the SCC is weakly positive for EcPV-2. (J, K, L) SCC, 

histologic grade 3, vulva, equine.  EcPV-2 positivity is present within epithelial cells of an invasive 

SCC, which is invading a submucosal lymphatic vessel (arrow). 

A B C 

D E F 

G H I 

J K L 
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3.4.4 Survey Results 

Of the 123 equine histopathologic submissions, representing 115 different lesions 

identified by our database search, 44 veterinary clinics were represented from across Western 

Canada and distributed as follows: British Columbia (3), Alberta (20), Saskatchewan (17), 

Manitoba (3) and Yukon Territories (1).   Overall survey response information was available for 

91/115 (79.1%) identified horses. Twenty-four submissions lacked survey-related data because 

surveys were not returned (21), returned with little/no information (2), or the clinic was no longer 

in business (1). 

Of the 115 horses identified, 57 SCCs were included, of which 45 had data pertaining to 

both EcPV-2 status and survey responses.  The reported ages of this group ranged from four to 27 

years old, with an average age of 15.3 years.  Breeds identified included: Quarter horse (11), 

American paint (10), Appaloosa (8), Draft (2), Tennessee walker (2), Warmblood (2), and one 

each of Morgan, Pony, and Arabian. 

EcPV-2 status of SCCs of horses with survey data is summarized in Table 3.2.  Only genital 

SCCs had EcPV-2 nucleic acids identified, with penis/sheath having 3/14 (21%) and vulva 1/2 

(50%).  The majority of submitting veterinarians reported that the SCC in question represented a 

first occurrence (40/44; 91%) and the range of duration as noted for the first time by either the 

owner or the veterinarian was zero days to four years. Most of the SCCs in this study had not been 

treated in any way prior to biopsy or excision (36/44; 82%).  

None of the submissions identified other in-contact horses as being also afflicted with 

SCCs.  Multifocal distribution of SCCs was not uncommon (15/43; 35%).  Co-morbidities were 

identified at the time of histologic diagnosis of SCC in 10/28 (36%) horses and included conditions 

such as laminitis, Cushing's disease, navicular disease, recurrent airway obstruction disease, dental 

disease, sinus cysts, lameness, heart disease, and sarcoids. 

The most common treatment of SCCs was surgical excision alone (21/46; 46%).  Surgery 

with additional treatment was reported by 14/46 (30%) of veterinarians and included modalities 

such as cryotherapy, cisplatin, 5-fluorouracil, and systemic piroxicam.  A single SCC was treated 

with cisplatin alone.  No treatment following a histologic diagnosis of a SCC was reported in 10/46 

(22%) of cases. The most common reasons given for not pursuing treatment were the financial 

limitations of the owner or perceived low value of the horse. Other rationales reported were the 

advanced age of the horse, the veterinarian's opinions that the invasiveness of the disease made 
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surgical treatment difficult, or that recurrence was likely and the prognosis poor.  Of the horses 

that were treated for SCCs and for which follow-up information was available, 14/17 (82%) 

reported no recurrence by the end of the animal's life or at the time of survey closure. 

Two-thirds of the horses with SCCs had a known mortality status (30/45), of which half 

(15) had been euthanized or died by the time of the survey closure, and the remaining 15 were still 

alive. The cause of death was known for 11 of the deceased horses, and the majority (10/11 (91%)) 

were related to SCC. 

 Results for the owner-survival-time, herein referred to as OS for horses with SCCs and for 

which EcPV-2 status was known, are summarized in Table 3.2. The median OS for horses with 

SCCs was 1245 days.  Horses with SCCs arising from the periocular and ocular tissues had the 

longest median OS (1474 days) followed by penis/sheath (1468 days), vulva (1199 days), and 

"other tissues" (183 days). 

 

Table 3.2 Median overall survival time (OS) of horses with squamous cell carcinomas by 

EcPV-2 status and anatomic location. 

 

Location (n) Median OS 

(days) 

No.  EcPV-2 

positive (%) 

Median OS 

EcPV-2 positive 

 (days) 

 

Median OS 

Ecpv2 negative 

(days) 

Penis/sheath (14) 1468 3 /14 (21%) 2019 1110  
Vulva (2) 1199 1 /2 (50%) 913 1485  
Genital (16) 1298 4/16 (25%) 1466 1298  
Periocular/ocular (9) 1474 0 /9 (0%) n/a 1474  
Other (2)* 183 0 (0%) n/a 183  
Overall (27) 1245 4 /27 (15%) 1466 1360  

* “Other” denotes a single SCC from each of the nose and gingiva 

 

3.4.5 Survival Analysis and Logistic Regression of EcPV-2 and SCCs   

Only survival analysis for the second scenario with OS, whereby all censored cases for 

which little information existed to confirm the time to the event were excluded, but the unknown 

deaths were treated as all failures (n=40) and is reported here.  In the Kaplan-Meier analysis, the 

difference in OS was significant for failure to receive treatment (p=0.003) and recurrence 

following treatment (p=0.004) but not anogenital location (p=0.42).  Weaker predictors of OS, 

further only considered as confounders of OS, included the horse's age at the time of histologic 
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diagnosis of SCC (p=0.02), completeness of surgical margins at the time of excision (p=0.17) and 

sex (p=0.14).  After accounting for age and sex, differences in OS by failure to receive treatment 

was no longer significant (p=0.13); and recurrence following treatment was also no longer 

significant (p=0.18).  Factors that had no difference in OS for horses with SCCs included EcPV-2 

status (p=0.76), histologic grade (p=0.21), and co-morbidities (p=0.98).  Additionally, when only 

those horses that were treated were considered (n=32), there was no difference in OS when 

treatment type was considered (surgical alone or with adjunctive therapy) (p=0.57).  Duration prior 

to the histological diagnosis of SCCs was considered as a variable in the 'study-time' model and 

was only a weak predictor of OS (p=0.07).  In addition, there was little difference in the overall 

conclusions of important variables based on the owner-time model (that includes duration) and 

study time models (results not presented). The completeness of surgical margins at excision was 

also a weak predictor of OS (p=0.17). 

Logistic regression analysis identified the anatomic location of SCCs as the only predictor 

of EcPV-2 status (p<0.001), as only genital SCCs were EcPV-2 positive in the current study.  

Breeding history was not predictive of EcPV-2 status (p=0.13). 

 

3.5 Discussion 

3.5.1 PV and EcPV-2 status of P, CIS, and SCC in Western Canadian horses 

In the current study, EcPV-2 was only identified in genital lesions, and, in these sites, 

EcPV-2 % positivity was greater in papillomas (57%) as compared with SCCs (29%).  We found 

7/12 (58%) of penile papillomas, and 8/30 (27%) penile SCCs, to be EcPV-2 positive. This is less 

than what has been previously described by Lange et al. which reported 100% of penile papillomas 

and SCCs contained EcPV-2 DNA127. Possible explanations for this disagreement include 

geographical variability and differences in methodology.  The Lange et al. study included Swiss 

horses and used two broad-spectrum primers targeting E1 and L1 genes, (followed by sequencing 

for identification), thus increasing the opportunity for an EcPV-2 positive result.  The absence of 

EcPV-2 in non-genital SCCs in our study is consistent with prior reports125,134.   EcPV-2-positive 

SCCs have been reported from non-anogenital sites, including the oropharynx129 as well as 

regional lymph node and distant metastases128,129,149, none of which were included in the current 

study. The low number of CISs sampled may account for not identifying EcPV-2 in any of these 

lesions.   
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The large number of papillomas that were negative for PV nucleic acids on PCR is likely 

due to two factors: the nature of FFPE tissues and the affinity of the MY09/11 primer.  Treatment 

with formalin and embedding with paraffin has a negative impact on nucleic acid integrity as does 

extraction using phenochloroform155, and, as such, the current study is likely underestimating the 

prevalence of PV and EcPV-2 infection. The use of FFPE tissues was important in our study, 

however, as it allowed for the comparison of results to other publications on SCCs as well as our 

own work on normal equine tissues.  The MY09/11 primer is a degenerate primer with an affinity 

for detecting mucosal-adapted PVs, such as EcPV-2.  Cutaneous-adapted PVs, such as EcPV-1 

and -3 and BPVs 1 and 2, may have been missed using only the MY09/11 degenerate broad-

spectrum primer; these would have been better detected using a consensus pair degenerate primer 

such as FAP59/64.  For the purpose of this study, however, our interest was in detecting EcPV-2. 

 

3.5.2 EcPV-2 positivity of SCCs in Western Canadian horses compared to previous 

studies of SCCs from non-Canadian populations. 

When comparing the current study’s EcPV-2 % positivity of genital SCCs (including penis, 

vulva, and sheath) from Canadian horses to the ranges reported in previous studies sampling non-

Canadian populations, we found a lower prevalence of EcPV-2 infection in Canadian SCCs  (  
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Table 3.3)149.   However, that difference was only statistically significant when compared 

to the upper end of the reported ranges.  The current study found a similar EcPV-2 % positivity of 

periocular and ocular SCCs, as previously reported.   
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Table 3.3: Comparison of EcPV-2 positivity of squamous cell carcinomas in Western 

Canadian horses to previous reports from non-Canadian horse populations1. 

 

Anatomic location 

EcPV-2% positivity of SCCs in 

Western Canadian horses 

(current study-PDS) 

Range of EcPV-2% positivity of SCCs 

from previous studies on non-Canadian 

horses (Sykora et al., 2017) 

Penis only 

 

Penis and sheath 

 

 

8/21; 38% Penis only 

 

 

8/30; 27% 

Penis and sheaths  

 

 

45% - 100% penis only 

(10/22) Newkirk 2014 

(10/10) Lange 2013 p < 0.001 to PDS 

 

89% (69/78) 

Penis and sheath Newkirk 2014- 

p <0.0001 to PDS 

Vulva 

 

 

2/5; 40% 

  

75.0% - 100.0% 

3/4 Scase 2010 

2/2 Bogaert 2012 

Genital 

 

10/26; 39% Penis and vulva only 

 

10/35; 29% Incl sheaths 

  

 

65% - 100% 

13/20 Scase 2010 

5/5 Sykora 2012 

17/18 Bogaert 2012 

Penis and vulva only 

No data for penis, sheath, and vulva studies 

 

Eyelid 

 

0/18 (0%) Eyelids and ocular 

 

0/12 (0%) 

Eyelids only 

  

0.00% 

(0/10) Scase 2010 

(0/42) Newkirk 2014 

 

3.5.3 EcPV-2 Positivity of SCCs in Western Canadian horses compared to tissues 

from comparable, asymptomatic horses. 

When EcPV-2 prevalence of genital SCCs in the current study is compared to that of 

normal genital tissues sampled in Chapter 2, the differences were not statistically significant.  The 

current study did not identify EcPV-2 in any periocular SCCs, whereas 8/68 (12%) of 

 
1 Bolded studies and percentages indicate a statistically significant difference when current results are 

compared to previous studies.  
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asymptomatic eyelids were EcPV-2 positive (p=0.14). A more detailed comparison between 

genital and periocular-ocular SCCs and normal tissues is summarized in Table 3.4. 

It is important to note that the reported EcPV-2 % positivity of normal tissues sampled 

from asymptomatic Canadian horses in Chapter 2 is significantly increased as compared to 

previous reports on asymptomatic horses. The reasons for this are discussed in Chapter 2; in brief, 

they likely reflect differences in methodology, sample population, or viral geographical 

distribution.   
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Table 3.4:  Comparison of EcPV-2 % positivity of SCCs sampled from Western Canadian 

horses to comparable tissues taken from asymptomatic horses.  

 

Anatomic location 

EcPV-2% positivity of SCCs 

in Western Canadian horses 

 

EcPV-2% positivity of 

asymptomatic Western 

Canadian horse tissues 

 

Penis 

(+/-sheath) 

 

8/30; 27% Penis and sheath 

P to normal=0.53 

 

8/21; 38% Penis only 

P to normal = 0.8 

 

10/29; 35% 

 

Vulva 

 

2/5; 40%  

P to normal = 0.25 

 

 

5/43; 15% 

Genital 

 

10/35; 29% Penis, sheath, and 

vulva 

P to normal=0.58 

 

10/26; 39% Penis and vulva 

only 

P to normal=0.16 

 

16/68; 24% 

 

Eyelid 

 

0/18; 0% Eyelids and ocular 

P to normal = 0.139 

 

0/12; 0% 

Eyelids only 

P to normal=0.26 

 

 

8/68; 12% 

 

Overall 

 

10/58; 17%  

All SCCs (incl sheaths, perianal, 

ocular, ‘other’, and unknown) 

P to normal=0.96 

 

10/38; 26% 

Only genital (no sheath) and 

eyelids (no ocular) combined 

P to normal = 0.25 

 

24/136; 17.7%  

 

(Normal eyelids  

and genitals combined) 
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It has been proposed that EcPV-2 infection plays a causal role in the development of genital 

SCCs because the prevalence of EcPV-2 positivity in such diseased tissue is increased, as 

compared to healthy tissues125,128,129,133.  However, here, we have shown that within the Western 

Canadian horse population, when using similar collection methods and PCR techniques, EcPV-2 

infection is similar between asymptomatic horses and those with SCCs. 

The finding of similar EcPV-2 prevalence in normal tissues as compared to SCCs does not 

preclude the possibility that the virus plays a contributing, but insufficient role in the development 

of neoplasia. Such a model would be similar to that of high-risk HPV infection and human 

neoplasia.  It is feasible that asymptomatic EcPV-2 infection is more frequent than lesion 

development, and neoplastic transformation is not inevitable as it requires a combination of host 

and environmental circumstances also to exist. Conversely, the current results do not rule out the 

alternative theory that EcPV-2 DNA replication merely increases in response to cell proliferation, 

such as what is seen in neoplasia, a phenomenon referred to as the 'bystander effect'. 

SCCs were more frequently submitted from older horses than younger horses, and age was 

a predictor of OS.  However, there was no significant difference in EcPV-2 positivity when age 

was considered for SCCs alone or in combination with papillomas and CIS.  If EcPV-2 infection 

is no more likely to occur in older horses than younger ones, one must consider that either many 

infections are cleared, or, that horses are infected very early in life. The concept that EcPV-2 

infection is common is supported by our previous study (Chapter 2), as is the possibility that horses 

can develop infection early in life, even in-utero.  The idea that many PV infections are likely 

cleared is not novel as this is well-described for HPV associated diseases16.  

The most commonly identified PV infection in the current study was EcPV-2. However, a 

small number of non-equine adapted PVs were identified, including Feline PV-3, Deer-PV, and 

HPV 107.  The significance of these findings is unclear, and further investigation using ISH or 

IHC is warranted to determine if the nucleic acids of these PVs are intralesional or contaminants.  

 

3.5.4 Predictors of OS in horses with SCCs 

EcPV-2 status of SCCs does not seem to influence OS in horses, even when treatment is 

accounted for.  In this respect, the current study is in agreement with the only other publication on 

the topic of prognostic impact of EcPV-2 status on SCCs (Van den Top et al.)131.  This is in contrast 

to what is known about certain human SCCs (e.g., HNSCC) whereby HPV status has a significant 
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impact on both therapeutic recommendations and prognostic outcome141.  However, the literature 

on HPV-associated SCCs is vast, and additional, larger studies on equine SCCs are warranted to 

highlight possible subcategories of SCCs that are influenced by PV status that may have been 

missed in this study. 

Unlike the Van den Top study131, we did not demonstrate an impact of SCC histologic 

grade on OS.  It is possible that if the sample size had been larger, smaller differences in OS of 

horses with SCCs might have been identified.  The authors opted to select the same grading system 

for equine mucocutaneous SCC that was previously used by both Van den Top et al. and a review 

paper on the subject139, for the purpose of comparing our findings. However, the relatively 

subjective nature of the grading system used may have contributed to the disagreement between 

the current study’s results and those of Van den Top et al., as they pertain to the impact of 

histologic grade of SCCs on OS. 

Other factors identified in the current study as impacting OS included whether treatment 

was administered, recurrence of the SCC following treatment, age of the horse at the time of 

diagnosis of SCC, and completeness of surgical margins at excision.  Interestingly, in the current 

study, OS was similar irrespective of whether adjunctive modalities such as cryotherapy, 

chemotherapy, or systemic non-steroidal anti-inflammatory drugs were administered in addition 

to surgical excision (p=0.57). The completeness of surgical margins at excision was a very weak 

predictor of OS (p=0.17). 

 Considering that only SCCs arising from the penis, prepuce or vulva contained EcPV-2 

nucleic acids, one might conclude that the virus is sexually transmitted.  However, breeding status 

did not predict EcPV-2 positivity of SCCs. The majority of the horses included in the portion of 

the study that had a SCC with a positive EcPV-2 status had no history of ever having been bred 

(31/36; 86%). When EcPV-2 % positivity of SCCs was compared by breeding history, there was 

no significant difference between non-breeders (2/22; 9%) and breeders (2/5; 40%) (p=0.14), 

suggesting that if sexual contact is a means of transmitting EcPV-2, it is likely not the only route. 

This is perhaps not surprising considering that in Chapter 2, EcPV-2 nucleic acids were identified 

in a variety of tissues sampled from asymptomatic horses, including fetuses. It is possible that 

some of the horses in the current study were infected vertically or by non-sexual routes. The 

transmission of EcPV-2 in horses should be further investigated.    



  

72 

 

Other PVs were identified in SCCs in our study.  These included one nasal SCC (Deer PV 

M.11910.1 (92%)), one third eyelid SCC (Deer PV M.11910.1 (91%)), and a single penile SCC 

for which the amplified sequence did not match any entry in GenBank and could potentially 

represent a novel EcPV. Additional studies are needed to determine whether such non-equine 

adapted PVs are truly intralesional in these cases. 

One of the limitations of the current study was that despite a strong survey response rate, 

many horses were lost to follow-up at the level of the submitting practitioner.  Larger, prospective 

studies may be able to identify smaller differences pertaining to EcPV-2 status on OS than we 

could detect.  

 

3.6 Conclusion 

EcPV-2 prevalence in SCCs in Western Canadian horses is lower than that reported in 

some of the previous studies on American and European equine populations.  The EcPV-2 status 

of genital SCCs in Western Canadian horses does not predict OS, even when treatment type is 

accounted for; this finding agrees with the only other published study the prognostic impact of 

EcPV-2 infection on penile and preputial SCCs131.    

The most important prognosticating factors in equine SCC appear to be whether treatment 

is provided, and the presence of recurrence post-treatment; however, these factors are strongly 

influenced by both sex and age of the horse at the time of diagnosis.  OS was not influenced by 

whether treatment consisted of surgical excision alone or included adjunctive therapies. The 

duration of the lesion prior to histologic diagnosis did not influence OS; this is consistent with the 

general biological behavior of SCCs being locally invasive but slow to metastasize. 

Given our finding that the prevalence of EcPV-2 nucleic acids in SCCs from Western 

Canadian horses is not statistically different from asymptomatic tissues from a comparable 

population (Chapter 2), it remains unclear what exact role the virus plays in the development of 

equine neoplasia in Western Canadian horses. We propose that similar to hr-HPV infections in 

human neoplasia, EcPV-2 be considered a causal, but insufficient, factor in the etiopathogenesis 

of equine genital SCCs and that additional host and environmental factors are likely also important.  

In contrast to human HNSCC, there does not seem to be any value in determining the PV 

status of equine SCCs for the purpose of treatment planning or prognostication. However, knowing 

the EcPV-2 status of a horse with a SCC may be of value if other horses are in-contact, as it is 
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currently unknown if infected tumors are productive, and it appears likely that non-sexual 

transmission routes exist. 
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PREFACE TO CHAPTER 4 

In Chapter 3, we detected EcPV-2 nucleic acids in genital SCCs collected from Western 

Canadian horses. We did not detect EcPV-2 in SCCs arising from non-genital sites such as the 

eyes/eyelids.  When compared to Chapter 2's data, we determined that there was no statistical 

difference in the proportion of EcPV-2 positivity when normal tissues were compared to diseased 

tissues. However, the sample size of non-genital lesions, particularly periocular and ocular SCCs, 

was potentially too small to yield the power necessary to detect a significant difference if present. 

In Chapter 4 we re-measure the EcPV-2 proportion of positivity of a SCCs arising from a 

variety of anatomic locations, but this time, we do so using a database that contains a significantly 

larger number of non-genital SCCs, provided to us by Dr. Colleen Duncan, of the Veterinary 

Diagnostic Laboratory, Colorado State University. We utilize PCR as well as R-ISH to 

characterize the presence of EcPV-2, and the acquired data is then compared again to that of 

Chapter 2 to better explain the presence of EcPV-2 in non-genital tissues. 

Additionally, in Chapter 4, we use broad-spectrum papillomavirus PCR and sequencing to 

identify potentially novel EcPV types as well as non-EcPV papillomaviruses. 
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4.1 Abstract 

EcPV-2 has recently been identified as a potential cause of genital and perianal SCCs in 

horses15,57,125,129,131,133. Attempts to identify PV DNA within other primary SCCs have been 

unrewarding. In the current study we measure the prevalence of PV and EcPV-2 DNA of equine 

papillomas, CIS and SCCs from a variety of anatomical locations including penis (38), sheath (26), 

vulva (23), perianal (8), periocular (58), ocular (13), "other skin" (23) and "other mucosa" (7). 

EcPV-2 positivity was determined by broad-spectrum PV PCR, using primers MY09/11 and 

FAP59/64, followed by sequencing. Where inadequate DNA was available for sequencing, an 

additional EcPV-2 specific PCR was performed.  Most PVs identified by sequencing shared 95-

100 % identity to EcPV-2, although HPV types 4 and 150 were also identified. EcPV-2 percentage 

positivity of SCCs was similar when compared by anatomical location groupings of "genital and 

perianal" (28/95; 30%), "ocular/periocular" (1971; 27%) and "other skin or mucosa" (5/30; 17%). 

Possible conclusions from this data include: 1) EcPV-2 infection in SCCs may reflect an incidental 

finding in SCCs or 2) EcPV-2 should be considered a possible contributing factor to equine SCCs 

arising from non-genital tissues. However, only three of 10 selected periocular-ocular SCCs that 

were EcPV-2 positive by PCR and sequencing, were also positive using EcPV-2 E6/E7 RNA-ISH, 

and signal in these tumors was weaker as compared to genital SCCs. Further research into EcPV-

2 positive non-genital SCCs is warranted.  

 

4.2 Introduction 

EcPV-2 has recently been identified as a potential cause of a subset of equine genital and 

perianal SCCs15,125,129,130,133. Proposed risk factors for the development of primary SCCs of genital, 

ocular and periocular tissues in horses have been mostly limited to pigmentation of the skin, 

presence of smegma, and UV radiation exposure49,113,134; the exact role of EcPV-2 infection in 

these tumors remains uncertain. 

PVs are non-enveloped DNA viruses with a double-stranded, circular genome of 

approximately 8000bp.  The PV genome is divided into E and L genes.  E genes encode for proteins 

or domains involved in viral replication, and late genes encode for viral capsid proteins.  

Classification is defined by the sequence of the highly conserved L1 gene which codes for the 

major capsid protein13,16,17. To date, nine types of EcPVs have been identified from four genera: 

EcPV-1 (Zeta), EcPV-2, 4, 5, and 9 (Dyoiota), EcPV-3, 6 and 7 (Dyorho) and EcPV-8 (Treiskappa) 
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19,22,23,111.   EcPV-1 infection is associated with cutaneous papillomatosis, typically seen in juvenile 

animals, predominantly affecting the legs and muzzle139. The virus is highly contagious, and 

lesions can be dramatic, but are almost always self-limiting47,49. EcPV-3,5,6 are associated with 

the development of aural plaques, which affect middle-aged horses, are considered esthetically 

displeasing, rarely become secondarily infected, do not spontaneously resolve and are generally 

thought to lack neoplastic transforming potential47,49. In contrast, EcPV-2-associated papillomas 

of the penis, vulva or perianal regions do have the potential to transform into CIS or SCCs, the 

latter of which can metastasize, are difficult to treat and, for penile lesions, are associated with a 

high rate of recurrence122,123,150,156. EcPV-8 has recently been identified and associated w/ 

generalized papillomatosis, viral plaques and SCCs in two case studies22,111 and EcPV-9 in one 

horse with penile papillomas23.  

Generally, PVs are very species-specific. However, there are exceptions, and BPV 

infection in horses and cats is one such example. In addition to susceptibility to EcPV-related 

disease, horses may develop sarcoids following infection with BPV types 1, 2, or 1354–57,157. 

Similarly, cats can be afflicted with diseases related to infection with Felis domesticus 

papillomavirus, but are also at risk of infection by BPV-14 which causes sarcoids158–160.   There is 

also at least one case report of a cat with a cutaneous lesion being infected with HPV-9161. Given 

such exceptions, the current study’s objective is to actively look for a variety of PVs present in 

equine cutaneous and mucocutaneous lesions.   

 

4.3 Materials and methods 

4.3.1 Selection of samples 

Two hundred and eighty-two archived FFPE tissue blocks from Colorado State University 

Veterinary Diagnostic Laboratories were randomly selected from a subset of 3,662 histopathology 

submissions from equids which had previously been given a histologic diagnosis of "SCC," “CIS” 

or “papilloma” by one of 15 veterinary pathologists, over a six-year period (2004-2010).  

Anatomical locations were categorized as follows: penile, sheath, vulvar, perianal, periocular, 

ocular, other-skin, other-mucous membrane, or no location given.  Periocular categorization 

included lesions described as arising from eyelids or the nictitating membrane. Ocular 

categorization included lesions arising from the bulbar conjunctiva or cornea. 
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4.3.2 Categorization by aged and breed:  

Age categories were designated as "young" (ten years and younger) or "old" (11 years and 

older). Breed information was extracted from each submission form and further classified as either 

'patchy' or 'solid' with respect to typical coat pigmentation pattern for the respective breed. For 

example, 'patchy' breeds included Appaloosa, American Paint, Pinto, Spotted Saddlebred, National 

Show Horse, and Pony of the Americas and their crosses.  'Solid' breeds included Arabian, 

Mustang, Thoroughbred, Quarter Horse, Mississippi Fox Trotter, Tennessee Walker, Morgan, 

draft breeds (Belgian, Clydesdale, Percheron, and Shire), Icelandic Horse and Haflinger and their 

crosses. 

 

4.3.3 PV identification -PCR and sequencing  

DNA was extracted from archived FFPE blocks, as described previously153.  In brief, four 

25 µm microtome sections were collected from each block, followed by deparaffinization using 

sequential xylene washes.  Tissues were then rehydrated in ethanol and incubated with proteinase 

K and lysis buffer overnight at 56˚C. Nucleic acids were extracted using phenol-chloroform, 

followed by precipitation overnight with sodium acetate and ethanol. Pellets were washed and 

dried prior to re-suspension with tris-EDTA buffer solution.  Nucleic acid measurements were 

performed using a NanoDrop spectrophotometer (Thermo Fisher Scientific, Wilmington, DE).  

Sequential PCR reactions were performed using two degenerate, non-nested sets of 

consensus primers, FAP 59/64 and MY 09/11, as described previously132.  MY09/11 and 

FAP59/64 amplicons were 450 and 478 bps, respectively.  PCR targeting a 247 bp sequence of the 

equine β-actin gene was performed to confirm the successful extraction of amplifiable DNA. 

Additional internal controls included a negative template control, extraction blank, and block blank 

(paraffin block).  Positive controls for FAP 59/64 included a previously sequenced Canine 

Papillomavirus type-1 (CPV-1) sample. Tissues from a deer known to contain Deer 

papillomavirus (DPV) or a previously sequenced EcPV-2 positive equine SCC were used as a 

positive control MY09/11 PCR. Visualization of amplified DNA was achieved using 

electrophoresis on a 1.2% agarose gel containing ethidium bromide, viewed under UV light.  

PV status was considered positive if either FAP or MY PCR products yielded a visible 

band of the appropriate size on gel electrophoresis. Conversely, a negative PV status was given to 

any sample for which neither FAP nor MY PCR reactions yielded a visible band on gel 
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electrophoresis, and for which Beta-actin amplification was positive.  Individuals performing DNA 

extraction and sequencing were blinded to the nature of the histologic diagnosis or other 

submission details.  

Positive samples were amplified in triplicate, run on a second agarose gel, and then purified 

using a commercial kit (QIAquick Gel Extraction Kit (Qiagen, Germany)). Samples with adequate 

DNA were submitted for sequencing at Macrogen Inc (Seoul, South Korea).  Sequence results 

were compared to GenBank by BLAST analysis using Pregap 4 v 1.5, and Gap v 4.10 software 

(Staden Package, Medical Research Council Laboratory of Molecular Biology, Cambridge, 

England).  

 

4.3.4 EcPV-2 L1 PCR  

PV positive samples that lacked the adequate quality of DNA necessary for sequencing, or 

resulted in a match of 'no significant similarity,' were subjected to a second, EcPV-2 specific PCR 

reaction, that targeted a 306 bp segment of the L1 gene, such that EcPV-2 status of these samples 

could be determined. The PCR reaction was performed as previously described (Chapter 2) and 

the primer sequences were as follows: EcPV-2For 5’-TCCTCCACCAATTTTAAA-ACCTAT-3’ 

and EcPV-2Rev 5’-ATCCAAGTCAAGGGAAAG-3’.   

 

4.3.5 EcPV-2 (E6/E7) R-ISH 

EcPV-2-specific chromogenic RISH was performed on 10/18 ocular and periocular SCCs, 

which were EcPV-2 positive by PCR and sequencing. The rationale for only performing R-ISH on 

a select number of periocular-ocular lesions was that EcPV-2 had not previously been identified 

in periocular SCCs. Additional data regarding the intralesional expression of EcPV-2 nucleic acids 

at this site was warranted. The methods used were similar to those previously described by Zhu et 

al32 and adjusted as previously described (Chapters 2 and 3).  Reagents used for the RNAscope 

assay included the V-EcPV2 probe that targets the E6 and E7 genes (REF 427111), the 2.5 HD 

Detection Reagent Red (REF 322360), H202 & Protease Plus Reagents (REF 322330), Target 

Retrieval Reagents (REF 322000) and Wash Buffer Reagents (REF 310091) (RNAscope, 

Advanced Cell Diagnostics, Hayward, CA).  In brief, tissues were placed in the target retrieval 

solution for 15 minutes at 98°C, and apart from reducing the hematoxylin counterstain (Sigma-
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Aldrich, St. Louis, MO) from 1:2 to 1:5 and allowing air drying of slides for 18 h prior to cover-

slipping, manufacturer instructions were followed.   

 

4.3.6 Statistical analysis:  

Excel (Microsoft Office 2013) software was used to determine the proportion of PV and 

EcPV-2 positivity amongst SCCs as categorized by anatomic location and the associated 

confidence intervals (95%). Descriptive statistics were used for analyzing papillomas or CIS. Chi-

squared scores were calculated using Openepi v 3.01 to compare EcPV-2 proportions of positivity 

between age and breed categories. 

 

4.4 Results 

4.4.1 Sample demographics 

Of the 282 samples, 256 contained amplifiable DNA. Samples for which amplifiable DNA 

was lacking were omitted from the study. In rare instances where a single submission contained 

multiple blocks, and more than one block had been extracted and amplified, an overall positive 

result was given if one or more samples from that submission were positive.  A small number of 

submissions were rejected from further analysis due to the lack of a case number identified within 

the electronic database (no information regarding biopsy site or histologic diagnosis).  This left a 

total of 214 submissions, which included 206 SCCs, six CISs, and two papillomas.  Ages of horses 

ranged from 2 – 37 years old, with a mean of 16.2 years and a median of 19 years.  Breeds included, 

in descending order of frequency: American Paint, Appaloosa, Quarter Horse, Arabian, Tennessee 

Walker, Thoroughbred, Pinto, Spotted Saddlehorse, National Show Horse, Mississippi Fox 

Trotter, Belgian, Percheron, Clydesdale, Mustang, Morgan, Haflinger, Icelandic, and Holsteiner.  

Genders included 140 geldings, 60 mares, four stallions, and nine unknowns. 

 

4.4.2 Histologic diagnoses  

The distribution of lesions by anatomical location is summarized in Table 4.1. Of the 214 

submissions, 58 (27.1%) were periocular (eyelid or nictitating membrane), 41 (19.2%) were penile, 

29 (13.6%) were from the sheath, 24 (11.2%) were designated as “other-skin”, 23 (10.7%) were 
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vulvar, 13 (6.1%) were ocular (limbic bulbar conjunctiva), 11 (5.1%) were from unidentified 

locations, 8 (3.7%) were perianal and 7 (3.3%) were designated as “other-mucosal”.  

Locations included from sites designated as "other-skin" included skin of the hock, girth, 

chest, hoof, coronary band, lip, nostril, 'rump,' sacroiliac region, scrotum, tailhead, and neck.  

Locations included from sites designated as "other-mucosal" included nostrils, urethra, rectum, 

and parotid gland. 
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Table 4.1: PV and EcPV-2 positivity of equine SCCs by anatomic location.  EcPV-2 status 

was determined by sequencing or a positive EcPV-2 L1 PCR result.  

 

Anatomic location No. SCCs PV positivity (%) EcPV-2 positivity (%) 

Penis 38 
19 (50%) 

 
15 (40%) 

Sheath 26 
12 (46%) 

 
4 (15%) 

Vulva 23 
12 (52%) 

 
 8 (35%) 

Perianal 8 5 (63%) 

 

1 (13%) 

 

Genital & Perianal 

 

95 

 

48 (51%) 

 

28 (30%) 

 

Periocular 58 
33 (57%) 

 
15 (26%) 

Ocular 13 
8 (62%) 

 
4 (31%) 

Ocular & Periocular 71 41 (58%) 
19 (27%) 

 

Other- skin 23 13 (57%) 
3 (13%) 

 

 

Other- mucosa 

 

7 4 (57%) 2 (29%) 

Other- (skin or mucosa) 30 17 (57%) 

 

5 (17%) 

 

No Location Given 10 
6 (60%) 

 
2 (20%) 

TOTAL 206 116 (56.0 %) 

 

54 (26.2%) 

 

PV=papillomavirus, SCC= squamous cell carcinoma; PCR=polymerase chain reaction; n= 

number. 

 

4.4.3 Histologic categorization 

SCCs comprised most of the selected biopsies (206), and their anatomical distribution was 

as follows:  penis (38), sheath (26), vulva (23), perianal (8), periocular (58), ocular (13), other skin 

(23), other mucosal (7) and no location given (10). CISs included sheath (3), other skin (1), and 

no location given (1).  Papillomas accounted for two submissions, both of which were penile.   
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4.4.4 PV and EcPV-2 status 

One of the two penile papillomas was PV positive and shared 99% identity with EcPV-2. 

Of the six CIS, one was penile, three were from the sheath, one was from 'other skin' (hind limb), 

and one had no location provided. Only the penile CIS and that from an unknown location were 

PV positive. The penile CIS was identified as EcPV-2 via sequencing.  One hundred and twelve 

(52.3%) of the 214 SCC submissions were positive by PCR for either FAP59/64 or MY09/11 

primers. Of these PV positive samples, 53 (24.8%) had adequate DNA for sequencing following 

triplicate amplification.  Forty-five of the 53 sequenced samples shared between 87-100 % identity 

with EcPV-2 (EU503122.1 and HM461973.1), although most of these EcPV-2 sequences (41/45) 

held between 98-100% identity.  Two vulvar and one periocular SCCs contained HPV-4 DNA 

(94-99% identity; X70827.1).  All three of the identified HPV-4 samples were positive by 

FAP59/64 reactions, although two were also positive by MY09/11.  One SCC, described as arising 

from the mucocutaneous junction of the nostril, contained HPV-150 DNA (99%; FN677755.1) 

and was positive by both FAP59/64 and MY09/11 reactions. Four of the 112 (3.6%) PV positive 

SCC sequenced samples shared no significant similarity to any of the GenBank entries.  Roughly 

half (59/116; 50.1%) of all PV positive SCC samples had inadequate DNA following triplicate 

amplification required for sequencing. All samples that had either, inadequate DNA for sequencing 

(59) or for which a sequence shared no significant similarity with an isolate in GenBank (4), were 

further subjected to EcPV-2 L1 PCR. Nine of these 63 were positive for EcPV-2 L1 PCR.  The 

combined, overall EcPV-2 % positivity of all SCCs evaluated was 54/206 (26.2%). 

 

4.4.5 Anatomical distribution and proportion of PV and EcPV-2 positivity of SCCs 

           The anatomic distribution and proportion of PV and EcPV-2 positivity of SCCs are 

summarized in Table 4.1. Two hundred and six SCCs were evaluated for PV and EcPV-2 status.  

Nineteen of the 38 (50%) penile SCCs were PV positive.  Of these 19 PV positive penile SCCs, 

13 had adequate DNA for sequencing, and 12 shared identity with EcPV-2 (98-100%); one held 

no significant similarity to any GenBank entry. Three of the PV positive penile SCC for which 

sequencing was inconclusive, were positive on EcPV-2 L1 PCR. EcPV-2 percentage positivity for 

penile SCC was 15/38 (40%).  

Twelve of the 26 (46%) sheath SCCs were PV positive, and four of these had adequate 

DNA for sequencing; three held 99% identity with EcPV-2, and one had no significant similarity.  
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Of the nine PV-positive sheath SCCs that had inconclusive sequencing results, one was positive 

on EcPV-2 PCR. The overall EcPV-2 percentage positivity of sheath SCCs was 4/26 (15%).  

Five of the eight (63%) perianal SCCs were PV-positive, and one had adequate DNA for 

sequencing, which shared 98-99% identity with EcPV-2.  None of the four PV-positive perianal 

SCCs that had inadequate DNA for sequencing were positive on EcPV-2 PCR. The overall EcPV-

2 percentage positivity for perianal SCCs was 1/8 (13%).   

Twelve of the 23 (52%) vulvar SCCs were PV positive, and seven had adequate DNA for 

sequencing; four shared 99-100% identity with EcPV-2, two shared 94% identity with HPV-4, and 

a single submission shared no significant similarity.  Of the six PV-positive vulvar SCCs that had 

inconclusive sequence results, four were positive. The overall EcPV-2 % positivity of vulvar SCC 

was 8/23 (35%).  

Thirty-three of the 58 (57%) periocular SCCs were PV-positive, and 16 could be 

sequenced; 15 had 98-100% identity with EcPV-2, and one shared 99% identity with HPV-4.  Of 

the 17 PV-positive periocular SCCs that had inconclusive sequencing results, none were positive 

on EcPV-2 PCR. The overall EcPV-2 % positivity of periocular SCCs was 15/58 (26%). Eight of 

the 13 (62%) ocular SCCs were PV-positive; three held 98-100% identity with Ec-PV-2. Of the 

five PV-positive ocular SCC with inadequate DNA for sequencing, one was positive by EcPV-2 

PCR.  The overall EcPV-2 % positivity of ocular SCCs was 4/13 (31%).  

Thirteen of the 23 (57%) SCCs designated as arising from “other skin” were PV positive, 

and four were sequenced, of which three (neck, hoof, pastern) had 99% identity with EcPV-2, and 

one (nostril) had 99% identity with HPV-150.  Both of the PV-positive SCCs arising from "other 

skin", that lacked adequate DNA for sequencing, were negative on EcPV-2 PCR. The overall 

EcPV-2 percentage positivity of SCCs arising from "other skin" sites was 2/7 (29%). Four of the 

seven SCCs designated as "other mucosal" were PV positive, and the two samples sequenced 

shared 88-99% identity with EcPV-2.  Neither of the two PV-positive SCCs arising from other 

mucosal sites and that lacked adequate DNA for sequencing, were positive for EcPV-2 PCR. The 

overall EcPV-2 percentage positivity for SCCs arising from tissues identified as "other mucosa" 

was 2/7 (29%). 

Six of the 10 (60%) SCCs arising from unknown locations were PV positive and the two 

that were sequenced shared 94-99% identity with EcPV-2.  None of the four PV-positive SCCs 

from unknown locations and which lacked adequate DNA for sequencing were positive on EcPV-
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2 PCR. The overall EcPV-2 percentage positivity of SCCs arising from unknown locations was 

2/10 (20%).  

When SCCs were grouped more broadly as 1) genital and perianal (penis, vulva, sheath, 

perianal tissue), 2) periocular and ocular (nictitans, eyelid, bulbar conjunctiva and cornea), and 3) 

"other skin or mucosa" (remaining lesions), there was no significant difference in EcPV-2 % 

positivity between the three groups (Figure 4.1). 

 

 

Figure 4.1:  EcPV-2 proportion of positivity of equine SCCs by anatomical location, as 

determined by PCR. Genital and perianal SCCs include those arising from tissues of the vulva, 

penis, sheath, or perianal region. Periocular and ocular SCCs include those of the nictitans or 

eyelid, and scleral conjunctiva or cornea, respectively. SCCs categorized as "other skin or mucosa" 

include those originating from any known location not included in the previous categories. 95% 

Confidence intervals (capped bars) are overlapping between the three categories.  

 

4.4.6 PV- and EcPV-2 -positivity of SCCs by age and breed characteristics 

PV and EcPV-2 percentage positivity of SCCs as categorized by age and breed groups is 

summarized in Table 4.2. When percentage PV-positivity of SCCs was considered by age 

category, young horses were significantly more likely to have a PV-positive SCC (33/48; 69%) as 

compared to older horses (11 years old or older) (65/133; 48.9%) (p=0.018). When the PV-
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positivity of SCCs was considered by breed pigmentation characteristics, horses with a patchy coat 

color had 49/106 (46.2%) PV-positivity as compared to 55/87 (63%) for solid coat colored horses 

(p=0.018). In contrast, when EcPV-2 status of equine SCCs was considered, a significant 

difference was noted for age, but not breed categories. Young horses were more likely to have an 

EcPV-2 positive SCC (19/48; 40%) than old horses (31/133; 23.3%) (p=0.036).   

 

Table 4.2:  PV and EcPV-2 % positivity of equine SCCs by age and breed categories. 

 

Age Category PV pos PV neg % PV pos Chi-squared 

“Young”  33 15 69% 0.018* 

“Old” 65 68 48.9% 

Totals 98 83 54.1% 

Age Category EcPV-2 pos EcPV-2 neg % EcPV-2 pos  

“Young”  19 29 40% 0.036* 

“Old” 31 102 23.3% 

Totals 50 131 27.6% 

 

Breed Category PV pos PV neg % PV pos  

“Patchy” 49 57 46.2% 0.018* 

“Solid” 55 32 63% 

Totals 104 89 53.9% 

 

Breed Category EcPV-2 pos EcPV-2 neg % EcPV-2 pos  

“Patchy” 22 84 20.8% 0.108 

“Solid” 27 60 31% 

Totals 49 144 25.4% 

 

* denotes a statistical difference between designated categories.  

Eight of 15 periocular, and two of four ocular SCCs, that were PV-positive and whose 

sequences identified them as EcPV-2, were submitted for EcPV-2 E6/E7 RISH.  Two of the 

periocular SCCs, and one of the ocular SCCs, were positive on RISH.  However, the signal 

intensity and frequency of cells that were positive were markedly lower as compared to that of 

EcPV-2 positive control penile SCCs (Figure 4.2) or those from related studies (Chapter 3).  
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Figure 4.2: Equine SCCs.  EcPV-2 E6/E7 RISH (red signal). Left: Periocular (eyelid) SCC. RISH 

signal is weak, infrequent, and scattered in the cytosol of neoplastic epithelial cells. Right: Penile 

SCC (positive control). The signal is frequent, intense, and present both in nuclei and cytoplasm 

of neoplastic epithelial cells. 

 

4.5 Discussion 

The current study observed a decreased EcPV-2 specific positivity of equine SCCs as 

compared to some previous reports.  A detailed comparison is summarized below in Table 4.3. 

The reason for this lower rate of detection of EcPV-2 in equine SCCs is unclear. One possible 

explanation is the methodology, specifically the use of kits (vs. chemical extraction) and the types 

and numbers of PCR reactions used in previous studies. Sykora et al. outline such variations as 

primer types used in detail149.  Alternatively, there may be some geographical variation in the 

distribution of the virus between different regions, or even seasonality (if vector transmission of 

the virus occurs) could influence results.  
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Table 4.3: EcPV-2 percentage positivity of equine SCCs by anatomical location,  comparing 

the current study’s result to previous reports. 
 

Anatomic location 

EcPV-2% positivity of SCCs 

biopsied from American horses in 

the current study 

Range of EcPV-2% positivity of SCCs 

reported in previous studies  

(Sykora et al. 2017)149 

Penis 

(+/-sheath) 

Penis and sheath: 19/64 (30%) 

 

Penis only: 15/38 (40%)  

 

 

Penis and sheath: 89% 

(69/78) Newkirk 2014 

 

Penis only: 45% - 100% 

(10/22) Newkirk 2014 

(10/10) Lange 2013 

 

Vulva 8/23 (35%) 

75% - 100% 

(3/ 4) Scase 2010 

(2/2) Bogaert 2012 

 

Genital 

(penis/vulva) 
23/61 (38%) 

65% - 100% 

13/20 Scase 2010 

5/5 Sykora 2012 

17/18 Bogaert 2012 

 

Ocular/periocular 19/71 (27%) 

0% 

(0/10) Scase 2010 

(0/42) Newkirk 2014 

Bolded studies represent those whereby a significant difference exists as compare to the current 

study.  

 

Our finding of overlapping PV- and EcPV-2- proportions of positivity of SCCs, regardless 

of anatomical location, would suggest that EcPVs do not have a strict genital tropism as previously 

suggested.  EcPV-2 may be a more significant contributor to SCC development than initially 

thought. Similarly, transmission routes other than venereal should be considered when discussing 

how the virus is spread between horses.   

An alternative interpretation of the current findings of a similar proportion of EcPV-2 

positivity amongst different anatomical sites affected with SCCs is that this virus is a common 

background finding in horses and that viral replication increases when epithelial cell proliferation 

increases, such as during neoplastic transformation.  Further studies that measure the presence of 

EcPV-2 in normal skin from similar sites, sampled by biopsy for PCR is warranted. To date, the 

only one to do so is our own (Chapter 2), and we observed that, at least in Western Canadian 
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horses, asymptomatic infection is not uncommon.  Twenty of 70 necropsied horses sampled had 

at least one PCR positive tissue, and 15 of 50 healthy live horses showed EcPV-2 L1 seropositivity. 

In the current study, the finding of similar EcPV-2 proportions of positivity by PCR in 

multiple tissues might be the result of contamination given the highly sensitive nature of PCR. 

However, multiple controls were in place. Extraction controls included the use of both DNAse 

Away® and separate blades between microtome trimming of samples. Additionally, a blank 

paraffin block control was utilized.  Amplification controls included the use of a non-template 

control to ensure the purity of the Mastermix.  A known negative control was also used. 

The current study observed a significant proportion of periocular and ocular SCCs that 

contained EcPV-2 DNA, and this is in direct contrast to previous publications134. What is of 

interest, however, is that when R-ISH for EcPV-2 E6/E7 was performed on a subset of these 

biopsies, only 30% yielded a positive signal. This could be interpreted as 1) the MY09/11 PCR 

produced a false positive, 2) sequencing identified EcPV-2 due to contamination, or 3) R-ISH is 

less sensitive at detecting EcPV-2 than is PCR.   We propose that in the current study, differences 

in sensitivity of PCR and ISH, combined with a possibly low viral load in periocular-ocular SCCs 

(as compared to genital counterparts), is the cause of disagreement between PCR and R-ISH. To 

our knowledge, there are no published studies on periocular and ocular SCCs that have utilized 

both PCR and R-ISH.   

It is unlikely that in the current study, the seven periocular SCCs that were positive for 

EcPV-2 (PCR with sequencing) and negative for EcPV-2 E6/E7 RNA ISH, were false positives, 

given that the agreement between PCR and ISH results was very high when performed on a variety 

of PV-positive and PV-negative lesions (Table 6.2, Table 6.3 and Table 6.5). Whether or not the 

reduced strength of the signal generated on EcPV-2 RNA ISH is reflective of a diminished 

significance of viral infection (qPCR needed) concerning SCC development, is unclear. 

Due to the exclusive genital and perianal distribution of EcPV-2 positive SCCs in horses, 

it has been proposed that the virus is likely spread by sexual contact. However, our finding of 

EcPV-2 positive SCCs in a variety of anatomical sites, including periocular and ocular SCCs, 

would suggest that additional modes of transmission should be considered, including insect vectors 

and direct contact. 

To our knowledge, this is the largest study to evaluate the presence of PVs within equine 

SCCs from a variety of anatomical locations.  By using broad-spectrum PV primers, we assessed 
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the presence of DNA for a wide variety of PVs within lesions of interest.  Although most of the 

sequences identified shared 95% or greater identity with EcPV-2, there were a few who held 80-

94% identity; these may reflect either incompleteness of amplicons or potentially the presence of 

novel EcPV types. Similarly, a small number of amplicons yielded no significant similarity to any 

sequences within GenBank. 

In the current study, only half of the samples that yielded a positive result on PCR had 

enough pure DNA required for sequencing.  Possible explanations for this could include 

incomplete amplicons, low viral loads, or even mixed infection. For these samples, EcPV-2 status 

was determined using EcPV-2 L1 PCR. 

Finally, when horses were categorized by age, EcPV-2 percentage positivity of SCCs was 

significantly increased in younger horses as compared to older ones. This is interesting given that 

in a related study on asymptomatic Canadian horses (Chapter 2), we observed that the proportion 

of horses showing EcPV-2 L1 seropositivity was similar between old and young horses, suggesting 

that EcPV-2 exposure is common and occurs at a young age. In the current study, a SCC arising 

on a young horse should be considered as more likely to contain EcPV-2 than one arising on an 

older horse; this may have implications to herd mates if SCCs are sources of productive infection, 

which is currently unknown.  

Somewhat surprising was the identification of HPV-4 in one vulvar and two periocular 

SCCs as well as HPV-150 in a single SCC of the mucocutaneous junction of the nostril. HPV-9 

has been identified within a feline cutaneous papilloma161, and in our own related study, HPV-107, 

Deer PV and Feline PV were all identified within equine lesions (Chapter 3). Further studies seem 

warranted to determine the significance of non-EcPV PVs in equine lesions.  

 

4.6 Conclusion 

We have measured the proportion of PV- and EcPV-2-positivity of over two hundred 

equine SCCs, from a variety of anatomical locations.  We found that when using a combination of 

broad-spectrum PV PCR, sequencing, and EcPV-2 PCR, the proportion of EcPV-2 positivity of 

SCCs was statistically similar between tumors arising from different anatomical locations. This 

finding contradicts previous research.  Prior studies have concluded that EcPV-2 infection does 

not play a role in SCC development in non-genital tissues, particularly those of the periocular and 

ocular tissues.  Our results bring into question both the role of the virus in non-genital SCCs as 
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well as the traditionally held belief that EcPV-2 is a venereally transmitted disease. Here we 

propose that EcPV-2 infection may be present in a variety of tissues and that transmission likely 

occurs through routes other than sexual contact.  In contrast to EcpV-2 PCR-positive genital SCCs 

that yield consistently strong R-ISH signals, periocular/ocular SCCs that were EcPV-2 positive by 

PCR were often negative, or had a much weaker R-ISH signal, and this may represent a reduced 

viral load.  Whether or not the virus is playing an active role in the development of SCCs in non-

genital tissues remains unclear, and further research is warranted. 
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PREFACE TO CHAPTER 5 

 

In Chapter 4, we evaluated a large number of equine SCCs for the presence of EcPV- 

nucleic acids and were able to identify both non-genital and genital tissues that were infected with 

the virus. These samples, (along with those from Chapters 2 and 3), form the foundation of Chapter 

5, a pilot study that uses IHC to compare cell cycle protein expression in both EcPV-2 positive 

and negative SCCs, as well as comparable normal tissues. To the author's knowledge, a direct 

comparison of cell cycle protein expression between both EcPV-2 infected and non-infected, 

normal, and diseased tissues has not been made to date. Such a comparison is critical if we are to 

directly attribute changes in cell cycle protein expression in SCCs to the presence of EcPV-2 

infection. 

 In Chapter 5, we attempt to not only detect differences in the expression of EcPV-2 presumed E6 

oncogene target, p53, but also to infer p53 functionality and identify the possible existence of p53 

mutations in equine SCCs. We propose that the EcPV-2 E6 gene product may function in a manner 

similar to that of hr-HPV-associated HNSCCs, whereby E6 expression correlates with increased 

p53 proteasomal degradation. In short, Chapter 5’s main objective is to identify a potential 

mechanism of EcPV-2 oncogenicity. Our findings are then compared to recent, related studies.  
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CHAPTER 5  : ECPV-2 AND SCCs:  AN IMMUNOHISTOCHEMICAL STUDY OF CELL 

CYCLE PROTEIN EXPRESSION. 

 

5.1 Abstract 

To date, published studies pertaining to EcPV-2 and its association with equine genital 

SCCs have focused predominantly on measuring the frequency of infection and presence of E6 

RNA transcription within neoplastic versus normal tissues120,125,129.  Few studies have attempted 

to address a possible oncogenic mechanism of the virus, and as such, the question remains, 'Is 

EcPV-2 infection causing genital SCCs or merely a bystander phenomenon?’.  The EcPV-2 

genome has been sequenced, and a putative E6 gene identified as a potential oncogene125.  It has 

been well documented in certain high-risk HPV (hr-HPV) infections that E6 expression results in 

the proteasomal degradation of p53. The expression E6 in equine SCCs, and its impact on p53, has 

been the focus of a handful of studies, but none have compared cell cycle protein expression in 

EcPV-2 infected SCCs to viral-negative SCCS, nor normal EcPV-2 infected tissues.    

We used archived biopsy tissues from equine SCCs and normal tissues, of known EcPV-2 

status, (identified from experimental samples from Chapters 2-4), for IHC detection of p53 and 

downstream pathways involving p21, Ki-67, and activated caspase-3.  We also targeted mutant 

p53 expression to identify potential non-viral causes of neoplastic transformation.  

We determined that Ki-67 and p53 expression is influenced by EcPV-2 status in equine 

genital SCCs. In contrast, activated caspase-3 expression is not influenced by EcPV-2 status. P53 

expression was increased in EcPV-2 positive genital SCCs and was not limited to the stratum 

basale, as compared to EcPV-2 negative SCCs. The staining patterns of p53 and Ki-67 in non-

genital SCCs were not as clearly discernible. P53 and Ki-67 signaling in normal skin were not 

influenced by EcPV-2 status. We conclude that if EcPV-2 is driving cell proliferation in genital 

SCCs, it is not doing so by signaling the proteasomal degradation of p53, as occurs in high-risk 

HPV associated cervical cancers, and that other mechanism must be considered. We were unable 

to produce an IHC assay for p21 or p53 mutant in equine tissue, and as such, could not infer p53 

functionality with the data attained. 
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5.2 Introduction 

EcPV-2 has been implicated as a cause of genital SCCs in horses. However, there is scant 

research on the potential oncogenic mechanisms of EcPV-2.  In contrast, there is an abundance of 

research on the molecular interactions of hr-HPV with host cell proteins.  Hr-HPV studies conclude 

that although multiple interactions occur, the main targets of the E6 and E7 oncogenes are p53 and 

retinoblastoma, respectively16.  

The entire EcPV-2 genome was sequenced by Scase et al. and showed that, although the 

virus contained both putative E6 and E7 genes,  the E7 sequence lacked a pRb-binding site, making 

it likely that E6 is the major oncogene of this virus125.  Genomic sequencing shows also that EcPV-

2 lacks an E5 gene, the major oncogene present in BPV-1, 2, and 13, which are responsible for 

equine sarcoids. Given these findings, the current study focused on the potential impact of E6 

expression on cell cycle protein expression.  

E6 function has best been described in hr-HPV-associated cervical cancer, whereby the 

HPV-16 and -18 E6 protein is known to mark p53 for proteasomal degradation, resulting in a 

reduction of p53 in neoplastic cells87. Although p53 is considered the main oncogene target, hr-

HPV E6 can bind a variety of host proteins associated with cell division. Conversely, p53 function 

can be inhibited by PV gene products other than E6, such as E2.  Such viral-host interactions are 

complex and are well summarized elsewhere92.   

E6 and p53 have been studied in a limited number of veterinary species, including cats and 

horses, with varying conclusions. Altamura et al. used cell cultures infected with Felis domesticus 

papillomavirus type-2 (FdPV-2) and concluded that there was a proportional correlation between 

FcPV-2 E6 expression, binding of E6AP to p53, and p53 proteasomal degradation162. In contrast, 

an earlier IHC study by Munday et al. concluded that feline PV-associated SCCs were associated 

with decreased pRb, increased p16, and no change in p53 expression, as compared to non-PV-

associated SCCs163.   Van den Top et al. evaluated equine penile and preputial proliferative lesions, 

including SCCs, and quantified EcPV-2 genes, p53 and ki67 expression using RT-PCR and IHC. 

They concluded that p53 expression was decreased in EcPV-2 positive lesions, but no commentary 

regarding differences in IHC staining patterns was made131.  

In the current study, we attempted to use IHC to explore the impact of EcPV-2 E6 

oncoprotein expression on p53 expression and possibly identify the presence of mutant p53 in 

equine SCCs. We targeted both wild type (wt) and mutant (mut) p53, as well as downstream 
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effector proteins p21, Ki-67, and activated caspase-3 for the purpose of inferring p53 functionality. 

Unlike previous studies, we expanded our selection of tissues to include both EcPV-2 negative and 

positive representations of genital and non-genital SCCs, as well as normal tissues. 

 An extensive review of all cell cycle proteins is beyond the scope of this study and are 

well described elsewhere164. Below is a brief summary of the current study's IHC targets of 

interest: p53, p21, Ki-67, and activated caspase-3.  

Protein 53 denotes a group of protein isoforms, encoded by the p53 gene, a highly 

conserved tumor suppressor gene that lays at the center of an exquisitely complex system that 

protects DNA integrity, controls cell division, and when needed, signals apoptosis165. P53 is a 

nuclear phosphoprotein that functions as a transcription factor; it is approximately 400 amino acids 

long and has sites for activation, DNA-binding, tetramerization, and phosphorylation166. In 

simplistic terms, p53 proteins function to arrest the cell cycle from proceeding from G1 into S 

phases and may trigger DNA repair, or apoptotic pathways.  Although p53 has a nuclear location 

when functioning, it can be chaperoned by the inhibitory MDM2, to the cytosol where it is rendered 

inactive by phosphorylation and acetylation167. P53 inactivity can be the result of a loss of an allele, 

missense mutation or binding by viral oncoproteins.168  

P53 mutations account for over half of all human neoplasia and most of these mutations lie 

in exons 5 and 9168; “hotspot” include codons 245, 247,248, 273, 278 and 285166. Equine p53 

mutations have received far less attention than their human counterparts, and there is sparse 

information on the subject. Pazzi et al. sequenced equine p53 and reported 96% homology with 

human p53 in domains II-V169. This same study also identified two of the eight equine SCCs 

evaluated (one ocular and one vulvar SCC) to have p53 point mutations similar to those associated 

with UV light-induced p53 mutation in humans. Teifke et al. identified seven of nine equine genital 

tumors associated with mutated p53170, but this was an IHC study that has not been repeatable and 

the antibody used is now known to bind both mutant and wild type p53 under certain conditions.   

 P21 (waf1) is a 21 kDa tumor suppressor protein, and its functions include the inhibition 

of CDKs and the prevention of cell cycle progression during G1. P21 is of interest in our study 

because it is one of the immediate downstream effectors of p53 expression. P21 expression only 

occurs in the presence of functional p53 and not mutant, or non-functional, p53. P21 expression 

has been studied in several human cancers and may itself be a potential HPV oncogene target171.  
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In our study, we attempted to use IHC expression of p21 to infer the functionality of p53 identified 

by IHC. 

Caspase 3 is one of the main effector caspases of apoptosis, and it is activated by initiator 

caspases-8 and 9 in response to signals from the extrinsic and intrinsic pathways, respectively. 

Caspase 3 is a cytosol protein that requires cleavage for activation. In conjunction with caspases 6 

and 7, activated caspase-3 signals a cascade of enzymatic reactions, ultimately resulting in 

programmed cell death (apoptosis). Apoptosis is characterized by nuclear fragmentation, organelle 

shrinkage, membrane changes, and cytoskeletal element disruption165. Alterations in the 

expression of activated caspase-3 is of interest in our study as a potential mechanism of neoplastic 

changes, either by direct viral inhibition of caspase proteins or indirectly, through inhibition of p53 

function.   

Ki-67 is a well-studied proliferation marker and is expressed in both normal and neoplastic 

cells. Ki-67 expression is restricted to the active phases of the cell cycle (G1, S, G2, M), whereas 

it is quickly degraded and absent during the rest phase (G0) and DNA repair processes. During 

interphase, Ki-67 is present in the nucleus. During mitosis, the protein is translocated to the surface 

of chromosomes and may also be present in the cytoplasm172.  

 

5.3 Methods and materials 

5.3.1 Selection of equine SCCs & normal skin biopsies and determination of EcPV-

2 status 

Samples used for IHC were sourced from the three previous studies (Chapter 2-4) and 

comprised of FFPE tissues from equine submissions to PDS and Colorado State University 

Veterinary Diagnostic Laboratory.  EcPV-2 status of all tissues used for IHC had been previously 

determined by one or more methods described in the previous chapters: broad-spectrum PV PCR 

with sequencing or EcPV-2 PCR. Additionally, EcPV-2 E6/E7 R-ISH had been performed on all 

biopsies as EcPV-2 antibodies are not commercially available for IHC. Selected tissues included 

both diseased and normal equine submissions arising from the genitalia (vulva or penis), periocular 

region (eyelids, limbal conjunctiva, or nictitans), and limbs. A list of selected tissues and their 

sources are summarized in Table 5.1 and Table 5.2.  Diseased tissues were limited to SCCs, as 

diagnosed by a veterinary pathologist at the time of submission and confirmed by SG. Selected 
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SCCs had a similar level of differentiation (grade 2), and wherever possible, slides that included 

normal, adjacent tissue were preferentially selected.  

 

Table 5.1: Selected EcPV-2 positive and -negative equine SCC biopsies by anatomical 

location 

 

SCC Type Signalment Database and Study 

 

EcPV-2 negative 

Penis SCC 19 yo gelding Appaloosa; 
PDS 11-29882 

Retrospective Study Chapter 3 

Vulva SCC 20 yo mare Paint x Arab, 
PDS 13-14051 

Retrospective Study Chapter 3 

Ocular conjunctival SCC 
14 yo mare Paint 

 

PDS 13-27936 

Retrospective Study Chapter 3 

Nictitans SCC 12 yo gelding Quarter horse; 
PDS 12-22963 

Retrospective Study Chapter 3 

Other SCC (Tarsal SCC) 33 yo gelding breed unknown 
CSU 89-27687 

CSU study Chapter 4 

 

EcPV-2 positive 

Penis SCC 27 yo gelding Trakehner 
PDS 14-01247 

Retrospective Study Chapter 3 

Vulva SCC 25 yo mare, unknown breed  
PDS 14-034789 

Retrospective Study Chapter 3 

Ocular conjunctival SCC 20 yo gelding miniature horse 
CSU 45-36162 

CSU Study Chapter 4 

Other SCC (pastern SCC) 2 yo mare Thoroughbred 
CSU 89-23894 

CSU Study Chapter 4 

SCC= squamous cell carcinoma, PDS= Prairie Diagnostic Services Inc.; CSU= Colorado State University; 

yo= years old 
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Table 5.2:  Selected EcPV-2 positive and -negative equine normal skin biopsies by anatomic 

location 

 

EcPV-2 negative Signalment 

Penis normal skin 16 yo Quarter horse stallion, PDS-1711451 (#12) 

Vulva normal skin 4 yo Quarter horse mare, PDS-17-04310 (# 32) 

Eyelid normal 16 yo Quarter horse stallion, PDS- 1711451 (#12) 

Other normal (muzzle) 16 yo Quarter horse stallion, PDS-1711451 (#12) 

  

EcPV-2 positive Signalment 

Penis normal skin 23 yo Canadian Warmblood gelding, PDS-17-20845 (#63) 

Vulva normal skin 21 yo Quarter horse cross, mare, PDS- 17-11869 (#8) 

Eyelid normal skin Aborted fetus, Appaloosa colt, PDS-17-14547(#24) 

Other normal skin (muzzle) 
Unknown age (mature) Quarter horse gelding PDS-17-03193 (#35) 

Muzzle 

All normal equine biopsy tissues were sampled from necropsied horses that were part of Chapter 2 study 

and were collected from Prairie Diagnostic Services Inc. Block 17-17855 represents the final mixed product 

used for IHC, (#) refers to the study number in the Chapter 2 database, and the PDS# is the initial necropsy 

submission number linked to signalment information. yo (year old) 

 

5.3.2 Selection of negative and positive IHC controls 

The identification and selection of potential positive control equine tissues were made by 

considering 1) the existence of similar published equine IHC studies, 2) the selected antibody 

manufacturer's recommendations, and where needed, 3) extrapolation from human studies to 

equine tissue equivalents. The selected positive controls for each antibody target are summarized 

in Table 5.3. The omission of the primary antibody served as a negative control for all IHC 

reactions.  
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Table 5.3:  Target antigen, selected antibodies and positive equine controls 

 

Antigen of 

interest 

Manufacturer 

antibody information 

Recommended positive 

control by the 

manufacturer 

Proposed equine tissue 

(archival PDS ref number 

of FFPE material) 

P53 wt 

 

Santa Cruz 

Biotechnology  

DO-1 (sc-126) 

 

MCF7 whole cell lysate, 

A-431 whole cell lysate 

BT-20 cell lysate 

Skin with solar elastosis 

(PDS-15-04700) 

P53 mut 

 

ABCAM 

Y5 (ab32049) 

Mutant p53 cell lines: 

A-431, mutan47-D, Raji 

 

Human skin cancer 

tissue 

 

Colonic adenocarcinoma 

(PDS 16-33137 (2)) 

EcPV-2 negative vulvar SCC  

(PDS 13-14051) 

 

Ki-67 

 

 

Agilent Technologies 

Canada 

MIB-1 (GA626) 

 

Human tonsil  

Human small intestine: 

ileum Peyer’s patches, 

crypt 

 

Ileal Peyer’s patches and 

intestinal crypt epithelium 

(PDS 15-06982 (3)) 

 

Activated 

caspase 3 

 

New England Bio 

Asp175 (9661) 

Human thymus 

Mouse embryo 

Thymus  

(PDS 15-06982 (3)) 

P21 

 

 

Lifespan Bioscience 

CDKN1A/WAF1/p21 

(LS-C136937) 

 

Normal adult human 

skin 

Skin with solar elastosis  

(PDS 15-04700) 

 

5.3.3 Selection of antibodies for IHC 

Antibodies were sourced preferentially according to whether PDS protocols had been 

established for equine tissue. Such protocols had been established for p53(wt), Ki-67, and activated 

caspase-3.  No PDS protocols, nor published studies, existed for IHC on equine tissues using 

antibodies against p21 or mutant p53. Antibody sources recommended positive control tissues, 

and attempted IHC protocols are described below for each of the selected target antigens. 

 

5.3.4 Wild-type p53 

Rabbit anti-p53 antibody (LifeSpan BioSciences, Seattle, WA) is a polyclonal antibody 

raised against a synthetic peptide from the N-terminus of human p53 and was the preferred 

antibody for this study given its polyclonal nature and reported use in equine tissues as per the 
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manufacturer. However, initial attempts yielded inconsistent results, and so mouse anti-p53 (DO-

1, Santa Cruz Biotechnology Inc., Dallas, Tx), which had been used in previous, unpublished PDS 

studies, was used instead.  The Santa Cruz p53 DO-1 is a mouse monoclonal antibody (IgG kappa 

light change) that binds the N-terminus (amino acids 11-25) of both wild type and mutant forms 

of human p53.  IHC staining of p53 is expected to localize to the nucleus. Manufacturer 

recommendations for positive controls include whole-cell lysates from human cell lines MCF7, 

A-431, or BT-20. Positive control equine tissue selected for this IHC assay was skin with histologic 

changes associated with UV damage (solar elastosis). 

 

5.3.5 Ki-67 

 Mouse anti-Ki67 antibody (MIB-1), (Agilent Technologies Canada Inc., Mississauga, 

ON), is a mouse monoclonal antibody raised against a recombinant peptide representing human 

Ki-67. The MIB-1 antibody binds native Ki-67 as well as recombinant fragments. This antibody 

has been used in prior equine hepatic studies performed at PDS by Verhoef et al., (2018).173 

Manufacturer recommended positive control tissues included lymphoid tissue such as tonsil or 

ileum (Peyer’s patches) or proliferative tissue such as intestinal crypt epithelium. Positive IHC 

staining for Ki-67 is anticipated to be nuclear.  

 

5.3.6 Cleaved caspase 3 

Rabbit anti-cleaved caspase-3 antibody (Asp175) (New England BioLabs, Whitby, ON) is 

a polyclonal antibody raised against the cleaved human caspase-3 protein.  This antibody does not 

bind to full length (non-activated) caspase-3. Prior studies by PDS provided protocols for equine 

skin tumors.174 Positive control tissues recommended by the manufacturer included human thymus 

or mouse embryo. For the current study, the equine thymus was selected as positive control tissue. 

IHC staining is expected to be peri-nuclear in cells undergoing apoptosis.  

IHC staining for Ki67, p53, and cleaved caspase-3 was performed at PDS, using an 

automated staining platform (Autostainer Plus, Agilent Technologies Canada Inc., Mississauga, 

ON).  Heat-induced epitope retrieval was performed, and the primary antibodies were applied for 

30 min at 1:25, 1:50, and 1:100 dilutions, respectively.  Binding was detected using an HRP-

labelled polymer detection reagent (EnVision+ System - HRP Labelled Polymer, Agilent 

Technologies Canada Inc., Mississauga, ON), and the staining was visualized using 3,3’-
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diaminobenzidine tetrahydrochloride (DAB) (Dako Liquid DAB+ Substrate Chromogen 

System, Agilent Technologies Canada Inc., Mississauga, ON), as the chromogen. 

 

5.3.7 Mutant p53 

Rabbit anti-p53 mutant antibody (Y5), (ABCAM, Cambridge, UK), is a recombinant 

monoclonal IgG antibody that binds to mutant human forms of p53, but not wild-type forms.  It 

has been raised against the N-terminus (amino acids 1-100) of a synthetic human mutant p53.  As 

per an extensive review of the literature and manufacturer's list of publications, no published 

studies exist regarding the use of this antibody on equine tissues. The manufacturer recommended 

positive controls for this antibody include the A431 cell lysate and human skin cancer biopsies. 

Selected equine control tissues included an equine colonic adenocarcinoma and an EcPV-2-

negative vulvar carcinoma. The exact mutation, against which the ABCAM Y5 anti-mutant p53 

antibody reacts with, is proprietary, but does target the N-terminus (aa 1-100). The manufacturer’s 

recommended positive controls include A431 cell line which is known to lack normal p53 and has 

a mutation at codon 273 and was selected given the potential proximity to the previously described 

single report of mapped equine p53 mutations in an ocular SCC at codon 278 and a vulvar SCC at 

codon 248. Attempts to get cross-reactivity of the ABCAM p53 mut antibody (Y5) with the 

recommended A431 cell lysate cell preparations (GeneTex GTX25525, Irvine CA, USA) and 

selected equine tissues, were performed as described above, using 1:50 and 1:100 dilutions.  

 

5.3.8 p-21 

Rabbit anti-p21 antibody (LifeSpan Biosciences, Seattle, WA) is a polyclonal antibody 

raised against human p21 (aka CDKN1A, WAF1). This antibody recognizes the p21WAF1 tumor 

suppressor protein. P21 is localized to the nucleus, and IHC staining is intense in normal cells but, 

as per the manufacturer, is known to be missing in certain human carcinomas that lack normal p53 

function (gastric, thyroid, and non-small cell lung origin). No published equine IHC studies exist 

using p21 antibodies, although human studies are available.171  The manufacturer recommended 

positive control tissues include human colon. Equine tissues selected as positive controls were the 

same as those selected for p53 wt (UV-damaged equine skin).  Attempts to get cross-reactivity 
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between p21 antibodies and equine tissues were performed similarly to those described for the p53 

mut antibody IHC assay.  

An IHC reaction was considered positive wherever staining was present in the biologically 

expected location. Exceptions to this included the presence of indiscriminate staining by the 

secondary antibody in lymphocyte and plasma cell cytoplasm (site of antibody fragment 

production).  

 

5.4 Results 

5.4.1 P53 wt 

Positive control tissue, equine UV damaged skin (solar elastosis), was positive for p53wt 

staining in the nuclei of most epithelial cells of the stratum basale. (Figure 5.1). Normal skin (penis, 

vulva, eyelid, and muzzle) showed nuclear staining present in epithelial cells of the stratum basale, 

and this staining was less frequent as compared to that of UV damaged skin. EcPV-2 status did 

not influence p53 staining in normal skin (Figure 5.2). Genital SCCs had increased p53 staining 

as compared to normal skin, and UV damaged skin, and the distribution of cells was influenced 

by EcPV-2 status. EcPV-2 negative genital SCCs had p53 staining that was mostly limited to the 

basilar epithelial cells, whereas EcPV-2 positive genital SCCs showed increased p53 staining that 

was present throughout all layers of the epithelium (
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Figure 5.3). P53wt staining of non-genital SCCs (periocular and limb), was present, but 

did not yield a clear difference when EcPV-2 status was considered (Figure 5.4 and

 

 

Figure 5.5). 
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Figure 5.1: Positive control tissues for IHC targets.  First row: Ki-67- Left: Equine ileum, HE. 

Middle: Ki-67 staining is present in the nuclei of crypt enterocytes. Right: Ki-67 staining is present 

in the nuclei of lymphocytes in Peyer’s Patches. Second row: Activated caspase-3. Left: Equine 

thymus, HE. Middle: activated caspase-3 staining is present in select lymphocytes. Right: Higher 

magnification showing perinuclear staining of activated caspase-3. Third Row: P53wt. Left: 

Equine skin with UV damage, HE. Middle: p53wt staining is present in the nuclei of most epithelial 

cells of the stratum basale. Right: Higher magnification also showing p53 wt nuclear staining of 

staining follicular epithelium and reserve cells of sebaceous glands.  
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Figure 5.2: Normal equine tissues (penis, vulva, eyelid, muzzle). IHC anti- p53 wt antibody.  

Left column: EcPV-2 negative tissues. Right column: EcPV-2 positive tissues.  
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Figure 5.3:  Equine penile SCC. IHC anti-p53 wt antibody (brown nuclear stain). Left image 

shows EcPV-2 negative tumor with p53 staining appearing as nuclear and limited predominantly 

to epithelial cells of the stratum basale. Right image shows an EcPV-2 positive tumor whereby 

p53 IHC staining is now present in basilar and supra-basilar cells.  
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Figure 5.4:  Periocular SCC.  Left column: EcPV-2- negative tissues. Right column: EcPV-2-

positive tissues. First row: HE. Moderately differentiated SCCs. Second row: IHC anti-ki67 

antibody shows nuclear staining (brown) of epithelial cells of the stratum basale in EcPV-2-

negative tumor, whereas staining is scattered throughout supra-basilar layers in EcPV-2-positive 

tumor. Third row: IHC anti-p53 wt antibody shows nuclear staining pattern similar to that 

described for p53wt. Fourth row: IHC anti-activated caspase-3 antibody shows scant to moderate 

perinuclear staining of neoplastic cells adjacent to keratin pearls.  
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Figure 5.5:  SCC arising from the skin of the limb.  Left column: EcPV-2-negative tissue. Right 

column: EcPV-2-positive tissue. First row: HE. Moderately differentiated SCC. Second row: IHC 

anti-Ki-67 antibody shows nuclear staining (brown), in epithelial cells mostly limited to the 

stratum basale of EcPV-2-negative tumor cells, whereas staining is more generalized in EcPV-2-

positive tumor. Third row: anti-p53 wt antibody staining is present within nuclei of neoplastic cells 

in a pattern that is similar to that described for Ki-67. Fourth row: anti-activated caspase-3 antibody 

staining is perinuclear and present in rare cells, mostly associated with keratin pearls, in both 

EcPV-2-positive and -negative tumor biopsies. 
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5.4.2 Ki67 

Positive control tissue, equine ileum, had positive Ki-67 nuclear staining of crypt 

enterocytes as well as lymphocytes in Peyer's patches (Figure 5.1). Normal skin showed nuclear 

staining of epithelial cells of the stratum basale, similar to the distribution described for p53 wt 

(Figure 5.6).   Genital SCCs that were EcPV-2 positive showed nuclear Ki-67 staining in both 

epithelial cells of the stratum basale and supra-basilar layers, whereas Ki-67 nuclear staining was 

limited to the stratum basale in EcPV-2 negative genital SCCs (
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Figure 5.7).  Non-genital SCC showed Ki-67 nuclear staining that was similar to that 

described for p53 wt (Figure 5.4 and 

 

 

Figure 5.5).  

 



  

111 

 

 

Figure 5.6:  Normal equine tissues (penis, vulva, eyelid, and muzzle).  IHC anti-Ki-67 antibody.  

Left column: EcPV-2 negative tissues. Right column: EcPV-2 positive tissues. Anti-Ki-67 

antibody staining is present in the nuclei of scattered epithelial cells of the stratum basale in both 

EcPV-2 negative and EcPV-2 positive tissues of the penis, vulva, eyelid, and muzzle. In the haired 

skin of the muzzle, staining in the follicular epithelium was also noted. 
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Figure 5.7:  Equine penile squamous cell carcinoma. IHC anti-ki67 antibody.  Left image: 

EcPV-2 negative tumor shows ki67 nuclear staining is mostly limited to cells of the stratum basale. 

Right image: EcPV-2 positive tumor shows a Ki-67 signal present in the nuclei of both epithelial 

cells of the stratum basale and supra-basilar layers.  
 

5.4.3 Activated caspase-3 

Positive control tissue, equine thymus, showed multifocal, cytosolic staining for activated 

caspase-3 in lymphocytes (Figure 5.1). Caspase 3 staining was absent or scant in normal skin 

(Figure 5.8) and SCCs, in both EcPV-2 positive and negative tissues. Where activated caspase-3 

staining was present, it was cytosolic and limited to shrunken, apoptotic cells, mostly along the 

edges of keratin pearls, in both genital ( 
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Figure 5.9) and non-genital SCCs (Figure 5.4 and 

 

 

Figure 5.5  
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Figure 5.8:  Normal equine tissues (penis, vulva, eyelid, muzzle).  IHC anti-activated caspase-

3 antibodies. Left column: EcPV-2-negative normal equine tissues. Right column: EcPV-2-

positive normal equine tissues. IHC staining for activated caspase-3 staining is mostly absent; 

when present, it is limited to surface epithelial cells of the stratum basale. Note that dark brown-

black, cytoplasmic, granular staining is melanin.   
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Figure 5.9:  Equine vulvar SCC. Left column: EcPV-2-negative vulvar SCC. IHC shows nuclear 

staining for both Ki-67 and p53 wt that are similar in their distribution, being mostly restricted to 

epithelial cells of the stratum basale.  Right column: EcPV-2-positive vulvar SCC. IHC staining 

for Ki-67 and p53 wt are similar, in that nuclear staining is noted in neoplastic epithelial cells in 

supra-basilar layers in addition to the stratum basale. Activated caspase-3 staining was also present 

in both EcPV-2-positive and EcPV-2-negative vulvar SCCs, but the distribution was random or 

limited to the edges of keratin pearls. 
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Attempts to get the ABCAM Y5 anti-p53 mutant antibody to bind the selected equine 

positive control tissues (colonic adenocarcinoma and EcPV-2 negative vulvar SCC), were 

unsuccessful. There was some non-specific cytoplasmic staining of lymphocytes within the equine 

colonic adenocarcinoma (Figure 5.10). The non-specific binding was interpreted as secondary 

antibody binding to equine antibody fragments within lymphocytes and plasma cells. Additionally, 

attempts to produce staining using the manufacturer recommended human A431 cell line were also 

unsuccessful.   

Similarly, attempts to identify a suitable equine positive control for p21 IHC were also 

unsuccessful, despite using a relatively concentrated 1:50 dilution, and adjusting protocols to 

include a biotinylated secondary antibody, and an avidin-biotin immune-peroxidase complex 

detection reagent (Vector Labs, Burlingame, CA) at 1:10 and 1:25. 

Due to the time and financial limits of the study, further attempts to get cross-reactivity of 

anti-p21 and -p53 antibodies, with equine tissues, were not pursued. 

 

 

Figure 5.10: Equine colonic adenocarcinoma. IHC with anti-p53 mutant antibodies shows 

intense cytoplasmic staining of lymphocytes and plasma cells surrounding islands of neoplastic 

epithelial cells. No staining is present within neoplastic cells.  

 

5.5 Discussion 

We observed a difference in p53 wt and Ki-67 expression, as per IHC, in equine genital 

SCCs when comparing EcpV-2-positive and EcPV-2 -negative tissues. Both p53 wt and Ki-67 

IHC staining was limited to the stratum basale in EcPV-2 negative genital SCCs, whereas in EcPV-
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2 positive genital SCCs, staining was present in supra-basilar layers as well. In contrast, in normal 

equine skin, IHC staining of Ki-67 and p53 was limited to the epithelial cells of the stratum basale, 

irrespective of EcPV-2 status. In non-genital SCCs, these patterns were not readily apparent and 

may reflect either a lack of EcPV-2 "activity" in non-genital SCCs or that the selected periocular 

and limb SCCs had suboptimal tissue for evaluation. Additional research on non-genital SCCs 

seems warranted.  Activated caspase-3 expression was sparse in all samples of normal and diseased 

tissue and was not influenced by EcPV-2 status. 

Our results do not support our hypothesis that EcPV-2 behaves in a manner similar to hr-

HPV, whereby E6 expression signals the proteasomal degradation of p53.  We observed an 

increase in p53 staining in supra-basilar layers of EcPV-2 genital SCCs and propose that this could 

be the result of one or more mechanisms: 1) increased p53 transcription due to the detection of 

DNA damage occurring in supra-basilar cells that are dividing due to EcPV-2 infection, 2) binding, 

inactivation, or sequestration, of p53 by EcPV-2 viral proteins in a manner that renders p53 

inactive but does not trigger proteasomal degradation and, 3) the presence of a stable, mutated, 

p53 protein, a result of EcPV-2 viral integration into the host genome. 

Two very recent publications (following completion of the current study) by Ramsauer et 

al. 99,140, addressed similar questions similar to ours, namely, ’How might EcpV-2 infection affect 

host cell cycle protein expression?'. The first study quantified the host RNA profiles of EcPV-2 

positive penile SCCs and compared them to those of EcPV-2 negative, normal penile skin, and 

found that 1957 host genes were differentially expressed and these were mostly associated with 

DNA replication, cell cycle control, and cell adhesion99. P53 expression was not altered directly, 

although several downstream proteins were upregulated. The caveat with this study was that only 

EcPV-2 positive SCCs were considered and compared to normal EcPV-2 negative tissue. As such, 

it remains unclear if EcPV-2 negative SCCs would behave in a similar manner; it is possible that 

the changes in host gene expression observed by Ramsauer are the result of neoplastic 

transformation and not related to EcPV-2 infection. Without a comparison to EcPV-2-negative 

penile SCCs, one cannot definitively conclude that the observed changes in gene expression are 

driven by viral oncogenes - the virus may merely be co-existing or contributing to the proliferation 

of an already transformed cell population.  If, however, the Ramsauer  study finding are exclusively 

the result of EcPV-2 infection, then the increased p53 wt expression noted in our IHC study in 
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supra-basilar cells is most likely a response to DNA damage and dysregulation of cell cycle and 

not the direct consequence of viral protein expression.   

The second study by Ramsauer et al. included the use of IHC to evaluate p53 expression 

in proliferative penile lesions (hyperplasia, papillomas, CIS, and SCCs)140. This was combined 

with EcPV-2 E6 R-ISH and performed only on EcPV-2 positive lesions that included normal 

adjacent skin. Adjacent normal skin was considered non-infected, given an observed lack of R-

ISH staining. The purpose of the study was to determine if R-ISH and IHC could be used to fine-

tune how equine penile proliferative lesions are diagnosed.  Ramsauer et al. noted that IHC staining 

for p53 was limited to basilar layer in benign lesions (hyperplasia, papillomas), whereas supra-

basilar layer expression was also present in neoplastic lesions (CIS, SCC).  

Interestingly, the p53 IHC staining patterns noted in our study have been previously 

observed by Favrot et al. in feline Bowenoid in situ carcinoma (BISC) lesions175. BISC lesions are 

caused by infection of feline skin or mucosa with FcaPV-2 or FcaPV-314,176. BISC lesions can 

clinically, and histologically, appear similar to actinic CIS. When comparing IHC staining patterns 

for p53 of feline BISCs to actinic keratoses, Favrot et al., observed that p53 expression was present 

throughout all layers of the stratified epithelium in the viral-associated disease, whereas staining 

was limited to the stratum basale in solar-associated disease. 

In our IHC current study, we observed similar findings to both Favrot et al. and Ramsauer 

et al. However, in our study, we also considered EcPV-2 negative equivalents of normal and 

diseased tissue. This is a critical point because one of the major questions facing researchers 

interested in EcPV-2 as a causative agent of equine genital SCCs, is whether the presence of the 

virus is affecting SCC development, or is the virus merely increasing its own replication in 

response to an already transformed cell population?   

By examining EcPV-2 positive and negative biopsies, taken from both normal skin and 

SCCs, we have shown that EcPV-2 is impacting the cell cycle of tumor cells in a manner that is 

different than what occurs in uninfected SCCs. Secondly, we have shown that in EcPV-2 positive 

genital SCCs, p53 is not being targeted for proteasomal degradation, as occurs in many hr-HPV-

associated human cancers84 and some feline PV-associated lesions in cats162. 

This finding is perhaps not entirely novel as there is evidence that some PV infections can 

result in the stabilization of p53. Work on equine sarcoids done by Finlay et al. using fibroblast 

cell cultures transformed by infection with BPV-1, showed an increase in p53 that was not the 
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result of upregulated transcription, but rather a decrease in degradation157. Additionally, it was 

observed that p53 could be localized to either the nucleus or the cytosol following transformation; 

the significance of this is unclear but it has been proposed that perhaps BPV-1 impacts MDM2 

function, the major regulator of p53 activation167.  

 

5.5.1 Unsuccessful p53 mut and p21 IHC staining- inferring p53 functionality 

In our study, EcPV-2 infection in genital SCCs correlated with an increase in p53 

immunostaining of neoplastic cells. The functionality of p53 expressed in equine genital SCCs 

could not be determined as we were unsuccessful in developing an IHC assay for equine tissue 

using the selected anti-p53 mutant and anti-p21 antibodies. This failure may reflect an 

incompatibility between antibodies raised against human p21 and mutant p53 and equine 

equivalent proteins. In the case of p53 mutant antibodies, we were unable to get a positive reaction 

using the manufacturer recommended positive control of human A431 cell lines.  The A431 cell 

line is a commonly used human cancer cell line that traces back to an epidermoid carcinoma arising 

in an 87-year-old woman. A431 cells lack a functional p53 and have a mutation at codon 273, 

whereby arginine is substituted for histidine; this mutation results in a loss of transcriptional 

function and a gain in drug resistance by down-regulating procaspase-3 activity177–180 . This codon 

273 mutation is very close to the codon 278 mutation identified in equine p53 by Pazzi et al. and 

is one of the reasons for the selection of the ABCAM Y5 p53 mut antibody169.  Our inability to 

produce a positive IHC stain using the ABCAM Y5 anti-p53 mut antibody on the recommended 

A431 cells could be a technical failure or even a quality issue pertaining to the received ABCAM 

Y5 p53 mutant antibody or the GeneTex A431 cell preparations. Regardless, given time and 

financial restraints, we were unable to pursue this aspect of the study further. If future attempts are 

made, options to identify equine p53 mutations in SCCs could include identifying a more suitable 

positive control tissue, selecting a different anti-p53 mutant antibody, or taking a more direct 

approach such as sequencing, as was done by Pazzi et al.  

 

5.6 Conclusion 

To the best of our knowledge, the current study is the first to examine cell cycle protein 

expression in both EcPV-2 positive and EcPV-2 negative, normal equine tissues, and SCCs.  We 
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have shown that expression of cell cycle protein p53, and proliferation marker Ki-67, are 

influenced by EcPV-2 status in genital SCCs, but not in normal tissues.  Furthermore, we have 

provided data showing that EcPV-2 infection is not associated with increased p53 proteasomal 

degradation. A similar pattern was not readily apparent in non-genital SCCs. We were unable to 

infer p53 functionality or identify potential p53 mutations due to both a failure to identify 

appropriate positive equine controls and establish IHC protocols for the selected anti-p53mut and 

-p21 antibodies. The current study has provided adequate data to warrant additional research on 

this topic. 
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CHAPTER 6 : DISCUSSION AND CONCLUSIONS 

EcPV-2, a recently described PV of the Dyoiota genus, has been attributed to causing 

equine genital SCCs but not SCCs from other anatomical sites, such as those arising from 

periocular tissues (bulbar conjunctiva, eyelid, and nictitans). SCC development in these sites has 

mostly been attributed to UV damage and suggested risk factors include sparseness of hair coat 

and pigmentation.  Such attributions have been mainly based on previous studies that found EcPV-

2 infection, as measured by the identification of viral nucleic acids in diseased tissues, is common 

in genital SCCs, and less frequent or absent, in healthy tissues and SCCs arising from non-genital 

locations. Implied from these findings is that EcPV-2 is sexually transmitted, and infection in 

asymptomatic animals is rare. We have provided novel data on the subject, some of which 

challenge the above model regarding EcPV-2 as a causative agent of equine genital SCCs.  

 

6.1 EcPV-2 data on Canadian horse populations 

EcPV-2 published studies have been limited to half a dozen research groups located in 

Europe, the US, and New Zealand, with no published studies on Canadian horse populations. Ours 

are the first studies to collect data regarding EcPV-2 infection in Canadian horses, both in 

asymptomatic animals and those afflicted with SCCs.   

 

6.2 Asymptomatic EcPV-2 infection and seropositivity 

We have shown that asymptomatic EcPV-2 infection and seropositivity are relatively 

common (29% and 36%, respectively), at least amongst Western Canadian horses. Our data 

suggest that asymptomatic EcPV-2 infection is more prevalent than previously reported, and we 

believe that this is the result of two factors: increased sample size and a different sampling 

methodology.  With the exception of a New Zealand study by Knight et al129 which had a 

comparable number of horses, our survey on asymptomatic EcPV-2 infection sampled more horses 

and more anatomical sites per horse than any previously published EcPV-2 studies.  Also, we did 

not use swabs or cytobrush techniques to collect tissues, but rather biopsies, an approach that 

allowed us to collect cells of interest that are deeper than those collected in previous studies.  

Interestingly, our reported prevalence of 20/70 (29%) is more similar to the previously reported 
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36% EcPV-2 L1 seropositivity in a Swiss study on live asymptomatic horses135, than it is to any 

of the previous studies on EcPV-2 infection in asymptomatic horses.  

Perhaps the most surprising finding in our asymptomatic horse population was that EcPV-

2 infection could occur as early as in utero. This finding has a major impact on how we view EcPV-

2 transmission, as well as potential implications for future vaccination studies.   

When we compared the prevalence of EcPV-2 L1 seropositivity in horses by age group, 

we found it to be similar. This finding contradicted our hypothesis that if EcPV-2 exposure and 

infection are common, then older horses would be more likely to show seropositivity than younger 

horses (age equates with the increased cumulative opportunity to be exposed). Possible 

interpretations could include that exposure frequently occurs and at a young age, but EcPV-2 L1 

antibodies wane quickly. It would be valuable to collect repeated serologic data on horses over 

extended periods of time to characterize this possibility. Also, L1 seropositivity may not be the 

best means of measuring past infection, given that the L1 protein is only expressed in productive 

infections. Future studies could evaluate seropositivity against different viral antigens that are 

expressed earlier and more consistently, in infection, such as E1, E2, or E6 gene products. Ideally, 

serial collections of paired biopsies and serum are needed to better characterize changes in 

infection and seroconversion over time.  Also, given our finding of in utero EcPV-2 infection, 

some form of immunotolerance may exist in a subset of congenitally infected horses.  

 

6.3 EcPV-2 nucleic acids are present in nuclei of lymphocytes 

The use of RNA-ISH on normal tissues from asymptomatic Western Canadian horses 

detected EcPV-2 DNA within lymphocytes of the retropharyngeal nodes. This is a novel finding 

for horses, but in agreement with what has been observed in HPV and BPV infections4,103,104,136,146.  

Additional, larger equine studies are warranted.  

 

6.4 EcPV-2 positivity of non-genital SCCs 

We have shown that EcPV-2 infection does occur in non-genital SCCs, although this 

finding was limited to biopsies taken from afflicted American horses. EcPV-2 DNA was not 

identified in any non-genital SCCs biopsies from Canadian horses.  Interestingly, the EcPV-2 R-

ISH signal in non-genital SCCs was significantly less intense as compared to genital SCC, and we 
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proposed that this may reflect a lower viral load in such tumors. Further studies using quantitative 

PCR would be needed to better define such differences between genital and non-genital EcPV-2 

tumors.  

 

6.5 EcPV-2 status does not impact the clinical outcome of genital SCCs. 

We concluded that the EcPV-2 status of genital SCCs does not impact the clinical outcome, 

as measured by overall survival time.  This finding agrees with the only other study that evaluated 

the impact of EcPV-2 status of penile and preputial SCCs on clinical outcome measures (Van den 

Top,2015).131  In contrast, our study considered both male and female equine genital SCCs and 

accounted for variations in treatment status and type of treatment.  We observed that genital SCC 

clinical outcome was most influenced by whether treatment was administered, (irrespective of the 

type of treatment) and recurrence of disease but was not influenced by EcPV-2 status. Our data 

suggest that unlike HPV-associated head and neck SCCs, PV status does not impact clinical 

outcome in horses with genital SCCs. 

 

6.6 P53 expression in genital SCCs is influenced by EcPV-2 status 

As part of an IHC pilot study on SCCs, we showed a difference in cell cycle protein 

expression for p53 and Ki-67 that was influenced by EcPV-2 status.  Extrapolating from data 

regarding E6 function in hr-HPV associated human cancers, we hypothesized that p53 expression 

would be decreased in EcPV-2 positive SCCs if E6 expression signals the proteasomal degradation 

of wt p53.  Our results, however, did not support this hypothesis: p53 expression was increased in 

EcPV-2 positive genital SCCs and was not limited to cells of the stratum basale, as was observed 

in EcPV-2 negative counterparts.   

What we were unable to determine was whether p53 IHC staining represented functional 

or non-functional p53 activity, as we were unsuccessful at getting cross-reactivity of anti-human 

mutated p53 and p21 antibodies in horse tissues.  With the data that we were able to collect, we 

propose that p53 increases in EcPV-2 positive SCCs are a response to the dysregulation of the cell 

cycle caused by the virus and that p53 is not directly a target of EcPV-2 E6 gene product.  This 

conclusion is partially supported by a very recent publication by Ramsauer et al.99 that showed 

upregulation of specific genes in EcPV-2 positive SCCs (as compared to normal tissue), most of 
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which were downstream from p53. The caveat with this statement, is, however, that the Ramsauer 

study did not compare EcPV- positive SCCs to EcPV-2 negative SCCs, and as such, has not truly 

demonstrated that changes in host gene transcription are the result of viral infection.   

 

6.7 Agreement between PCR and R-ISH 

When comparing the results from all three studies, PCR and R-ISH agreement varied (  
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Table 6.1, Table 6.2, Table 6.3, Table 6.4, Table 6.5, and   
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Table 6.6).   When considering only samples that had undergone both 1) EcPV-2 E6/E7 R-ISH 

and, 2) either broad-spectrum PV PCR with sequencing or EcPV-2 L1 PCR, such that the 

identity of a PV positive result was known; there was a 75.6% agreement between R-ISH and 

PCR. All disagreements were characterized by a PCR positive/R-ISH negative result.   

Agreement was highest for PV-negative samples (0/5; 100%) and non-EcPV-2 PV positive 

samples (0/9; 100%), meaning that R-ISH did not detect EcPV-2 in any samples deemed EcPV-2 

negative by PCR. The next highest agreement was for diseased samples (papilloma, CIS, SCC) 

that were PCR positive (17/18; 94%) unless tissues came from ocular or periocular biopsies 

(3/10; 30%) in which case R-ISH failed to detect EcPV-2 in 7/10 (70%) of tissues deemed 

positive by broad-spectrum PV PCR with sequencing. Agreement was next lowest when normal 

tissues were sampled, whereby 17/20 (85%) of the EcPV-2 PCR positive samples were also 

positive by EcPV-2 E6/E7 R-ISH.   
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Table 6.1: Overall RISH-PCR agreement from all three studies (Chapters 2-4).   

PV or EcPV-2 status* 
Samples 

(n=) 

No. of R-ISH positive 

(% agreement) 
Other 

EcPV-2 positive 20 16/20 (80%) 

One sample was negative by R-ISH 

was PV positive, and sequencing 

identified it as EcPV-2. The 

remaining four negative R-ISH 

samples were positive on EcPV-2 

PCR. 
 

Three of the four negative R-ISH 

arose from normal tissue: 1 from a 

SCC. 

 

 

EcPV-2 negative but 

PV positive 
9 0/9 (100%) 

R-ISH did not yield a signal when 

EcPV1, Deer-PV, HPV-107, or 

FePV-3 were present (all identified 

by sequencing). 

 

PV negative 5 0/5 (100%) 
 

 

Overall agreement  34/45 (76%) 
 

 

* This table only includes samples that had known PV status by broad-spectrum PV PCR with sequencing 

and samples with known EcPV-2 status by either sequencing results or EcPV-2 positive PCR results. 

Excluded are any samples for which MY/FAP was positive, but sequencing could not be performed, or an 

EcPV-2 PCR was not also performed (ex. Chapter 3 study determined EcPV-2 status with R-ISH on PV 

positive samples in many cases). 

 

 

Table 6.2: RISH & PCR agreement from asymptomatic equine tissues from Chapter 2. 
Sample status by 

EcPV-2 PCR 

Samples 

(n=) 

No. positive by EcPV-

2 E6/E7 R-ISH (%) 
Other 

EcPV-2 positive 20 17 (85%) 

Three blocks that were positive on 

EcPV-2 PCR were negative on R- 

RISH. 

R-ISH signal was generally very 

weak when positive. 
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Table 6.3: -RISH & PCR agreement from diseased equine tissues from Chapter 3* 
Sample status by broad-

spectrum papillomavirus 

PCR with sequencing or 

EcPV-2 PCR 

Samples 

(n=) 

No. positive by 

EcPV-2 E6/E7 R-

ISH (% 

agreement) 

Other 

EcPV-2 positive* 18 17 (94%) 

R-ISH failed to identify EcPV-2 

within a single SCC arising 

from the sheath that also had 

granulation tissue present. 

 

PV-positive but non-EcPV-

2* 
9 0 (100%) 

EcPV-1 (4), Deer PV (2), HPV-

107 (1), Feline PV-3 (1), 

unknown identity (1) had been 

sequenced in these samples 

 

Overall agreement 27 26 (96%)  

*No periocular-ocular SCCs in this study 

 

 

Table 6.4:  RISH & PCR agreement from ocular-periocular SCCs from Chapter 4. 

EcPV-2 sample status 

determined by FAP & MY 

PCR with sequencing 

Samples 

(n=) 

No. positive by EcPV-

2 E6/E7 R-ISH (%) 
Other 

Periocular & Ocular SCC 10 3 (30%) 
R-ISH signal is very weak in 

these tumors 

 

 

Table 6.5:  RISH-PCR agreement for known PV negative SCCs from Chapter 4 
PV status determined by 

negative FAP & MY PCRs 

Samples 

(n=) 
EcPV-2 R-ISH positive Other 

 SCCs (mixed locations) 5 0 
including vulva (3), sheath (1), 

periocular (1) 
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Table 6.6:  Comparison of demographics of American and Canadian horses sampled in 

Chapters 2-4. (red denotes significant difference) 
Demographic PDS-normal horses PDS-SCC horses CSU-SCC horses 

Age Range (yo) 0 (fetus) - 30 4-21 3-28 

Mean Age (yo) 9.9 12.15 12.9 

Age Category 

Distribution (young < 

11yo; old>10yo) 

Young = 38 (58.5%) 

Old = 27 (41.5%) 

Young= 6 (30.0%) 

Old= 14 (70.0%) 

Young = 21 (41.2%) 

Old= 30 (58.8%) 

Breed Category 

Distribution 

Patchy = 9 (13.8%) 

Solid = 56 (86.2%) 

Patchy = 13 (48.1%) 

Solid = 14 (51.9%) 

Patchy = 42 (73.7%) 

Solid=15 (26.3%) 

 

There are several possible explanations for the above-described PCR-R-ISH 

disagreements, including the potential that PCR yields false-positive results or represent 

contamination. This seems unlikely given the use of multiple controls and high quality of 

sequencing results yielded by the samples. Another possibility is that the L1 gene is more highly 

conserved as compared to the E6/E7 genes. PCR primers (FAP59/64, MY09/11 and EcPV-2) used 

in the current studies all target a portion of the L1 gene, whereas the EcPV-2 probes used in R-

ISH target the less conserved E6/E7. Alternatively, and what we propose, is that R-ISH is less 

sensitive than PCR at detecting EcPV-2. This is readily feasible given that PCR amplifies the target 

prior to visualization, whereas R-ISH does not. The implications of such a discrepancy in 

sensitivity, combined with the observations that EcPV-2 infected periocular-ocular SCCs, and 

normal tissues are more likely to be positive on PCR, but not R-ISH, are that viral load in these 

tissues may be less than in genital SCCs.  Additional studies that could quantify viral loads (ex. 

qPCR) or analyze variations in E6/E7 sequences are needed to explain why some PCR positive 

samples yield a negative result on R-ISH. 

 

6.8 Comparing EcPV-2 percentage positivity of genital tissues across all three studies 

EcPV-2 percentage positivity of all three studies is summarized below (Table 6.7). Data in 

this table has been adjusted to more accurately compare a\natomical categories: SCCs arising from 

non-eyelid ocular tissues and sheath/prepuce, have been removed. 
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Table 6.7:  Comparison of EcPV-2 percentage positivity all three studies of biopsies taken 

from local asymptomatic horses and SCCs from horses in both the CSU and PDS service area.  

(Bold text denotes significance- p<0.05). 

 

Anatomic 

location 

Normal tissues 

from Canadian 

horses1 

SCCs from 

Canadian horses2 

p = to normal 

SCCs from American 

horses3 

p = to normal 

Chi-

squared 

btw SCCs 

studies 

Genital4 (vulva, 

penis only) 

24% 

(16/68) 

39% (10/26) 

P=0.16 

38% 

(23/61) 

P=0.086 

0.94 

Periocular4 

(eyelids only) 

12% 

(8/68) 

0% 

(0/18) 

P=0.14 

26% 

(15/58) 

P=0.046 

 

0.01 

Other skin 
10% 

(7/68) 
- 

13% 

(3/23) 

P=0.71 

 

- 

Other mucosa* 
11% 

(7/65) 
- 

29% 

(2/7) 

P=0.25 

 

- 

Other skin or 

mucosa 

10.5% 

(14/133) 

0.0% 

(0/3) 

P=0.72 

17% 

(5/30) 

P=0.37 

 

0.6 

Total 
14.1% 

(38/269) 

185% 

(10/57) 

P=0.51 

27.1% 

(51/188) 

P <0.001 

0.14 

1Chapter 2: EcPV-2 status was determined by EcPV-2 L1 PCR followed by EcPV-2 E6/E7 R-ISH 
2Chapter 3:  EcPV-2 status was determined by MY PCR followed by EcPV-2 PCR 
3Chapter 4: EcPV-2 status was determined by FAP and MY PCR followed by sequencing and where sequencing was 

not possible EcPV-2 PCR. 
4Data provided in Chapters 3 and 4 included SCCs arising from the sheath, ocular conjunctiva, and nictitans, whereas 

the data collected in Chapter 2 (normal horses) did no. As such, such information has been removed from Table 6.7 

to facilitate comparisons between the three studies. 

  

 There was no statistically significant difference in EcPV-2 percentage positivity when 

comparing SCCs and normal tissues using Canadian horse populations. EcPV-2 percentage of 

positivity of Canadian SCCs were similar to those of American SCCs with the exception of 

periocular tumors. American eyelid SCCs had a significantly increased EcPV-2 percentage 

positivity as compared to both Canadian eyelid SCCs and normal eyelids. EcPV-2 was not detected 

in any ocular or periocular SCC biopsies taken from Canadian horses, whereas it was in the 
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American population. This is puzzling given that EcPV-2 percentage positivity of other tissues 

were similar, making it unlikely that there is a geographical difference in virus distribution. One 

explanation for the discordant results between the American and Canadian SCC studies might be 

due to variations in methodologies, including how EcPV-2 percentage positivity was determined 

and the number of periocular and ocular SCCs available for analysis. A study that measures EcPV-

2 percentage positivity of FFPE asymptomatic equine eyelid biopsies, taken from the same period, 

and the corresponding laboratory database, as those used our American horse study, is likely 

needed in order to understand better the role of EcPV-2 in equine periocular SCCs arising in 

American horses. 

 

6.9 Considering breed and age categories on EcPV-2 proportions of positivity of normal 

tissue and SCCS 

Risk factors for SCC development in horses have historically included advanced age and 

UV damage. Risk factors for UV tissue damage include sparsity of hair coat or pigment. In an 

attempt to better identify possible confounders (age and increased risk of UV damage) in EcPV-2 

associated SCCs, we made comparisons of EcPV-2 percentage positivity between normal and 

diseased tissues, both by age and breed categories. For the purpose of our studies, the breed 

category was used as a surrogate for pigmentation patterns. Granted, this is not a very refined 

surrogate marker, and if studies were to be expanded, one would potentially use means of 

measuring the presence of melanin and frequency of hair follicles in analyzed biopsies to quantify 

such parameters better. For the data that we had, however, breed categorization as either 'patchy' 

or 'solid' allowed us a rough estimate of the trends.   

We did not expect pigmentation of skin to influence EcPV-2 percentage positivity in 

normal horse tissues. We did hypothesize that older horses would be more likely to be exposed to 

EcPV-2 at some point over their lifetime (seropositive) and more likely to have acquired a 

persistent EcPV-2 infection.  Our hypotheses were only partially supported: EcPV-2 percentage 

positivity of normal tissues was not influenced by breed categories, but it was also not influenced 

by age. Asymptomatic tissues biopsied from young horses were as frequently positive for EcPV-

2 as those from old horses. The same was true when comparing the proportion of seropositivity by 

age groups. From this, we infer that exposure to, and asymptomatic infection with, EcPV-2, likely 

occur frequently, and early in life, even as early as in utero (discussed earlier).    
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When considering diseased equine tissues, we presumed that EcPV-2 percentage positivity 

of SCCs would be influenced by the skin and coat pigmentation. Specifically, we theorized that 

SCCs from horses of patchy breeds would be more likely to be the result of UV damage and thus 

less likely to be EcPV-2 positive as compared to those from solid coat pigmentation breeds.  Our 

data did not support this presumption: In both the Canadian and American horse populations 

sampled, EcPV-2 percentage of positivity of SCCs was not influenced by breed categorization. 

However, in the American horses sampled, if PV status was considered (i.e., MY09/11 or 

FAP59/64 positive PCR), then a significant difference was noted when comparing breed 

categories. American horse SCCs sampled from solid pigmented breeds were more likely to be 

PV-positive as compared to their patchy breed counterparts. The significance of this discrepancy 

between EcPV-2 and PV-positivity might be explained by a potential difference in sensitivity of 

broad-spectrum PV primers (FAP & MY) as compared to EcPV-2 primers.   

We anticipated that older horses would have more cumulative DNA damage (more years 

in the sun) and be less likely to have EcPV-2 driven cancers as compared to younger horses. Our 

results were somewhat discordant between the American and Canadian studies. EcPV-2 

percentage positivity was not influenced by age or breed categorization when SCCs were biopsied 

Western Canadian horses.  In contrast, EcPV-2 percentage positivity of SCCs was impacted by 

age when sampled from American horses. In the American population, younger horses were more 

likely to have an EcPV-2 positive SCC as compared to old horses.  

To investigate these disagreements in breed and age categorization impacts between the 

two horse populations, we compared the demographics (  
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Table 6.6). The distribution, range and median ages of the two populations were similar. 

In contrast, there was a significantly increased proportion of 'patchy' breed horses in the American 

population with Appaloosas and American Paints comprising the majority of breeds identified. 

This skew in breed categorization may account for the differences between American and 

Canadian horse EcPV-2 percentage positivity of SCCs when considered by breed categorization. 

The other noticeable difference between the two studies was that no non-genital SCCs were 

identified as being EcPV-2 positive in the Canadian study, whereas they were in the American 

study. 

In conclusion, we have provided critical and novel information regarding EcPV-2 

infection in equines that will contribute to the overall understanding of its potential role as a 

cause of equine mucocutaneous SCCs.  We propose that EcPV-2, like many other PVs, can cause 

asymptomatic infection, and it currently remains unclear what dictates whether an infection 1) is 

cleared, 2) becomes persistent, or 3) progresses into carcinomas. We propose that like the better-

understood hr-HPV driven cancers in humans, EcPV-2 likely plays a causal, but insufficient role 

in neoplastic transformation and that additional host and environmental factors contribute.  We 

have shown EcPV-2 SCCs behave in a similar biological manner to their EcPV-2- negative 

counterparts and that there is little prognostic value in determining EcPV-2 status in equine 

SCCs. To date, the ability of EcPV-2 to drive the neoplastic transformation of equine tissues 

remains incompletely understood, and additional studies are warranted. 
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APPENDIX 

Table A 1. Retrospective survey sent to referring veterinarians regarding their equine 

patients for which a histologic diagnosis of papilloma, CIS, or SCC had been made. 

 

Question Rationale 

 

QUESTION 1: Was this the first time this patient had 

such a lesion diagnosed?  Please circle: YES/ NO/ I 

DON’T KNOW. 

If NO, please indicate prior history: 

 

Determination of duration and 

progression or lesion 

 

QUESTION 2: How long (approximately) was the lesion  

present before being biopsied (incisional or excisional)? 

 

Included in owner-overall survival time 

(OS) (duration + time to death following 

histologic diagnosis) 

 

QUESTION 3: Had this patient been treated for this 

lesion prior to histopathologic diagnosis? 

Please circle: YES/ NO/ I DON’T KNOW. 

If YES, please explain: 

 

Treatment information and progression of 

the lesion 

 

QUESTION 4: Was this the only animal in his/her group 

that was affected? Please circle: YES/NO/ I DON’T 

KNOW. 

If NO, please elaborate (ex. # of other animals affected, 

lesions, duration): 

Infectivity of lesion 

 

QUESTION 5: Was the submitted biopsy the only such 

lesion on this animal?  Please circle: YES/ NO / I DON’T 

KNOW.  If NO, please explain (ex. other sites, same site): 

 

Potential of infectivity of disease. 

Important in recognizing that an animal 

can not be disease-free if not all lesions 

were treated. 

 

QUESTION 6: Did this patient have a concurrent 

unrelated disease at the time of diagnosis of this lesion? 

Please circle: YES/ NO / I DON’T KNOW.  If YES, please 

explain (ex. disease and treatment). 

 

Potential for comorbidity to influence OS. 

 

QUESTION 7:  Was treatment initiated for the lesion 

following histopathologic diagnosis? 

Please circle: YES/ NO/ I DON’T KNOW. 

If YES, please select one of the following and provide 

additional detail where applicable (ex. type of surgery, 

nature of other treatment- cryotherapy, topical, etc.). 

 Surgery only: 

 Surgery with other: 

 Other only: 

Information regarding treatment 

preferences and rationale (including 

owner, veterinary and patient 

considerations). 
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If NO treatment was pursued, please select and elaborate on 

factors considered: 

 Owner (ex. financial limitation, philosophy 

regarding care/value of animal, ability to do post-op 

care etc.). 

 Veterinary (ex. access to referral services, access to 

necessary equipment/medication, 

familiarity/comfort with treatment type, 

professional opinion regarding prognosis/outcome, 

etc.). 

 Patient (ex. age of the patient, concurrent 

conditions, risk of adverse effects of treatment 

(including general anesthetic risk), the 

temperament of the patient precludes post-op 

care/treatment, etc.). 

 

 

 

QUESTION 8:  Did disease recur despite treatment (if 

given)? Please circle:  YES / NO / I DON’T KNOW. 

If YES, how long (approximately) after treatment? 

Please provide any additional information you deem 

significant. 

 

Necessary for calculation of disease-free 

survival time (DFST) 

 

QUESTION 9:   Is this patient still alive? 

Please circle: YES / NO / I DON'T KNOW. 

If NO (animal deceased): 

When (approximately) did the patient die/was euthanized? 

Was the cause of death/reason for euthanasia related to the 

lesion/disease in question?   Please circle: YES / NO / I 

DON’T KNOW.   Elaborate if possible. 

 

Necessary for calculation of OS.  In cases 

where the animal is alive; OS calculated 

as minimum to survey closing date. 

 

 

Cause of death/euthanasia related to the 

lesion or other disease? (potential to 

influence OS) 

 

QUESTION 10: To your knowledge, did this patient 

have any history of having been bred prior to the 

diagnosis in question?  Please circle:  YES / NO / I 

DON'T KNOW. 

 

Is EcPV-2 transmitted by sexual contact 

only, or could other methods of 

transmission be considered? 

 

 


