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ABBREVIATIONS

BLAST Basic local alignment search tool
DNA Desoxyribonucleinacid

EcPV2 Equus caballus papillomavirus type 2
e.g. Exempli gratia

HPF High power field

HPV Human Papilloma Virus

HSCC Head squamous cell carcinoma
PBMC Peripheral blood mononuclear cell
PCR Polymerase-chain-reaction

PVs Papillomaviruses

SCC Squamous cell carcinoma

TNM Tumour classification system




1. INTRODUCTION

Data on equine papillomavirus type 2 (EcPV2) infection in association with equine head
squamous cell carcinomas (SCCs) - located in the oral cavity, nasal cavity, sinuses, pharynx,
and larynx - are limited. In equids, the infection routes of EcCPV2 and the affecting factors for
the development to a neoplastic lesion have not been elucidated and are still under investigation.
Initial detection and early treatment of equine HSCCs (head squamous cell carcinoma) can be
challenging. This manuscript briefly summarizes the recent literature on the EcPV2-associated

penile and HSCCs in horses and papillomavirus (PV) associated SCCs in humans.

According to the context, the manuscript presents a case report describing a gelding that
developed a carcinoma in situ in the genital region following a SCC in the laryngopharyngeal
region that was probably related to the same EcPV2 infection. In this manner, possible EcCPV2
infection pathways are discussed and the consequence of disease progression, if not treated and

recognized early, is explained.
1.1 Squamous cell carcinoma in horses

Horses are known to have squamous cell carcinoma (SCC) as one of the most commonly seen
neoplasms of the upper respiratory and gastrointestinal tract (Jones 1994). When considering
the genital tract in male horses, in the penile region SCC is the most frequently detected tumour
type (ibid.; Brinsko 1998). Further on, as the second most common neoplasm of the cutaneous
region in equids, SCC is detected in the skin and mucous membranes of the urogenital tract,
perianal area, ocular region, ear canal, and hoof (Durham 1997; Valentine 2006; van den Top

et al. 2008; Scott 2011; Taylor et al 2013).

Specific breeds like Appaloosas, Pinto, and American Paint Horses that have unpigmented hair
or skin adjacent to their mucocutaneous junctions are at increased risk to develop SCC. The
Haflingers, although they have pigmented skin and hair, are also at increased risk for the
development of SCC, especially in the ocular region (Reed et al. 2018). Increased occurrence
of ocular SCC has been reported in draft breeds and genetic factors are discussed among the

associated risk factors (King et al. 1991; Knickelbein et al. 2020).



SCC starts to differentiate at the keratinocyte level. Histology reveals irregular or cord-like cell
formation of keratinocytes and infiltration into the dermis. Common findings are atypia, keratin

formation, horn pearls, intracellular bridges, and mitoses (Scott 2011).

The initial clinical signs of SCC include changes in keratinocytes, which may manifest as mild
desquamation, thickening, and ulceration. The lesion may become erosive or productive (Reed
et al. 2018). The appearance of ulcerative lesions might be mistaken by the clinician for non-
healing wounds or chronic granulation tissue, which could lead to incorrect or delayed treatment
of the lesions (Auer 2012). Benign hyperplasia, papilloma and carcinoma in situ can be the
initial lesion types occurring that are also known as precursor lesions in the early disease
progression. The SCCs can develop from those precursor lesions (Bogaert et al. 2012;

Ramsauer et al. 2019b).

The aetiopathogenesis of SCC is still unclear but multiple risk factors are reported and
discussed. Depending on the region of occurrence, a history of sunburn, ultraviolet radiation,
and lack of pigmentation is reported. Papillomavirus infections have also been discussed as an
initial cause of SSCs among risk factors, especially since the detection of the equine
papillomavirus type 2 (EcPV2) and its association with SCCs (Scase et al. 2010; Scott and
Hughes 2017; Sykora et al. 2017).

Treatment options might be limited due to inaccessible location, as is the case with HSCCs on
the head (Jones 1994). Although, there are a variety of treatment options (e.g. topical treatment
or/and even extensive surgical excision), equids that are affected by SCC might have a poor life
quality, and even fatal outcomes are reported. In most cases, this depends on early detection

and progression of the lesion (van den Top et al. 2010).

Metastasis to the regional lymph nodes and/or recurrences have been described even after
surgical removal (Mair et al. 2000; van den Top et al. 2008). In general, it takes a long time for
SCC to metastasize, but in reported cases, metastasis rates range from 2% to 18.6% (Reed et al.

2018).



1.1.1 Equine Papilloma Virus Type 2 and the association with squamous cell carcinoma

Papillomaviruses (PVs) are known to infect humans and animals. They are considered a risk
factor for the development of numerous benign and malignant tumours of the skin and mucous
membranes (Doorbar et al. 2012). The EqQPV2, which belongs to the family of PVs, was first
detected in a genital lesion in 2010, and evidence for an association of genital SCC with EqQPV2
infection increased with ongoing publications (Scase et al. 2010; Lange et al. 2013; Sykora et
al. 2017). In general, the target cell type of PVs and EqPV?2 are keratinocytes and they usually
infect their specific hosts. The infection begins when micro-abrasions of the skin occur and the
virus particles (virions) reach access to the basal keratinocytes (Doorbar 2006; Sykora et al.
2017). The infected cells of the basal layer can harbour the genome of the virus as episomes.
The infection might be productive, when new infectious particles are produced and shed via
desquamation. The viral gene expression is strictly controlled as the infected cells replicate in
the direction of the superficial epithelial layers (Doorbar 2006). An abortive infection can occur
in cancerous lesions, when the gene expression of the virus might get deregulated, and the life
cycle of the virus cannot be completed. This is frequently caused by carcinogenic PVs since
they possess the capability to transmit their functional DNA into the genome of the organism
they invade. This is seen as a hallmark of transformation to malignity (Chambers et al. 2003;
Doorbar et al. 2012; Sykora and Brandt 2017). Integration is described for the high-risk human
PVs (human PV types 16 and 18) that are associated with carcinogenesis and metastasis in
cervical cancer (Doorbar 2006), as well as for ECPV2 (Sykora and Brandt 2017; Ramsauer et
al. 2019a). Clinically visible lesions develop upon excessive cell proliferation, induced by

overexpression of the PV oncoproteins E6, E7, and for certain types of ES (Doorbar et al. 2012).

For PVs, ubiquitous occurrence in healthy skin of humans and other vertebrates without clinical
signs are also reported (Antonsson and Hansson 2002; Antonsson and McMillan 2006). For this
reason, the presence of papillomavirus DNA alone is not sufficient to cause disease. Subclinical
EcPV2 infection rate in equines ranges between 6.6 % and 29 % (Bogaert et al. 2012; Knight
et al. 2013; Fischer et al. 2014; Greenwood et al. 2020). However, since its identification in
2010, EcPV2 is strongly suspected to play a key role in the aetiopathogenesis of genital
precursor lesions and SCC (Scase et al. 2010; Knight et al. 2011; Bogaert et al. 2012; Zhu et al.

2015). Additionally, in some cases, EcPV2 infection was associated with the development of



SCC on the head and stomach area (Kainzbauer et al. 2012; Knight et al. 2013; Hibi et al. 2019;
Alloway et al. 2020). However, investigations are still ongoing to establish the causative role

of EcPV2-associated SCCs at sites other than the genital region of male equids.
1.1.2 Penile and preputial squamous cell carcinoma in horses

The most common neoplasia in the external genitalia of geldings aged between 12.4 — 21 years
is SCC (Brinsko 1998). Poor genital hygiene and the presence of smegma accumulation is
reported to be a predisposing factor (Sykora and Brandt 2017). In equids, there is increasing
evidence of a viral aetiology, as EcPV2 has been detected for the first time in both lesions, CIS
and SCC of the genital region (Scase et al. 2010; Bogaert et al. 2012). In genital precursor
lesions, SCCs and smegma of affected horses, up to 100 % EcPV2 DNA was detected, which
supports an aetiological link between EcPV2 infection in the progression of SCCs in this region
suggesting an aetiological link between EcPV2 infection and progression of SCC in this region

(Scase et al. 2010; Sykora and Brandt 2017).

SCC of the genital region can impair a horse’s life and can cause discomfort; the consequences
can even be fatal. It is known that penile SCCs can metastasize through the lymphatic system
to the lymph nodes close to the primary tumour side and occasionally to other organs (e.g
Lungs). When SCC invades the corpus cavernosum, corpus spongiosum of the penis or urethra,
there is a higher risk of metastases (van den Top et al. 2011). Distant metastases to other organs
or tissues are less common, and the most frequently reported sites include the lungs and liver
(Brinsko 1998). Other reported sites of metastases are in the abdomen and the thoracic spine
(Patterson et al. 1990; Mair et al. 2000). Other reported metastases are in the abdomen and

thoracic spine.

Therefore, these tumours pose a challenge for diagnosis, correct therapy, prognosis and
prevention. For this reason, early detection, correct histologic classification and proper
treatment might increase the patients welfare and positive outcome. To improve diagnosis, a
histological classification system for EcCPV2-associated genital lesions was developed (Table

1) (Ramsauer et al. 2019b).



Table 1: Histological classification of EcPV-2-associated genital lesions.

Type of lesion

Bening hyperplasia

Papilloma

Carcinoma in situ

Squamous cell carcinoma

Histological changes

“Thickening of the epithelium with orderly
maturation and formation of broad rete
ridges.”

“Finger-like  projection of moderately
hyperplastic, mildly hyperkeratotic stratified
squamous  epithelium  with  normal
differentiation and thin central cores of
connective tissue.”

“Transepithelial and abnormal epithelial
maturation with increased variability of
keratinocytes and mitotic figures in the
suprabasal region. Intra-epithelial keratin
pearl formation might be present.”

“Infiltrative islands and trabeculae of
squamous epithelial cells with or without
keratinization originating from the epithelium
and infiltrating the underlying dermal tissue.
The keratinocytes are highly variable and
might show numerous mitotic figures.”

Modified from Ramsauer AS, Wachoski-Dark GL, Fraefel C, Tobler K, Brandt S, Knight CG, Favrot C, Grest P,

2019b. Paving the way for a more precise diagnosis of EcPV2-associated equine penile lesions.

Chaux et al. also introduced a histological grading system for penile SCC in men, especially
involving heterogeneous tumours (tumours harbouring more than 1 histologic grade), where
grading is very challenging. In this system, the areas of the presented tumour are investigated
for differentiation of the tumour cells (for anaplasia). According to this, a 3-stage grading
system was designed. Grade 1 tumours show minimal basal/parabasal cell atypia and consist of
well-differentiated cells which are nearly not distinguishable from normal squamous cells.
Tumours mainly consisting anaplastic cells were categorized as grade 3. All tumours which did
not fit in to the description of grade 1 or 3 were categorized as grade 2. The presence of a grade

3 in any area of the tumour was associated with significant risk for metastasis (Chaux et al.

2009).



Tumour behaviour might be predicted by tumour grading and staging. Recently, guidelines for
diagnosis and treatment of SCC in horses have been developed following human medicine. As
described previously, EcPV2-associated genital lesions can be examined histologically and
classified according to the cellular differentiations. The most commonly used tumour
classification system (TNM) for malignant neoplasms in humans is shown in table 2 (Sobin and

Fleming 1997).



Table 2: “Classification of the TNM system and staging in humans”

“Describes the size of the primary
T - Tumour i o i
tumour and the invasion into adjacent
tissues. TO indicates that no evidence of
tumour is present, while T1-T4 is used to
identify the size and extension of the
tumour, with progressive enlargement
and invasiveness from T1 to T4. Tis

indicates carcinoma in situ.”

N - Node “Describes regional lymph node
involvement of the tumour. NO indicates
no regional nodal spread, while N1-N3
indicates some degree of nodal spread,
with a progressively distal spread from
N1 to N3.”

M - Metastasis “Identifies the presence of distant

metastases of the primary tumour. A

tumour is classified as MO if no distant

metastasis is present and M1 if there is
evidence of distant metastasis.”

“Stage 0 - Indicates carcinoma in situ. Tis, NO, MO.
Stage | Localized cancer. T1-T2, NO, M0
Stage [ Locally advanced cancer, early stages. T2-T4, NO, MO.
Stage [II  Locally advanced cancer, late stages. T1-T4, N1-N3, MO.

Stage [V Metastatic cancer. T1-T4, N1-N3, M1.”

Modified from Ryan D. Rosen, Amit Sapra ., 2022. TNM Classification. StatPearls, Bookshelf ID: NBK553187
PMID: 31985980

This system is used to ensure a consistent clinical approach, favourable prognostic outcome,
and the right treatment options. Categorization is made by the malignancy and anatomical
extent of a lesion (Ryan D. Rosen and Amit Sapra 2020). Similar to humans, there is an
introduction of a TNM classification system for equine SCCs exists as shown in table 3 (van

den Top et al. 2011; Van den Top et al. 2014). This evidence-based categorisation can improve



the application of a universal approach and help the clinician in treatment choice and

reassessment after treatment.

Table 3: Proposal for a TNM classification system for penile SCCs in the horse

TNM clinical classification

T Primary tumour (physical examination,
imaging, biopsy)

TX Primary tumour cannot be assessed

TO No evidence of primary tumour

Tis Carcinoma in situ (PIN)

Ta Noninvasive verrucous carcinoma

T1 Tla: Tumour invades subepithelial

connective tissue of the penis or prepuce
without lymphovascular invasion

T1b: Tumour invades subepithelial
connective tissue of the penis or prepuce
with lymphovascular invasion

T1c: Tumour invades subepithelial
connective tissue of the penis and prepuces
with or without lymphovascular invasion

T2 Tumour invades corpus spongiosum or
COrpus cavernosum penis

T3 Tumour invades urethra

T4 Tumour invades other adjacent structures

N Regional lymph nodes (physical
examination, imaging, biopsy)

NX Regional lymph nodes cannot be assessed

NO No regional lymph node metastasis

N2 Metastasis in inguinal lymph node(s) fixed
to surrounding tissue

N3 Metastasis in pelvic lymph node(s)

M Distant metastasis (physical examination and
imaging)

MO No distant metastasis

M1 Distant metastasis



Stage grouping
Stage 0 Tis NO MO
Ta NO MO
Stage | Tla NO MO
Tlb NO MO
Stage II Tlc NO MO
T2 NO MO
T3 NO MO
Stage I1IA T1, T2, T3 N1 MO
Stage 111B T1, T2, T3 N2 MO
Stage IV T4 Any N MO
Any T N3 MO
Any T Any N M1
Taken from van den Top JGB, Ensink M, Grone A, Klein

WR,

Barneveld A, van Weeren PR, 2010. Penile and preputial tumors in the horse: literature review and proposal of a
standardized approach.
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1.1.3 Squamous cell carcinoma of the head in horses

SCC of the oronasal, pharyngeal and laryngeal regions are less frequently reported but are the
most commonly reported tumours of this anatomical region (Jones, 1994). There is no breed
predilection known to this region (Reed at al, 2018; Sykora et al, 2017). Clinical signs
associated with HSCC are varying; dysphagia, ptyalism, cough, choking dyspnoea, aspiration
pneumonia, anorexia, weight loss, haemoptysis, nasal discharge, or fetid breath. Some cases
have been be treated symptomatically without any diagnostics carried out (Auer et al, 2012).
One explanation could be that access to this area could be difficult and special instruments, e.g.
endoscopy, are needed, which not every clinician has. Also, the beginning of clinical signs
might be too mild and the initial signs may be considered not severe enough to investigate
further and undertake additional examinations. This gives the tumour time to expand, which

can delay proper treatment (Schuh 1986; Jones 1994).

As the behavioral risk factors described for HSCC in humans (excessive tobacco and alcohol
use or/and sexual contact) are not present in equines, the development of HSCC in equines
could be influenced by other factors. In humans, a correlation is found between vitamin A intake
and the reduction of SCC (Kim et al. 2019). The same mechanism in horses is questionable as
there are no reports, but horses have a very high store of vitamin A in the liver, but there are
deficiencies known to occur (Jones 1994). Another possibility could be that mucous membrane
irritation and SCC development are related. As in humans, in horses, approximately 25 % of
HSCCs are related to EQPV2 infection (zur Hausen 2009; Kobayashi et al. 2018; Canete-
Portillo et al. 2019). Although HSCC is common in canine and feline species, the mechanisms
underlying tumour development are not yet clear, and PVs are reported to be a rare cause of it

(Munday et al. 2015).

Reports on HSCCs in horses are rare and of those cases, approximately 30 % revealed lymph
node metastases. In one case, metastasis to the retropharyngeal and cervical lymph nodes
occurred. Pulmonary metastases and infiltration of the vagal nerve are described, where the
primary SCC spread from the tongue (Schuh 1986; Jones 1994). According to this, multiple
regions in the head of the horse can be affected and metastasis can occur in the regions close

and/or far to the primary tumour.
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1.2 Squamous cell carcinoma in human medicine

In humans, SCC is known to be the second most common non-melanotic skin neoplasm, and
approximately 20 % of presented cases are reported to be cutaneous SCCs. Risk factors include
advancing age, but SCC has also been found in younger men (Motaparthi et al. 2017). UV-light
exposure is frequently associated with SCC and cutaneous SCC affects mainly sun-exposed
areas such as the uncovered regions of the skin (Rowe et al. 1992; Gray 1997). However, other
factors are known such as prolonged inflammation, contact with carcinogenic chemicals, and
additional/other radiation than UV-light exposure. Organ transplant recipients also suffer from
immunosuppression, which is reported to be a risk factor as well. Organ transplant recipients
also suffer from immunosuppression, which is also reported to be a risk factor (Weinstock
1989). Human papillomavirus infection is also considered to be an etiologic agent of cutaneous
SCC and association exits between the different regions like oral, perianal, cervical, and

external genital areas (Marks 1996; Chaux et al. 2012; Doorbar et al. 2012).
1.2.1 Human Papilloma Virus associated squamous cell carcinoma in humans

HPV, like most PVS, is known to be epitheliotropic. Skin and mucous membranes can be
infected when virus particles reach and infect the basal epithelial cells of stratified squamous
epithelium. After infection precursor lesions like warts and plaques or in the further stage an
SCC can develop (Doorbar 2005). Approximately 450 types of HPV exist (McBride
2022)Klicken oder tippen Sie hier, um Text einzugeben.. According to their oncogenic potential
HPV has been categorized as either low-risk types or high-risk types (hr-HPV) (Mufioz et al.
2006; Doorbar et al. 2012). To date, it is known that hr-HPVs have an important aetiological
role in cervical cancer (Doorbar 2006). HPV-associated SCC in other locations, like the
urogenital region (anus, vagina, vulva, and penis), upper and lower respiratory tract, parts of
the gastrointestinal tract, and the ungual and periungual regions have been reported (Astori et
al. 2001; Kreimer 2004; Varnai et al. 2006; Petersen and Klein 2008; Riddel et al. 2011). This
points out the importance of HPV infection-associated SCC development in other regions than
the cervix. HPV has also been etiologically associated with a subset of HSCCs (Dayyani et al.
2010). Although the association of HPV infection in cervical SCC is well known and
established, the etiologic association with other regions needs further investigations (Downes

2015; Hakenberg et al. 2018; Lafaurie et al. 2018).
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1.2.2 Penile and preputial squamous cell carcinoma in human medicine

The occurrence of penile tumours in humans are rare, but of those presented, approximately
95% are reported to be SCCs. The regions of glans penis and the prepuce are locations where
SCC might occur. Early metastatic spread to lymph nodes and invasive growth are
characteristics of this type of SCC (Hakenberg et al. 2018). Demographic status, poor personal
hygiene, tobacco consumption, lack of circumcision, and sexual behaviour is associated with

SCC. Approximately one-third of the cases are associated with HPV infections (Downes 2015).
1.2.3 Squamous cell carcinoma of the head in human medicine

The incidence of HSCC around the world is varying (Kreimer 2004; Dayyani et al. 2010). Two
types of HSCC are described. Firstly, it can be of the keratinized type, and secondly, it can be
the non-keratinized type. The keratinized type occurs in association with tobacco and alcohol
consumption and has nothing to do with HPV infection. Secondly, the non-keratinizing type
occurs with little exposure to tobacco and alcohol with HPV DNA being the most characteristic
feature (Kobayashi et al. 2018). HPV-associated HSCCs are reported to have a better clinical
outcome than non-HPV-associated HSCCs (Dalianis 2014). In contrast, some reports discuss
that only in tonsillar SCC, HPV can be used as a prognostic factor and not in other regions of
HSCCs (Brandwein et al. 1994; Mellin et al. 2000; Gillison et al. 2012; Lai et al. 2017).
Tumours lacking HPV infection might have a large number of gene mutations that are
responsible for the cell cycle regulating proteins. This could result in therapy resistance and
might explain the prognostic difference of consisting HPV infection or not (Mellin et al. 2000).
Involvement of HPV is reported about 25 % in HSCCs (Parkin et al. 2006; Dayyani et al. 2010).
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A 28-year-old Icelandic horse gelding was presented with a laryngopharyngeal squa-
mous cell carcinoma. The gelding had been treated for penile carcinoma in situ with
a partial phallectomy 2 years earlier. Polymerase chain reaction of tumour DNA and
subsequent amplicon sequencing revealed that the equine papillomavirus type 2 E6
oncogene sequences of both lesions were identical. There is strong evidence that equine

Austria papillomavirus type 2 is causally associated with genital squamous cell carcinomas and
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BACKGROUND

Squamous cell carcinoma (SCC) is one of the most com-
mon tumour types in horses and arises from keratinocytes."
Reported locations of SCC in the horse are the skin and
mucous membranes of the ocular region, external genitalia,
urogenital tract, oesophagus, stomach and head and neck.”*
It is the most common neoplasm of the equine penile region
and upper respiratory or gastrointestinal tract.”® Horses
affected by SCC may experience impaired quality of life, with
a potentially fatal outcome, depending on progression and
therapy.” Treatment usually consists of extensive surgical exci-
sion. Tumour recurrence and/or metastasis to regional lymph
nodes are described even after excision.™ Although SCCs are
trequently diagnosed, the pathogenesis is still not fully under-
stood. Precursor lesions such as wart-like lesions (papillomas)
or plaques (representing benign hyperplasia or carcinoma
in situ) can develop initially, and subsequently progress to
SCC.% Multiple risk factors, such as ultraviolet radiation
and a history of sunburns, lack of pigmentation and papillo-
mavirus (PV) infection—particularly equine papillomavirus
type 2 (EcPV2)—are discussed in the literature, depending
on the location of the lesions.>'"' Since it was first reported
in 2010, there is increasing evidence that EcPV2 plays an

precancerous lesions. Recent reports indicate that equine papillomavirus type 2 might
also play an active role in the pathogenesis of approximately 20% of equine squamous cell
carcinomas in the oronasal, pharyngeal and laryngeal regions. To the authors’ knowl-
edge, this is the first report of a horse consecutively developing a penile carcinoma in
situ and a laryngopharyngeal squamous cell carcinoma that were apparently induced
by the same equine papillomavirus type 2 variant. Possible equine papillomavirus type
2 infection pathways in this horse and the importance of early detection of lesions are
discussed in this context.

active role in the development of equine genital SCC and
precursor lesions such as plaques and papillomas.”>~* The
type of EcPV2-associated genital lesions can be accurately
determined by histological classification as benign hyperpla-
sia, papilloma, carcinoma in situ (CIS) and SCC."" Although
EcPV2 has also been detected in a subset of gastric SCCs and
head SCCs (HSCCs) located in the oral cavity, nasal cavity,
sinuses or pharynx, a causative role of the virus has not been
established for SCCs in these locations. "%

EcPV2 belongs to the family of PVs, which are usually host
specific and have a pronounced tropism for cutaneous and
mucosal keratinocytes.!! PV infections are known to induce
benign or malignant epithelial lesions in humans and vari-
ous animal species.”'? An almost ubiquitous presence of PV
DNA on the skin of humans and other vertebrates in the
absence of clinical signs has also been reported for various
PV types.*>* Thus, detection of PV DNA alone is not
enough to deduce a causal association of infection and dis-
ease. Subclinical EcPV2 infection in horses ranges from 6.6%
to 29%.7522 As EcPV2 was detected in up to 100% of
genital SCCs and precursor lesions, and approximately 20%
of HSCC, there is evidence of disease association in genital
SCCs, while the causality of ECPV2 in HSCCs warrants further
investigation.>!L1>19:20
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the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. Veterinary Record Case Reports published by John Wiley & Sons 1td on behalf of British Veterinary Association.

Vet Rec Case Rep. 2022;e508.
https://doLorg/10.1002/vrc2.508

wileyonlinelibrary.com/journal fvrc2 ] lof6

/2001 0T 10p o> =L Arerqremme s[eumole.q/ /sdpT wog papeoyeuog ‘0 ‘1Z19T50T

j/:583) smoTTpUe) pre sms ] = 225 T7T0C/T1/0T] ©0 ATe1qr] sumng A2 ‘(29 PA0qeT) 2quapesy 4q 805731y

TriTe) oo- AT

P

ssusar] swonTIon) &.inrary) sjqeandde s Ay peUTai0S SIE SS[3TIE V() '#50J0 seT 1q Are1qry Summy Ae[y U6



20f6 |

15

VETERINARY RECORD Cask REPORTS

This case report describes a patient with potentially EcPV2-
associated tumour development, initially in the genital region
and later in the laryngopharyngeal region. Data about EcPV2
infection in association with equine HSCCs are limited.
The early detection and treatment of equine HSCCs can be
challenging. The possible pathways of EcPV2 infection and
transmission within a horse, leading to tumorigenesis, are not
fully understood. It should be considered that horses with SCC
or any precursor lesions could harbour an EcPV2 infection,
which could lead to neoplastic progression.

CASE PRESENTATION

In December 2019, a 28-year-old Icelandic horse gelding was
presented to the University Equine Hospital of the University
of Veterinary Medicine, Vienna, with complaints of intermit-
tent colic, anorexia, weight loss and bilateral purulent nasal
discharge.

The horse had previously been presented to the Univer-
sity Equine Hospital in 2017 with complaints of weight loss,
cachexia, and a 5 X 5 X 5 cm friable tissue lesion on the
glans penis. The owners had indicated that the lesion had
been present for 5 years, but that a significant increase in size
had been noted during the preceding 6 months. Other horses
in the herd had not shown any comparable abnormalities.
The lesion was subsequently biopsied and a histopathologic
diagnosis of CIS was made. The tissue sample revealed exo-
phytic growth, but no evidence of invasion of neoplastic cells
into the adjacent stroma (Figure 1a). A partial phallectomy by
en bloc resection, but without penile retroversion, was per-
formed as described elsewhere.”” Further investigations had
been carried out because of the reported weight loss. The geld-
ing had weighed 292 kg at the time. Plasma biochemistry had
revealed a mild increase of the globulin fraction (1.3 g/dl, ref-
erence range: 0.4-0.9 g/dl). No abnormalities were detected
upon transrectal palpation and transcutaneous ultrasound
examination of the abdomen. No indications of metastases
or other causative pathology were noted on thoracic radio-
graphs or during the oral examination. Mild elevation of the
soft palate and epiglottis were detected on endoscopic exam-
ination of the upper respiratory tract, but no distinct lesions
were observed and the mucous membranes were intact. The
horse was discharged 28 days after surgery.

Upon presentation in 2019, the gelding had weighed 280 kg
and was lethargic. A bilateral, malodorous nasal discharge
was observed. Seven percent dehydration, a high-normal
heart rate (44 beats per minute), tachypnoea (28 breaths per
minute), bilaterally increased, harsh lung sounds upon auscul-
tation and a normal rectal temperature (37.8 C) were recorded
during clinical examination. No lesions or signs of tumour
recurrence were detected in the genital region.

INVESTIGATIONS

Initial haematology and plasma biochemistry revealed no
abnormalities, apart from a moderate to severe increased
plasma creatinine concentration (3.1 mg/dl, reference range:
0.8-2.21 mg/dl). Endoscopic examinations of the upper
airways, oesophagus and stomach were performed under

LEARNING POINTS/TAKE-HOME MESSAGES

* Equine papillomavirus type 2 is associated with
genital squamous cell carcinomas, precursor
lesions and a subset of pharyngeal squamous cell
carcinomas in horses.

In affected horses, polymerase chain reaction test-
ing for equine papillomavirus type 2 is recom-
mended.

Considering the viral aetiology of the disease, risk
of transmission to in-contact-horses cannot be
excluded.

Other predilection sites, including the pharynx,
should be examined when a genital lesion is
present.

After complete surgical resection of lesions, rou-
tine monitoring for tumour recurrence and for
further lesions is recommended.

sedation with xylazine (0.9 mg/kg intravenously) and butor-
phanol (0.01 mg/kg intravenously). In the laryngopharyngeal
region, starting from the arytenoid cartilage on the right side,
adherent to the lateral pharyngeal wall and the soft palate,
ending approximately at the tip of the epiglottis, a friable, exo-
phytic lesion was observed. The lesion contained multifocal
erosions and ulcerations (Figure 2).

Superficial swabs of the laryngopharyngeal area were col-
lected manually in the sedated horse, and smears were
submitted for cytological examination. Biopsy samples of the
lesion were taken under endoscopic guidance with a biopsy
clamp through the endoscopic biopsy channel. Cytological
smear examination revealed the occasional presence of dys-
plastic squamous cells. Histopathological examination of the
biopsy revealed islands and lobules of stratified epithelial cells,
located in a hyperaemic, fibrovascular stroma that matured
into stratified squamous epithelium. These findings led to the
diagnosis of laryngopharyngeal SCC.

No additional abnormalities were detected during further
endoscopic examination of the gastrointestinal tract and rec-
tal palpation. An increased amount of anechoic peritoneal
fluid was observed during transcutaneous ultrasound exam-
ination of the abdomen. Apart from the increased volume
of free peritoneal fluid, no abnormalities were detected on
abdominocentesis and abdominal fluid analysis.

DIFFERENTIAL DIAGNOSIS

In the pharynx of horses, one must distinguish between
pharyngeal neoplasms (such as papilloma, SCC, adenocar-
cinoma, fibroma and lymphosarcoma), subepiglottic cysts,
abscess formation, granulomatous tissue or penetration of
a foreign body. In this case, given the history of previous
neoplasia, the macroscopic appearance (friable, exophytic-
ulcerative lesion), the location and the initial results of the
cytological and histopathological examinations, SCC was
suspected.
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FIGURE 1

Histopathological images of the penile carcinoma in situ (CIS) and laryngopharyngeal squamous cell carcinoma (SCC). (a) CIS (penis):

Exophytic growth (asterisk) but no evidence of invasion of neoplastic cells into the adjacent stroma (arrowheads). (b) SCC: Transition of the laryngopharyngeal
mucosa into an SCC, showing both exophytic (asterisk) and invasive (arrowheads) growth patterns. (c) SCC: Detailed image of the neoplastic infiltration by
invasive tumour islands (arrowheads). (d) SCC: Acantholytic pattern of some tumour islands embedded in the submucosal tissue (arrows), accompanied by

severe lymphocytic infiltration within the stroma.

FIGURE 2

Endoscopic images of the laryngopharyngeal lesion. (a) The beginning of the lesion from the most caudal part of the laryngopharynx. (b) The

extension of the lesion to the most rostral part of the laryngopharynx (black arrowhead). Notice pharyngeal recess (white arrowhead), epiglottis (white arrow)

and opening of the guttural pouch (black arrow).

TREATMENT

Considering the location and extent of the laryngopharyngeal
lesion, complete surgical excision was not considered possible.
No therapeutic attempt was initiated.

OUTCOME AND FOLLOW-UP

The horse had been treated at the University Equine Hos-
pital for a penile CIS already in 2017. Two years later, the
horse was presented with a laryngopharyngeal SCC. On both
presentations, complaint of progressive deterioration of body
condition was noted. Based on the poor prognosis, the owners
opted for euthanasia.

The body was submitted to the Institute of Pathology for
postmortem examination. Inspection of the laryngopharyn-
geal cavity revealed a well-circumscribed, superficially friable,

exophytic lesion (approximately 8 x 5 X 2.2 cm), with multi-
focal erosions and ulcerations located on the right side and
rostro-laterally adjacent to the epiglottis (Figure 3). Based on
inspection of the abdominal and thoracic cavities, there was
no macroscopic evidence of a metastatic process.

The histopathology of the penile CIS diagnosed 2 years ear-
lier revealed no evidence of invasion of neoplastic cells into
the adjacent stroma (Figure 1a). In contrast, the laryngopha-
ryngeal SCC revealed an abrupt transition of the squamous
epithelium into a malignant, exophytic, but also infiltrative
neoplastic lesion with broad trabeculae, as well as soli-
tary, variably sized islands spreading into the submucosa
(Figure 1b,c). The mitotic count varied between zero and
eight mitoses per high power field (HPF), some of which
were bizarre. Anisocytosis and anisokaryosis showed mod-
erate to marked presence. Based on the histopathology, the
tumour was classified as a grade I-1I SCC (Broder’s grading
system),”® with a multifocal, pronounced, acantholytic pattern
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FIGURE 3

Gross image of the larynx and pharynx, including the
exophytic lesion (black arrow) adherent to the lateral pharyngeal wall and
soft palate.

(Figure 1d). There was no evidence of metastases in the mildly
enlarged regional lymph nodes. Secondary microscopic find-
ings were multifocal, extensive neutrophilic inflammation,
multifocal foci of bacterial colonisation, as well as desmoplasia
and marked to severe multifocal extensive lymphoplasmacytic
inflammation within the submucosa.

EcPV2 E6 DNA was detected in both tumours by means
of PCR. Fresh frozen tissue of the laryngopharyngeal SCC
and formalin-fixed, paraffin-embedded tissue of the penile
CIS were analysed as described previously.!” Bidirectional
sequencing of both amplimers (395 nt in size) revealed four
329-353 nt-sized sequences. Sequence alignment revealed
100% identity between both amplicon sequences on a 394 nt-
sized E6 fragment. Using BLASTN (https://blast.ncbi.nlm.
nih.gov/Blast.cgi), 100% nucleotide sequence identity to the
corresponding region (nt 43-436) of the EcPV2 DNA iso-
late Zurich_2009 (GenBank ID HM461973.1)% was detected.
This nucleotide sequence was also identical to the corre-
sponding region of the EcPV2 putative E6 and E7 genes
variant (GenBank ID JN664040.1),° the E6 protein vari-
ant IV Icelandic (GenBank ID KX349721.1) and variant V
(GenBank ID KX349722.1)."%° Parts of this sequence were
previously described as Icelandic E6 variants (GenBank ID
HM153759.1).12

DISCUSSION

Elderly horses (average age range: 12.4-21 years), as in this
case, have the highest incidence for SCCs.” Forty-five per-
cent of equine SCCs involve the penile region, while only
7% are diagnosed in the oronasal, pharyngeal and laryn-
geal regions.*>*?? Similar to humans, PV infection and
chronic inflammation are risk factors for development of

genital precursor lesions and SCCs."'"*" Reported cases of
equine HSCCs are limited."7:2*3132 Up to 100% of genital
SCCsand precursor lesions and approximately 20% of HSCCs
are associated with EcPV2.%!2121520 Similarly, in humans, up
to 50% of penile SCCs and 25% of HSCCs are related to HPV
infections.” ™

The horse in this report was diagnosed with penile CIS
in 2017, which was subsequently surgically removed, and in
2019 with laryngopharyngeal SCC. EcPV2 DNA was found in
both lesions, with a high likelihood of the same EcPV2 vari-
ant being present in both tumours. This case raises questions
about infection and transmission of EcPV2, the develop-
ment of associated neoplasms, as well as the implications for
management of such cases.

Similar to other reports of co-occurring EcPV2-associated
lesions in the same horses, the route of transmission and
pathogenesis remain speculative. One case report described
both a gastric SCC and vaginal precursor lesions (vulval papil-
loma and CIS) in an elderly mare.® Another horse developed
epithelial hyperplasia of the mucosa of the lips after licking
and biting an EcPV2-associated SCC on its penis.” A horse
that tested PCR-positive for EcCPV2 DNA in its smegma but
did not show any genital lesions, later developed HSCC.”
Genital EcPV2 infection, with or without cancerous lesions,
and SCC or precursor lesions of the upper digestive tract
were present in all these cases. Thus, it is warranted to further
investigate potential underlying mechanisms of transmission
in the future.

The laryngopharyngeal SCC in this case could have been
the result of metastasis. This, however, seems unlikely because
of the distant localisation of the initial penile lesion that
was resected en bloc. Lymphatic spread to regional inguinal
lymph nodes would therefore be more likely. In addition,
CIS does not show infiltrative growth and is limited in its
extent to the epithelium.’” Hence, the metastatic spread of
neoplastic cells appears unlikely. The histological images of
the penile CIS showed no infiltrative growth of neoplas-
tic cells into the adjacent tissues. The detection of EcPV2
nucleic acid within both lesions rather supports an infectious
aetiology.

EcPV2 transmission is generally not well understood.
Horses with productive EcPV2 infection might shed infec-
tious virus and could be a source of EcPV2 for in-contact
horses. It is known that high EcPV2 DNA loads can
be harboured in smegma, representing a potential virus
L2 I our case, no in-contact horses were reported
to show mucocutaneous lesions. EcPV2 surveillance was not
carried out, and it remains unknown whether any in-contact
horses were indeed infected.

Both lesions in this gelding could have developed indepen-
dently following contact with the virus. Licking and biting
of EcPV2-containing smegma and/or infected genital lesions
or contact with any virus-contaminated source (bedding,
hay and/or insects) can result in infection of naive horses."
Therefore, a separate virus source, for example an infected
co-stabled horse, would be as likely as the transmission of
infectious viral particles from the penile lesion to the pharynx
before the surgical resection.

An alternative possibility is that the two tumours developed
in response to the same initial virus infection. This could have
occurred months to years before tumorigenesis. Equine PV
infection may spread within the host, as reported for HPV

reservoir.
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infections.'”** Mild elevation of the soft palate rostral to the
epiglottis was noted during the first endoscopic evaluation of
the nasopharynx in 2017. It cannot be excluded that this find-
ing represented the initial lesion, which progressed into the
laryngopharyngeal SCC. The time of progression of EcPV2-
associated precursor lesions to SCC has been reported to be
several months.”>

The laryngopharyngeal SCC was detected 2 years after the
penile CIS. This raises the question of required time for EcPV2
infections to have a role in carcinogenesis and further related
co-factors. The duration of the delay between initial EcPV2
infection and tumour development is not known.”"! This
period is known to depend on initial control of the infection
by the immune system in humans. Failure to control the infec-
tion may lead to tumour progression.”” While some PVs can
be ubiquitous in healthy humans and various animals,?-2>404!
the prevalence of asymptomatic EcPV2 infection on various
areas of equine skin ranges between 6.6% and 29% in differ-
ent studies.”>>*>* Clearance of the infection as a result of
immune response might be present in horses, as seropositiv-
ity for EcPV2 in horses was reported to be 36%.2°2 Apart
from this, EcPV2 can escape the immune system by several
mechanisms, remain latent and become active at a later point
in time."! Additionally, there is some evidence of host-related
factors in humans and animals (such as genetic immunodefi-
ciency or genetic predisposition), which might have a role in
PV infections and subsequent development of SCCs.*>** This
warrants further investigations in EcPV2-associated SCCs in
horses.

Although the initial penile CIS was resected en bloc by
partial phallectomy, a second tumour occurred that may have
been unrecognised but present at the time of initial diagnosis.
This indicates that horses with EcPV2-associated lesions
need to be carefully checked for possible metastatic spread,
and closely monitored after radical excisional surgery. Early
detection of further precursor lesions, SCCs and/or metas-
tasis in other regions could improve welfare and treatment
success. Specifically, given the reported association of EcPV2
with HSCCs, regular monitoring of this region should be
considered. Should further lesions occur, histological classi-
fication to identify early-stage malignant transformation is
recommended."” Laser ablation could be useful to completely
excise a precursor lesion or small HSCC following early
diagnosis.” This could prolong the lifespan and quality of life
of an affected horse. Thus, early recognition and intervention
are essential in affected horses.
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MULTIPLE-CHOICE QUESTION
Which of the following statements regarding equine papillo-
mavirus type 2 (EcPV2) is correct?

POSSIBLE ANSWERS TO
MULTIPLE-CHOICE QUESTION

A) EcPV2 infection immediately results in the development
of squamous cell carcinomas in the genital and pharyngeal
regions of horses.

B) EcPV2 is associated with genital squamous cell carcino-
mas and a subset of pharyngeal squamous cell carcinomas in
horses.

C) After complete surgical removal of EcPV2-associated
squamous cell carcinomas, there is no risk of recurrence.

D) EcPV2 is associated with genital squamous cell carcino-
mas, but it is not detected in squamous cell carcinomas at
other locations of the equine body.

E) EcPV2 usually results in subclinical infection, and there is
no disease association described to date.

CORRECT ANSWER

A) Wrong: EcPV?2 infection can also be detected in healthy
horses, and it is not known how long it takes from initial
infection to tumour occurrence.

B) Correct.

C) Wrong: Due to the viral aetiology, the risk of recurrence
cannot be excluded, even after complete surgical removal,
routine monitoring would be recommended.

D) Wrong: There are reports of EcPV2-associated tumours
also in the pharyngeal region.

E) Wrong: EcPV2 is also detected in healthy horses (subclini-
cal infection), but there is an association with the development
of squamous cell carcinomas in the genital region and a subset
of tumours in the pharyngeal region.
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3. ABSTRACT IN GERMAN

Papillomaviren konnen Menschen sowie bestimmte Tiere infizieren und zur Entstehung von
tumordsen Lisionen beitragen. Bei Menschen ist die Assoziation mit dem Humanen
Papillomavirus (HPV) mit der Entstehung des zervikalen Platenepithelkarzinoms gegeben.
Auch ist es bekannt das Platenepithelkarzinome in ein Drittel der Fille im penilen Bereich
und ein Viertel der Félle im Kopfbereich mit dem HPV in Verbindung gesetzt werden. Das
Equine Papilloma Virus 2 (EqPV2) wird mit der Atiopathogenese von genitalen
Platenepithelkarzinomen und Prakanzerosen bei Pferden in Verbindung gebracht. Etwa 20 %
der berichteten Fille von Plattenepithelkarzinomen bei Pferden im oronasalen, laryngealen
und pharyngealen Bereich deuten auf eine aktive Rolle von EcPV2 bei der Pathogenese hin.
Derzeit gibt es nur wenige Daten iiber EcPV2-Infektionen in Verbindung mit
Plattenepithelkarzinom des Kopfes bei Pferden. Derzeit gibt es nur wenige Daten iiber
EcPV2-Infektionen im Zusammenhang mit Plattenepithelkarzinomen des Kopfes bei Pferden.
Die Fritherkennung und Behandlung von Plattenepithelkarzinomen am Kopf kdnnen bei
Pferden eine grofle Herausforderung darstellen. Die moglichen Wege der EcPV2-Infektion
und -Ubertragung innerhalb eines Pferdes, die zur Tumorentstehung fiihren, sind nicht
vollstindig enthiillt. Pferde mit Plattenepithelkarzinom oder Vorlduferldsionen kénnen eine
EcPV2-Infektion beherbergen, die zu einer neoplastischen Progression fiihren konnte.

In diesem Fallbericht wird ein Patient mit einer EcCPV2-assoziierten Tumorentwicklung
zundchst im Genitalbereich und spiter im Laryngopharyngealbereich beschrieben.

Der 28-jéhrige Islandpferdewallach wurde mit einem laryngopharyngealen
Plattenepithelkarzinom vorgestellt. Zwei Jahre zuvor wurde aufgrund eines Carcinoma in situ
am Penis eine partielle Phallektomie durchgefiihrt. Die PCR Untersuchung von Tumor-DNA
und die anschlieBenden Amplikon-Sequenzierungen ergaben, dass die E6-Onkogensequenzen
der EcPV2 beider Lésionen identisch waren. Dieses Pferd entwickelte nacheinander ein
peniles Carcinoma in situ und Plattenepithelkarzinom des Laryngopharynx, das offenbar
durch dieselbe EcPV2-Variante induziert wurde. In diesem Zusammenhang wurde die
Bedeutung einer friihzeitigen Erkennung von Lisionen und mdglichen EcPV2-
Infektionswegen (wie z.B hamo-lymphatische und/oder durch Kontakt infizierte Lésionen)

diskutiert.
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4. ABSTRACT

Papillomaviruses can infect humans as well as certain animals and contribute to the
development of tumorous lesions. In humans, the association of the human papillomavirus
(HPV) with development of cervical squamous cell carcinoma (SCC) is well known. It is also
known that one-third of penile and one-fourth of cervical squamous cell carcinomas are
associated with HPV. Equine Papilloma Virus 2 (EqPV2) is implicated in the aetiopathogenesis
of genital squamous cell carcinoma and precancerous lesions in horses. About 20% of reported
cases of equine squamous cell carcinoma in the oronasal, laryngeal and pharyngeal areas
indicate an active role of EcPV2 in pathogenesis. Currently, there are few data on EcPV2
infection associated with squamous cell carcinoma of the head in horses. Early detection and
treatment of squamous cell carcinoma of the head can be challenging in horses. The possible
pathways of EcPV2 infection and transmission within a horse leading to tumorigenesis are not
fully revealed. Horses with squamous cell carcinomas or precursor lesions may harbour EcPV2
infection that could lead to neoplastic progression. This case report describes a patient with
EcPV2-associated tumour development first in the genital region and later in the

laryngopharyngeal region.

The 28-year-old Icelandic horse gelding presented with laryngopharyngeal squamous cell
carcinoma. Two years previously, a partial phallectomy had been performed due to a carcinoma
in situ on the penis. PCR examination of tumour DNA and subsequent amplicon sequencing
revealed that the E6 oncogene sequences of EcCPV2 of both lesions were identical. This horse
successively developed penile carcinoma in situ and squamous cell carcinoma of the
laryngopharynx, apparently induced by the same EcPV2 variant. In this context, the importance
of early detection of lesions and possible EcPV2 infection pathways (such as haemo-lymphatic

and/or contact-infected lesions) are discussed
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