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Spontaneous regression of equine sarcoids
is an exceptional event
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Abstract
Sarcoids are benign, yet locally aggressive skin tumours that commonly affect horses

Correspondence and other equid species. The lesions are induced by bovine papillomavirus types 1, 2,
Sabine Brandt, Research Group Oncology,
Centre of Equine Health and Research,
Veterinary University, Veterinaerplatz 1,
1210 Vienna, Austria.

Email: sabine.brandt@vetmeduni.ac.at

and probably 13 in conjunction with other factors including trauma and a genetic pre-
disposition. Although sarcoids have a substantial impact on the health and welfare of
affected equids, information on the immune response to bovine papillomavirus infec-
tion and resulting sarcoids is limited. However, there is evidence that sarcoid disease
is associated with an impaired immune response to bovine papillomavirus infection.
This observation agrees with the common perception of sarcoids as persistent
lesions. Contrary to this general view, there are reports on the spontaneous regres-
sion of skin tumours diagnosed as sarcoids, giving rise to the question whether sar-
coids can self-resolve, and if so, under which circumstances. This review addresses

this unresolved issue.
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1 | BOVINE PAPILLOMAVIRUS-INDUCED

life cycle is tightly linked to the differentiation program of these cells.

SARCOIDS IN EQUID SPECIES

Papillomaviruses (PVs) are a family of small, genetically heterogenous
DNA viruses that can induce benign or malignant tumours in vertebrates.
As a common feature, all PVs consist of a non-enveloped capsid harbour-
ing a circular, double-stranded DNA genome. The capsid is composed of
72 major L1 capsid protein pentamers also known as “capsomers” that
form an icosahedral particle. A minimum of 12 minor L2 protein mono-
mers embedded between the capsomers complete the capsid. The viral
genome contains open reading frames (ORF) for early (E) regulatory (nota-
bly E1, E2 and E4) and up to three transforming proteins (E5, E6 and E7),
and for the late (L) capsid proteins L1 and L2. A non-coding long control
region (LCR) located downstream of the L1 ORF provides elements that
are essential for viral replication and transcription.*

Papillomaviruses are usually host-specific and have a pronounced

tropism for cutaneous and mucosal keratinocytes. Their productive

Following virion entry into basal keratinocytes and disassembly, the
virus expresses its early regulatory and transforming proteins in
the basal and suprabasal epidermal layers. In the differentiated cells of
the spinous and granular layers, the viral genome replicates by one to
two logs. The capsid proteins are produced in the granular and termi-
nal squamous layers where the viral genomes are packaged by
directed assembly of L1 and L2. Resulting new virions are subse-
quently shed through desquamation.? PV infection is not always pro-
ductive. The viral genome can be maintained in infected cells as
extrachromosomal elements termed episomes® or can integrate into
the host cell genome.*

The genus delta-(6-)PVs differs substantially from other PV gen-
era. It groups a small number of PVs that also or preferentially infect
dermal fibroblasts and—perhaps for this reason—have a wider host
range. The feature is best documented for bovine 6-PV types 1 and
2 (BPV1, BPV2), which also infect horses and other equid species such
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as donkeys, hinnies, mules, and zebras.> BPV1 and BPV2 share a
genetic identity of >90% and antisera induced by BPV1 or BPV2 L1
virus-like particles (VLPs) can robustly (cross-) neutralise the heterolo-
gous and the homologous BPV type in vitro and in vivo.>” In bovids,
BPV1 and BPV2 infect the epidermis and the underlying dermis and
induce fibropapillomas (cow warts) that usually regress spontaneously
after several months.>® In equids however, BPV1, BPV2, and possibly
the bovine 6-PV types 13 and 14 (BPV13, BPV14) are the causative
agents of benign, yet locally aggressive skin tumours termed sar-
coids.>?1° In Central Europe and the Eastern USA, sarcoids are pre-
dominantly associated with BPV1 infection, whilst sarcoids in
Southern Europe, the Western USA or Western Canada are com-
monly induced by BPV2.1°°*2 BPV13 has been first detected from
equine sarcoids in Brazil.” A possible association of BPV14 with sar-
coid disease is under investigation.©

Sarcoids constitute the most common tumour type in horses and
other equid species. Depending on the data source, up to 67% of all
neoplasms and 70% of all skin lesions in equids are diagnosed as sar-
coids.*>* A disease prevalence of 5.8%, 15.2%, and 12% has been
reported for horses'® and donkeys in the UK,*® and for Franches-
Montagnes horses and Swiss Warmbloods in Switzerland.1”"1® At the
Veterinary University Vienna, Austria, the sarcoid case load is 1.5%.%7
At the Faculty of Veterinary Medicine in Ghent, Belgium, 2.2% of
admitted equids are sarcoid-affected.’® Similar data are reported for
Veterinary Hospitals in the USA and Canada.?®?! Given that uncom-
plicated lesions are usually treated by local practitioners and that
some sarcoid-bearing equids are left untreated, the sarcoid prevalence
of 5.8% reported for the UK likely approximates the worldwide occur-
rence of sarcoid disease.

Sarcoids mainly develop in young animals and often compromise
their use as leisure, sport, breeding or working equids because of
their location and/or severity. As a consequence, the disease can
drastically reduce or even annul the animals' (re-) sale value.??
Response of sarcoids to current standard of care such as surgical
excision, cryo-, and chemotherapy or combinations of these remains
unsatisfactory. In a substantial number of cases, treatment leads to
disease recurrence in a more aggressive, multiple form due to its
viral aetiology.?272¢ Consequently, sarcoids still constitute the
number-one dermatologic reason for euthanasia although the
lesions do not metastasise.'23

Sarcoids present in various clinical forms that may require differ-
ent therapeutic approaches. Therefore, sarcoids are classified accord-
ing to their clinical manifestations into six types: occult, verrucous,
nodular, fibroblastic, mixed, or malevolent sarcoids that invade the
lymphatics.?” Occult sarcoids are round to oval lesions that are alo-
paecic or display fewer, shorter and/or depigmented hair. The skin is
slightly thickened and mildly hyperkeratotic, and subepidermal miliary
nodules or plaques are detectable by careful palpation.?”?® Occult
sarcoids can be easily confounded with fungal or bacterial infections,
alopaecia areata, skin rubs, abrasions, or scratches.?” 2 Verrucous
sarcoids are hairless, hyperkeratotic lesions of warty appearance that
may occasionally display areas of ulceration. Extensive flaking of the

epidermal surface is a typical feature. Whilst the clinical diagnosis of

extensive verrucous sarcoids is straightforward, small single lesions
can be confounded inter alia with dermatophytosis, dermatophilosis,
EcPV-induced transient papillomatosis, irritation-induced hyperkera-
tosis, superficial recurrent abrasions or equine sarcoidosis.?®2? Nodu-
lar sarcoids present as firm, pedunculated or sessile subcutaneous
nodules that can vary in size. They are covered by apparently intact
skin.?” Fibroblastic sarcoids are characterised by their fleshy, appear-
ance that is caused by complete destruction of the epidermis. They
present with pronounced ulceration and serum exudation and are
commonly infected by bacteria. Some fibroblastic sarcoids closely
resemble proud flesh, that is, exuberant granulation tissue, especially
at sites of previous injury.2” Mixed sarcoids are conglomerates of dif-
ferent sarcoid types in various combinations with high progressive

potential.?”

Malevolent sarcoids constitute the most aggressive sar-
coid type but are only rarely encountered. As a typical feature, they
grow along and invade the lymphatics, with subcutaneous tumour
cords being visible and/or palpable.?’

In sarcoids, BPV1/2 infection predominantly involves dermal
fibroblasts and is exclusively episomal in these cells.3%3! Viral epi-
somes replicate in synchrony with cell division thus assuring genome
maintenance.®2 This efficient form of PV amplification, and the ability
of BPV1 and BPV2 to establish episomal infection also in apparently
healthy skin of sarcoid-affected horses'™® likely explain the fre-
quently reported onset, progression, and reoccurrence of sarcoids fol-
lowing accidental or iatrogenic trauma.® The role of trauma in the (re)
activation of PV-induced disease is widely recognised.3*

Genetic analysis has mapped the transforming activities of BPV1
and BPV2 to the early genes E5, E6, and E7.%°"3 The corresponding
oncoproteins are expressed throughout tumour development and act
in a combined manner. They assure the survival of infected host cells
by inducing their immortalisation, hyperproliferation, and anoikis-
independent growth.2>-3” The E6 oncoprotein acts as a transcriptional
activator, abrogating the apoptotic and cell-cycle arrest functions of
the tumour suppressor p53 by downregulating CBP/p300 transcrip-
tion. E6 also competitively binds to the focal adhesion protein paxillin,
thus abrogating its interaction with other adhesion proteins and
allowing infected cells to grow in an anchorage-independent
manner.*84! The E7 oncoprotein is co-involved in this process via
binding to p600.4°** The small hydrophobic E5 oncoprotein forms
dimers and oligomers that interact with host cell regulatory proteins,
most notably the PDGF-receptor. Binding of E5 to this receptor
leads to its sustained activation—a prerequisite for E5-induced trans-

formation of infected cells. #2744

2 | IMMUNE RESPONSE TO BPV
INFECTION IN EQUIDS

In the bovine host, BPV-induced papillomas (“cow warts”) com-
monly regress within several months following the activation of an
immune response that is mainly cellular. Anti-BPV1/2 antibodies
are only rarely detected in infected cattle. Immunohistochemical

analysis of regressing BPV4-associated papillomas has revealed
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the presence of high amounts of CD4™" T lymphocytes (T cells), but
also y8- and CD8" T cells in the dermis underneath regressing
lesions, whilst y6 and CD8™" T cells prevailed in the basal epidermal
layer of these lesions.®>*> More recently, Geisshiisler and col-
leagues provided evidence of high levels of CD8" T cells also in
equine sarcoids and adjacent tissue using immunofluorescence
staining (IF). In addition, perilesional skin contained significantly
higher amounts of CD4" T cells than normal skin.*® This observa-
tion contrasts with the general opinion that the immune response
to BPV infection and associated sarcoids in horses and other
equids is poor.*”

The host defence against pathogens relies on innate and adaptive
immune mechanisms. As the first line of defence, the innate immune
system acts immediately against an infectious intruder. Pattern rec-
ognition receptors (PRRs) such as Toll-like receptors (TLRs) have a
key role in this process. They are mainly expressed by immune cells
and recognise conserved pathogen structures termed pathogen-
associated molecular patterns (PAMPs), as well as damage-
associated molecular patterns (DAMPs). Recognition of these pat-
terns initiates an immune response that ultimately clears the micro-
bial assault in about 90% of cases.*®*° In mammals, the TLR family
comprises 12 members that are grouped into several subfamilies
according to the PAMPs/DAMPs they can recognise. TLR2, TLR4,
and TLRY are the most versatile TLRs in that they recognise struc-
tural patterns from bacteria, fungi, parasites and viruses. Interest-
ingly, TLR4 can also identify host-specific heat shock protein 60 and
70, as well as fibrinogen patterns. In addition, TLR4 is not only
expressed by immune cells, but also by tumour cells.>° Little is
known on the horse's innate immune response to BPV infection.
However, there is evidence that TLR4 is downregulated in
BPV1-infected equine fibroblasts and primary sarcoid cells.>! Inhibi-
tion experiments conducted in BPV1 plasmid transfected equine
fibroblasts demonstrated that TLR4 suppression is largely mediated
by the viral proteins E2 and E7.52

T cells are also the major players in adaptive immunity. They
activate B cell responses and, importantly, are also able to control
intracellular pathogens such as viruses by inducing a cell-mediated
immune response and immune memory.> To this aim, T cells recog-
nise short antigen peptides presented on the cell surface by major
histocompatibility complex class | or class Il molecules (MHC I,
MHC 11). Whilst MHC Il is mainly expressed by antigen-presenting
cells and commonly presents peptides stemming from pathogens
circulating in the extracellular space, MHC | is generated by all
nucleated cells and presents endogenous antigens such as viral pro-
teins on the cell surface.’®>* Intriguingly, there is ample evidence
showing that HPV16 E5 and BPV1 E5 irreversibly inhibit the cell
surface expression of MHC class |, thus compromising viral anti-
gen presentation and allowing these viruses to escape immune
surveillance.>>>¢

To conclude, there are at least two mechanisms, that is, the
downregulation of TLR4 by E2 and E7, and of MHC | by E5, that help
explain the poor innate and adaptive immunogenicity of BPV infection

and resulting sarcoid disease in equids.*”

3 | SPONTANEOUS REGRESSION OF
EXPERIMENTAL PSEUDO-SARCOIDS

In 1951, Olson and Cook were probably the first to establish a causal
relationship between “cow wart viruses”, that is, BPV1/2, and sar-
coids in horses. They purified infectious virions from bovine papillo-
mas and applied the cell-free preparation onto scarified skin of foals.
The experiment resulted in the development of nodular skin lesions
that were morphologically and histologically indistinguishable from
sarcoids. However, in contrast to naturally acquired disease, the
experimental lesions termed “pseudo-sarcoids” resolved spontane-
ously.>” Analogous results were obtained by epidermal/intradermal
inoculation of horses with BPV1/2 virions in the 1960s.58°7 These
early experiments were repeated in 2011 to establish an infection
model for vaccination studies.® Four yearlings that were confirmed
to be BPV1/2 infection-free were inoculated with cow wart-derived
infectious BPV1 virions on the left side of the neck (10 wheals with
5 x 107 virions per wheal, and 10 wheals with 1 x 107 virions per
wheal). On the right side of the neck, the yearlings were injected intra-
dermally with sarcoid-derived fibroblasts containing episomal BPV1
DNA (six wheals with 2 x 10° cells per wheal), virus-free equine fibro-
blasts (six wheals with 2 x 10° cells per wheal), BPV1 genome (five
wheals with 360 ng BPV1 DNA per wheal) or phosphate buffered
saline. The injection volume per wheal was uniformly 50 uL. Impor-
tantly, pseudo-sarcoids developed in all four horses at cutaneous sites
inoculated with BPV1 virions, whilst injection with other inocula had
no apparent effect. Spontaneous tumour regression was complete in
all horses after 36 weeks. Whilst inoculation with virions failed to
induce a detectable amount of neutralising anti-BPV1 antibodies, viral
DNA (and mRNA) were detectable in peripheral blood mononuclear
cells (PBMCs) from day seven post inoculation onwards. Overall,
BPV1 DNA loads ranged between 0.2 and 7.5 copies per 10° PBMCs,
with loads consecutively increasing during tumour growth and then
decreasing towards zero in the course of spontaneous tumour regres-
sion. No more viral DNA was detected in PBMCs after the lesions had
resolved. PBMCs are immune cells, that is, T and B lymphocytes and
NK cells, as well as monocytes, that is, macrophages and dendritic
cells. Detection of BPV1 DNA and RNA in PBMCs hence indicates
that spontaneous pseudo-sarcoid regression was mediated by an
effective cellular immune response induced by excess BPV1 antigen
in the inoculum: As a matter of fact, each horse was intradermally
injected with 6 x 108 virions in total.*®

4 | SPONTANEOUS REGRESSION OF
NATURALLY ACQUIRED SKIN LESIONS
DIAGNOSED AS SARCOIDS

Transmission of BPV infection to equids is still an unresolved issue.
Initially, BPV1/2 infection of equids was described as abortive, mean-
ing that no infectious virions are produced in the non-bovine
host.>%%31 Meanwhile, it has been demonstrated that BPV1/2 infec-

tion can be productive in equids, albeit at a low level.33°173 Today, it
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is widely accepted that BPV1/2 transmission to equids is virion-
mediated and also occurs within equid populations®” possibly by
direct contact, contaminated fomites, and/or flying insects feeding on
sarcoids.*~%7 In each transmission scenario, a few infectious virions
must suffice to produce infection. In an in-vitro approach, equine pri-
mary fibroblasts were co-cultured with decreasing amounts that is,
2 x 10° to only 20 infectious BPV1 or BPV2 virions. Intriguingly, all
virion doses produced stable infections, and at the fourth passage,
average viral DNA loads had settled at a physiological level of around
150 copies per cell, irrespective of the number of virions used for in-
vitro infection.® The minimal virion dose required for natural infec-
tion of animals or humans by PVs remains to be elucidated. In humans,
there are indications that it is extremely low, possibly consisting of a
single infectious HPV particle.®?~71

Together with known PV-mediated mechanisms of immune eva-
sion, the suspected low number of virions required for successful
infection, and the immortalisation of infected cells instead of their
lysis may help explain why sarcoids can develop undetected by the
immune system and thus persist.

This view is challenged by a few reports on the spontaneous
regression of lesions diagnosed as equine sarcoids. In 1995, Brostrém
presented retrospective data of 120 horses with clinically diagnosed
sarcoids. In horses treated by surgical tumour excision (n = 64), the
diagnosis was confirmed by histopathological examination of tumour
sections. In 34 cases, horses were affected by “solitary lesions not
requiring treatment” according to the veterinary practitioners, and the
diagnosis of equine sarcoid was only based on clinical examination.
Ten of these 34 untreated skin lesions spontaneously resolved within
a time span of 0.5 to 7 years following veterinary consult.”?

Berruex and colleagues studied the clinical course of sarcoids in a
population of Franches-Montagnes horses. Of 702 three-year-old ani-
mals, 83 were clinically diagnosed as being sarcoid-affected based on
the typical gross appearance and localisation of the skin lesions. Five
to seven years later, 61 of the 83 horses were still available for clinical
re-examination. In 29 of the 61 horses, lesions had resolved without
treatment and were classified as “cases of spontaneous regression”.
These lesions had been clinically categorised as occult or verrucous
sarcoids; one lesion was of small, nodular type.29 In another study,
Cosandey and colleagues evaluated the potential of selected micro
RNAs as diagnostic and prognostic sarcoid markers in Franches-
Montagnes and Swiss Warmblood horses. The study comprised a
group of 19 individuals with spontaneously regressed lesions clinically
diagnosed as sarcoids. The diagnosis was based on the presence of
“typical morphologic features and distribution pattern” of the skin
lesions. The self-resolving lesions were generally described as “mild”
sarcoids but not clinically classified.”®

In 2010, Christen-Clottu et al. reported on the efficacy of mistle-
toe extract (Viscum album extract; Iscador P, Weleda AG, Arlesheim,
Switzerland) in the treatment of sarcoids. The study comprised
53 horses bearing a total of 444 clinically diagnosed sarcoids. In
42 horses, the diagnosis was partly confirmed by histopathological
examination of excised lesions or biopsies of selected tumours,

excluding lesions clinically classified as occult sarcoids. In 11 horses,

sarcoid diagnosis was solely based on clinical examination irrespective
of the type of lesions. The authors also state that on tumour level,
clinical sarcoid diagnosis was not confirmed by histopathological
examination in the “majority” of the cases.”*

In the control group receiving placebo (i.e., subcutaneous injec-
tions with physiological saline solution), regression was observed in
14.3% of horses bearing 13.2% of sarcoids, that is, individuals affected
by one or two lesions of mild verrucous or presumed occult type (clin-
ical diagnosis only). There is no information on how many diagnoses
of verrucous sarcoid were confirmed histopathologically.”*

Although interesting, the above-mentioned studies have a com-
mon weakness: sarcoid diagnosis was made by clinical examination
and not confirmed by histopathological analysis of tumour tissue in
the vast majority of cases. In addition, no attempts were made to
screen superficial tumour scrapings or swabs by BPV1/2 PCR,
although this method constitutes a rapid and reliable, non-invasive
method to validate clinical diagnosis of sarcoid.>?3%%7> As a conse-
quence, it is impossible to tell how many of the reported spontane-
ously regressing skin lesions truly corresponded to sarcoids.

5 | CONCLUSION

In an experimental setting, pseudo-sarcoids induced by epidermal or
intradermal application of excess BPV1/2 virions regress spontane-
ously within several weeks or months.>”~¢° This phenomenon is
likely based on a robust cellular immune response.® Under natural
conditions, equids are exposed to far lower numbers of infectious
BPV particles, so that infection can probably be prevented or cleared
in many cases.>>* Sometimes, however, infection is successfully
established and usually persists thanks to viral immune evasion and
genome maintenance mechanisms, leading to sarcoid disease.>*” A
number of single lesions of mild occult or mild verrucous type may
not adhere to this general rule. They may resolve spontaneously after
several months, as similarly observed for BPV1/2-induced cow
warts.®

So far available data suggest that spontaneous regression of sar-
coids constitutes an exceptional event that is confined to mild lesions

of occult and possibly verrucous type.
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