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Abstract

Squamous cell carcinoma (SCC) is a common malignancy affecting humans and other animals. Papillomaviruses (PVs) are fre-
quently reported as causal agents of cutaneous benign and malignant epithelial lesions in different animal species, but only few
studies have investigated their role in ovine SCC. In this study, we explore the possible involvement of the Ovine aries PVs (OaPVI,
OaPV2, OaPV3) in cutaneous SCC using an integrated histological and molecular approach. Forty cutaneous SCCs from different
anatomical locations of Sardinian sheep and 40 matched non-SCC samples were evaluated histologically and by polymerase chain
reaction (PCR) to assess the presence of ovine PVs. In addition, DNA in situ hybridization (ISH) and reverse transcription—
polymerase chain reaction (RT-PCR) were carried out to evaluate the cellular localization and viral transcriptional activity,
respectively. OaPV3 DNA was detected in 26 of 40 (65%) SCCs and in 12 of 40 (30%) non-SCC samples using PCR. OaPVI and
OaPV2 were not detected. OaPV3 viral DNA was observed by ISH in malignant epithelial squamous cells of 18 of 40 (45%) SCCs.
In addition, the viral transcriptional activity was identified in 24 of 40 (60%) SCCs by RT-PCR. Notably, a higher viral positivity was
observed in SCCs compared with non-SCC samples. The considerable infection rate of OaPV3 in the most common skin tumor of

the sheep suggests that PV could represent a key factor in the onset of ovine SCC.
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Papillomaviruses (PVs; family Papillomaviridae) are highly
species-specific viruses able to infect mammals, birds, and rep-
tile species.*> PVs are small and nonenveloped viruses with a
highly conserved circular double-stranded DNA genome of
approximately 8 kb in length.'®*® Most PVs infect the basal
layer of the stratified epithelium and replicate exclusively in
epithelial cells, with a life cycle tightly regulated by cellular
differentiation.'!32%31-32 Moreover, a small number of PVs infect
and transform fibroblast cells.?* The epithelial infection usually
begins from cutaneous or mucosal surface lesions and results in
benign proliferative lesions or, rarely, malignant cancers.?%'*?

In animals, 112 PV types distributed over 32 genera have
been characterized based on their well-conserved L1 nucleo-
tide sequence.”'®% In sheep (Ovis aries), 2 PVs, named Ovis
aries papillomavirus 1 (OaPV1) and 2 (OaPV2), have been
described in Australia and classified into the Delta genus.
These viruses are associated with cutaneous fibropapillomas,
although their viral activity in benign lesions has been poorly
investigated in sheep. In cows, bovine PVs of the Delta genus
are responsible for cutaneous fibropapillomas, which sponta-
neously regress in immunocompetent animals but can poten-
tially progress to squamous cell carcinoma (SCC) in the
presence of co-carcinogenic factors.”!'3

Recently, in Sardinia (Italy), a novel epidermotropic ovine
PV, Ovis aries papillomavirus 3 (OaPV3), has been described
in 2 ovine SCCs.”

The genomic characterization of OaPV3 (GenBank acces-
sion no. FJ796965) showed a low degree of similarity (less than
60%) with other PVs and was placed in the genus Dyokappa.
Unlike the Delta papillomavirus, the OaPV3 genome lacks the
E5 gene and retains the conserved retinoblastoma tumor sup-
pressor binding sequence motif in E7, suggesting that this virus
could play a key role in malignant cancer development.®'’

SCC, a malignant tumor of epithelial origin with differentia-
tion to keratinocytes, is widely described in animals and is the
most common form of skin cancer in sheep.’*° The cause of
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this neoplasm appears to be multifactorial, although prolonged
exposure to ultraviolet radiation and poor skin pigmentation are
considered primary risk factors for tumor development.'-*’2°
However, oncogenic viruses, such as PVs, seem to be associ-
ated with the cutaneous SCC development in human and ani-
mal species, suggesting a possible correlation between the
infection and carcinoma.****!' The aim of this study was to
investigate the presence of OaPV1, OaPV2, and OaPV3 in SCC
samples of Sardinian sheep by histological and biomolecular
analysis.

Materials and Methods

Origin of the Samples

Forty cutaneous SCC and 40 matched non-SCC samples from
70 sheep of the Sardinian breed, obtained from udder (SCC =
21; non-SCC = 21), eyelid (SCC = 7; non-SCC = 7), pinnae
(SCC = 5; non-SCC = 5), planum nasale (SCC = 4; non-SCC
= 4), and trunk (SCC = 3; non-SCC = 3), were fixed in 10%
neutral buffered formalin and then paraffin embedded (FFPE).
Tissue sections (3 pum thick) from both SCC and non-SCC
samples were stained with hematoxylin and eosin (HE) for
histopathological evaluation, and 10 serial sections from each
FFPE sample were collected in a 1.5-ml tube and used for DNA
and RNA isolation. In addition, FFPE SCC samples were used
for in situ hybridization (ISH).

Histopathology

Tumors were classified according to World Health Organiza-
tion criteria for tumors of the skin and soft tissue and graded
according to a semiquantitative scheme, originally developed
for oral SCC in dogs, with minor modifications.®*° Degree of
keratinization, nuclear pleomorphism, number of mitoses, pat-
tern of invasion, and lymphoplasmacytic infiltration were each
assigned a score ranging from 1 to 4 points. Histopathological
features were evaluated in 10 high-power fields (HPF), and the
sum of each parameter subclassified SCCs as follows: grade 1
or well differentiated (WDC), 1 to 7 points; grade 2 or moder-
ately differentiated (MDC), 8 to 14 points; and grade 3 or
poorly differentiated (PDC), 15 to 20 points. The stained slides
were reviewed independently by 3 pathologists (G.P.B., E.A.,
and S.P.), and a consensus score was obtained for each case on
a multiheaded microscope. Digital computer images were
recorded with a Nikon (Tokyo, Japan) Ds-fil camera.

Detection of Ovine PVs

DNA from SCC and non-SCC FFPE samples was extracted
using the AllPrep DNA/RNA FFPE kit (Qiagen, Milano, Italy),
following the manufacturer’s instructions.

The quality of the DNA samples was checked by polymer-
ase chain reaction (PCR) amplification of the ovine glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH) gene.'* The
amplification program consisted of an initial denaturation step
at 94°C for 5 minutes, followed by 30 thermal cycles at 94°C

Table I. Primer Sequences for Polymerase Chain Reaction.

Primer Sequence (5'-3’ orientation) Product Size, bp
LI OaPVI FP CGCCCGTCTCCCTACGGTGC 177

LI OaPVI RP CTGCAACGCCTCCGGACCCC

LI OaPV2 FP CGCACCACAGCCCAAGGCAC 147

LI OaPV2 RP TCCAGCGTCCACACGGTCTGA

LI OaPV3 FP AACTGGACTTGTCTTCCATG 127

Ll OaPV3 RP AAAGACTCGGTATTGGGAGG

bp, base pairs; FP, forward primer; OaPV, Ovis aries papillomavirus; RP, reverse
primer.

for 30 seconds, 60°C for 30 seconds, and 72°C for 30 seconds,
with a final elongation step at 72°C for 5 minutes.

Subsequently, to evaluate the presence of ovine PVs
(0aPV1, OaPV2, 0aPV3) in both SCCs and non-SCC samples,
3 distinct PCR assays for detection of the L1 gene were per-
formed in a total volume of 50 pl containing 1.5 mM MgCl,,
0.2 pM of each oligonucleotide primer, 0.2 mM of each ANTP,
0.62 U Taq DNA polymerase (Qiagen), and 2.5 ul DNA.

Each reaction was carried out using primers set listed in
Table 1. Reaction conditions for OaPV1 and OaPV2 included
initial denaturation at 95°C for 5 minutes, followed by 40
cycles at 95°C for 30 seconds, annealing at 56°C for 30 sec-
onds, and extension at 72°C for 30 seconds, with a final elon-
gation step at 72°C for 5 minutes. The same conditions were
maintained for the OaPV3, except for the annealing tempera-
ture at 57°C.>

In OaPV3 reactions, a negative control (purified PCR-grade
water) and a positive control (OaPV3 DNA cloned into pUC19)
were included.’ PCRs were repeated 3 times and the amplified
products were visualized after electrophoresis in 2% agarose
gel run containing GelRed Nucleic Acid Gel Stain (Biotium,
Hayward, CA) in TAE 1x buffer (40 mM Tris, 1 mM
Na,EDTA, 20 mM acetic acid), at 5 mVem ' for 90 minutes.

DNA In Situ Hybridization for OaPV3 Localization
in SCCs

To localize OaPV3 DNA in SCC samples, 2 digoxigenin-
labeled and unlabeled probes have been generated by using the
PCR DIG Probe Synthesis Kit (Roche, Milano, Italy), follow-
ing the manufacturer’s instructions. Specifically, a 151-base
pair (bp) E6 DNA probe and a 127-bp L1 DNA probe were
generated as previously described and used for colorimetric
and fluorescence ISH experiments.’

A negative control (ovine liver) and a positive control
(0aPV3 ISH-positive SCC sample®) were included in each
experiment. Briefly, deparaffinized and rehydrated tissue sec-
tions were placed in Tris-buffered saline (TBS) at 37°C for 5
minutes, treated with 0.8% pepsin in HC1 0.2 N at 37°C for 30
minutes, and rinsed in TBS. Subsequently, a postfixation step
was performed by dehydration in increasing concentrations of
ethanol, from 70% v/v to 100%, and air-dried. Samples were
treated with prehybridization solution (50% molecular-grade
hybridization solution II [Fluka Chimica, Milano, Italy], 43%
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formamide, 7% mQ water) at 37°C for 1 hour and then at 95°C
for 8 minutes and at 37°C overnight with the hybridization
solution containing the denatured DNA probe (50%
molecular-grade hybridization solution II [Fluka Chimica],
43% formamide, 6.5% of water, and 10 ng/ml E6 or L1 probes).
Subsequently, sections were washed in decreasing concentra-
tion of molecular biology-grade SSPE (Sigma-Aldrich, Milano,
Italy; 2%, 1x, 0.5x SSPE and 0.1x SSPE + bovine serum
albumin 0.2%) to remove the unbounded probes. After incuba-
tion for 1 hour in blocking solution (2% normal rat serum, 0.3%
Triton X-100, and Tris-HCI [pH 8.2]), sections were incubated
at 25°C for 1 hour with anti-digoxigenin-AP Fab fragments
(Sigma-Aldrich) diluted 1:200.

Color development was performed incubating sections at
37°C for 50 minutes with detection buffer (Tris-HCI 1 M, NaCl
5M, MgCl, 1 M [pH 9.5]) containing 2% 5-bromo-4-chloro-3-
indolylphosphate and 2% 4-nitro blue tetrazolium chloride.
After washing in mQ water, sections were closed with a cover-
slip using Top-Water mount (Sigma-Aldrich).

Fluorescence-developed sections were incubated in the dark
at 25°C for 45 minutes with the Vector Red Alkaline Phospha-
tase Substrate Kit (Vector Laboratories, Burlingame, CA).
After washing in mQ water, nuclei were counterstained with
Hoechst diluted 1:1000, and then sections were closed with
Top-Water mount (Sigma-Aldrich). Finally, slides were
observed in a Leica TCS SP5 confocal microscope (Leica
Microsystems, Wetzlar, Germany), and the LAS AF Lite
(Leica Microsystems) software was used for image processing.

The extent of colorimetric hybridization signal was evalu-
ated based upon the brown nuclear signal and semiquantita-
tively scored according to the number of positive cells in 10
high-power fields (400x) (grade 0: no positive cells; 1: 10%—
40%; 2: 41%~70%; 3: >70%).

Detection of OaPV3 Early and Late Transcripts in SCCs

RNA from FFPE samples was extracted using the AllPrep
DNA/RNA FFPE kit (Qiagen). Reverse transcription—polymer-
ase chain reaction (RT-PCR) was performed using a 2-step
protocol. RNA was reverse transcribed (iScript cDNA Synth-
esis kit; Bio-Rad, Segrate, Italy) following the manufacturer’s
instructions. PCR assays were conducted to detect OaPV3
early (E6) and late (L1) transcripts and for the ovine GAPDH
gene to assess complementary DNA (cDNA) quality.®'* In
each reverse transcription and amplification reaction, a neg-
ative control (purified PCR-grade water) and a positive con-
trol (0OaPV3 RNA isolated from SCC tissue®) were included.
RT-PCRs were performed in a 50-pl master mix containing
1.5 mM MgCl,, 0.2 uM of each oligonucleotide primer, 0.2
mM of each dNTP, 0.62 U Taq DNA polymerase (Qiagen),
and 2.5 pl cDNA.

Cycling conditions for E6 primers included initial denatura-
tion at 95°C for 5 minutes, followed by 40 cycles at 95°C for 30
seconds, annealing at 52°C for 30 seconds, and extension at
72°C for 30 seconds, with a final elongation step at 72°C for 5

minutes. Reaction conditions were maintained for L1 primers,
except for the annealing temperature at 57°C.

RT-PCR results were visualized on 2% agarose gel contain-
ing GelRed Nucleic Acid Gel Stain (Biotium) after a run of 90
minutes in an electric field of 5 mVem ' in TAE 1x buffer.

A representative subset of amplified products positive for
both OaPV3 E6 and the L1 target was purified using the QIA-
quick Gel Extraction Kit (Qiagen) and directly sequenced using
the ABI Prism 3100 Genetic Analyzer (Applied Biosystems,
Mongza, Italy). Sequenced fragments were analyzed by BLAST
search of the NCBI GenBank database.

Statistical Analysis

Statistical analyses were performed using Stata 11.2 software
(StataCorp LP, College Station, TX).

After performing descriptive statistics, categorical and ordi-
nal variables were evaluated by Spearman p correlation coeffi-
cient, with Bonferroni adjustment and ” test or Fisher’s exact
test. In particular, Spearman rank correlation was performed to
assess the usefulness of the modified Anneroth’s grading
scheme in the histological evaluation of ovine SCC. A value
of p approximately equal to 1 indicates a good correlation, a
value near 0 indicates a poor correlation, and a negative value
indicates an inverse correlation. The > or Fisher’s exact test
was performed to assess the differences in PV presence in SCC
and non-SCC samples, as well as the potential correlations
between OaPV3 DNA presence in UV-exposed head regions
(including eyelid, planum nasale, and pinnae lesions) in the
2-sample set. A P value <.05 was considered significant.

Results

Histopathology

Grossly, SCCs appeared as horns (Fig. 1) or cauliflower-like
exophytic masses of variable size (from 4 to 9 cm) involving, in
some cases, the dermal and subcutaneous structures and fre-
quently with epidermal ulceration (Fig. 2). Histologically,
SCCs were characterized by cuboidal to polyhedral epithelial
cell proliferations arranged in cords, trabeculae, or islands. The
majority of the examined neoplasms showed an orderly pro-
gression from polyhedral nonkeratinized cells localized at the
periphery of the neoplastic epithelial islands to large polygonal
keratinized cells.

According to the modified Anneroth’s multifactorial grad-
ing system, none of the SCC samples were well differentiated,
whereas 36 of 40 (90%) SCCs localized in udder (n = 19),
eyelid (n = 7), pinnae (n = 5), planum nasale (» = 3), and
trunk (n = 2) were moderately differentiated (median, 11;
range, 8—14) (Suppl. Table S1). Histologically, moderately
differentiated SCCs were characterized by trabeculae or small
islands of squamous cells associated with central eosinophilic
keratin (keratin pearls) (Fig. 3). Neoplastic cells exhibited
prominent intercellular bridges, abundant amphophilic to
eosinophilic cytoplasm, and large, irregularly round to oval
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Figures 1-4. Squamous cell carcinoma (SCC), sheep, skin. Figures 1-2. Horn and cauliflower-like gross appearance of SCC in the right eye (1)
and in the udder (2). Figure 3. Moderately differentiated SCC, case No. 29. There are irregular cords of squamous cells with still-evident
keratin pearls. Hematoxylin and eosin (HE). Figure 4. Poorly differentiated SCC, case No. 20. There are islands of pleomorphic neoplastic cells
embedded in an edematous stroma. HE.

nuclei with finely stippled chromatin. Cells showed moderate
anisocytosis and anisokaryosis and a variable number of
mitoses ranging from 0 to 6 per HPF (1.52 + 0.20, mean
+ SEM). Furthermore, a mild to moderate lymphoplasmacy-
tic infiltrate intermingled with keratin pearls was frequently
observed.

In contrast, 4 of 40 (10%) SCCs obtained from udder
(n = 2), planum nasale (n = 1), and trunk (» = 1) were poorly
differentiated (median, 15; range, 15-20) (Suppl. Table S1) and
characterized by neoplastic cells organized in trabeculae rather
than islands, disseminated in small groups or in keratinized
single cells, often with invasion of the dermis (Fig. 4). Cells
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Figures 5-6. Squamous cell carcinoma (SCC), sheep, skin. Figure 5. Moderately differentiated SCC, case No. 2. Histological aspect of a keratin
pearl (a), fluorescence (b), and colorimetric (c) Ovis aries papillomavirus 3 (OaPV3) hybridization signals in the nuclei of intermediate and
superficial layers. HE (a), in situ hybridization (b, c) with E6 OaPV3 probe. Figure 6. Moderately differentiated SCC, case No. 29. An island of
malignant squamous cells (a), with fluorescence (b) and colorimetric (c) hybridization signals in the nuclei. HE (a), in situ hybridization (b, c) with

LI OaPV3 probe.

showed extreme nuclear pleomorphism, and the mitoses were
atypical (1.5 + 0.20, mean + SEM). Furthermore, a moderate
lymphoplasmacytic infiltrate, admixed with degenerated neu-
trophils, scattered necrotic areas, and stromal fibroplasia, was
observed.

The superficial dermal collagen fibers of both SCC and non-
SCC samples from eyelid, planum nasale, and pinnae appeared
pale and hypocellular (moderate solar elastosis) and, in certain
cases, were characterized by a mild degree of laminar fibrosis.
In addition, there was thickening of vessel walls with endothe-
lial swelling and sometimes an obvious sclerotic change, often
admixed with neutrophilic inflammation with a low number of
lymphocytes, plasma cells, and macrophages.

By Spearman rank correlation, the degree of keratinization
was inversely associated with both nuclear pleomorphism (p =
—0.2348, P < .001) and number of mitoses (p = —0.1195, P <
.01) while, as expected, pleomorphism was positively associ-
ated with number of mitoses (p = 0.2106, P <.001) and pattern
of invasion (p = 0.3853, P < .001). No statistical association
was observed between the anatomic localization of the neo-
plasms and the SCC grade (3* = 4.15, P = .386).

PCR Detection of Ovine PVs

0aPV3 DNA was amplified from 26 of 40 (65%) SCCs and 12
of 40 (30%) non-SCCs (x> = 9.82, P = .002; Suppl. Tables S1—
S2). All examined samples tested negative for OaPV1 and
0OaPV2 DNA but were positive for the GAPDH gene. OaPV3
DNA was shown in 25 of 36 (69%) moderately differentiated
SCCs localized in udder (n = 12), eyelid (n = 3), pinnae (n =
5), planum nasale (n = 3), and trunk (» = 2) and in 1 of 4 (25%)
poorly differentiated SCC in the planum nasale (Suppl. Table
S1). Similarly, OaPV3 nucleic acid was detected in non-SCC
samples from the udder (n = 6), eyelid (n = 2), planum nasale
(n = 2), and pinna (n = 1) (Suppl. Table S2).

No statistical association was observed between the pres-
ence of OaPV3 and the SCC histological pattern (Fisher’s exact
= 0.139, P > .05) or between PV infection and the location of
the SCC (Fisher’s exact = 0.109, P> .05). Conversely, a higher
0aPV3 positivity was observed in SCC samples from UV-
exposed regions of the head (including eyelid, planum nasale,
and pinnae lesions) compared with non-SCC samples from
these regions (x> = 6.14, P = .013).
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Detection of OaPV3 in SCC by In Situ Hybridization

0aPV3 DNA was detected in 18 of 40 (45%) SCCs by colori-
metric and fluorescence ISH. Specifically, the viral DNA was
observed in 18 of 36 (50%) moderately differentiated SCCs
from the udder (n = 6), pinnae (n = 4), eyelid (n = 3), planum
nasale (n = 3), and trunk (n = 2) (Figs. 5, 6; Suppl. Table S1).
No viral DNA was detected in poorly differentiated SCCs (0/4)
and in negative control slides.

Sixteen of 18 (88%) positive slides were scored as
grade 1 (10%-40% of positive cells), whereas 2 of 18
(11%) were scored as grade 2 (41%-70% of positive cells)
(Suppl. Table S3).

Moderately differentiated SCCs demonstrated strong
and diffuse nuclear hybridization signals in malignant
squamous cells mostly in the basal and intermediate and,
less frequently, in the superficial layers of keratin pearls
(Figs. 5, 6). In addition, a hybridization signal was
detected in the hair follicular epithelium of 1 sample (case
No. 29, Suppl. Table S1).

Detection of OaPV3 Early and Late Transcripts in SCCs

0aPV3 early and late gene expression was detected by RT-
PCR in 24 of 40 (60%) carcinomas (Suppl. Table S1). The
presence of OaPV3 RNA, by RT-PCR, was identified in 23
of 36 (63%) moderately differentiated SCCs located in udder
(n = 10), pinnae (n = 5), eyelid (n = 3), planum nasale (n = 3),
and trunk (n = 2) and in 1 of 4 (25%) poorly differentiated
SCCs, sampled in planum nasale (» = 1) (Suppl. Table S1).
Specifically, 7 of 36 (19%) moderately differentiated SCCs
revealed expression of both E6 and L1 genes, while 6 of 36
(16%) and 11 of 36 (30%) moderately differentiated SCCs
revealed expression of only E6 or L1 transcripts, respectively.
Finally, the poorly differentiated SCC exhibited only expres-
sion of the L1 gene (Suppl. Table S1). Amplification of the
GAPDH gene was shown in all analyzed samples. The nucleo-
tide BLAST search of the sequences confirmed a 100% identity
for E6 and L1 OaPV3 transcripts.

Overall, PCR detected OaPV3 DNA in 26 of 40 (65%)
SCCs, while RT-PCR revealed the presence of cDNA in 24
of 40 (60%) SCCs. Notably, these 2 RT-PCR negative samples
(case Nos. 1 and 5, Suppl. Table S1) were OaPV3 positive by
both PCR and ISH.

Discussion

In this report, we evaluated the presence of ovine PV DNA
within SCC and non-SCC samples by PCR using specific pri-
mers for OaPV1, OaPV2, and OaPV3. As result, a high pre-
valence of OaPV3 DNA (65%) was identified in SCCs of
Sardinian sheep. Furthermore, as previously reported, a lower
prevalence (30%) of OaPV3 DNA in non-SCC samples was
also observed, suggesting a possible etiological role for the
virus in the tumor onset as proposed in humans.>'® Conversely,
none of the tested samples showed the presence of OaPV1 or

0aPV2 DNA. This could be related to the genome organization
of these viruses. In fact, OaPV1 and OaPV2 encode the E5
hydrophobic transmembrane protein, a well-characterized pro-
tein in bovine PV1 with a strong transforming activity in fibro-
blasts.” For this reason, and considering also the high sequence
homology between the E5 genes of the Delta genus PV types,
we could speculate that OaPV1 and OaPV2 are involved only
in fibropapilloma tumor development.'' Conversely, OaPV3
shows an epithelial tropism and lacks the E5 gene but retains
E6 and E7 protein, involved in several functions such as anoi-
kis, invasion, and altered functions of the p53 oncopro-
tein.>!73%35 I addition, OaPV-3 encodes the conserved
retinoblastoma (Rb) tumor suppressor binding sequence motif
in E7 that, as reported by Munger et al** and Bourgo et al,'”
promotes uncontrolled cell division by forming stable com-
plexes with the Rb codified protein. These data, as well as the
higher amplification rate in SCC samples compared with non-
SCC samples, suggest that OaPV3 may play a preferential key
role in epithelial malignant tumor development.

0aPV3-specific nuclear signal was detected in 45% of ovine
SCCs by ISH technique. Even though PCR, as expected, was
more sensitive in the detection of OaPV3 DNA and indeed
revealed higher positivity than ISH, ISH is advantageous for
the localization and quantification of infected cells.?’

Colorimetric ISH was most useful to detect the virus in
tumor cells, while the nuclear signals were more marked by
fluorescence analysis compared with the colorimetric method.
The localization of OaPV3 nucleic acid was revealed in malig-
nant squamous epithelial cells, confirming the epithelial trop-
ism of this PV.?

Furthermore, in 1 case (case No. 29), the virus was detected
in hair follicle epithelium. This result is in agreement with
previously and recently reported data that support the hypoth-
esis that adnexa could represent an important site of entry of the
virus and, consequently, a reservoir for many PV types.?%**->
As previously suggested, additional and focused studies will be
necessary to prove this hypothesis.**

RT-PCR for early and late genes showed the OaPV3 tran-
scriptional activity in 60% of SCCs, similar to reports in human
and cattle.®!'%* In addition, based on the gene expression pat-
tern of early or late transcripts, RT-PCR showed different
stages of the viral life cycle, corroborating the hypothesis of
a productive infection in tumor cells.*?

Through the RT-PCR analysis, OaPV3 cDNA was found in
24 of 26 PCR-positive SCCs. Furthermore, the presence of
viral DNA with the concomitant lack of transcriptional activity
in 2 cases (case Nos. 1 and 5, despite amplification of the ovine
GAPDH confirming RNA integrity) could indicate a silent PV
infection.'>?® These results are in agreement with previously
reported data in humans and cattle, in which the activated host
immune system is able to restrict the PV infection in basal cells,
leading to altered transcriptional activity, with the lack of E6
and L1 viral gene expression in immunocompetent
animals, 15:22:26:39

Our results showed that the modified Anneroth’s multifac-
torial grading system could be useful to characterize ovine
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cutaneous SCC, as confirmed by the statistical and biological
relationship between parameters such as cellular pleomorph-
ism, number of mitoses, and degree of invasion. The prognostic
value of this grading system needs to be confirmed by addi-
tional studies. The different grades of ovine SCC were unre-
lated to PV infection, suggesting (as proposed in humans) that
PVs are not the only factors responsible for tumor onset.>* In
particular, the higher OaPV3 positivity in SCC samples from
the UV-exposed regions compared with matched non-SCC
samples suggests that the virus could represent a synergic fac-
tor together with prolonged exposure to UV radiation and poor
skin pigmentation in tumor development and onset.'*’~2° Like-
wise, as demonstrated by in vitro studies, the local UV immu-
nosuppressive effect promotes cellular malignant
transformation, stimulating the activity of PV and increasing
the viral protein levels (ie, E6) able to suppress proapoptotic
proteins. >’

This study reports the first investigation of OaPV3 infection
in a large number of Sardinian sheep with SCC and offers new
insight into the pathogenesis of SCC in small ruminants. Our
data suggest a multifactorial etiology of cutaneous SCC.
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