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Abstract 26 

Several studies based on histopathology or molecular investigations suggest a causal 27 

relation between Felis catus papillomavirus (FcaPV)-2 infection and bowenoid in situ 28 

carcinoma (BISC) in cats. Nevertheless, data on distribution of viral DNA for different 29 

Felis catus  Papillomavirus types (FcaPV-1, 2, 3, 4, 5) in precancerous skin lesions are 30 

lacking. In this study, incisional and excisional skin biopsies from 18 cats with BISC 31 

were investigated for presence of FcaPV DNA by quantitative PCR and chromogenic in 32 

situ hybridization (CISH) using specific probes to detect each of the FcaPVs that have 33 

been so far identified. By qPCR analysis, 15/18 samples were positive for FcaPV-2, 2 34 

for FcaPV-4, and one sample was negative for all FcaPVs studied. Two cases were 35 

positive for FcaPV-5 by qPCR only. FcaPV-1 and 3 were not detected by either method. 36 

CISH positivity for FcaPV-2 and 4 was 100% concordant with qPCR. FcaPV-2 CISH 37 

signal was observed as nuclear dots within grouped neoplastic keratinocytes in 12 38 

BISCs and in the perilesional skin of 9 biopsies. In 3 of these 9 cases the signal was not 39 

observed within the BISC. FcaPV-4 CISH positivity was detected only within BISCs in 2 40 

cases.  41 

The overall rate of concordance for FcaPV detection between PCR and CISH was 42 

97.8%.  This study suggests that CISH is a reliable method to detect FcaPV2-4 infection 43 

in cats and provides useful information on the type, rate and localization of infected 44 

cells.  45 

 46 
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 3 

Key words: chromogenic in situ hybridization, Felis catus Papillomavirus, 48 

carcinogenesis, cats, in situ Bowenoid carcinoma, ,qPCR, viruses. 49 

 50 

Introduction 51 

 52 

Feline Bowenoid in situ carcinoma (BISC) is an uncommon skin disease 53 

frequently associated with species-specific papillomaviruses (PVs).17,21 Lesions may 54 

occur at any cutaneous site, even in pigmented and densely haired skin, as well as in 55 

areas with or without sun exposure.17  56 

Among Felis catus papillomaviruses described in cats (FcaPV-1 to FcaPV-5), the most 57 

studied for its association with BISC is FcaPV-2 .1,4,12,13,20,28-30,32 FcaPV-1, the first feline 58 

virus to be fully sequenced (and initially named FdPV-1), was detected in a plaque and 59 

associated with oral papillomas but never with BISCs.18,29 FcaPV-3, which induces 60 

histopathological features different from those shown by other FcaPVs, has been 61 

associated with multicentric BISC in a Sphynx cat and recently in four other cases.16,22 62 

FcaPV-4 DNA has been identified by real-time PCR in oral tissue of a cat with stomatitis 63 

and in two cats with BISCs.4,11 FcaPV-5 is a very recently identified papillomavirus that 64 

was associated with a feline viral plaque.20 65 

Therefore, most BISCs associated with PV infection are related to FcaPV-2 and, to a 66 

lesser extent, to FcaPV-3 and FcaPV-4.11,21 In the last decade, the causal relation 67 

between PVs (in particular FcaPV-2) and BISC has also been suggested by several 68 

authors based on the presence of histopathological indicators of viral infection, 69 

immunohistochemistry for p16 accumulation as a result of impaired cell cycle, and 70 
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identifying enhanced E6/E7 gene expression in precancerous lesions.14,15,32 71 

Immunohistochemistry has also been used to detect the major viral capsid protein (L1). 72 

However, since L1 is only produced late in differentiated keratinocytes, the presence of 73 

this viral antigen is restricted to the superficial layers of the epidermis, thus reducing the 74 

overall sensitivity of this method.10,32 Moreover, the lack of antibodies specific to FcaPV 75 

types and the use of cross-reacting L1 antibodies influence both sensitivity and 76 

specificity of this approach. 77 

Molecular assays, such as PCR, have been largely used to investigate the viral etiology 78 

of BISC.9,12-14,16,23 Nevertheless, the interpretation of a positive PCR result could be 79 

ambiguous, since positive results have also been reported for FcaPV-2  in normal skin 80 

of cats.31 In a previous study, cytobrush samples collected from healthy cats were found 81 

to be positive for FcaPV-2 by PCR, raising the question of whether this technical 82 

approach is diagnostically useful. Thus, a positive result by conventional PCR  might be 83 

due to the presence of virions on the skin surface, and does not demonstrate the virus 84 

as the causative agent of the lesion.5 Recently, a specific FcaPV1-2-3-4 quantitative 85 

PCR assay has been proposed to quantify FcaPV DNA.11 This approach has proven 86 

useful to show that lesions with high copy numbers of FcaPV DNA may be more likely 87 

associated with viral pathogenesis. Very recently, RNA in situ hybridization (ISH) proved 88 

to be a reliable method to demonstrate active FcaPV-2 E6 and E7 gene transcription 89 

within the neoplastic cells in feline squamous cell carcinoma, and fluorescent ISH 90 

detected FcaPV2 in 37.5% of the examined BISCs.7,8  91 

The primary aims of this study were: (i) to investigate the feasibility and reliability of 92 

CISH to study papillomavirus infection in cats; (ii) to compare qPCR and CISH methods 93 
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in terms of sensitivity and specificity for diagnostic purposes; (iii) to investigate the type 94 

and localization of infected cells in skin samples.  95 

Materials and Methods 96 

Sample collection and histopathology  97 

Thirtyfour archived, formalin-fixed, paraffin-embedded specimens from incisional and 98 

excisional feline skin biopsies with a diagnosis of BISC were retrieved from the 99 

Department of Veterinary Sciences, University of Pisa (Italy), Laboratory “LaVallonea”, 100 

Passirana di Rho (MI, Italy) and and the Histopathology Department, Istituto 101 

Zooprofilattico Sperimentale delle Venezie, Legnaro (PD, Italy) from 2016 to 2017. As 102 

negative control cases, nine biopsy specimens were selected including normal skin 103 

(n=3), and skin from cats with allergic (n=3), neutrophilic (n=1) and herpetic dermatitis 104 

(n=2). Three veterinary pathologists (MV, CZ, FA) independently reviewed the slides 105 

and when diagnostic agreement was achieved, cases with complete signalment, history 106 

and clinical data were selected and further used for qPCR and CISH. 107 

From all cases five to ten-micrometer-thick tissue sections were serially cut: one section 108 

was routinely stained with hematoxylin and eosin (H&E) while the next 10- and 5-μm-109 

thick sections were used for qPCR and CISH analysis, respectively. To prevent 110 

carryover of contaminating DNA the microtome overlay was covered with a new piece of 111 

adhesive tape and a new blade was used for each sample. Slices for CISH were 112 

mounted onto adhesive glass slides (Roche, USA). Perilesional skin from excisional 113 

biopsies of BISC cases were evaluated for alterations with features of viral plaques. 114 

Histological lesions were investigated and classified based on parameters previously 115 

reported (table 1).6,32 116 

 117 
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qPCR  118 

DNA extraction was performed on formalin-fixed paraffin-embedded (FFPE) sections, 119 

using the DNeasy Blood and Tissue kit (Qiagen, Hilden, Germany) following the 120 

manufacturer’s instructions and applying a preliminary removal of paraffin by extraction 121 

with xylene. DNA was eluted in 100 µl and stored at -20°C until analyses were 122 

performed.  123 

The extracted DNA was amplified using four specific sets of primers amplifying a portion 124 

of FcaPVs L1 gene.11 To detect the recently identified FcaPV-5, primers FcaPV5-F “5’-125 

ACTGCAGTACCCCCTAAGGA-3’” and FcaPV5-R “5’-CAAAAACTTCCGCCCCAGTG-126 

3’” were designed based on the available reference sequence (accession number: 127 

NC_035479.1). Assays were performed on a Rotorgene thermocycler (Corbett 128 

Research, Sydney, Australia) using SSCO SybrGreen Master Mix (Biorad, Hercules, 129 

USA) and 5 µl of extracted DNA. A plasmid generated by inserting FcaPV-1, 2, 3 and 4 130 

gene segments into a pMA-T  vector using GeneArt technology (ThermoFisher 131 

Scientific), was used to determine if non-specific products were amplified during the 132 

reaction, by melt curve analysis and to evaluate qPCR efficiencies. Serial dilutions of 133 

pFcaPV plasmid ranging from 106–102 copies/reaction in DNase - RNase free water 134 

were prepared (prep A). The same plasmid dilution series was spiked in feline genomic 135 

DNA (prep B) obtained from a negative control sample. The efficiency for each FcaPV 136 

qPCR assay was calculated and compared among all FcaPV types and between prep A 137 

and prep B for each FcaPV specific assay. 138 

All samples, including controls, were tested in duplicate and the results were analyzed 139 

by 2-Cq quantitative method as described by Mazzei et al. using albumin as reference 140 

gene.11 In detail, the number of copies of the target viral gene, measured as Cq value, 141 
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generates a Cq value when compared to the corresponding Cq value of the reference 142 

gene. Moreover, a Cq value was calculated comparing the Cq value of the sample 143 

of interest to Cq values obtained from the negative control group. The Cq value 144 

represents a normalized measure of DNA viral quantity and has been calculated using  145 

REST software.24 All samples with a positive 2-Cq value,  indicating the fold change of 146 

target viral gene copies compared to reference gene, were identified as positive and  147 

submitted for sequence analysis (BMR genomics, Padova, Italy). qPCR for albumin was 148 

also performed to confirm the adequacy of extracted DNA. 149 

CISH  150 

Probes for CISH analysis were generated by PCR using a DNA labeling kit with 151 

digoxigenin-dUTP (DIG DNA Labeling Mix, Roche). Briefly DIG labeled DNA probes 152 

were synthetized using  HotstartTaq DNA Polymerase mix (Qiagen, Hilden Germany) 153 

with addition of 200µM DIG DNA Labeling Mix.  The PCR protocol consisted of 30 154 

amplification cycles using FcaPV specific primers followed by 10 amplification cycles 155 

after the addition of 2 Units of @Taq polymerase (Euroclone, Milano, Italy) 156 

For FcaPV-1,2,3 and 4 labelled DNA was synthesized using the pFcaPV plasmid that 157 

was generated by inserting the FcaPVs gene segments into pMA-T vector using 158 

GeneArt technology (Thermo Fisher Scientific, Waltham, USA) as previously 159 

described.11 The FcaPV- 5 probe was generated using a qPCR positive sample as DNA 160 

template. PCR products were purified by QIAquick Nucleotide removal kit (Qiagen). The 161 

purity and concentration of the probes were quantified by running an aliquot on a 2% 162 

agarose gel with a quantitative 100bp DNA marker (SharpMass, euroclone, Milano, 163 

Italy).  164 
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CISH for FcaPV-1,2,3,4 and 5 DNA was performed in automation on the Ventana 165 

BenchMarck ULTRA platform (Ventana Medical System, Roche, USA). FFPE tissue 166 

sections were deparaffinized, rehydrated and permeabilized as described below. Target 167 

site unmasking was performed by incubating the slides three times in cell conditioning 168 

buffer (ULTRA CC2, Roche) at 86°C, followed by ISH Protease 3 treatment, at 36°C for 169 

16 min. Denaturation was obtained at 80°C for 20 minutes. Sections were incubated 170 

with each specific digoxigenin-dUTP labeled probes at 1.5 µg/ml concentration, and 171 

underwent hybridization at 42°C for 9 h. After being washed three times with buffer for 8 172 

min, the detection substrate UltraView Red ISH DIG Detection Kit (Roche Diagnostics) 173 

was applied. Finally, sections were counterstained with hematoxylin. Positive signals 174 

were detected as red-purple deposits within the nucleus of epithelial cells. Negative 175 

control sections, consisting of non-BISC lesions and normal skin were included in each 176 

run. No positive controls were available for FcaPV-1, 3 or 5.  177 

 178 

Results 179 

Sample collection and histopathology 180 

Eighteen cases with clinical and histopathological diagnosis of BISC and complete 181 

signalament data were selected. Data on signalment of all cats (with BISC, non-BISC 182 

and healthy) are provided in Supplemental Table S1. In all cases, morphological 183 

alteration typical of papillomavirus infection were seen with different combinations (two 184 

or more of the histological findings mentioned in Table 1). Perilesional skin was included 185 

in 11/18 cases and 9/11 cases had viral plaques (Table 2); in some cases with 186 

perilesional skin, focal thickening and hypergranulosis of the perilesional epidermis was 187 

seen, which led to doubtful interpretation (hyperplastic vs viral plaques). Negative 188 
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control cases, which included normal skin and allergic, neutrophilic and herpetic 189 

dermatitis, did not have lesions consistent with viral plaques or BISC. 190 

qPCR  191 

To determine the efficiency of each qPCR assay, preparations of pFcaPV plasmid in 192 

DNase-RNase free water (prep A) were compared to the same preparations spiked with 193 

genomic feline DNA (prep B). The efficiency of each qPCR assay was comparable for 194 

both prep A and prep B (prep A efficiency: 94.5 ± 2.4%; prep B efficiency: 93.0 ± 4.2; 195 

mean ± SD). Efficiency values between prep A vs prep B were also similar (Table 3). 196 

The reference gene, albumin, was amplified in all samples. Overall, 2-Cq  analysis was 197 

positive in  17 of the 18 samples from cases of BISC. Specifically, 15/18 (83%) of BISC 198 

cases were positive for FcaPV-2, 1 case was positive only for FcaPV-4, 1 case was 199 

positive for both FcaPV-2 and 5 , one case was positive for both FcaPV-4 and 5, and 200 

one case was negative for all of the PV types tested (Table 2). FcaPV types assigned by 201 

qPCR were confirmed by sequence analysis. No PV was detected by 2-Cq  analysis in 202 

control cases, including both non-BISC inflammatory lesions and normal skin. 203 

CISH  204 

Overall, considering BISC and perilesional skin, CISH identified 17/18 samples positive 205 

for either FcaPV2 or 4. FcaPV2 signal was detected in BISCs in 12/18 cases. Labeling 206 

was exclusively localized within nuclei of grouped neoplastic keratinocytes and  was 207 

detected exclusively in the suprabasal layers, from stratum spinosum to the stratum 208 

corneum (figs. 1,3). The nuclear signal intensity ranged from very mild (with small red-209 

purple spots) to strong (with large and dense red-purple patches) and the distribution 210 

varied from focal to diffuse. Focal positivity was represented by one to two groups of a 211 

few positive nuclei within the entire BISC lesion. The signal was strong and diffuse in 5 212 



 10 

cases, strong and focal in two cases, and mild and focal in 5 cases (figs. 1,3,4). Within 213 

perilesional skin, FcaPV-2 was detected in the nuclei of suprabasal epidermal 214 

keratinocytes (stratum granulosum to stratum corneum) of 9 /11 cases, in viral plaques 215 

and in the hyperplastic epidermis (figs. 4,5,6). In 3 of these 9 cases , the labeling was 216 

present in the perilesional skin but was not observed within the associated BISC. CISH 217 

positivity was detected at the surgical margins of both incisional and excisional biopsies 218 

in 13/18 cases (Figs. 7,8). 219 

Regarding FcaPV-4, the signal was detected in 2 cases as a focal and strong positive 220 

nuclear signal of suprabasal keratinocytes within BISC (figure 2), while no labeling was 221 

detected in the perilesional skin. No FcaPV-1, 3 and 5 labeling was detected in any of 222 

the examined samples. One case was negative for all of the tested PV types. No CISH 223 

signal was detectable in control samples, which included normal skin and skin affected 224 

by dermatitis. 225 

The overall rate of concordance for FcaPV-1, 2, 3, 4, 5 detection between PCR and CISH 226 

was 97,8%; CISH demonstrated a specificity and sensitivity of 100% for FcaPV-2 and 4 227 

(Table 2). 228 

 229 

Discussion  230 

The frequent identification of FcaPV-2 in cutaneous lesions by PCR has implicated this 231 

virus in the development of feline BISC.1,12,13 However, FcaPV-2 DNA has also been 232 

detected in a proportion of asymptomatic cats.5,31 Many PCR-based studies could not 233 

discriminate active infection marked by high number of intracellular viral DNA, from 234 

positivity due to the presence of virions on the skin surface. This issue was partially 235 
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solved by the development of a RT-qPCR method detecting enhanced E6 and E7 236 

transcription activity in BISCs and by fluorescent ISH to detect FcaPV2 DNA .8,32  237 

This study detected and localized each FcaPV DNA (FcaPV-1 to 5) within the lesions of 238 

feline BISC by a combination of qPCR and CISH. The goal of any FcaPV detection 239 

strategy would be to not only to ascertain the presence of FcaPV, but to also 240 

characterize its role in oncogenesis. It is known that a positive result of conventional 241 

PCR alone is prone to misinterpretation, while qPCR provides quantitative measure of 242 

viral load with useful diagnostic implications.11 In our study, PV DNA was detected by 243 

CISH in 94.4% of the examined samples (17/18), within the nuclei either in the BISC 244 

and/or perilesional skin. There was 100% concordance of CISH and qPCR for FcaPV2 245 

and 4. Recently, Demos et al. demonstrated a lower prevalence of intralesional FcaPV2 246 

DNA (35.7%) using FISH, within a series of BISCs that were positive for FcaPV2 by 247 

PCR.8 This lower prevalence might be due to false positive results obtained by 248 

conventional PCR, as well as to low sensitivity of the FISH method. CISH has the 249 

advantage to preserve the morphological context much better than FISH in FFPE 250 

samples. Additionally, the availability of many commercial immunostainers that allow 251 

automatization, and time and costs sparing, makes this method more feasible for 252 

diagnostic purposes. 253 

It is hypothesized that when PV comes into contact with a mucocutaneous epithelium, 254 

microabrasions allow infection of basal cells, resulting in the production of small 255 

numbers of circular PV DNA copies with low replication activity. However, the viral life-256 

cycle is completed as the infected keratinocytes differentiate, and the expression of PV 257 

E6 and E7 proteins promote replication of the normally post-mitotic suprabasal cell and 258 

allow greater amplification of the viral genome.3 Thus, we consider that the presence of 259 
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CISH signal in nuclei of the suprabasal epithelium suggests a role in tumorigenesis and 260 

tumor maintenance by the FcaPV in most of the examined BISCs.Moreover, qPCR and 261 

CISH were both negative in all the negative controls  (i.e. samples from animals that did 262 

not have BISC), suggesting that these two methodologies are specific and useful tools 263 

to diagnose active PV infection in cats. The qPCR has been previously shown to be 264 

helpful in discriminating between infection and the mere presence of the virus on the 265 

skin surface,11 while CISH adds useful information on the type and localization of 266 

infected cells.PCR quantitation is more diagnostically feasible than CISH; however, the 267 

information obtained by PCR is different from that derived from CISH and does not 268 

provide insights into the distribution of the viral DNA within the skin. 269 

Feline viral plaques and BISCs have been traditionally classified as separate disease 270 

entities. However, since both are typically caused by FcaPV-2 and since transitional 271 

lesions between viral plaques and BISCs have been reported, they probably represent 272 

different severities of the same disease process.33 Histologically, feline viral plaques 273 

comprise mild epidermal hyperplasia that often contains prominent PV-induced cell 274 

changes. Nonetheless, the histological diagnosis may be difficult if cytopathic effects are 275 

not evident. In these cases, CISH could be a useful method to demonstrate the viral 276 

origin of these lesions. In fact, in some of the examined cases in this study, CISH 277 

positivity was observed in perilesional skin within viral plaques and hyperplastic 278 

epidermis.  279 

In three cases, CISH labeling for FcaPV-2 was absent within the BISC lesion but 280 

detectable in the perilesional skin. It is already known that  neoplastic transformation can 281 

lead to loss of the virus or to minimal replication in advanced cases.8 Our results 282 

reinforce prior observation, suggesting that PV productive infection is maintained in 283 
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precancerous lesions of human cervical cancer.3,25 Moreover, it has been demonstrated 284 

that areas of hyperplastic epithelium surrounding feline SCC consistently contained 285 

intense ISH nuclear signals for FcaPV-2.7 The detection of CISH-positive cells in the 286 

perilesional skin, but not within the BISC, also suggests that incisional biopsies may not 287 

be reliable to confirm a viral cause. 288 

Signalling was visible in perilesional skin suggesting cats with BISCs have more 289 

widespread infections that predispose to new lesions. In this view, CISH may be helpful 290 

to investigate the infective status of the epidermis.  291 

FcaPV-4 DNA was demonstrated in cells within BISCs in 2 cases, supporting the 292 

possible role of this PV type in BISC development. FcaPV-4 has been previously 293 

detected by real-time PCR from a cat with stomatitis and from two cats with BISC.4,11 In 294 

the positive cases herein described, FcaPV-4 DNA was restricted to the BISC, with a 295 

focal pattern.  296 

In our study, no positivity for FcaPV-1 and 3 were detected by qPCR or by CISH. 297 

Although CISH did not detect FcaPV-1, 3 or 5,  the sensitivity of this method is not 298 

known because no positive controls were available. Nonetheless, our findings are 299 

consistent with the very low prevalence of these PVs reported in feline skin 300 

lesions.16,19,20,29,30 Sequence analysis for FcaPV-1, 3 and 5 supported the specificity of 301 

this method. FcaPV5 was detected by qPCR in two cases, while CISH failed to detect 302 

virus in both of these samples. Since these 2 cases were positive by CISH for FcaPV-2 303 

and FcaPV-4, respectively, the lack of FcaPV-5 signal should not be ascribed to fixation 304 

or processing interference.  A possible explanation for the lack of detection could be 305 

either the loss of infected cells when cutting sections or ineffectiveness of probe 306 
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annealing for FcaPV-5. Further studies are needed to better understand the role of 307 

FcaPV-5 in BISC development. 308 

 309 

 310 

Conclusion 311 

In conclusion, this study documents the presence of nuclear FcaPV-2 and 4 DNA  in 312 

feline BISCs and in perilesional skin, both within viral plaques and in apparently-313 

hyperplastic epidermis, supporting the pathogenic role of FcaPV-2 and 4 in the 314 

development of BISCs. Our results suggest that CISH is a reliable method to detect PV 315 

infection and provides additional useful information on the type, rate and localization of 316 

infected cells. Thus, CISH may be proposed as useful method, in both diagnostic and 317 

research fields, to detect FcaPV2-4 infection in cats.    318 
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Table 2. Results of qPCR and CISH 462 
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Table 3. Percentage values of qPCR efficiency. 469 
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Figures 1-4. Felis catus papillomavirus (FcaPV) infection, skin, cats. Chromogenic in 498 

situ hybridization. Figs. 1 and 3 (cases 1 and 7): the red nuclear labelling for FcaPV-2 is 499 

strong and diffuse within bowenoid in situ carcinoma. Fig 4 (case 15) strong and diffuse 500 

red nuclear labeling in a viral plaque. Fig 2 (case 2); the nuclear labelling for FcaPV-4 is 501 

strong and focal within a BISC.  502 

 503 

Figures 5-8. Felis catus papillomavirus (FcaPV) infection, skin, cats. Chromogenic in 504 

situ hybridization. Within the perilesional skin, strong and diffuse red labelling is present 505 

in the nuclei of suprabasal keratynocytes in regularly (Figs. 5; cases 17 and 16) or 506 

focally (Fig. 6; case 15) hyperplastic epidermis, and at the surgical margins (arrows) of 507 

two cases in which the perilesional skin was sampled together with the BISC (Fig. 7 and 508 

8; cases 10 and 17).  509 
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