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The aim of the study was to assess the expresdidheoimmune checkpoint inhibitor
programmed death-ligand 1 (PD-L1) in equine sax@iES). PD-L1 is expressed by various

cancer cells to block T cell-mediated eliminatidritomor cells.

Antibodies targeting human PD-L1 were tested by imahistochemistry (IHC) for their

cross-reactivity with equine PD-L1 using formalired, paraffin-embedded (FFPE) tissues.

Our results do not support an important role of [IEDmediated immune evasion in ES
disease, and hence do not offer a rationale fosPH1/PD-L1-based immunotherapy against

ES.

Keywords: Equine sarcoids, immune checkpoint inhibitionirone evasion,

immunohistochemistry, PD-L1

1. Introduction

Equine sarcoids (ES) are the most common tumoegjinds and account for more than half
of all skin tumors in this species [1,2]. Treatmenbften challenging due to the notoriously
high propensity for tumor recurrence [3], the laafktissue-sparing treatment options and

effective systemic or prophylactic treatment maksi

In human medical oncology, a novel therapeutic @ggn has recently achieved remarkable
successes: targeting of the immune checkpoint itaniprogrammed death-ligand 1 (PD-L1)
or programmed cell death protein 1 (PD-1) [4,5hds resulted in tumor eradication in cancer

patients previously thought to be incuraldg.(advanced melanoma or lung cancer).

The physiologic role of immune checkpoints is tointein self-tolerance and protect tissues
from self-damage, for instance while respondingoinfection [6—8]. The dysregulation of
these immune checkpoint proteins can be observedhiious cancers, and represents an

important mechanism for tumor cells to evade theime system [6,9]. PD-L1 is expressed
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by various cancer cells to block T cell-mediateichglation of the tumor cells by binding to
programmed cell death protein 1 (PD-1) at the serfaf T lymphocytes. This mechanism of

immune evasion can be prevented by using specifib@lies against PD-L1 or PD-1 [6].

The aim of this study was to establish an immurtobieemistry (IHC) staining protocol to

assess PD-L1 expression in ES-derived and othdanedissue samples. As an additional
control to investigate the cross-reactivity of @n@ibody for equine PD-L1, we also tested
mandibular lymph node as lymph nodal tissue has lfescribed to contain immune cells

expressing PD-L1 in humans [10].

We hypothesized that (transformed) equine fibrdbldaerived from ES tumors express PD-
L1. Substantial expression would support PD-L1 aseghanism of immune evasion in ES
disease and consequently, immunotherapy directathsigPD-L1 would be a reasonable

approach for the treatment of ES tumors.

2. Material and Methods

Lesional tissue samples from ten horses presemedurgical removal of histologically
confirmed ES tumors were investigated. Samples wetained from seven geldings, two
mares and one stallion of different breeds (onetl&me pony, one Rocky mountain horse,
one American Quarter horse, one Arabian, one Rmesbne Swiss Warmblood, one
Franches-Montagnes and one mixed breed) and irtlif®e tumors of different gross
morphology (three fibroblastic, four verrucous, twadular and one mixed). These samples

were retrieved from the ISME (Swiss Institue of EguMedicine) tumor tissue bank.

Samples of equine placenta from a Franches-Monsagm&re and samples of an equine
mandibular lymph node from a Selle-Francais manewsllected from patients of the ISME.

All owner gave their informed written consent.
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PD-L1 is expressed at the surface of villous syintytphoblasts and cytotrophoblasts of the
placenta to confer the fetomaternal tolerance [HLiman placenta tissue samples, used as
positive control, were obtained from the TranskagioResearch Unit (TRU) of the University

of Bern.

A rabbit polyclonal antibody (orb158130, BiorbytKWwas used, which reacts with human
and mouse PD-L1, and is predicted to cross-redtt thve horse antigen. Comparison of the

equine PD-L1 amino acid sequence using BLASEp§://blast.ncbi.nlm.nih.gov) revealed an

80% homology to human PD-L1.

As a positive control for the IHC protocol on FFBliEles the cytokeratine AE1/AE3 antibody
(monoclonal mouse-human, Dako, M3515) was used at a dilution of 1M€gative controls

were created by omitting the primary antibodies.

Fourum FFPE tumor sections were dried on silane-coatietkss The slides were
subsequently deparaffinizaded and re-hydrated.gAntiretrieval was performed in citrate
buffer (pH 6.0), by boiling for 10 minutes in theamwave oven. Endogenous peroxidase
activity was blocked with 3% hydrogen peroxide 36 minutes. Bovine serum albumin, also
at a concentration of 3%, was subsequently addée. grimary antibody (orb158130,
Biorbyt, dilution 1:200, incubation at room tempera) was applied overnight. The
secondary biotinylated antibody (Dako, KO675) +t8ys HRP (Dako, KO675) were added.
Between every step the slides were washed in 0,0Bf&en Tris-buffered saline
(TBS/Tween) solution at pH 7.6 (Dako, S3006). DAB3,3(-diaminobenzidine
tetrahydrochloride) was used for the staining. final step, slides were counterstained with

hematoxylin. IHC protocol is shown in detailTrable 1.

The stained slides were assessed by a board-eenifithologist (SR) using light microscopy,

inspecting the sections with x4, x10, x20 and x4fectives. A semiquantitative scoring
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system was applied for the assessment of cellistpid positive cell was defined as a cell
exhibiting a membranous signal alone or a membmarend cytoplasmatic signal. The
following scoring system was used: grade 0: 0%dgra <10%, grade 2:10-25%, grade 3:

25-50%, and grade 4: >50% of cells staining positor PD-L1.

3. Reaults

Positive (cytokeratin-staining) and negative cadstr¢primary antibody omitted) yielded

expected results, thus highlighting the technicabiaacy of the experiment (data not shown).

PD-L1-staining of equine placental tissue yieldedmambrane and a cytoplasmic signal
(Figure 1), consistent with the staining of the human plé@esamples. Although the signal

was somewhat weaker than on the human placentagsudt suggests that the orb158130
antibody does detect PD-L1 in horses. This resalt worroborated in the horse lymph node,
showing a few clearly positive cells, especiallythie area of lymph follicle but also in others
areas. The signal was mainly granular and localirettie membrane and the cytoplasm. In
7/9 examined ES tumors, less than 10% of the twmaks exhibited a positive signal. Only in

2/9 ES tumors 25-50% of the cells showed a posgiigral for PD-L1 (score 3+). The results

are summarized imable 2.

4. Discussion

Based on the findings of this study, ES-deriveainsformed equine fibroblasts do not appear
to consistently express PD-L1. In fact, most of tels of the analyzed ES tumors stained
negative for the protein PD-L1. In 7/9 of the exaed ES tumor samples, less than 10% of
the tumor cells tested positive for PD-L1 expression contrast, cells in equine and human
placental samples consistently expressed PD-L1il&8ly cells in lymph tissue showed a

granular membranous and cytoplasmic signal.
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Although the number of examined tumors is low, thilet experiment suggests that PD-L1 is
not generally expressed by ES-derived transfornmgdne fibroblasts and therefore PD-1
blockade is unlikely a general mechanism of immewesion in ES disease. However, PD-L1
is not only expressed by tumor cells but also bad B-lymphocytes and dendritic cells that
infiltrate the tumor microenvironment [12]. Repalie the predominant immune cell

populations which infiltrate ES tissues are macem@s and monocytes [13], but also T-cells
[14]. In our study, we focused on the quantificatal PD-L1-positive transformed fibroblasts

that are readily differentiated from immune ceflased on morphological criteria. As a small
percentage of immune cells was also PD-L1-posiiivejould be interesting to characterize

the precise nature of these immune cells in ESarfuture.

In human medicine, overexpression of PD-L1 has ludeserved in some cancers, including
melanomag15]. Three equine melanomas were included in the stndyin two lesions about

30-50% of tumor cells stained positive for PD-L1d.this study, human placenta delivered at
birth was used as a positive control. In humaneggigas the expression of PD-L1 is highest in
the second and third trimester of pregnancy [L6]eduine placenta, endometrial cups are
present in the uterine wall from day 40 and updyg @50 of gestation, but regress after day
70. Given the particular role of endometrial cupsthe development of the fetal immune
system, staining of the epithelium of endometrigdmay differ in earlier gestation stages in

equids compared to humans.

The similarities in the PD-L1 staining pattern beén human and equine positive control
tissues found in this comparative analysis sugyest the antibody used in the described
protocol is indeed valid for PD-L1 detection in agutissues, albeit it is not an unequivocal
proof for PD-L1-specificity of the antibody in th@rse. As equine keratinocytes also stained
positive in five out of nine slides with ES-derivédsues, unspecific cross-reactivity of the

antibody cannot be ruled out and is the most likelplanation for this observation.
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Alternatively, BPV-DNA may more consistently leaalthe expression of PD-L1 in infected
equine keratinocytes compared to BPV-transformedineq fibroblasts. Whereas BPV
completes an infectious life-cycle within the epidal keratinocytes of its natural bovine host
and leading to the production of countless infetiirions [17], the BPV-infection in the
equine host is generally considered "non-produttore”abortive” [18,19]. More recently,
however, BPV-DNA has also been detected in kerayiteas of ES tissues [20], albeit at much
lower levels compared to those found in BPV-tramsfed equine fibroblasts. Nonetheless,
these findings combined with reports of ES disdesmgsmission in the absence of a bovine
source for BPV [21] give reason to belief that BieV-infection in ES-affected horses may
not be entirely "abortive". Likewise, it may be spkted that a BPV-infection may induce
PD-L1 expression in equine keratinocytes but nofilmoblasts. Thus, this would be an
explanation for the positive staining for PD-L1kafratinocytes associated with ES-lesions, in

the absence of positive staining of fibroblastplaserved in this study.

Ideally, the specificity of an antibody should bested in isogenic cell lines or tissues
containing a wild-type and a knockout of the gehmterest. Using CRISPR-cas9 technology
it would be possible to induded-11 knockouts in cultured cells that normally expréss
receptor and thereby generate such controls. Anagiyigoach would be the expression of the
equine Pd-11 cDNA in cells that are PD-L1 negative. Howeverdigadvantage of this
approach is that non-physiologically high expresdevels are reached and that it remains

unclear whether the antibody detects physiologiaallevant protein levels.

While our results do not support PD-L1 as a poéérthierapeutic target, it is not the only
protein able to downregulate the immune responsmyMmmunosuppressive mechanisms
have been documented in the tumor microenvironmerdluding the recruitment of
regulatory T cells (Tregqp2] or myeloid derived suppressor cells (MDS@3], production

of IL-10 [24] and TGP [25] or expression of other immune checkpoint reguteuch as
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CTLA-4 (cytotoxic T lymphocyte antigeri26,27]. In this study, we focused on PD-L1, but
further studies are needed to evaluate potentialhemesms of immune evasion and the

presence of other negative regulatory moleculésermicroenvironment of ES tumors.

5. Conclusion

In this experiment, we observed positive PD-L1rstey in equine placental and lymph
follicle cells, but only in low numbers of ES-degiy equine fibroblasts. This suggests that this
PD-L1 is not regularly expressed in ES and PD-ldckdde does not serve as an important
mechanism of immune evasion in this form of neaplasowever, these findings need to be
confirmed in a greater number of samples and uamgodies that are more thoroughly
validated for applications in equine-derived tissUdonetheless, PD-L1 is not only expressed
by tumor cells but also by immune cells that indite the tumor microenvironment, and
future research may reveal the precise nature efitimune cells within ES tissues that
express PD-L1 and unravel their role in ES dise&seally yet importantly, preliminary
results obtained on equine melanomas indicate dtenpal of a targeted therapy of this

tumor type with anti-PD-L1 antibodies.
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Tables

Table 1. Immunohistochemistry protocol used in the study

Depar affination and Hybridation

=)

Melting paraffin in the oven at 60°C » 10min
Xylol » 10min
Xylol » 10min
Ethanol 100% » 2min
Ethanol 100% > 2min
Ethanol 95% » 2min
Ethanol 70% > 2min
Distilled water » 2min
Antigen- Retrieval
10mM Citrate Buffer pH 6.0 » 10min boiling in microwave
Room temperature cooling > 5min
Distilled water > 2X 5min
Endogenous per oxidase block
H,0, 3% (in water) » 20min
Distilled water > 2X 5min
Wash with Dako washing buffer (S3006) > 5min
Biotin blot
Block endogenous protein with bovine » 30min
serum albumin 3% (BSA) in PBS
Wash with Dako washing buffer (S3006) > 2x5min
Primary antibody
PD-L1 in Ab diluent (S0809, Dako) > Dilution 1 :200, overnight incubatio
Wash with Dako washing buffer (S3006) »> 3x5min
Secondary antibody
Universal secondary antibody (K0675, » 30min
Dako) » 3x5min
Wash with Dako washing buffer (S3006)

» 30min
HRP-conjugat streptavidin (K0O675, Dako)

» 3x5min
Wash with Dako washing buffer (S3006)

> 4min
DAB

> 5min
Distilled water » Few seconds
Hematoxylin couterstain > 5min
Running tap water » 5min

Distilled water
Mounting




278  Table 2: Summary of the number of slides per score. Oneecarcoid was excluded of the

279  study because most of the tissue was destroyetdtlat@nmunohistochemistry procedure.

280
Score 0 1+ 2+ 3+ 4+
Human placenta 1
Equine placenta 1
Lymph node 1
Equine Sarcoids
* Verrucous 1 1 1
* Nodular 2
» Fibroblastic 1 1 1
» Mixed (verrucous
and fibroblastic) 1
281

282
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Figure

Negative control (40x)

PD-L1 (40x)

- |

Equine sarcoid Equine lymph node Human placenta Equine placenta

Figure 1. Equine sarcoid, negative (no programmed deatntigl staining) and positive
controls. Note that the signal is consistently vezak equine tissues compared to human

tissues.



Highlights

e Establishment of an IHC protocol for equine PD-L1 using FFPE material
e Preliminary finding indicate that equine sarcoid-derived tissues do not frequently express PD-

L1
e The low expression levels of PD-L1 in equine sarcoid-derived tissues argue against PD-L1

contribution to immune evasion in this neoplastic disease
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