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ABSTRACT.	 Felis catus papillomavirus (FcaPV), especially type 2 (FcaPV2) is considered as one 
of the causative agents in squamous cell carcinoma (SCC) in cats. However, our previous study 
detected FcaPV3 and FcaPV4, but not FcaPV2 in feline SCCs collected in Japan, suggesting that 
the prevalence of FcaPV2 in SCC may vary depending on geographic locations. To evaluate this 
hypothesis, two conventional PCR reactions targeting E1 and E7 genes were performed to detect 
FcaPV2 in feline SCC samples collected in Taiwan and Japan. While 46.9% (23/49) of feline SCC 
cases from Taiwan were PCR positive for FcaPV2, only 8.6% (3/35) cases from Japan were positive. 
Our result suggests that the prevalence of FcaPV2 in feline SCCs may depend on the region.

KEY WORDS:	 Felis catus papillomavirus type 2, Japan, molecular epidemiology, squamous cell 
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Squamous cell carcinoma (SCC) is one of the common neoplastic diseases in cats, sharing about 15% of cutaneous tumors and 
the most in oral neoplasms [18, 27]. As one of the causative agents in feline SCC development, Felis catus papillomavirus (FcaPV) 
infection has been suggested [22, 24]. To date, six genotypes of FcaPVs have been detected and characterized from cutaneous/
mucosal lesions in cats [8]. Among the six FcaPV types, FcaPV type 2 (FcaPV2) has been commonly identified in SCCs from the 
studies in Europe [2], Oceania [21, 29], and North America [26]. However, to our knowledge, no epidemiological information on 
FcaPV2 in Asian countries is available. In our previous study, FcaPV3 and FcaPV4, but not FcaPV2 was detected in feline SCC 
lesions collected in Japan [32], suggesting that distribution of FcaPV type may vary in different geographic regions worldwide. 
In cats, papillomaviral studies on viral plaques and Bowenoid in situ carcinomas (BISCs) are reported, as these diseases have 
potential to progress into SCCs [24, 26]. As well as in SCCs, FcaPV2 is considered to be the most prevalent genotype in viral 
plaques and BISCs in Europe and Oceania [1, 16, 30]. Based on these studies describing FcaPV2 detection at high rates in feline 
PV-associated neoplasms, a recent vaccinology study has focused on developing a viral-like particle (VLP) vaccine targeting 
FcaPV2 [28]. Although FcaPV2 is currently considered as a candidate FcaPV genotype for the first PV vaccine in cats [28], the 
information on FcaPV2-prevalence in Asian countries is scarce.

In humans, the divergence in high-risk human PV (HPV) type prevalence between geographical locations [10, 13] has been 
one of the considerable issues in vaccine development [9]. Similarly, to facilitate the development of a universally applicable and 
effective animal vaccine, molecular epidemiological studies are essential. Based on these backgrounds, this study aimed to identify 
the prevalence of FcaPV2 in SCC lesions of cats kept in Taiwan and Japan.

A total of 109 formalin-fixed paraffin-embedded (FFPE) tissue samples histologically diagnosed as feline SCC collected in 
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Taiwan (n=73) and Japan (n=36) [32] were analyzed. All of the samples from Taiwan and Japan were biopsy samples subjected for 
the purpose of histopathological diagnosis conducted at the Graduate Institute of Molecular and Comparative Pathobiology, School 
of Veterinary Medicine, National Taiwan University and the Laboratory of Veterinary Pathology, Department of Veterinary Medical 
Science, The University of Tokyo, respectively. Information of breed, sex, age, and lesion site of each case is summarized in 
Supplementary Table 1 and Supplementary Fig. 1. Overall, the mean age was 12.0 (Taiwan: 11.8; Japan: 12.2) years, ranged from 
0.5 to 18. In both Taiwan- and Japan-derived samples, more female than male cats including the neutered animals were observed 
(Supplementary Fig. 1). The mean age of SCC-bearing cats was similar to that of the previous surveillance data (12.2 years), but 
SCC development was described to be more common in male than female cats in a previous study [11]. SCCs developed on the 
cutaneous sites were more common in Japanese cats (61%) than Taiwanese cats (40%) (Supplementary Fig. 1). Oral cavity such 
as the tongue and gingiva were common lesion site of the SCCs derived from the mucosal sites in both countries (Supplementary 
Table 1). Three cases from Japan were positive for FcaPV3 (sample ID: 13-0153) and FcaPV4 (13-136 and 14-1110) as described 
in the previous study [32].

Genomic DNA from FFPE tissue blocks was extracted using QIAamp DNA FFPE Tissue Kit (Qiagen, Hilden, Germany), 
following the manufacturer’s instructions. The quantity and quality of the extracted DNA samples were measured using NanoDrop 
Lite (Thermo Fisher Scientific, Waltham, MA, USA). Conventional PCR was performed to detect feline beta-actin and FcaPV2 
DNA by using DNA polymerase KOD FX Neo (Toyobo, Otsu, Japan). Considering the DNA fragmentation due to formalin fixation 
[6], primers were designed to amplify short sequences (<200 bp) of each target (Supplementary Table 2). Each PCR mixture was 
prepared as follows: 20 µl 2×PCR Buffer for KOD FX Neo, 4 µl dNTPs (2 mM), 0.4 µl forward primer (10 µM), 0.4 µl reverse 
primer (10 µM), and 0.4 µl KOD FX Neo (1 U/µl). Template DNA was added between 30 and 40 ng per PCR reaction and distilled 
water was filled up to a total volume of 20 µl. Distilled water instead of the template DNA was applied for negative controls. 
Extracted DNA sample from a feline BISC case was applied as positive controls for FcaPV2 E1 1769 (F)/1925 (R) and FcaPV2 E7 
956 (F)/1130 (R) primer pairs. PCR cycling condition referring to the manufacturer’s instructions was as follows: pre-denaturation 
at 94°C for 2 min followed by 39 cycles of denaturation at 98°C for 10 sec, annealing at respective melting temperatures for 30 sec 
and extension at 68°C for 15 sec. PCR-amplified products were electrophoresed on 2% agarose gels, stained with GelRed, and the 
bands were visualized with UV exposure. PCRs for FcaPV2 E1 and for FcaPV2 E7 exhibited the same sensitivity; the detection 
limit was 10 copies of FcaPV2 DNA per reaction (data not shown).

PCR results are summarized in Table 1 and Supplementary Table 1. Forty-nine out of 73 (67.1%) and 35 out of 36 (97.2%) 
samples from Taiwan and Japan were positive for feline beta-actin, respectively. Because DNA of beta-actin-negative samples 
might be degraded, samples positive for feline beta-actin were compared for FcaPV2 prevalence between Taiwan and Japan. 
However, given that background clinical information (breed, sex, lesion site, age, etc.) would be valuable epidemiological data 
for clinical veterinary medicine studies on feline SCC [11], such information of beta-actin-negative SCC cases is also included 
in Supplementary Table 1. Among the beta-actin-positive samples from Taiwan, 20.4% (10/49 samples) were both positive for 
FcaPV2 E1 and E7 (E1/E7). Some cases were positive for either E1 (14.3%, 7/49) or E7 (12.2%, 6/49) and 53.1% (26/49) were 
FcaPV2 E1/E7-negative. Three samples collected in Japan were positive for E1 and/or E7 (8.6%, 3/35) and one sample (2.9%, 
1/35) was positive for E1 only. Thirty-two samples were negative for FcaPV2 E1/E7 (91.4%, 32/35) (Table 1). FcaPV2 E1/E7 
prevalence between Taiwan and Japan was tested for significant difference with Fisher’s extract two-sided test. E1 and/or E7-
positive ratio was significantly higher in Taiwan-derived feline SCCs than Japan-derived samples (P=0.000029). No significant 
differences were evident in FcaPV2 E1/E7 double-positive ratios between the two countries (P=0.067).

Some samples from both countries were positive for either E1 or E7 (Supplementary Table 1). In humans, it has been described 
that disruptions of HPV E1 and E2 promote oncogenesis by accelerating E6/E7 expression [17]. A molecular epidemiological study 
on HPV18 showed that some of the cervical specimen samples including SCC lesions were single-positive for either E2 or E6/E7 
determined by conventional PCR [31]. In animals, a study on Canis familiaris PV type 16 described that partial sequence of E1 
and E2/E4 were deleted due to viral integration into the host gene in a canine cutaneous SCC case [14]. To the authors’ knowledge, 
no sequence deletions associated with viral genome integration in cats have been previously reported. Further studies investigating 
the association between viral kinetics and SCC pathogenesis are needed to understand the phenomenon of FcaPV2 E1 or E7 single-
positive cases.

Here, we described FcaPV2 prevalence discrepancies in feline SCCs between two island countries in Asia, Taiwan and Japan. 
PCR detection targeting FcaPV2 E1/E7 revealed that SCC lesions collected in Taiwan harbored higher prevalence than samples 
derived from Japan. Previous studies describing FcaPV2 detection in SCC lesions have been reported in Europe, Oceania, and 
North America. From the previous studies reported in New Zealand, 54% (38/70) [24] to 85% (17/20) [22] of cutaneous SCCs 
were described to be positive for FcaPV2. In North America, FcaPV2 was identified in 23% (9/39) to 50% (9/18) of feline 
cutaneous SCC samples by PCR [12, 26]. From a recent study reported in Italy, 31% (10/32) of feline oral SCC was positive for 
FcaPV2 DNA [2]. Based on these studies, FcaPV2 prevalence of Taiwan-derived SCC samples showed a similar ratio (46.9%) to 
those reported from non-Asian countries [2, 12, 22, 24, 26] whereas, FcaPV2-positive ratio was lower in SCC samples collected 
in Japan (8.6%). These results suggest that FcaPV2-prevalence may be different between two countries, however, sampling biases 
and limitations, such as sample numbers, domestic geographical origin, and lesion sites need to be considered. Regarding the 
domestic geographical origin, samples from Taiwan were derived from cats kept all over Taiwan, but most of the cases were from 
the Northern West. Specimens collected in Japan were biopsies excised from cats owned mostly in the Tokyo area (Kanto), while 
at least five cases from Japan (ID: 13-136; 5741-2013; 5757; 6997-2015; 5693) were derived from the southern part of Japan 
(Kyushu).
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In cats, oral cavity and the skins of non-haired, non-pigmented areas of the body (pinna, nasal planum and eyelids) are common 
developing sites of SCC [7, 20, 25]. In this study, 37 out of 56 (66.1%) mucosal SCCs derived from both countries were lesions of 
the oral cavity including the tongue and gingiva (Supplementary Table 1). In humans, about a quarter of oral SCCs was described 
to have an association with PV infection [15]. Whereas in felids, detection ratio of PVs in oral SCCs differs between each study 
ranged from 0% (0/30) [23] to 31.3% (10/32) [2]. Here, 42.9% (12/28) of beta-actin-positive oral SCC samples derived from 
Taiwan (n=19) and Japan (n=9) were positive for FcaPV2 E1 and/or E7. Taiwan-derived oral SCC samples harbored higher 
FcaPV2 prevalence (57.9%, 11/19) than that of Japan-derived lesions (11.1%, 1/9), suggesting that PV prevalence may be divergent 
between lesion sites in addition to the country of origin. Although previous studies demonstrate the presence and gene expressions 
of FcaPV2 in feline oral SCCs [3, 4], additional evaluations are needed to clarify the significance of FcaPV2 infection and oral 
SCC development in cats.

Detection methodologies are one of the important factors in interpreting and conducting molecular epidemiological studies. 
The use of FFPE tissue blocks is a valuable source of DNA for retrospective researches on PV epidemiology. In our previous 
study, none of the analyzed SCC samples in Japan was positive for FcaPV2 by applying FcaPV2 type-specific primers designed to 
amplify a product of 419bp [32]. Likewise, none of the Taiwan-derived SCC samples included in this study was positive for 419 bp 
sequence of FcaPV2 using the same type-specific primer pair [32] (data not shown). In the present study, by applying the primers 
designed to target short sequences below 200 bp considering the DNA fragmentation [6], one sample (13-882) from our previous 
study [32] turned out to be positive for FcaPV2 E1/E7 (Supplementary Table 1). Similarly, previous literature described that 
primers targeting shorter sequences detected more PV DNA in FFPE-derived DNA samples [5], suggesting that primers amplifying 
short sequences may be desirable for performing PCR with FFPE-derived DNA samples.

There are two limitations in our study. First, the etiological roles of FcaPV2 in SCC development need to be investigated. In 
cats, as positive immunoreactivity of p16INK4a protein is considered as one of the observations indicative of PV infection and 
SCC development [3, 19, 32], immunohistochemical analysis targeting p16INK4a is preferable for proving the active involvement 
of FcaPV2 in the samples analyzed in this study. However, since the Taiwanese samples were available only as extracted DNA 
and some of the FFPE tissue blocks of the Japanese samples including three FcaPV2-positive cases (ID: 5757; 13-882; 16-0593) 
had run out, such immunohistochemical analysis was impossible to carry out. Both molecular and pathological analyses are thus 
essential for future studies to strengthen the association of PV infection with disease development. Another limitation was that 
unlike the Japan-derived SCC specimens [32], FcaPV types 3 and 4 were not investigated in the Taiwan-derived SCC specimens 
because some of the samples had been used up, precluding statistical comparison of FcaPV3/4 prevalence between the two 
countries. Further examination on various FcaPV types in larger sample sizes is required to better understand the molecular 
epidemiology of FcaPVs.

In conclusion, this study suggests that FcaPV2-prevalence in feline SCCs may be divergent across geographical areas. Further 
studies are required with larger sample sizes from various geographic origins including other Asian countries to enrich the 
knowledge on distributions and prevalence of FcaPV2. The present study describing the first molecular epidemiological report of 
FcaPV2 in Taiwan and Japan will contribute to the establishment of PV-associated disease prevention and treatment strategies.
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