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Abstract

A 12-year-8-month-old neutered male American Shorthair cat presented with multiple nail bed masses
and an ulcerative lip lesion. PCR identified Felis catus papillomavirus type 3 (FcaPV3) in the nail
masses and type 4 (FcaPV4) in the lip lesion. Histopathology revealed basosquamous cell carcinoma
(BSCC) in the digits and Bowenoid in situ carcinoma (BISC) in the lip. Tumor cells showed strong p16
positivity and weak or negative pRb and p53 expression. /n situ hybridization confirmed FcaPV3 and
FcaPV4 E6 genes in digital and lip tumors, respectively. Over six months, viral sequencing showed 23
nucleotide changes in FcaPV3, suggesting viral evolution. This is the first report of distinct malignant

epithelial tumors independently induced by FcaPV3 and FcaPV4 in a cat.
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Papillomaviruses (PVs) are small, non-enveloped viruses with circular double-stranded DNA genomes
[17]. They infect epithelial and mucosal tissues [1, 21] and are known to cause viral lesions as well as
malignant epithelial tumors, including Bowen’s disease (Bowenoid in situ carcinoma; BISC), squamous
cell carcinoma (SCC), and basal cell carcinoma (BCC) [1, 18, 19, 22]. Because of their strict host
specificity, PVs are named after the host species from which they are isolated [17, 22].

Human PVs enter the host through microabrasions in the epithelium or mucosa, infecting basal
keratinocytes [5]. After infection, the viral genome is transported to the nucleus, where it remains as an
episome. The genome replicates in synchrony with host cell division and is inherited by daughter cells
[15, 24]. Expression of late genes encoding capsid proteins begins in the spinous layer, followed by
virion assembly in the granular layer. Mature virions then accumulate and are released from the cornified
or non-keratinized epithelial layers [5, &, 17, 20].

Compared to human PVs, the mechanisms underlying PV-induced malignancies in animals remain
poorly understood. In humans, expression of the £/ and E2 genes facilitates limited viral replication,
allowing infection of adjacent basal cells and persistence of the virus within the epithelium [20]. When
viral DNA integrates into the host genome, persistent expression of the viral oncogenes £6 and £7 occurs
[6]. These oncoproteins promote tumorigenesis by degrading and inactivating host tumor suppressors
p53 and pRB, respectively [2, 25, 27].

In cats, Felis catus PVs (FcaPV) have been increasing associated with malignant epithelial tumors such
as SCC. To date, six distinct FcaPV types have been identified [16, 18, 21]. Each FcaPV type shows a
distinct tissue tropism and tumor-inducing potential, suggesting that infection site specifically may play
an important role in feline-PV-associated oncogenesis.

FcaPV1 infects both the skin and oral mucosa and is associated with the development of cutaneous and
oral papillomas, viral plaques, and BISC [16]. FcaPV2 primarily infects the skin and has been associated
with the development of SCC and BCC [16]. FcaPV3 mainly targets the skin and is associated with viral
plaques, BISC, SCC, and other skin tumors. FcaPV4 preferentially infects the lips and is associated with
BISC development [7, 14]. FcaPV5 predominately detected in the skin and is associated with viral

plaques and BISC, while FcaPV6 infects the nasal planum and is associated with SCC [16].



62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

89

Although co-infections with multiple PV types have been reported in humans [23, 28], dogs [12], cattle
[3, 26], and porcupines [13], such cases have not been documented in cats. Here, we describe a feline
case in which different FcaPV types were detected in malignant epithelial tumors of the nail bed and
lips. The case was analyzed pathologically and virologically to determine tumor characteristics, FcaPV
types, and their tissue localization.

A 12-year-8-month-old neutered male American Shorthair cat, negative for feline immunodeficiency
virus and feline leukemia virus, had a history of chronic nail-biting of the left forelimb since around
2021 and was treated for paronychia in 2022. In April 2023, nail bed masses developed on the right
forelimb and left hindlimb. Radiographs revealed osteolysis of the second digit of the right forelimb,
while computed tomography showed no evidence of pulmonary or metastatic lesions. Histopathological
examination by a commercial diagnostic service identified the nail bed masses on the right first and
second digits, left first and second digits, and left second hind digit as malignant epithelial tumors.

In June 2023, multiple nail bed masses were observed on the right first digit, left second digit, and left
second hind digit (Fig. 1A). These were surgically amputated, and the excised tissues were submitted to
the Veterinary Pathology Diagnostic Center and the Laboratory of Veterinary Pathology, University of
Miyazaki, for histopathological evaluation. In January 2024, a new inflammatory lesion was detected in
the nail bed of the right second digit (Fig. 1B), along with an ulcerative lesion on the left lip (Fig. 1C).
Both lesions were surgically excised—either in June 2023 or January 2024—and submitted to our
laboratory for pathological examination in August 2023 and February 2024, respectively.

Virological analyses were conducted using multiple nail bed masses, a single nail bed lesion, and a lip
lesion excised in June 2023 and January 2024, respectively. Genomic DNA was extracted from each
fresh-frozen tissue sample using the DNeasy Blood & Tissue Kit (QIAGEN, Venlo, Netherlands;
Catalog no. 69506), following the manufacturer’s instructions.

Real-time PCR was performed with the KAPA SYBR Fast qPCR Kit (ROX Low; NIPPON Genetics,
Tokyo, Japan; Catalog no. KK4621) according to the manufacturer’s protocol. Each 12.5 pL reaction
mixture contained 0.05 pL of each primer (50 pM forward and reverse), 6.25 pL of KAPA SYBR FAST
qPCR Master Mix (2x), 4.15 pL nuclease-free water, and 2 pL of genomic DNA. The primers used are

listed in Supplemental Table 1A. Amplification was carried out on a QuantStudio 3 real-time PCR



90
91
92
93
94
95
96
97
98
99
100
101

102

103

104
105
106
107
108
109
110
111
112
113
114

115

116

system (Life Technologies Japan, Inc., Tokyo, Japan) with the following thermal cycling conditions:
95°C for 3 min, followed by 40 cycles of 95°C for 3 sec and 60°C for 20 sec. Nuclease-free water was
used as a no-template negative control in all reactions.

Amplification of the Felis catus Alb gene was used as an internal control to verify DNA quality and PCR
efficiency. Consistent amplification of the A/b gene across all samples confirmed that DNA quality and
quantity were adequate for viral detection.

In multiple nail bed masses collected in August 2023, the mean Ct value for FcaPV3 was 12.7, lower
than those of other FcaPV types (Fig. 2). Similarly, the single nail bed lesion collected in February 2024
showed the mean Ct value of 14.4 for FcaPV3, also lower than other FcaPV types (Fig. 2). The lip lesion
collected in February 2024 showed the mean Ct value of 19.9 for FcaPV4, which was lower than those
of other FcaPV types (Fig. 2). These real-time PCR findings indicated FcaPV3 infection in the nail bed
lesions and FcaPV4 infection in the lip lesions (Fig. 2).

To determine the viral genome sequence, PCR amplification of FcaPV genomic DNA was performed
using PrimeSTAR® GXL DNA Polymerase (TaKaRa Bio Inc., Shiga, Japan, Catalog no. RO50A)

according to the manufacturer’s instructions. Each 50 pL reaction mixture contained 0.2 pL of each
primer (50 uM), 10 pL 5% PrimeSTAR GXL Buffer, 4 uL of dNTP Mixture (2.5 mM each), 33.6 uL of
nuclease-free water, 1 pL of PrimeSTAR GXL DNA Polymerase, and 1 pL of genomic DNA. The
primers used for sequencing are listed in Supplementary Table 1B. PCR conditions were as follows:
initial denaturation at 98°C for 10 s, followed by 35 cycles of 98°C for 10 s, 60°C for 15 s, and 68°C
for 40 s, with a final extension at 68°C for 7 min. Nuclease-free water was used as a negative control in
all experiments.

PCR products were separated by electrophoresis on a 1% agarose gel, and specific bands were excised
(Supplementary Figs. 1A-B). DNA was purified from the gel using the QIAquick Gel Extraction Kit
(QIAGEN, Catalog no. 287006).

For Sanger sequencing, PCR products were subjected to cycle sequencing using the SupreDye v3.1

Cycle Sequencing Kit (M&S TechnoSystems, Osaka, Japan, Catalog no. 063002), following the

manufacturer’s protocol. Each 10 pL sequencing reaction contained 1 pL of primer (1.6 uM), 1 pL of
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SupreDye Ready-Reaction Premix, 1.5 uL of 5% Sequencing Buffer, 5.5 pL nuclease-free water, and 1
pL of the PCR product. Thermal cycling conditions included an initial denaturation at 96°C for 10 s,
followed by 25 cycles of 96°C for 10 s and 60°C for 4 min. Sequencing products were purified using

Gel Filtration Cartridges (M &S TechnoSystems, Catalog no. 42453) and analyzed on a SeqStudio

Genetic Analyzer (Life Technologies Japan, Inc.).

Sequence data were processed and analyzed using BioEdit (Informer Technologies, Inc., Wilmington,
USA) and MEGA11 (MEGA Software, Tempe, USA). A phylogenetic tree was constructed using full-
length genome sequences obtained from GenBank (Figs. 3A and B). Multiple sequence alignment was
performed using the MUSCLE algorithm in MEGA 11, and phylogenetic relationships were inferred
using the maximum likelihood and neighbor-joining methods with the Jones—Taylor—Thornton matrix-
based model.

The FcaPV3/GNGN3/Fukuoka/Japan/2023 strain (GenBank accession number LC859345.2) detected
from multiple nail bed masses in August 2023 showed 99.89% nucleotide identity with the reference
FcaPV3 strain (GenBank accession number NC 021472.1) (Supplementary Table 3A).

The FcaPV3/cat/Japan/Fukuoka GNGN3/2024 strain (GenBank accession number LC884935.1),
detected in the single nail bed lesion collected in February 2024, showed the highest nucleotide identity
(99.92%) with the FcaPV3/China/SMU-D21/2019 (GenBank accession number ON226485.1)
(Supplementary Table 3B).

Similarly, the FcaPV4/Japan/GNGN4/2024 strain (GenBank accession number LC859344.1), identified
from a lip lesion collected in February 2024, showed the highest sequence identity (98.59%) with the
FcaPV4/13136 strain (GenBank accession number LC333412.2) (Supplementary Table 3C).
Longitudinal sequence comparison between FcaPV3/GNGN3/Fukuoka/Japan/2023 (detected in
multiple nail bed masses collected in August 2023) and FcaPV3/cat/Japan/Fukuoka GNGN3/2024
(from a single nail bed lesion collected in February 2024) revealed 23 nucleotide substitutions across
the 7,583-base genome (Fig. 3C). The substitutions included five C-to-T changes, four T-to-C changes,
four A-to-G changes, three G-to-A changes, two each of T-to-A, C-to-G, and A-to-T changes, and one

A-to-C substitution.
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For histopathological analysis, tissue specimens were fixed in 10% neutral-buffered formalin, embedded
in paraffin, sectioned at 4 pm, and stained with hematoxylin and eosin (HE).

Multiple nail bed masses observed in the second digit of the left forelimb, the first digit of the right
forelimb, and the second digit of the left hindlimb showed infiltrative neoplastic growth extending from
the dermis of the nail bed into the subcutaneous tissue and phalanges (Fig. 4A). The neoplastic tissue
was arranged in islands, cords, and trabeculae, with focal squamous differentiation characterized by
polygonal cells containing eosinophilic cytoplasm and central keratinization (Fig. 4B). Tumor cells were
basaloid to cuboidal, with oval nuclei, coarse chromatin, and one or occasionally two prominent
nucleoli. Koilocytes with perinuclear vacuolation were observed (Fig. 4C), along with areas of necrosis,
stromal fibrosis, and bone lysis. Some squamous cells were enlarged, containing large nuclei with
basophilic, rod-shaped to amorphous cytoplasmic inclusions (Fig. 4D). The mitotic count was 32 per 10
high-power fields (HPFs; 2.37 mm?). Based on these features, the lesions were diagnosed as
basosquamous cell carcinoma (BSCC).

In the single nail bed lesion, the dermis was infiltrated by neutrophils and lymphocytes, with
accompanying hemorrhage and fibrin deposition. Epidermal hyperplasia was present, but no neoplastic
proliferation was identified. These findings were consistent with onychomycosis.

In the ulcerative lesion of the left lip, well-demarcated neoplastic proliferation was observed within the
epidermis, extending into the superficial dermis (Fig. 4E). The neoplastic tissue was subdivided by
fibrous connective tissue and remained confined above the basement membrane, exhibiting diffuse
intraepithelial growth. Tumor cells were irregularly shaped with indistinct borders, round to
pleomorphic nuclei containing finely granular chromatin, and one or two variably sized nucleoli (Fig.
4F). Clear to grayish-blue intranuclear inclusions were evident in tumor cells (Fig. 4G). Some cells
contained melanin pigment, showed bluish-gray cytoplasmic swelling (Fig. 4H), or exhibited
perinuclear clearing. The mitotic count was 84 per 10 HPFs. Based on these histopathological features,
the lesion was diagnosed as BISC.

Immunohistochemistry (IHC) was performed on both BSCC and BISC specimens using the primary
antibodies listed in Supplementary Table 2. The Histofine Simple Stain MAX-PO™ (MULTTI) system

(Nichirei Bioscience, Tokyo, Japan) was used as the secondary antibody. For antigen retrieval, sections
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stained for p16 were treated in a pH 9.0 buffer, whereas those for p53, p63, and pRb were treated in a
pH 6.0 buffer. Primary antibody incubation was conducted at 37°C for 1 hour, followed by incubation
with the secondary antibody at 37°C for 40 min. Immunoreactivity was visualized using 3,3'-
diaminobenzidine (DAB; Sigma Aldrich, Tokyo, Japan, catalog no. D5637) as the chromogen, and
sections were counterstained with hematoxylin.

Both BSCC and BISC neoplastic cells were strongly positive for p16 and p63 (Figs. SA—D) and weakly
positive for pRb (Figs. SE and F). The neoplastic cells in BSCC were negative for pS3 (Fig. 5G),
whereas those in BISC showed positive immunoreactivity for p53 (Fig. SH).

Similarly, in situ hybridization (ISH) was performed on BSCC and BISC tissues using the RNAscope™
2.5 HD Reagent Kit-BROWN (Cosmo Bio, Tokyo, Japan, catalog no. 322300) according to the
manufacturer’s instructions, with reference to a previous report [33]. Probes complementary to the E6
gene regions of FcaPV3 and FcaPV4 were designed for this experiment (Supplementary Table 4).
Sections were first treated with the hydrogen peroxide solution provided in the kit for 10 min at room
temperature, rinsed with distilled water, and subjected to heat-induced target retrieval in Target Retrieval
Buffer at 105°C for 10 min. The target-specific probes were then hybridized to each section at 40°C for
2 h. Hybridization signals were visualized using DAB for 10 min at room temperature, and sections
were counterstained with hematoxylin.

In BSCC, the FcaPV3 E6 gene was detected in both the nuclei and cytoplasm of tumor cells in a punctate
pattern (Fig. 6A). In BISC, the FcaPV4 E6 gene was similarly detected in the nuclei and cytoplasm of
tumor cells (Fig. 6B). Neither FcaPV3 E6 nor FcaPV4 E6 was detected in the normal tissues
surrounding the BSCC or BISC lesions.

To date, six types of FcaPV have been reported: FcaPV1, FcaPV2, FcaPV3, FcaPV4, FcaPV5, and
FcaPV6 [16, 18, 21]. These viruses show site-specific infection patterns and tumor associations
depending on the viral type [16]. FcaPV3 predominantly infects the skin, where it is associated with
viral plaques, BISC, SCC, and other cutaneous tumors. In contrast, FcaPV4 primarily infects the oral
cavity and is linked to stomatitis and BISC [16].

In the present case, FcaPV3 was detected in nail bed masses from the first digit of the right forelimb,

the second digit of the left forelimb, and the second digit of the left hindlimb in June 2023, as well as in
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an inflammatory nail bed lesion of the second digit of the right forelimb in January 2024. FcaPV4 was
detected in a lip lesion that appeared in January 2024. Histopathologically, the nail bed mass was
diagnosed as BSCC, while the lip lesion was diagnosed as BISC. Therefore, FcaPV3 and FcaPV4 exhibit
distinct tissue tropisms and tumor associations, similar to the site-specific pathogenicity observed in
PVs of humans and other animals.

Comparative genomic analysis of FcaPV3 sequences identified from a nail bed mass that developed in
June 2023 (GenBank accession number LC859345.2) and from an inflammatory nail bed lesion that
appeared 252 days later in January 2024 (GenBank accession number LC884935.1) showed 23
nucleotide differences across 7,583 bases. These findings suggest two possibilities—the same strain
evolved over the 252-day period, or a different strain, distinct from the one detected in August 2023,
subsequently infected the cat. We consider the first possibility more likely, as FcaPV3 was detected in
lesions located near each other in the same cat. Although DNA viruses are typically considered to have
greater genomic stability than RNA viruses, this observation suggests that FcaPV3 may undergo more
rapid evolution than previously recognized.

In the evolution of human papillomaviruses (HPVs), APOBEC3 proteins play a well-documented role
[32]. The accumulation of C-to-T substitutions is a hallmark of HPV evolution driven by APOBEC3-
mediated mutagenesis. Moreover, a high burden of APOBEC3-induced mutations in HPV genomes has
been associated with an increased probability of tumor regression [34]. To date, the role of feline
APOBECS3 in the genomic evolution of FcaPV has not been reported. However, the numerous C-to-T
substitutions observed in this case suggest a potential relationship similar to that seen between human
APOBEC3 and HPV. Further virological and cellular studies are warranted to elucidate this relationship.
Co-infection involving different PV types has been documented in several species, including humans,
dogs, cattle, and porcupines [3, 12, 13, 23, 26, 28]. In humans, multiple HPV infections were observed
in 105 of 178 HPV-positive individuals (59%) [23]. In dogs, canine papillomaviruses (CPV) 1 and 2 are
the predominant types, with CPV1 primarily associated with oral lesions and CPV2 with cutaneous
papillomas; co-infection with both types occurs in approximately 20% of CPV-positive cases [12]. In

cattle, bovine papillomaviruses (BPV) 1 and 2 frequently co-infect the same host, with all tested samples
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showing at least dual infection [26]. Similarly, North American porcupines have been found to harbor
co-infection with Erethizon dorsatum papillomavirus 1 and 2 [13].

In contrast, papillomavirus infections in cats have thus far been reported only as single-type infections.
Therefore, the present case, in which co-infection with FcaPV3 and FcaPV4 was identified, represents
the first documented instance of dual papillomavirus infection in a cat.

Integration of HPV DNA into the host genome induces constitutive expression of the viral oncogenes
E6 and E7 [5, 31], which promote degradation of the host tumor suppressor proteins p53 and pRb [2,
10, 25, 27]. Consequently, HPV-infected cells typically show reduced p53 staining and weak-to-
intermediate pRb immunoreactivity. In this case, p53 staining was negative or weakly positive, and pRb
showed weak positivity.

The p53 protein regulates the cellular response to DNA damage by inducing cell cycle arrest and
apoptosis, whereas pRb acts as a brake on cell cycle progression by binding to E2F, a transcription factor
that drives cell proliferation. Suppression of these tumor suppressor proteins by viral oncoproteins leads
to uncontrolled cell proliferation. In this study, PCR analysis detected E6 and E7 genes of FcaPV3 and
FcaPV4, indicating active viral infection and possible integration of viral genomes into host cells. The
cat in this case was noted to habitually bite its claws, which may have caused minor wounds serving as
portals of viral entry. The absence or weak expression of p53, together with weak pRb staining and the
detection of E6 genes from FcaPV3 and FcaPV4 in tumor cells, collectively suggest degradation of
tumor suppressor proteins resulting from viral genome integration.

Previous studies have reported associations between specific FcaPV types and distinct histopathological
features [21]. In FcaPV3-associated lesions, tumor cells often contain abundant clear cytoplasm with
elongated amphophilic to basophilic intracytoplasmic inclusion bodies [21]. In contrast, FcaPV4-
associated lesions are characterized by cells with finely granular blue-gray cytoplasm and peripherally
located nuclei within hyperplastic regions [21]. In this case, rod-shaped basophilic intracytoplasmic
inclusions were observed in tumor cells within multiple nail bed masses where FcaPV3 DNA was
detected, consistent with previous findings. Similarly, tumor cells in the FcaPV4-positive lip lesion

exhibited grayish-blue cytoplasmic swelling characteristic of FcaPV4 infection.

10
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pl6 is a tumor suppressor that inhibits cyclin-dependent kinases (CDKs). Under normal conditions,
CDKs phosphorylate pRb during the G1 phase, releasing E2F and allowing entry into the S-phase.
Notably, p16 regulates cell proliferation through a negative feedback loop with pRb. In papillomavirus-
induced oncogenesis, viral E7 inactivates pRb by competing with CDKs, thereby disrupting this
regulatory mechanism. Consequently, pl6 becomes overexpressed while cell proliferation continues
unchecked, making p16 a sensitive surrogate marker of papillomavirus infection [4, 10, 11]. In this case,
pl6 expression was confined to tumor areas, supporting the involvement of FcaPV based on
immunohistochemical findings. In contrast, p63, a basal epithelial cell marker, is expressed in tissues
such as the cervix, urothelium, mammary gland, and prostate [9, 29, 30]. Strong nuclear positivity for
p63 in tumor cells indicates a basal epithelial origin.

In conclusion, the multiple nail bed masses consisted of basal cell-like cells with focal squamous
differentiation and intranuclear inclusion bodies, consistent with BSCC associated with FcaPV3. The
lip lesion exhibited well-defined neoplastic proliferation within the epidermis, consistent with BISC
associated with FcaPV4. Both neoplasms showed strong pl6 immunoreactivity and weak or absent
staining for pRb and p53. In situ hybridization confirmed the presence of the FcaPV3 and FcaPV4 E6
genes in the BSCC and BISC, respectively. According to the available literature, this is the first report
of malignant tumors independently induced by FcaPV3 and FcaPV4 in a cat. Further studies are

necessary to understand the pathogenesis of paFcaPV infection in cats.

11
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Figure Legends

Figure 1. Gross findings of the case specimens.

(A) Multiple nail bed masses on the first digit of the left forelimb (left), second digit of the left forelimb
(center), and second digit of the left hindlimb (right).

(B) Single nail bed lesion on the second digit of the right forelimb (arrow).

(C) Ulcerated tumor on the left lip (arrow).

Figure 2. Detection of Feline catus papillomavirus (FcaPV).
DNA was extracted from multiple nail bed masses or a lip lesion and analyzed by SYBR Green-based
qPCR using primers specific for FcaPV1-6 and the Felis catus albumin gene as a positive control.

Infection was assigned to the FcaPV type with the lowest Ct value.

Figure 3. Genetic analysis of FcaPV genomes.

(A) Phylogenetic tree of FcaPV3 strains generated using MUSCLE algorithm and constructed by
maximum likelihood and neighbor-joining methods with the Jones—Taylor-Thornton model in MEGA
11.

(B) Phylogenetic tree of FcaPV4 strains constructed as in (A).

(C) Partial sequence alignment of FcaPV3 detected from multiple nail bed masses in August 2023 and

a single nail bed lesion in February 2024.

Figure 4. Histopathological findings of the case specimens.

(A) Basosquamous cell carcinoma (BSCC), digit. Neoplastic cells infiltrate from the dermis into
subcutaneous tissue. Hematoxylin and eosin (HE).

(B) BSCC showing basal cell-like cuboidal tumor cells arranged in islands, bands, and cords with focal
squamous differentiation. HE.

(C) BSCC displaying koilocytosis with perinuclear vacuolation (arrows). HE.

(D) BSCC tumor cells containing rod-shaped cytoplasmic inclusion bodies (arrows). HE.

13
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(E) Bowenoid in situ carcinoma (BISC), lip. Well-demarcated neoplastic proliferation confined to the
epidermis, extending toward the dermis. HE.

(F) BISC tumor cells with irregular shape and indistinct borders. HE.

(G) BISC tumor cells containing grayish-blue nuclear inclusion bodies (arrows). HE.

(H) BISC tumor cells showing blue-gray cytoplasmic swelling (arrow). HE.

Figure 5. Immunohistochemical findings of the case specimens.

(A) Basosquamous cell carcinoma (BSCC) showing strong nuclear and cytoplasmic pl6
immunoreactivity in tumor cells. Immunohistochemistry (IHC).

(B) Bowenoid in situ carcinoma (BISC) showing strong nuclear and cytoplasmic p16 immunoreactivity.
IHC.

(C) BSCC showing strong nuclear p63 immunoreactivity. [HC.

(D) BISC showing strong nuclear p63 immunoreactivity. [HC.

(E) BSCC with nuclear pRb immunoreactivity in a subset of tumor cells (arrows). IHC.

(F) BISC with nuclear pRb immunoreactivity in a subset of tumor cells (arrows). IHC.

(G) BSCC tumor cells negative for p53. IHC.

(H) BISC tumor cells showing weak nuclear p5S3 immunoreactivity in a subset of cells (arrows). IHC.

Figure 6. In situ hybridization of the case specimens.

(A) Basosquamous cell carcinoma (BSCC) showing intense punctate nuclear and cytoplasmic
hybridization signals for FcaPV3 E6 gene in tumor cells.

(B) Bowenoid in situ carcinoma (BISC) showing intense punctate nuclear and cytoplasmic hybridization

signals for FcaPV4 E6 gene in tumor cells.
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