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The equine sarcoid is the most common skin neoplasia of fibroblastic origin in horses, characterized by an
excessive accumulation of extracellular matrix produced by sarcoid fibroblasts under hypoxic condition.
Neoplastic cells can adapt to hypoxia by using alternative energy sources, particularly those that arise from fatty
acid oxidation (FAO). The Carnitine Palmitoyl Transferase 1A (CPT1A) belongs to Carnitine System (CS) and
promotes the entrance of fatty acids into the mitochondria for p-oxidation. In this study, CPT1A expression was
comparatively addressed in 25 equine sarcoids and 5 normal skin samples using immunohistochemistry (IHC).
Specificity of CPT1A antibody was validated by Western Blotting (WB). In normal skin samples IHC staining was
weak and mainly confined to basal epidermis and few dermal fibroblasts. Sarcoid fibroblast exhibited a strong
cytoplasmic and nuclear signal in 60% of the tumor samples. Cytoplasmic CPT1A expression in sarcoid fibro-
blasts indicates that the protein is actively involved in metabolic reprogramming processes. Nuclear CPT1A

expression suggests that the protein may also be involved in the regulation of neoplastic proliferation.

1. Introduction

Equine sarcoids are the most common skin neoplasia of fibroblastic
origin in horses, characterized by locally invasiveness, rare regression
and high recurrence following surgery [1-3].

Although the etiology is multifactorial involving genetics and skin
trauma, delta bovine papillomaviruses (BPV type 1, 2 and 13) are widely
accepted as essential extrinsic factors contributing to equine sarcoid
development [4,5]. This has been partly explained by the detection of
BPV oncogenes and capsid gene transcripts (E2, E5, E7, and L1) in
naturally occurring equine sarcoid that prove evidence for a direct
involvement of BPV in equine sarcoids development [1-5]. Among BPV
oncoproteins, E5 is considered the major BPV transforming protein, as it
binds and activates the platelet-derived growth factor b receptor (PDGF
B -R) leading to a stimulation of intracellular growth signal in infected
cells [6-8]. Direct contact with cattle or horses carrying BPV or through
bites of a virus-carrying fly or contaminated surfaces, are presumably
the most common routes of viral transmission [9].

Currently, immunotherapeutic approaches and a new vaccine have
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shown promising results for sarcoids management [10,11]. However,
these therapeutic approaches are still in a preliminary phase, and a more
comprehensive understanding of equine sarcoid pathogenesis is crucial
for the development of novel and more effective therapies.

We have previously shown that equine sarcoid are characterized by
hyperproliferation of dermal fibroblasts with production of excessive
connective tissue [12], leading to a hypoxic condition [13,14] with
consequent activation of autophagy that could support the process
thought the recycling of essential nutrients for energy supply [15]. There
is growing evidence that in the case of limited energy resources and
metabolically unfavorable conditions, such as hypoxia, neoplastic cells
adjust their metabolism by activating alternative pathways to utilize
different energy sources which allow them to survive and proliferate
[16-18]. One of the alternative pathways which can be activated is fatty
acid oxidation (FAO) of lipids from adipose tissue adjacent to neoplasia,
lipoproteins, and phospholipids, mediated by the Carnitine System (CS)
[19,20]. Among the proteins which are involved in CS, the Carnitine
Palmitoyl Transferase 1 (CPT1), together with Carnitine Palmitoyl
Transferase (CPT2) and Carnitine/acyl-Carnitine Translocase, has a
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crucial role in controlling the fatty acid metabolism, through the
transport of fatty acids from the cytoplasm into the mitochondria to
undergo B-oxidation [20]. The canonical members of the CPT1 family
include three isoforms CPT1A, CPT1B and CPT1C, which are ubiquitous
enzymes with higher expression levels on the outer mitochondrial
membrane of most tissues [20]. CPT1A controls the rate limiting process
in fatty acid p-oxidation, during which acyl-coenzyme A (acyl-CoA) es-
ters are converted into acyl-carnitines [21]. It is reported that CPT1A is
involved not only in metabolic regulation, but also in nearly all aspect of
tumorigenesis, such as proliferation, tumor growth, invasion, and
metastasis [21-23]. The upregulation of CPT1A has been reported in
animal [24-27] and human tumors often associated with poor prognosis
[28-32].

To the best of our knowledge no data are yet available on the
expression of CPT1A in equine sarcoids. Therefore, the aim of this study
was to evaluate the expression level of CPT1A in a subset of BPV positive
equine sarcoids by IHC.

2. Materials and methods
2.1. Samples

2.1.1. Equine sarcoids and normal skin samples

Equine sarcoids were obtained from affected horses, which under-
went surgery routinely, adhering to a high standard (best practice) of
veterinary care, after informed written consent of the owners, and ac-
cording to Directives 2010/63/EU (art. 1 c. 4) and 2010/63/ EU.

For this study twenty five equine sarcoids (S1-S25) clinically iden-
tified on their gross morphology according to Knottenbelt [3] as fibro-
blastic or verrucous, were individually and routine surgically collected
from affected horses coming from farms located in Campania region
(Italy) (Table 1). Five normal skin samples (N1-N5) collected during
necropsy from healthy horses were used as controls. All samples were
10% formalin-fixed, paraffin-embedded for routine histological pro-
cessing, and stained with hematoxylin and eosin (HE). Four sarcoids
(S1-S4), two normal skin samples (N1-N2) and one perilesional skin
(PS) were immediately frozen at —80 °C and analyzed by Western
blotting. Sarcoid samples were previously used and resulted BPV1/2
positive, while normal skin samples were BPV negative [6].

2.1.2. Cell culture

2.1.2.1. HeLa cells. HeLa cells were kindly provided by Dr. Nunzio
Antonio Cacciola (Department of Veterinary Medicine and Animal
Production, University of Naples Federico II, Italy). The cells were.
grown in Dulbecco’s Modified Eagle Medium (DMEM) medium (Gibco,
NY, USA) and were supplemented with 10% fetal bovine serum (FBS,
Gibco), 100 U/mL penicillin (Gibco), and 100 pg/mL streptomycin
(Gibco) in a controlled humidified cell culture incubator (37°C, 5% CO2,
and 95% humidity). The cell lines were routinely tested for mycoplasma
contamination using the Mycoplasma PCR Detection Kit (#G238, SIAL s.
r.l.,, Rome, Italy).

2.1.2.2. Primary cell lines from equine sarcoid. Four primary cell lines
were obtained by four different horses affected by sarcoid, routine sur-
gically by a freelance veterinarian at the Veterinary Hospital (table 1S).

This study was approved by the animal studies subcommittee of
I1ZSPLV review board (25.05.22).

2.2. Isolation of the primary cell lines

Tissue was collected from the cases described above (Table 1S) and
delivered to the laboratory in DMEM supplemented with Penicillin/
Streptomycin (P/S) (500 U/mL) at 4°C.

Primary cell lines were obtained using the method described by
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Table 1
Immunoscoring for CPT1A in equine sarcoid and normal skin samples.

Samples  Location Intensity Percentage Nuclear (N)/
Staining positive Cytoplasmatic
Score* Score* immunostaing (C)*
S1 neck ++ 3 C
S2 limb ++ 3 N
S3 Pectoral ++ 3 N
region
S4 limb - 1 C
S5 head ++ 3 N/C
S6 abdomen ++ 3 N/C
S7 head ++ 3 C
S8 Pectoralregion  + 2 C
S9 limb ++ 3 N
S10 (para)-Genital + 2 C
S11 Limb - 1 C
S12 abdomen ++ 3 C
S13 Pectoralregion — + 2 C
S14 head ++ 3 N
S15 limb ++ 3 N
S16 (para)-Genital - 1 C
S17 Limb ++ 3 C
S18 abdomen - 1 C
S19 Pectoral ++ 3 C
region
S20 neck ++ 3 N/C
S21 limb ++ 3 N/C
S22 (para)-Genital ++ 3 C
S23 Limb + 2 C
S24 abdomen + 2 C
S25 Pectoral - 1 C
region
N1 head —+ 1 C
N2 abdomen + 1 C
N3 neck + 1 C
N4 limb + 1 C
N5 Pectoral + 1 C
region

*N: Normal skin sample; S: Sarcoid sample;; * Intensity staining score: —
Negative staining; +/— Weak immunolabelling; + Moderate immunolabelling;
++ Strong immunolabelling; Percentage positive score: 0-50% positive cells
(score 1); 50-70% positive cells (score 2); 70-100% positive cells (score 3);
Nuclear (N) and cytoplasm (C) immunostaining

Vangipuram et al., [33]. Briefly, the biopsies were washing three times
with saline solution supplemented with P/S (10,000 U/mL) and cut into
smaller ones (2 mm2 in size). Then, 3 biopsy pieces were seeded into 25
cm2 cell culture flask with 1 ml of medium (RPMI-1640+20% FBS+100
U/ml penicillin, and 0.1 mg/ml streptomycin). Then, cells were incu-
bated at 37°C with 5% CO2 for 7 days and sub-cultured as previous
described [33]. Cell lines were maintained for over 10 passages, and the
established primary cell lines consisting of CAFs were designated as
“SAR1”, “SAR2”, “SAR3” and “SAR4” cells.

2.3. Characterization of the primary cell lines: Real Time PCR to BPV
detection

All cell lines were tested for BPV using the methods described by
Maggi and co-workers [34]. Briefly, total DNA was extracted from 4*106
cells using the Maxwell® RSC Viral Total Nucleic Acid Purification Kit
(Promega, Milan, Italy), according to the manufacturer’s instruction.
The presence of BPV1/2/13 genome was investigated using 100 ng of
DNA and the specific primer and probe sequences described by Maggi
[34]. For each analytical session Internal controls were used. Real-time
PCR was performed using a CFX96 Real-Time System (BioRad, Milan,
Italy) and a threshold cycle of 38 was set as the cut off for sample
positivity.
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2.4. Characterization of the primary cell lines: IF

For the characterization of fibroblasts and evaluation of their purity,
we tested vimentin expression by immunofluorescence. Briefly, cell lines
were fixed with 4% paraformaldehyde (Cell Signalling, 12606S) and
permeabilized with 0.1% Triton X-100 (Sigma-Aldrich, Merk, 93443)
than blocked with 3% Bovine Serum Albumin (Sigma-Aldrich, Merk,
B6917). After this step cells were incubated with anti-vimentin antibody
(clone V-9; DAKO 1:50 dilution) and subsequently with a goat anti-
mouse IgG antibody Alexa FluorTM 594 (ThermoFisher Scientific,
Milan, Italy; 1:500 dilution). Fluorescence images were obtained with a
Nexcope NE920 fluorescence microscope (TiesseLab, Milan, Italy).

2.5. Histological and immunohistochemical analysis

All samples were 10% formalin-fixed, paraffin-embedded and
stained with hematoxylin and eosin (HE) for histopathological diag-
nosis. Immunohistochemistry was performed using the streptavidin-
biotin peroxidase method. All sections were deparaffinized in alcohol
decreasing. solutions, and endogenous peroxidase activity was blocked
by incubation in 0.3% H202 in methanol for 20 min. Antigen retrieval
was performed by pre-treating with microwave heating (twice for 5 min
each at 750 W) in citrate buffer, pH 6.0. The slides were washed three
times with phosphate buffered saline (PBS, pH 7.4, 0.01 M), then
incubated for 1 h at roomtemperature with normal goat serum (Santa
Cruz Biotechnology, Santa Cruz, CA, USA) diluted at 20% in PBS. As
primary antibody, a mouse monoclonal antibody, raised against Carni-
tine palmitoyl-transferase 1A (CPT1A) (Abcam -AB128568) diluted
1:200 in PBS was used and applied overnight at 4 °C. Control sections
(equine normal skin and sarcoid) were incubated with PBS and with
rabbit IgG (purified rabbit IgG P120-201-Bethyl Laboratories, Inc.)
instead of the primary antibody using the same concentration as the
primary antibodies. Then, sections were incubated with MACH 1 probe
(Biocare Medical, LLC, Concord, CA, USA) for 20 min at room temper-
ature and with MACH-1 Universal HPR-Polymer (Biocare Medical, LLC,
Pathogens 2020, 9, 58 7 of 11 Concord, CA, USA) for 30 min at room
temperature. Sections were counterstained with hematoxylin, and the
immunolabelling was revealed with diaminobenzidine
tetrahydrochloride.

For each sample, the number of immunolabeled cells was established
by counting 1000 cells in 10 fields at 400X magnification (40X objective
10X ocular) by two independent observers. Results were expressed as
percentage, and scored as follows: 0-50% positive cells (score 1); 50-
70% positive cells (score 2); 70-100% positive cells (score 3). Moreover,
the intensity of immunostaining was graded, as performed in previous
studies [12-15]: n.a. (not assessable), weak immunostaining (-), mod-
erate immunostaining (+), strong immunostaining (++).

2.6. Biochemical analysis

Hela cell line, four primary cell lines obtained from equine sarcoids
(Sarl, Sar2, Sar 3, Sa4), two biopsies from healthy skin (N1, N2), one
from perilesional skin (PS) and four from equine sarcoid samples (S1-S4)
were subjected to homogenization, protein extraction and Western
blotting. Tissues samples were lysed in RIPA Lysis and Extraction Buffer
(Thermo Scientific) added protease inhibitor cocktail (cOmplete™,
Mini, EDTA-free Protease Inhibitor Cocktail, Roche) and phosphatase
inhibitor cocktail (PhosSTOP, Roche). Hela cell line was lysed for 30 min
in RIPA lysis buffer, supplemented with protease and phosphatase in-
hibitors. Tissue homogenates and cell lysates were clarified by centri-
fugation and protein concentration was measured by Bradford assay
(Bio-Rad Laboratories). For western blotting, 30 pg protein lysate was
heated at 95°C in 4X premixed Laemmli sample buffer (Bio-Rad Labo-
ratories), analysed by SDS polyacrylamide gel electrophoresis (PAGE)
and transferred onto nitrocellulose membranes using Trans-Blot Turbo
Transfer System (Bio-Rad Laboratories). Hela whole cell lysate was run
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along with equine samples as control according to antibody datasheet.
Membranes were blocked with EveryBlot Blocking Buffer (Bio-Rad
Laboratories) for 30 min at room temperature and subsequently incu-
bated overnight at 4°C with anti-CPT1A antibody (Anti-CPT1A antibody
[8F6AE9] ab128568, Abcam) at 1:1000 dilution and anti-GAPDH anti-
body (GAPDH (0411) sc-47724) as house-keeping protein. The mem-
branes were washed three times with TBS-Tween 0.1%, and were
incubated, for 1 hour at room temperature, with horseradish peroxidase
conjugated secondary antibodies, according to the species of primary
antibodies. After further washing steps, specific protein bands (88 Kda)
were revealed using luminol-based chemiluminescent substrate (Clarity
Western ECL, Bio-Rad Laboratories) and read under the ChemiDoc Gel
Scanner (Bio-Rad Laboratories).

3. Results

All immunohistochemical results are summarized in table 1.

All normal skin samples showed epidermis without signs of patho-
logical alterations and dermis without inflammatory cells that could
suggest a bacterial or viral infection (not shown).

Hematoxylin and eosin staining of examined sarcoids showed the
typical histopathological features of equine sarcoids: koilocytosis and
epidermal hyperplasia accompanied by rete pegs and dermal prolifera-
tion of fibroblasts in an abundant extracellular matrix, oriented
perpendicular to the basilar epidermal layer in a ‘picket fence’ pattern.
There was often an inflammatory infiltrate, consisting of lymphocytes
and plasma cells (not shown).

Immunohistochemical analysis of normal skin samples showed pos-
itive immunostaing for CPT1 in a low number of basal epidermal cells
and in few dermal fibroblasts (score 1), which showed moderate brown
staining in the cytoplasm (+4) (Figure S1).

Immunohistochemical staining showed sarcoid samples with cyto-
plasmic (16/25) or nuclear (5/25) staining pattern for CPT1; occasion-
ally (4/25) nuclear and cytoplasmic immunostaining were observed in
the same samples. Inmunostaing intensity was strong (++) in 6/16
sarcoids with cytoplasmic patterns (Fig. 1 a- Fig, 1 b), in all sarcoids with
nuclear patterns (Fig. 2 a- Fig. 2 b) and with nuclear and cytoplasmic
patterns. The immunostaining was observed in most sarcoid fibroblasts
(SFs) (70-100%-score 3), which were arranged in picket fence pattern at
dermal-epidermal junction (Fig. 1 a, Fig 1 b, Fig. 2 a) and organized in
bundles in the dermal tissue (Fig. 2 b). 4/25 sarcoid samples showed
cytoplasmic moderate immunostaing (+) in 50-70% of SFS (score 2); the
remaining 5/25 sarcoid samples showed weak cytoplasmic immuno-
staining (-) in a minor percentage of immunolabeled SFs (0-50% -score
1).

RT-qPCR revealed the positivity to BPV1-L1 in all samples
(Table 2S). BPV2 and BPV13 were no detected. Moreover, fibroblastic-
like morphology and positivity to Vimentin were showed in SAR1
(Fig.2S), SAR2 (Fig.3S), SAR3 (Fig.4S), and SAR4 (Fig.5S) cell lines.

By Western blot, a band of the expected molecular size for CPT1A (88
kDa) was identified in Hela cells and primary cell lines from equine
sarcoids used as positive control (Fig. 3 A) as well as in the tested
samples (Fig. 3 B) as suggested by antibody datasheet and literature
data, confirming the specificity of the antibody.

4. Discussion

Hypoxic microenvironment is a common phenomenon in many tu-
mors that stimulates a complex cell signaling network in cancer cells,
including the HIF-1a, leading to decrease or increase of hypoxic effects
[35,36]. It is well known the role of HIF-1a in regulation the expression
of several genes involved in energy metabolism [36,37]. Among enzyme
involved in Fatty acids oxidation (FAO), CPT1A plays a significant role
in metabolic adaptation of cancer cells [16].

We have previously showed that abnormal vessel structures and in-
crease of collagen deposition [12-14] in equine sarcoid could lead to a
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Fig. 1. Equine sarcoid. Strong cytoplasmic immunostaining for CPT1 in most sarcoid fibroblasts under the epidermis (A, B arrow) (20X; Scale bar: 100 pm;

Streptavidin-biotin-peroxidase stain).
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Fig. 2. Equine sarcoid. Strong nuclear immunostaining for CPT1 in most sarcoid fibroblasts under the epidermis (A, arrowhead; 20X;) and in dermis (B arrow) (40X;

Scale bar: 100 pm; Streptavidin-biotin-peroxidase stain).
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Fig. 3. Western blot analysis for CPT1A in primary cell lines obtained from
sarcoid lesion, skin samples, perilesional skin and equine sarcoids. A band of the
expected molecular size was detected in all samples (Hela: Hela cell line; Sarl-
Sar4: primary cell lines; N1-N2: normal skin; PS: Perilesional skin; S1-S4:
equine sarcoids). Protein lysate from Hela cell line was run on the gel to
demonstrate the specificity of the antibody. Anti-GAPDH antibody was utilized
to enable normalization.

hypoxic condition that induce an upregulation of HIF-1a [13].

In this study we have observed that CPT1A was strongly expressed in
sarcoid samples compared to normal skins, suggesting its implication in
metabolic reprogramming of these tumors, as already showed in canine
mammary tumors [24,25,27] and human tumors [28,32]. We have

found that 60% of sarcoid samples showed strong immunostaining for
CPT1A in the nucleus and/or in the cytoplasm of sarcoid fibroblasts,
while the remaining sarcoid samples showed moderate (20%) and weak
(20%) cytoplasmic immunostaining. Cytoplasmic immunostaing is
related to the physiologically resides of CPT1A at the outer mitochon-
drial membrane where transports long-chain fatty acids from the cyto-
plasm into the mitochondria for p-oxidation [16]. The overexpression of
CPT1A in sarcoid tissues compared to normal skin could be related to the
increase of CPT1A transcription in response to hypoxia. This could
explain why sarcoid fibroblasts continue to survive, to produce collagen
and to proliferate despite being in hypoxic conditions. The increase of
CPT 1A expression was not found in normal tissue samples, suggesting
that regulation of CPT1A depends on the specific circumstances of the
tumor hypoxic microenvironment. Moreover, immunohistochemical
experiments showed a peculiar nuclear expression of CPT1A in sarcoid
fibroblasts, that was not observed in normal tissues. Nuclear localization
of CPT1A has been reported in human tumors, and it was considered as
the product of the transcript variant 2 of CPT1A, that doesn’t retain the
classical transferase activity, but is strongly involved in the epigenetic
regulation of cancer survival, cell death escaping and tumor invasion
pathways [22,23]. In the nucleus of neoplastic cells, CPT 1A was found
strictly associated with the Histone Deacetylase Complex (HDAC), sug-
gesting that it could have a role as regulatory protein of tumoral tissues,
by modulation of HDAC-mediated deacetylation of specific genes
involved in the control of cell cycle/growth and apoptosis [22,23].
Moreover, in the present study we have found an overexpression of
CPT1A in BPV1 and BPV2 positive equine sarcoids, compared to BPV
negative normal skin controls. It is well known that viruses depend on
the availability of host metabolic constituents to replicate and accom-
plish their life cycles. An upregulation of CPT1A expression was reported
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also in nasopharyngeal carcinoma, an Epstein-Barr virus (EBV)-asso-
ciated cancer and in Human Papillomavirus (HPV16; HPV18) associated
tumors [38-41] suggesting that viral infections could have a role in
metabolic regulation of tumor cells, remodeling glucose metabolism and
participating in lipid and glutamine regulation [38-41]. This research
lays the groundwork for further investigations, focused on the direct
interaction between CPT1A and BPV1/2 oncoproteins to investigate the
possible role of BPV in metabolic regulation of equine sarcoid.

5. Conclusion

The study provides evidence for the first time that CPT1A is strongly
expressed in equine sarcoids, not only in the cytoplasm of sarcoid
fibroblast, suggesting its implication in metabolic reprogramming, but
also in the nucleus of sarcoid fibroblasts, where it could be involved in
regulation of neoplastic proliferation.

Results of this study paves the way to further studies focused on the
better understanding of metabolic processes in equine sarcoid and could
represent an initial step for the possibility to use metabolic pathway as
target for innovative therapeutic strategies.
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