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Abstract

Background: Vulvar squamous cell carcinoma (VSCC) has been recently associated

with Equus caballus papillomavirus type 2 (EcPV2) infection. Still, few reports con-

cerning this disease are present in the literature.

Objective: To describe a case of naturally occurring EcPV2-induced VSCC, by investi-

gating tumour ability in undergoing the epithelial-to-mesenchymal transition (EMT).

Study design: Case report.

Methods: A 13-year-old Haflinger mare was referred for a rapidly growing vulvar

mass. After surgical excision, the mass was submitted to histopathology and molecu-

lar analysis. Histopathological diagnosis was consistent with a VSCC. Real-time qPCR,

real-time reverse transcriptase (RT)-qPCR and RNAscope were carried out to detect

EcPV2 infection and to evaluate E6/E7 oncogenes expression. To highlight the EMT,

immunohistochemistry (IHC) was performed. Expression of EMT-related and innate

immunity-related genes was investigated through RT-qPCR.

Results: Real-time qPCR, RT-qPCR and RNAscope confirmed EcPV2 DNA presence

and expression of EcPV2 oncoproteins (E6 and E7) within the neoplastic vulvar

lesion. IHC highlighted a cadherin switch together with the expression of the EMT-

related transcription factor HIF1α. With RT-qPCR, significantly increased gene

expression of EBI3 (45.0 ± 1.62, p < 0.01), CDH2 (2445.3 ± 0.39, p < 0.001), CXCL8

(288.7 ± 0.40, p < 0.001) and decreased gene expression of CDH1 (0.3 ± 0.57,

p < 0.05), IL12A (0.04 ± 1.06, p < 0.01) and IL17 (0.2 ± 0.64, p < 0.05) were detected.

Main limitations: Lack of ability to generalise and danger of over-interpretation.

Conclusion: The results obtained were suggestive of an EMT event occurring within

the neoplastic lesion.
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1 | INTRODUCTION

Squamous cell carcinoma (SCC) represents one of the most common

malignant cutaneous tumours in horses, accounting for 7%–37% of all

skin tumours. Although SCC can arise from any skin and mucosal site,

it most commonly affects non-pigmented skin and muco-cutaneous

junctions, such as eyelids and external genitalia.1 Human papillomavi-

rus (HPV) infections are regarded as the primary causative agents of

cervical, anogenital and head and neck SCCs.2 Likewise equine papil-

lomaviruses (EcPVs) could play a pivotal role in the aetiology and

pathogenesis of SCCs3 (penile, vulvar, clitoral, gastric, oropharyngeal

papillomas and SCCs).4–6

Epithelial–mesenchymal transition (EMT) can be defined as a

complex process leading to the trans-differentiation of epithelial cells

into motile mesenchymal cells. EMT phenotype is crucial in different

physiological and disease events, including embryogenesis, wound

healing, stem cell behaviour, fibrosis and cancer progression.7,8 A

growing body of evidence indicates that EMT is activated in various

cancer types, thus triggering key features of neoplastic cells (i.e., their

ability to invade tissues and to form metastasis).7,9 EMT is a multistep

process and causes both morphological and molecular changes in neo-

plastic epithelial cells, which decrease the expression of epithelial

markers (e.g., E-cadherin) while increasing the expression of mesen-

chymal markers (e.g., N-cadherin). Moreover, core EMT programs

involving EMT transcription factors (e.g., TWIST and ZEB), miRNAs

and epigenetic regulators drive carcinogenesis.10 As a result, during

EMT neoplastic epithelial cells lose cell-to-cell adhesion and gradually

acquire the ability to migrate through the extracellular matrix, gaining

invasiveness.11 In human medicine, the relevance of EMT in cancer

progression has been investigated for decades.12 Interestingly, it has

been hypothesised that papillomaviral oncoproteins (namely, E6 and

E7) could activate EMT in HPV-associated carcinomas.13

Data from investigation of the EMT process in relation to the

EcPV2 infectious status in equine VSCC are still missing: some recent

data suggest that penile and laryngeal EcPV2-associated SCC may

undergo EMT, most likely after the activation of the canonical wnt/β-

catenin pathway.14–17 Considering that, the current report aims to

describe the main pathological and virological features of an equine

vulvar SCC with special emphasis on the EMT process.

2 | MATERIALS AND METHODS

2.1 | Clinical history and samples' collection

In September 2022, a 13-year-old Haflinger mare was referred to the

Veterinary Teaching Hospital of Teramo with a history of rapidly

growing vulvar mass. On clinical examination, a large, firm and ulcer-

ated lesion was observed, which severely affected the external genita-

lia (Figure 1). The horse was sedated with a bolus of detomidine and

butorphanol, caudal epidural anaesthesia was performed with detomi-

dine and morphine. Thereafter, the urinary bladder was catheterised and

the mass was surgically excised with the standing mare restrained in

stocks. The abnormal tissue was removed to the muco-cutaneous junc-

tion and representative tissue samples were collected from the vulvar

lesion (VL) and from the surrounding, seemingly healthy skin (HS). Seven

samples were obtained from each tissue (VL and HS). One sample from

the VL and HS was fixed in 10% neutral buffered formalin, embedded in

paraffin and routinely processed for histological, immunohistochemical

and RNAscope investigations (haematoxylin and eosin stain, H&E). Six

other tissue samples from each tissue type (VL and HS) were snap frozen

and stored at �80�C for further analysis (DNA and RNA tests).

2.2 | Real-time qPCR to detect EcPV2 genes

Total DNA was extracted from three frozen tissue samples per tissue

type (VL and HS) using the QIAamp DNA Mini Kit (Qiagen), according

to the manufacturer's instructions, and quantified by Qubit fluorimeter

(Thermo Fisher Scientific). The presence of EcPV2 -L1, -E2, -E6 and -E7

was assessed in a CFX96 Real-Time System (Bio-Rad), using primers

and related specific probes (Table S1) as previously described.18

2.3 | RNAscope

RNAscope (Advanced Cell Diagnostics, ACD) was performed using

probes targeting E6/E7 oncogenes of EcPV2 on VL and HS slides

according to the manufacturer's protocol. Briefly, FFPE samples were

hybridised with E6/E7 V-EcPV2 RNAscope® probe. Six amplifying

solutions were used for each amplification steps: AMP-1, AMP-3 and

AMP-5 for 15 min each, AMP-2, AMP-4 and AMP-6 for 30 min.

F IGURE 1 Vulvar mass affecting a 13-year-old Haflinger mare.
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Amplified signal was detected using Fast RED (Advanced Cell Diag-

nostics), then nuclei were counterstained with Gill's haematoxylin.

The presence of E6/E7 signals was evaluated with a Zeiss Axio

Scope A1 microscope (Zeiss) at increasing magnifications (10�, 20�
and 40�).

2.4 | Reverse transcriptase (RT)-qPCR to evaluate
EcPV2 and host gene expression

Total RNA was extracted from other three frozen tissue samples per

tissue type (VL and HS), using the RNeasy Mini Kit (Qiagen), following

the manufacturer's instructions. SuperScript™ IV VILO™ Master Mix

(Invitrogen, Thermo Fisher Scientific) was used to reverse-transcribe

500 ng of total RNA from each sample. L1 and E6 viral genes expres-

sion was performed as previously described. RNA was used as control,

to exclude DNA contamination.

Host gene expression was assessed in a CFX96™ Real-Time Sys-

tem using Power SYBR™ Green PCR Master Mix (Applied Biosystems,

Thermo Fisher Scientific) according to the manufacturer's instructions.

B2M was used as reference gene.15 Primers sets are reported in

Table S2. They were derived from previous studies14,15,19 or designed

including an intron or spanning an exon–exon junction through Pri-

mer3web tool v.4.1.0 (https://primer3.ut.ee). Differences in VL and

HS samples were calculated with the 2(�ΔΔCq) method. Data were

checked for normal distribution and submitted to Kruskal–Wallis test

followed by Dunn's post hoc test.

2.5 | Immunohistochemical investigations

Immunohistochemistry (IHC) was conducted on FFPE samples (both

VL and HS) to estimate tumour's proliferation index and to evaluate

EMT, as previously described.15,20 Briefly, primary antibodies for

Ki67, E-cadherin, β-catenin, vimentin, N-cadherin, HIF1α and pan-

cytokeratin AE1/AE3 were used (Table S3). Immune reactions were

detected using an avidin-biotin peroxidase kit (Vectastain, Elite, ABC-Kit

PK-6100, Vector Labs) amplification method and visualised using 3,30-

Diaminobenzidine tetrahydrochloride (DAB) (DAB-Kit-SK4100, Vector

Labs), while counterstaining was performed with Meyer's haematoxylin.

In VL and HS samples, EMT markers and Ki67 were manually quan-

tified counting immune reactive cells in 10 high-power fields (final mag-

nification 400�), randomly distributed throughout the tumour invasive

front. Digital pictures were kept using a Nikon Eclipse E800 microscope

(Nikon Corporation), provided with a Nikon PLAN APO lens and

equipped with a Camera DIGITAL SIGHT DS-Fi1 (Nikon Corporation).

2.6 | Data analysis

Data were analysed for normal distribution with the Shapiro–Wilk

test, followed by the Mann–Whitney test. Statistical significance was

set at a p value ≤ 0.05 (GraphPad Software).

3 | RESULTS

3.1 | Surgical excision and clinical outcome

The horse recovered uneventfully from surgery and sedation. Six

hours after surgery pain was shown and treated with non-steroidal

anti-inflammatory drugs. Normal urination was observed within 8 h

from the end of the surgical procedure. Seven months follow-up, the

mare is in good condition and with no macroscopic growing mass at

the vulvar region suggesting tumour recurrence.

3.2 | Histopathological investigations

Microscopically, the VL skin was multifocally ulcerated, hyperaemic

and haemorrhagic, with a dense inflammatory reaction mostly consist-

ing of neutrophils. Nests, islands and cords of neoplastic epithelial

cells were seen in all VL samples, deeply infiltrating the submucosa

and subcutis. Neoplastic lobules were usually surrounded by a layer of

basaloid cells, while varying and disorderly degrees of keratinisation

were observed in their central portions (Figure 2A). Occasionally, such

lobules resembled cystic spaces, lined by neoplastic cells, and filled

with proteinaceous fluid and necrotic cells (Figure 2B). Intercellular

bridges and keratin pearls were very evident. Mitotic figures were

common (0–3 per high power field, final magnification 400�) and

often atypical. The neoplastic proliferation was intermingled with a

prominent desmoplastic reaction, which clearly prevailed in some

areas (Figure 2C). Multiple neoplastic nests were surrounded by a

thick, hyaline basement membrane, interposed between the stroma

and the neoplastic epithelial cells (Figure 2D). No evidence of neopla-

sia was observed in samples taken from HS. Therein, scattered foci of

perivascular/peri-glandular inflammation were observed, with infiltra-

tion of lymphocytes and plasma cells. Considering the above-

mentioned findings, the diagnosis of SCC was made.

3.3 | Detection of EcPV2 genes

qPCR tests demonstrated the presence of EcPV2-L1, -E6 and -E7

genes, both in VL and HS samples (Table 1).

3.4 | EcPV2 and host gene expression

RT-qPCR revealed the expression of EcPV2-L1 and -E6 genes in VL

sample (Table 1). HS yielded negative results for oncogene expression

(Table 1); data were confirmed by RNAscope (Figure S1).

Data regarding host gene expression are reported in Table 2. The

following genes showed a significantly higher expression in VL when

compared with HS: EBI3 (p < 0.01), CDH2 (p < 0.001) and CXCL8

(p < 0.001). On the contrary, genes CDH1 (p < 0.05), IL12A (p < 0.01)

and IL17 (p < 0.05) revealed a significant decreased expression in VL

compared with HS.
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3.5 | Immunohistochemistry

Immunohistochemical analysis for pan-cytokeratin AE1/AE3 highlighted

a significant (p < 0.001) lower number of cells expressing cytoplasmic

cytokeratins in VL when compared with HS (Figure 3A,C). Conversely,

the cytoplasmic vimentin expression was significantly higher

(p < 0.0001) in VL compared with HS (Figure 3B,D). Immunohistochem-

ical analysis revealed a significant (p < 0.001) lower number of cells

expressing E-cadherin at a membranous level in VL with respect to HS

(Figure 4A,C). Interestingly, the overall number of cells expressing

N-cadherin was significantly (p < 0.001) higher in VL compared with

HS, both at a membranous and cytoplasmic level (Figure 4B,D). In addi-

tion, the neoplastic VL showed a significant (p < 0.005) lower number

of cells expressing β-catenin at a membranous level when compared

(A) (B)

(C) (D)

F IGURE 2 Overview of the vulvar squamous cell carcinoma histological findings: (A) A small cluster of cells undergoing keratinisation (arrow);
an atypical mitotic figure is also present (arrowhead). (B) A cystic space, lined by neoplastic cells and filled with eosinophilic proteinaceous
material and necrotic cells. (C) A neoplastic nest intermingled with a prominent desmoplastic reaction. (D) Higher magnification from (C), the

neoplastic nest appears surrounded by a thick, hyaline basement membrane (arrowhead), separating the stroma (black asterisk) from the
neoplastic epithelial cells (white asterisk).

TABLE 1 Results obtained from real-time polymerase chain reaction (PCR) and reverse transcriptase (RT)-quantitative (q)PCR.

Sample

qPCR RT-qPCR

EcPV2-L1 EcPV2-E2 EcPV2-E6 EcPV2-E7 Eq-B2M L1 E6

Healthy skin (HS) 28.0 ± 1.34 >38 29.3 ± 1.0 29.1 ± 1.0 27.7 ± 0.6 >38 >38

Vulvar lesion (VL) 25.8 ± 0.8 >38 26.7 ± 0.3 26.8 ± 0.2 26.9 ± 0.7 35.5 ± 1.2 31.1 ± 1.5

Note: Data are expressed as mean value between the three HS and neoplastic VL samplings ± standard deviation.

TABLE 2 p value determining the level of statistical significance in
gene expression from healthy skin and neoplastic vulvar lesion.

Gene
2(�ΔΔCq) ± standard error
(SE) (p value)

CDH1 0.3 ± 0.57*

CDH2 2445.3 ± 0.39***

EBI3 45.0 ± 1.62**

IL12A 0.04 ± 1.06**

IL17 0.2 ± 0.64*

CXCL8 288.7 ± 0.40***

Note: Data are expressed as 2�(ΔΔCq) ± SE. Differences were evaluated

through the Kruskal–Wallis test and applying the post hoc Dunn's multiple

comparison test.

*p < 0.05.**p < 0.01.***p < 0.001.
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with HS (Figure 5A,C). Finally, VL showed a significant (p < 0.001)

higher number of cells expressing HIF1α at a nuclear level with respect

to HS (Figure 5B,D). A slightly higher percentage of Ki67-positive cells

was found in VL when compared with HS (Figure 6A,B).

4 | DISCUSSION

Based on the current findings, a vulvar squamous cell carcinoma

(VSCC) associated with EcPV2 infection was diagnosed. VSCC is a

rare phenomenon in horses3,4,21,22 and has not been previously

described in detail in Italy. In this case, in agreement with previous

studies,3,4,22 we demonstrated the presence of EcPV2 RNA together

with the expression of L1, E6 and E7 genes within the vulvar neoplas-

tic lesion demonstrated also by RNAScope. Although both VL and HS

were positive for EcPV2-L1, -E6 and -E7 DNA, only VL samples

showed the gene expression of L1, E6 and E7. The presence of viral

DNA without viral gene expression within HS could be indicative of

contamination by EcPV2 rather than a viral infection. Concerning the

EcPV2-E2 gene, all VL samples tested negative, not only for gene

expression but also for DNA. This gene plays a pivotal role in virus

replication and E6/E7 regulation. In this respect, it is known that

during the early phase of infection, viral genome can be integrated

into the host DNA or maintained as multiple episomes that replicate

together with the cells. However, the expression of viral E1 and E2

genes is required for initiating viral replication. Indeed, E2 binding is

essential for the recruitment of E1 helicase, which in turn binds to cel-

lular proteins necessary for DNA replication.23 The lack of the E2 gene

in our case could be most likely due to virus genome integration

within the host genome. It is known that E2 can regulate and control

the expression of the viral oncogenes (E6 and E7) acting as a transcrip-

tion factor in humans, thus this is a relevant finding also for the equine

species. The total or partial loss of this gene, due to the integration,

can determine the lack of transcriptional regulation of these onco-

genes, increased transcription of which is required for promoting

HPV-induced carcinogenesis,23 and in turn is a consistent feature in

invasive vulvar carcinoma.23 Moreover, E6 and E7 are reported to be

involved in the immune response modulation and in the EMT

phenomenon.24–27 EMT represents a complex process through which,

following the activation of key transcription factors (TWIST, ZEB,

SNAIL1 and SLUG), epithelial cells transiently lose their differentiated

features and acquire a mesenchymal phenotype.10 Thus far, EMT has

been investigated in equine penile14 and laryngeal SCC,20 but cur-

rently there are no available data for EMT in equine VSCC.
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F IGURE 3 Immunohistochemistry (IHC) for cytokeratin AE1/AE2 (A) reveals a decreased expression within the neoplastic cells of VL (arrow).
IHC for vimentin (B) often shows a cytoplasmic expression in VL sample (arrow). Box plots show a lower number of cells immunolabelled for
cytokeratin AE1/AE2 in VL sample compared with HS (C). Box plots show a higher number of cells expressing vimentin within VL sample
compared with HS sample (D). Scale bar = 100 μm. HS, healthy skin; VL, vulvar lesion.
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F IGURE 4 Immunohistochemistry (IHC) for E-cadherin (A) reveals a loss of E-cadherin expression at a membranous level within VL sample

(arrow). IHC for N-cadherin reveals a higher number of cells expressing membranous (arrow) and cytoplasmic (arrowhead) N-cadherin in VL
sample (B). Box plots show a lower number of cells immunolabelled for E-cadherin in VL compared with HS (C). Box plots showing HS sample
with a higher number of cells expressing membranous E-cadherin with respect to VL sample (C). Box plots show a higher number of cells
immunolabelled for N-cadherin in VL sample compared with HS sample (D). Box plots showing a higher number of cells expressing membranous
and cytoplasmic N-cadherin in VL (D). Scale bar = 100 μm. HS, healthy skin; VL, vulvar lesion.
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Immunohistochemical analysis revealed a decreased expression of epi-

thelial markers within the VL, together with an increased number of

cells positive for mesenchymal markers. Interestingly, there was a sig-

nificantly lower number of cells expressing cytokeratin within the

neoplastic tissue, while scattered neoplastic cells with mesenchymal

phenotype showed a cytoplasmic vimentin expression. Noteworthy,

the number of cells expressing N-cadherin both at a cytoplasmic and

membranous level was found to be increased, while cells expressing

membranous E-cadherin were significantly decreased within the

tumour. This finding might be suggestive of so-called “cadherin
switching”, one of the distinctive features of EMT. Through this pro-

cess, the E-cadherin adhesion molecule is replaced by N-cadherin,

which endows neoplastic cells with migratory and invasive ability.7,11

N-cadherin is a molecule naturally expressed by numerous cell

types, including neural cells, endothelial cells, stromal cells and osteo-

blasts.28 While N-cadherin is typically absent or poorly expressed in

normal epithelial cells, its increased and aberrant expression within

neoplastic cells has been associated with the development of various

types of carcinoma28,29 and correlated with tumour aggressiveness.28

Consistent with immunohistochemical analysis, gene expression

results revealed an upregulation of CDH2 and a down-regulation of

CDH1, thus confirming the presence of an EMT phenotype at the

mRNA level. All these findings were further supported by numerous

neoplastic cells displaying nuclear staining for hypoxia inducible factor

1α (HIF-1α). Most recently, the term hypoxia-induced EMT has been

proposed, since the two events, hypoxia and EMT seem inter-related.30

Indeed, HIF-1α has been proved to modulate several EMT- transcription

factors, including TWIST, Snail, Slug, SIP1 and ZEB1.30 Interestingly,

HIF-1α could initiate EMT both directly, by binding to the proximal pro-

moter of ZEB1 or TWIST via hypoxia response element,31,32 and indi-

rectly, through the FoxM1 signalling pathway in prostate cancer cell

lines33 or through the PAFAH1B2 gene in pancreatic cancer.34

Results obtained by IHC were suggestive of EMT occurring within

the neoplastic tissue. However, further investigations should be car-

ried out to provide further insights into this complex and dynamic pro-

cess and its underlying pathways.

Concerning the immune response, we observed a dense inflam-

matory reaction mostly consisting of neutrophils, and so we decided

to investigate the gene expression of CXCL8 and IL12 family cyto-

kines. We showed a significant increase of CXCL8 gene expression

(about 290 times) in VL compared with HS.

IL-8 is involved in cancer progression and metastases via various

mechanisms, including pro-angiogenesis and the maintenance of cancer

stem cells. IL-8 attracts and functionally modulates macrophages and

neutrophils in tumour lesion, and triggers the extrusion of neutrophil

extracellular traps.35 A recent study in humans demonstrated high levels

of IL-8 secretion by neutrophils with N2, pro-tumorigenic, phenotype.36

The polarisation of tumour neutrophils in anti-tumorigenic N1 and pro-

tumorigenic N2 phenotype was first proposed by Shaul and Fridlender.37

N1 and N2 populations are defined based on their functional phenotype

because to date no specific cell surface markers have been identified.

Recent evidence suggested the involvement of IL-27 in N pheno-

type35: IL-27 is one of the IL-12 family cytokines, which, together with

IL-12, IL-23 and IL-35, was investigated in this study for gene expression.

All these ILs are produced by macrophages and dendritic cells38 and, in

our case, we can speculate that IL27 is upregulated and IL12 downregu-

lated. As expected IL27 was associated with the down-regulation of IL17;

indeed, many studies have identified various immunosuppressive effects

of IL-27 signalling, including suppression of TH17 differentiation.39

In conclusion, with this case, we describe for the first time the

EMT process in equine vulvar SCC associated with EcPV2 infection.
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F IGURE 5 Immunohistochemistry (IHC) for β-catenin reveals a loss of expression at a membranous level within the neoplastic cells of VL
(arrow) (A). IHC for HIF1α reveals expression at a nuclear level within VL sample (B). Box plots show a slightly lower number of cells expressing
β-catenin in VL (C). Box plots showing HS sample with a higher number of cells expressing membranous β-catenin (C). Box plots show a higher
number of cells immunolabelled for HIF1α (D). Box plots showing HS sample higher number of cells expressing HIF1α at a nuclear level (D). Scale
bar = 100 μm. HS, healthy skin; VL, vulvar lesion.
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Our data demonstrated high levels of gene expression for CXCL8 and

suggested a possible modulation of the IL-12 superfamily associated

with the down-regulation of Th17.
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