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Summary

This study investigated the progressive and regressive phases of bovine papillomavirus (BPV)-1-induced
papilloma and fibropapilloma in terms of the distribution of viral antigenicity; E2, ES, and E6 gene activity
and expression; and apoptosis (evaluated using DNA in situ fragmentation). All samples from 74 bovine cases
of cutaneous lesions with suspected neoplastic changes collected from different skin areas were evaluated.
The lesions were diagnosed as papilloma or fibropapilloma using routine hematoxylin-eosin and Mallory’s
trichrome staining protocols. Feulgen reactions suggested a possible viral entity, and BPV-1 antigenicity was
immunohistochemically observed in 22 cases. E gene expression in neoplastic tissues was evaluated using
chromogenic in situ hybridization and reverse-transcription polymerase chain reaction, and the TUNEL method
was used to evaluate DNA in situ fragmentation. Differences between progressive and regressive phases in
these lesions were analyzed. Ultimately, the number of cases in the progressive phase (18) and regressive phase
(4) were determined. Although E2 and ES gene expression was observed in both phases, E6 gene distribution
differed from the other E genes distribution in the progressive phase. ES gene expression appeared stronger
in oncogenic fibrocytes and fibroblasts, whereas E2 and E6 gene expression was weaker in epidermal cells
and cells in the regressive phase. Apoptosis, considered the best indicator of neoplastic regression, was found
to be associated with the regressive phase but was observed insufficiently in epidermal and dermal samples
of the progressive-phase cases. In conclusion, this work provides significant insights on the molecular and
immunopathological features of BPV-1.
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Bovine papilloma and fibropapilloma are among
the benign neoplastic changes observed in cattle (1).
Notably, several types of papillomavirus have been
implicated in the etiology of viral-induced papillomas
(2), including bovine papillomaviruses (BPVs) -1 to
-6 (5). More recently, the family Papillomaviridae has
been expanded to include 13 members (BPV-1to-13),
and BPV infection has been found to not only affect
cattle but also humans and several other domestic and
wild animal species (24, 25).

Papilloma and/or fibropapilloma are characterized
by progressive and regressive phases. The progres-
sive phase almost always follows the regressive
phase in immunocompetent animals, mounting an
immune response to BPV-1 infection, during which
mononuclear cells, lymphocytes, and macrophages
are activated to protect host cells from the virus (6).
The progressive phase is characterized by hyperplas-
tic stratum spinosum and acanthosis, hyperkeratosis,
apoptosis, and occasional inflammatory reactions;
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keratohyaline granules and prominent stromal prolif-
eration may also be observed. Stromal proliferation
is particularly predominant in fibropapillomas. The
regressive phase is characterized by thinning of the
stratum spinosum along with concomitant thickening
of the stratum corneum, necrosis of compact collag-
enous tissues, and vascular degeneration in the stratum
spinosum (12).

Currently, the molecular aspects of BPV-1 have
not been fully elucidated. However, previous reports
have yielded the following information. The E2 gene
product detects and attaches to replication sites. The
ES5 gene product exerts its oncogenic effects during the
progressive phase by destroying the cellular mecha-
nisms that control growth and development. The E5
and E6 gene products act synergistically during the
progressive phase to promote cellular transformation.
In addition, the E6 gene product was found to induce
apoptotic sensitivity in neoplastic cells, particularly
during a prolonged regression phase (4, 17, 19).

This study aimed to detect and compare the distri-
bution of BPV-1 antigenicity, determine the E genes
with the most important roles in etiopathogenesis, and
evaluate DNA in situ fragmentation results associated
with progressive and regressive changes in cases of
papilloma and fibropapilloma. In the epidermis, viral
E2 and ES5 gene activities were predominantly found
to correlate with the BPV-1 entity and distribution;
however, these genes had less of an effect on stromal
compartments in the neoplastic epidermis. In addition,
the decreases in E2 gene expression and apoptosis
were less marked in the regressive phase compared
with those in the progressive phase. Finally, the E5
gene had a stronger effect than that expected in the
connective tissue compartment during the regressive
phase, whereas the E6 gene had no such effect.

Material and methods

Macroscopic examination. The study was approved
and confirmed by the Local Ethical Committee at Ankara
University, Ankara, Turkey (number: 53184147/56050,
date: 10.21.2013). Neoplastic masses were collected from
74 cattle aged 2-3 years in herds in different provinces
(Ankara, Bursa, Samsun) of Turkey. Twenty-two BPV-1-
-positive cattle were identified (six females, 16 males). The
masses were evaluated according to size, weight, elasticity,
color, and appearance of the outer and cut sections. Twelve
positive cases included solid masses over several regions
of the body, including the ear (n = 2), eyelid (n = 1), neck
(n=1), hind limb (n = 3), caudal abdominal region (n= 1),
and mammary region (n = 4). Ten cases featured multiple
lesions in those regions.

Histopathological examination. All collected samples
were processed routinely after fixation in 10% buffered
formalin. The samples were embedded in paraffin and cut
into 4-pm-thick sections. Sections from samples diagnosed
as papilloma and fibropapilloma using hematoxylin-eosin
and Mallory’s trichrome staining were further subjected to
Feulgen staining to determine the presence of viral DNA.
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Immunoperoxidase method. A streptavidin—biotin com-
plex peroxidase/Strept ABC-P method was used for the im-
munohistochemical analysis. Sections were deparaffinized
and hydrated in a graded alcohol series. After treatment with
0.1% trypsin for 15 min at 37°C, endogenous peroxidase
activity in the tissues was blocked with a 3% (v/v)-hydro-
gen peroxide (H,O,)-methanol solution for 15 min. After
a 30 min nonspecific protein blocking step, sections were in-
cubated with primary serum (monoclonal mouse anti-BPV-1
serum; AA182-190; Antibodies Online, Aachen, Germany)
for 1 h at the same temperature. Thereafter, the sections were
incubated sequentially with linker and secondary antibod-
ies (a biotinylated antibody and streptavidin-horseradish
peroxidase-labeled antibody, respectively; RE7110-K; No-
vocastra/Leica Biosystems, Nussbach, Germany) for 30 min
each. Prior to that step, the sections were subjected to two
to five min washes in phosphate-buffered saline (PBS) after
all steps except protein blocking. Finally, reactions were
visualized using the chromogen diaminobenzidine (DAB),
with Gill’s hematoxylin as a counterstain.

Stained sections were passed through an alcohol—xylol
series and mounted with nonaqueous mounting medium.
The negative controls included sections from nonlesioned-
bovine skin samples and those stained with PBS instead of
primary serum. The positive controls included sections of
BPV-1 (viral capside protein, L1 and L2) positive tissues
from urinary bladder tumor tissue samples archived at the
Department of Pathology; these sections were stained as
described above for experimental samples.

TUNEL in situ detection of apoptosis. To detect DNA
fragmentation, the terminal deoxynucleotidyl transfer-
ase (TdT)-mediated nick end-labeling (TUNEL) method
was used according to the instructions provided with the
biotin-labeled In Situ Cell Death Detection Kit (number
11684817910; Roche, Basel, Switzerland). The staining
procedure was identical to that for immunohistochemistry
up to the protein blocking step. Subsequently, a TUNEL
mixture comprising the enzyme and labeling solution was
placed on the sections, which were incubated for 1 h at the
same temperature. The sections were then incubated with
the POD converter for 30 min. All subsequent steps were
identical to those described above for the immunoperoxi-
dase method. For negative control sections, the labeling
solution alone was used instead of the TUNEL mixture.

Chromogenic in situ hybridization (CISH). To de-
tect viral E gene activity, tissue sections were deparaf-
finized, hydrated, and subjected to staining with a CISH kit
(ZytoFast PLUS CISH Implementation Kit HRP-DAB,
T-1063-40; Zyto Vision GmbH, Bremerhaven, Germany).
Sections were first incubated in a 3% H,O, solution for
10 min, followed by pepsin at 37°C for 5 min. The sec-
tions were then pretreated with ethylenediaminetetraacetic
acid (EDTA) at 95°C for 15 min. After washing with Tris-
buffered saline (TBS), the sections were passed through
a graded series of alcohols and air-dried. Oligoprobes*
specific to the E2, E5, and E6 genes of BPV-1 (designed
and synthesized by Metabion International AG, Germany;
Tab. 1) were diluted to the appropriate concentration and
applied to the samples. The stained sections were mounted
with a frame and coverslip, (volume: 125 pl, dimensions:
1.7 x 2.8 cm; AB-0578; Thermo Scientific, Waltham, MA,
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Tab. 1. *Base sequences of DNA oligoprobes of digoxigenin labelled E2, ES and E6 of BPV-1

E2 5’-Digoxigenin-CGT-TGC-CGC-TCG-GGG-TCA-AAC-CGT-CGG-TGC-TCG-AAA-CGC-CCT-3’
E5 5’-Digoxigenin-CTG-TTC-TTA-CTC-TTG-TTT-TTT-CTT-GTA-TAC-TGG-GAT-CAT-TTT-GAG-3’
E6 5’-Digoxigenin-GTT-GTA-ATT-CGG-GAA-GGC-TGT-AGA-TAT-GGT-GCA-TGT-ACC-ATT-TGT-3’

951

DNA polymerase (Thermo
Fisher Scientific), specific
primers for E2, ES, and E6*

I (Metabion International AG),
45 base 3 ul of template, and PCR
45base | compounds were combined

Tab. 2. **Forward and Reverse Primers, the annealing degrees and PCR product sizes

in thermal cycler tubes for
synthesis and subjected to
the following program in a
thermal cycler (Veriti; Ap-
plied Biosystems, Foster City,

E2 CCATGGTCTTTGCTTGACAC CTGCCAGCCGTCCTCTGT 55 170 bp CA, USA): a 5 min denatur-
E5 TGCCAAATCTATGGTTTCTATTG AAGAGTAAGAACAGTAACAGCAGCA 58 75bp ation step at 94°C; 35 cycles
E6 ATTGCATGGCAAAACACTTG GCTCTGGTTTTGCAGAAAGG 52 119 bp of 94°C for 1 min, annealing

USA), followed by denaturation at 75°C for 5 min and hy-
bridization at 55°C for 1 h in a thermal cycler (Omnislide;
Thermo Scientific).

After removing the coverslip, the sections were washed
twice with 1 X TBS at 55°C for 5 min, followed by incuba-
tion with mouse anti-digoxigenin anti-serum at 37°C for
30 min. After three 1 min washes with TBS, an anti-mouse
HRP polymer solution was placed on the sections, followed
by incubation at the same temperature and for the same dura-
tion. The sections were then subjected to three 2 min washes
in PBS and incubated with DAB for 10 min. Following
washing in distilled water, the sections were counterstained
with a nuclear blue solution for 10 min, washed in tap
water for 5 min, dehydrated in a graded alcohol—xylol series,
and mounted with entellan. For the negative and positive
DNA/RNA control samples, the probes provided with the
kit (ZytoVision, ZytoFast PLUS CISH Implementation Kit
HRP-DAB, T-1063-40) were applied to the tissue samples;
all other steps were as described above.

All histopathological, immunohistochemical (for BPV-1
and DNA in situ fragmentation), and CISH results were
observed with a light microscope (Leica DM-4000B) and
illustrated (Leica DFC-280). The staining results in 10 high-
powered fields (HPFs) were scored as follows: (—), no stain-
ing; (+) 10%-30% positivity; (++), 30%-50% positivity; and
(+++), > 50% positivity. A mean value was calculated from
the total number of positive samples in all fields.

Reverse Transcriptase Polymerase Chain Reaction
(RT-PCR). To evaluate gene expression in the tissue,
collected samples (1 g) stored at —80°C were thawed and
homogenized at 2,000 rpm (TissueLyser LT; Qiagen, Hilden,
Germany) for 5 min in 500 pl of PBS. Supernatants were
collected by centrifugation at 3,000 rpm for 5 min. For
extraction, a viral nucleic acid extraction kit (Vivantis,
Selangor Darul Ehsan, Malaysia) was used according to the
manufacturer’s instructions provided. For reverse transcrip-
tion, an appropriate reverse transcription enzyme (Thermo
Fisher Scientific, Bremen, Germany) was used kullanildi.
cDNA analysis was performed in two steps. In the first
step, 6 ul of template, 6 ul of RNase/DNase-free water, and
1 pl of random hexamers were cycled at 70°C for 5 min. In
the second step, each sample was mixed with 4 pl of 5 x
RT-Buffer, 2 pl of ANTP, and 1 pl of reverse transcriptase;
these samples were incubated in a thermal cycler at 25°C
for 10 min, 37°C for 1 h, and 70°C for 5 min. For PCR, Taq

temperature** and extension
at 72°C for 1 min; and a final extension step at 72°C for
10 min. To detect amplicons, an agarose gel was prepared,
stained with ethidium bromide (Sigma, Munich, Germany),
and visualized under UV transillumination (Vilber Lourmat,
Collégien, France). The sample sizes are listed in Tab. 2.

Results and discussion

Macroscopic findings. The masses from the 22 posi-
tive cases were collected from different areas of the
body and measured 0.5-4 cm in diameter. All masses
had a cauliflower-like appearance. All cut sections
were homogenous and grayish-white in color, particu-
larly the cases with suspected fibropapilloma (Fig. 1).
Moreover, the epidermal and stromal growth was most
remarkable in cases suspected to be progressive-phase,
despite the thin epidermal structure.

Microscopic findings. Mild (6/18), moderate (5/18),
or strong (7/18) hyperkeratosis, parakeratosis (1/18),
or both (8/18) were observed in the 18 progressive
papilloma and fibropapilloma cases. Similarly, mild
(5/18), moderate (9/18), or strong (8/18) hyperplasia
and acanthosis were observed. Acute cell swelling
(13/18) and vacuolar degeneration (7/18) were pres-
ent, particularly above the stratum spinosum. Although
two cases did not exhibit degeneration, mild (13/18),

Fig. 1. Macroscopical cauliflower like appearence of papillo-
matosis from abdominal skin, 3 years old Holstein cow
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Fig. 2. The fibropapilloma (asteriks) and vacuolar degenerati-
on in stratum spinosum cells (arrows), x 100 objective, H&E

moderate (5/18), and strong (1/18) degenerative
changes were observed in the remaining cases. The
four regressive cases featured fibrocyte and fibroblast
proliferation, collagen deposition, and a very thin layer
of epidermal cells. Proliferation was more evident in
fibropapilloma cases than in papilloma cases. These
cases exhibited mild (4/4), moderate (2/4), or strong
(4/4) increases in the presence of connective tissue
components. Mallory’s trichrome staining, which was
used to confirm proliferation, revealed the presence of
neutrophils, lymphocytes, macrophages, and plasma
cells (Fig. 2 and 3). These infiltrating leukocytes were
present at different proportions and densities among
the cases. In all 22 cases, the inflammatory reactions
were classified as mild (6/22), moderate (7/22), or
strong (5/22). The Feulgen reaction revealed possible
viral components in the basal cells of papilloma cases
and fibrocytes or fibroblasts of fibropapilloma cases.

5
ﬁ_ Y .

Fig. 4. Cytoplasmic (arrows) and perinuclear BPV-1 positivi-
ties (arrow heads) in stratum spinosum cells, x 400 objective,
ABC-P
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Fig. 3. Mononuclear cell infiltration comprising lymphocyte,
plasma cell and macrophage in dermis (arrow) and acantosis
(asteriks), x 400 objective, H&E

Immunohistochemical findings. All samples exhib-
ited a homogenous or granular dark brown reaction
with BPV-1 staining. The stratum basale cells exhib-
ited mild (4/22), moderate (12/22), or strong reactions
(6/22), as did the stratum granulare cells [mild (6/22),
moderate (6/22), and strong reactions (2/22)]. Except
for two negative cases, the stratum spinosum cells
had reactions from downside: mild (6/22), moderate
(10/22), and strong (4/22); upside: mild (7/22), mod-
erate (9/22), and strong reactions (4/22). The stratum
lucidum reactions were mild (4/22), moderate (4/22),
or strong (1/22), with 13 negative reactions. The stra-
tum corneum reactions were mild (2/22) or moderate
(5/22). Fibrocytes and fibroblasts had mild (5/22) and
moderate (5/22) or strong (4/22) reactions. Collagen
bundles, where present, were mildly (3/22) or moder-
ately (7/22) positive (Fig. 4).

TUNEL apoptosis staining yielded the following
findings. The stratum basale were mildly (5/22), mod-
erately (12/22), or strongly positive (2/22). The lower
layers of the stratum spinosum were mildly (6/22),
moderately (8/22), or strongly positive (6/22). The
upper layers were mildly (4/22), moderately (10/22),
or strongly (5/22) positive. The stratum granulare
reactions were mild (6/22), moderate (9/22), or strong
(3/22). The stratum lucidum reactions were mild (6/22),
moderate (7/22), or strong (2/22); similarly, reactions
in the stratum corneum were mild (7/22), moderate
(5/22), or strong (1/22). However, the proportions of
fibroblasts and fibrocytes that reacted mildly, moder-
ately, or strongly (3/22, 4/22, and 11/22, respectively)
differed from the proportions of collagen bundles with
similar reactions (5/22, 6/22, and 4/22, respectively)
(Fig. 5).

CISH findings. E2 gene — The stratum basale
reacted mildly (6/22), moderately (9/22), or strongly
(5/22). Regarding the stratum spinosum, the lower
layers reacted mildly and moderately (7/22) or strongly
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Fig. 5. Apoptosis in stratum spinosum and upper layer cells
(arrows) neoplastic fibrocytes and fibroblasts in dermis
(arrow heads) in a case of progressive fibropapilloma, x 100
objective, TUNEL

(3/22); similarly, the upper layers were mildly and
moderately (6/22) or strongly (3/22) positive. The stra-
tum granulare were mildly (5/22), moderately (6/22), or
strongly (2/22) positive. Similar to the previous layer,
the stratum lucidum reacted mildly and moderately
(5/22) or strongly (2/22). The stratum corneum was
mildly (6/22), moderately, or strongly (3/22) positive
(Fig. 6). Fibroblasts and fibrocytes were mildly or
moderately (7/22) positive. All collagen bundles were
negative in all cases.

ES5 gene — The stratum basale reacted mildly (7/22),
moderately (7/22), or strongly (8/22). Reactions
observed in the stratum spinosum down layers were
mild (8/22), moderate (7/22), and strong (6/22), but
these numbers differed slightly in the upper layers
(mild or moderate, 7/22; strong, 5/22). The stratum
granulare reacted mildly, moderately (6/22), or strongly
(4/22). The stratum lucidum reactions were mild,

Fig. 7. ES positivities as nuclear (arrows) in all layer cells of
a case of progressive fibropapilloma, x 400 objective, CISH
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Fig. 6. E2 positivities as perinuclear (arrows) and cytoplasm
(arrow heads) in a case of progressive fibropapilloma, x 400
objective, CISH

strong (4/22), or moderate (6/22). The stratum corneum
reactions were also mild, strong (3/22), or moderate
(7/22) (Fig. 7). However, the fibroblasts and fibrocytes
were only mild (9/22) or moderate (3/22). All collagen
bundles were negative in all cases.

E6 gene — The stratum basale reacted mildly (7/22),
moderately (4/22), or strongly (10/22). For the stratum
spinosum, the lower layers were mild, strong (6/22),
or moderate (7/22), whereas the upper layers were
mild (6/22), moderate, or strong (4/22). Similar to
the previous layer, the stratum granulare exhibited
mildly (4/22), moderately (5/22), and strongly (5/22)
positive reactions. For the stratum lucidum, the reac-
tions were more distributed as mild (7/22), moderate
(4/22), or strongly (6/22). The stratum corneum reac-
tions were mild (5/22), moderate (3/22), or strong
(10/22). However, the fibroblast and fibrocytes reacted
mildly or strongly (3/22) (Fig. 8). Notably, some col-
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Fig. 8. E6 positivities as nuclear and cytoplasmic in all layer
cells a case of regressive fibropapilloma, x 400 objective, CISH
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lagen bundles exhibited mild or moderate reactivity
(2/22).

All immunohistochemical (immunoperoxidase and
TUNEL staining) and CISH results corresponding to
progressive and regressive changes are presented in
Tab. 3-4 and Fig. 10-11.

RT-PCR. The genes were positive at 170 base pairs
(bp) (E2), 75 bp (ES), and 119 bp (E6), respectively
(Fig. 9).

BPV-1 is currently the best-known etiologic agent
of cutaneous papilloma and fibropapilloma in cattle
(5, 14). In papillomavirus-induced benign neoplastic
changes, the virus is localized in cells of the stratum
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basale and stratum spinosum. During infection, viral
early genes (E2, ES, and E6) are expressed from the
early region of the viral genome (18). However, viral-
host cell chromatin interactions are possibly initiated
by modifications in histone conformation that lead
to viral DNA integration in the host genome and/or
chromosomal rearrangements during proliferation
and encoding. These events are considered cellular
alterations that collectively may cause oncogenic
transformation (3). In this context, E2 genes, which
encode viral DNA replication proteins, are expressed
initially upon viral entry into the host cell (20). The
ES gene also encodes a viral replication protein that

Tab. 3. The evaluation of immunohistochemical and chromogenic in situ hybridization findings in progressive and regressive

changes in epidermis and dermis on the basis of positive cases

Progressive SB SS SG SL SC Fb F C Regressive SB SS SG SL SC Fb F C
BPV-1 18 16 11 8 5 11 11 9 BPV-1 4 4 3 2 2 2 2 1
Apoptosis 16 16 14 12 9 14 14 - Apoptosis 3 4 4 3 3 3 3 -
E2 16 14 9 8 8 6 6 0 E2 4 4 4 4 4 1 1 0
E5 18 17 14 11 10 10 8 0 E5 4 4 3 3 3 2 1 0
E6 17 15 10 13 14 5 5 2 E6 4 4 4 4 4 2 2 1

Explanations: SB — stratum basale; SS — stratum spinosum; SG — stratum granulare; SL — stratum lucidum; SC — stratum corneum;

Fb — fibroblast; F — fibrocyte; C — collagen

Tab. 4. Percentage (%) of all reactions belonging to immunohistochemistry and chromogenic in situ hybridization (CISH)

lf:]es?{i?’;i?s Str. basale Str. spinosum Str. granulosum Str. lucidum Str. corneum ::g:gch‘l’;esl Collagen Bundle
Negative
BPV-1 0 9.10 36.36 59.10 68.18 36.36 54.54
E2 gene 9.10 22.73 40.90 45.45 45.45 36.36 100
E5 gene 0 4.56 271.21 36.36 40.90 45.45 100
E6 gene 4.54 13.64 36.36 4.54 18.18 72.72 81.82
TUNEL react. 13.63 9.09 18.18 31.82 40.91 18.18 31.82
Mild
BPV-1 18.18 31.81 21.27 18.18 9.10 22.72 13.64
E2 gene 271.21 31.18 22.72 22.73 21.27 31.82 0
E5 gene 31.82 36.36 21.21 18.19 13.64 40.90 0
E6 gene 31.81 27.27 18.18 31.18 22.73 13.64 9.09
TUNEL react. 22.73 22.73 21.21 271.21 31.82 13.64 22.73
Moderate
BPV-1 27.27 45.45 217.27 18.18 22.72 22.72 31.82
E2 gene 40.90 31.18 27.27 22.73 13.64 31.82 0
E5 gene 31.82 31.81 27.27 18.19 31.32 13.65 0
E6 gene 18.18 21.27 22.72 18.18 13.64 0 9.09
TUNEL react. 54.54 40.91 40.91 31.82 22.73 18.18 271.21
Strong
BPV-1 54.54 13.64 9.10 4.54 0 18.20 0
E2 gene 22.72 13.64 9.10 9.09 13.64 0 0
E5 gene 36.36 271.21 18.20 21.21 13.64 0 0
E6 gene 45.45 31.82 22.72 21.21 45.45 13.64 0
TUNEL react. 9.09 271.21 13.64 9.09 4.54 50.00 18.18
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growth during the progressive phase. In
our study, we observed that during the
progressive phase, BPV-1 distribution
and E2 and ES5 gene expression decreased
by approximately one-third from the
stratum basale toward the stratum cor-
neum. However, none of the genes were
effectively expressed in connective tissue
compartments.

M1 2 3 45 6 7 8 910 11 12 1314 M A previous report on E5 localization
described similar findings regarding
transformed epithelial cells from buffalo
fibropapillomas during the early stages of
viral infection; namely, ES was expressed
strongly in the basal and granular layers
and sporadically in the spinous cell layer
(1, 13). In addition, strong E5 expression
was observed in keratinocytes (2, 4).
In contrast to these earlier findings, the
basal-granular and spinosum cell layers
from both progressive and regressive
lesions had generally moderate or strong
positive ES positivity, despite the more
moderate reactions in the upper layer
cells and keratinocytes. On the other
assists with viral DNA replication and is abundantly = hand, previous studies of fibropapilloma have reported
expressed in some differentiated tumor epithelial cells ES expression in the nuclear and perinuclear regions
that contain and can shed virions (23). In other words, (particularly the Golgi apparatus) in comparisons of
both genes and oncoproteins play pivotal roles in tumor  basal and superficial epithelial cells and fibroblasts.
Our study identified similar patterns of

SR G/ S B IO S O/8d T ] 213 S 14 M

Fig. 9. RT-PCR for BPV-1, E2, ES and E6 gene results
Explanation: M — Marker (100 bp DNA ladder, Thermo Scientific, Germany)

ES5 positivity. Accordingly, ES expression
20 | | is believed to play a role in promoting
15 } } the growth of all tumor components from
10 deep to surface layers.

g BPV-1 encodes E6 oncoproteins
Papilloma Fibropapilloma excepting E2 and E5 are the major
B Keratosis 5 17 transforming protein interacting with
W Achantosis 5 17 each other (16, 21). E6 is another crucial
B Degeneration 4 16 factor in this transformation. Similar to

B Vascularisation 5 17 . .
B Infammation 2 1 the other genes, E6 is expressed mainly
in virus-infected basal and suprabasal

Fig. 10. Distribution of the changes encountered in papilloma and fibro- cells and rarely in spinosum cells (19). E6

papilloma might promote transformation through
25
20 N
15 —_ —
10 \§~§<
5
0 X ) .
Str. basale Str Zplnosum Str. spinosum Str. granulare Str. lucidum Str. corneum Connective
own up tissue
— BPV-1 22 20 20 14 8 7 12
— Apoptosis 18 18 19 18 15 13 16
E2 20 17 15 13 12 12 5
— E5 22 21 18 16 14 13 7
E6 21 18 14 14 17 18 8

Fig. 11. Comparing of all immunoperoxidase, TUNEL and CISH positivities
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its interaction with the focal adhesion protein paxillin
(28). The combined effect of the ES and E6 genes has
been described as crucial for the growth and invasion
of sarcoid fibroblasts, another type of BPV-1-indcued
tumor. Thus, the inhibition of these viral oncoproteins
would be expected to impair cell growth and invasion
(29). In our study, the E5 gene had an effect on both
connective tissue components and epithelial cells. In
contrast to our expectations, however, the E6 gene was
less effective in the regressive phase. This finding sug-
gests that the E6 gene only participates in oncogenic
transformation during the progressive phase.

The ES and E6 oncoproteins have also been reported
to have an interactive effect on cells from HPV-related
cancers (19). Thus, it is possible that the combined role
of E5 and E6 changes in the context of tumor regres-
sion. Regarding the relationship between apoptosis
and the E6 oncoprotein, in HPV 16, the E6 oncoprotein
acts a transcription factor to trigger cell cycle arrest
or apoptosis in response to a large variety of cellular
stresses, such as hypoxia or DNA damage (13, 22).

In some situations, the E2 oncoprotein might also
be required for the regression of endogenous HPV
genes (7). Accordingly, E2 proteins can elicit HPV-
-independent effects such as apoptosis. Furthermore,
previous studies found that transfection of the BPV and
HPV18 E2 genes could induce apoptosis by arresting
p53-dependent growth (9, 10, 27). According to these
findings, E2 is considered to play a bilateral role in
regression-phase situations. However, it has been
mentioned that the fate of progression or regression
in a papilloma or fibropapilloma rests on the pres-
ence and roles of various molecules. In our study, E2
gene expression and apoptosis were reduced in only
a quarter of samples in the progressive phase. In the
regressive phase, the decreases in E2 gene and apop-
tosis were even less apparent.

The pathomorphological, immunohistochemical,
and molecular findings of the present study indicated
that 18 samples were progressive (eight in the growth
phase, 10 in the development phase), whereas four
were regressive. Of the progressive cases, 14 were
fibropapilloma and three were papilloma. Of the
regressive cases, three were fibropapilloma and one
was papilloma. In the progressive phase cases, the
distribution of BPV-1 and expression of E2 and ES5
genes decreased by one-third from the stratum basale
toward the corneum; this decrease was two-thirds for
E6 gene expression and apoptosis. BPV-1 distribution
was reduced in fibroblasts, fibrocytes, and collagenous
deposits from half of the samples: in these components,
E gene expression was reduced in a third of samples,
and apoptosis marker expression was reduced in two
thirds; however, in epithelial layers from regressive-
phase lesions, BPV-1 distribution was reduced in
approximately half of the samples, whereas E gene
expression and apoptosis were reduced in a quarter of
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samples. Similarly, BPV-1, ES, and E6 gene expres-
sion were decreased in half of the evaluated fibro-
blasts, fibrocytes, and collagen deposits, whereas E2
gene expression and apoptosis were decreased only
in a quarter of samples. Although E5 and E6 might
have an overall regressive effect on neoplastic cells,
this should be evaluated in the context of other p53
pathway and apoptotic cascade signals.

Morphological changes in skin and anti-viral host
reactions have been reported to regress following
the progressive phase (15). However, no meaningful
reports have investigated the role of the most critical
E genes and their expression levels in papilloma and
fibropapilloma. This study is therefore expected to
clarify the issues surrounding this subject.

In conclusion, most reports of BPV-1 cases describe
the virological aspects, despite the presence of patho-
morphological and immunohistochemical studies (2, 4,
6,8, 11,23). However, some studies have demonstrated
relationships between other E genes and apoptosis (16).
To the best of our knowledge, previous reports have not
mentioned bilateral trends in E gene expression with
respect to progression and regression. Furthermore,
earlier reports have not documented the distribution of
apoptosis in components of the dermis and epidermis
during the regression and progression phases of natural
papillomas and fibropapillomas. Natural BPV-1 infec-
tion is expected to shed light and provide details on
the basis of the progressive/regressive classification.
Accordingly, the authors believe that the current study
provides a significant contribution to research involv-
ing the molecular and immunopathological features
of BPV-1 infection.
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