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Abstract

Upper digestive tract (UDT) cancer is rare in cattle, however in Southern Brazil, the UDT
squamous cell carcinomas (SCCs) are relatively common and have been associated with
bracken fern consumption and the presence of papillomas. Although a theory of pathogene-
sis considers bovine papillomavirus type 4 (BPV-4) as a cofactor in the development of
these SCCs, some aspects of the etiopathogenesis of this disease need to be more investi-
gated. In fact, detection of BPV-4 in UDT papillomas is scarce in other regions of the world
and has not been performed in Brazil. Therefore, this study had two aims: 1) to analyze the
epidemiological, clinical and pathological aspects of 100 natural cases of SCCs in the UDT
of cattle grazing on bracken fern (Pteridium arachnoideum) highly contaminated areas,
investigating the associations between these parameters; and 2) to investigate the presence
of papillomavirus DNA by polymerase chain reaction (PCR) in the UDT papillomas (n = 47)
from 30 cattle that also had UDT SCCs. There were statistically significant associations
between clinical signs and tumor localization in the UDT; between histological grade of dif-
ferentiation and tumor localization; and a trend towards significant association between his-
tological grade of differentiation and presence of metastases. The average age of cattle with
oropharyngeal SCCs was 7.39 years, with statistically significant difference comparing to
cattle with esophageal SCCs (8.6 years). No statistical association was observed among
other clinical-pathological parameters (growth pattern and primary site of the tumor) ana-
lyzed. No BPV DNA was detected in papillomas by PCR. Therefore, these results suggest
the possibility that papillomas of the UDT are not necessarily associated with BPV infection.
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Introduction

Squamous cell carcinomas (SCCs) are the most common oral neoplasms of humans, cats,
horses, and livestock species and are the second most common of dogs, behind only the mela-
nocytic tumors [1-4]. Oral neoplasms are generally rare in livestock [3, 5]. An exception is
seen in a few geographic areas, such as Southern Brazil, where oral, pharyngeal, esophageal,
and ruminal SCCs may represent around 20% of all neoplasia of cattle [6]. In these regions,
SCCs of the upper digestive tract (UDT) are associated with chronic bracken fern (Pteridium
spp.) poisoning and presence of UDT papillomas [3, 5, 7-9].

Some studies show that UDT papillomas are caused by a productive bovine papillomavirus
type 4 (BPV-4) infection [10, 11]. Although histological and electron microscopic data sug-
gested a role of BPV-4 in the development of alimentary SCCs [7], and the disease has been
experimentally reproduced [12], no BPV-4 DNA could be detected in almost all the SCCs
tested by Southern blot hybridization [13] and studies using a more sensitive technique as
polymerase chain reaction (PCR) have not been performed.

In Brazil, the relationship between these neoplasms and chronic ingestion of bracken fern is
well established [6, 8, 9, 14], but there are no studies confirming the association of BPV-4 with
this condition. Experimental reproduction of the disease is difficult to perform because cattle
need to consume small amounts of the plant for several years to develop SCCs [15].

Therefore, this study had two different aims: 1) to analyze the epidemiological, clinical and
pathological aspects of 100 natural cases of SCCs in the UDT of cattle grazing for years on
bracken fern (Pteridium arachnoideum) highly contaminated areas in Southern Brazil, investi-
gating the associations between these parameters; and 2) to investigate the presence of papillo-
mavirus DNA in the UDT papillomas by PCR.

Material and methods

Tumors from 100 cattle with SCCs in the UDT were collected between September 2003 and
August 2014. Samples were obtained from necropsy examinations from our diagnostic labora-
tory. Age, sex, breed, clinical signs, tumor growth pattern and the frequency and localization
of metastases were recorded. The primary site of the tumor was classified as base of the tongue,
pharynx, epiglottis, proximal, middle and distal esophagus and rumen entrance. The localiza-
tion of the tumors was classified as oropharyngeal (including base of the tongue, pharynx and
epiglottis), esophageal (proximal, middle and distal esophagus) or ruminal (rumen entrance).
When cattle had more than one SCC in the UDT, the largest tumor in centimeters was consid-
ered for this study [9]. The growth pattern (endophytic or exophytic) of the tumor was deter-
mined by visual examination with careful palpation on mucosa and cut surfaces [16].

Part of the papillomas (n = 47) from 30 cattle was collected and kept fresh or frozen for
PCR. Another part of the papillomas and SCCs (n = 100) from 100 cattle were fixed in 10%
buffered formalin, routinely processed for histopathology and stained with hematoxylin and
eosin (HE). Microscopically, each SCC was graded as well, moderately, or poorly differenti-
ated. Briefly, well differentiated SCCs were characterized mainly by islands of neoplastic kera-
tinocytes with abundant eosinophilic cytoplasm, intercellular bridges, and concentric
laminated deposits of keratin (keratin pearls). Nuclear pleomorphism and mitotic activity was
minimal. Moderately differentiated SCCs were characterized by ribbons, cords or cellular
aggregates of tumor cells, with less eosinophilic cytoplasm, nuclei showing greater pleomor-
phism and hyperchromatism and more numerous mitotic figures. Keratin pearls and in-
tercellular bridges were less frequent. Poorly differentiated SCCs show little squamous
differentiation. The cytoplasm appears amphophilic and the nuclei were pleomorphic, hyper-
chromatic and with marked mitotic activity. Neoplastic cells were deeply invasive, often
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appearing as single cells or small groups of cells surrounded by abundant desmoplastic reac-
tion [14, 16].

Ethics statement

In this study we did not perform any animal experiments. All the data were obtained from the
archives of necropsy reports. All the samples (paraffinized and frozen) used in this work came
from the archives of the diagnostic routine of the veterinary pathology laboratory.

DNA extraction and PCR

Frozen (n = 42) and fresh (n = 5) fragments (50-100mg) of papillomas collected from 30
bovine oral or esophageal mucosa that also had UDT SCCs were submitted to total DNA
extraction using the phenol and chloroform method. The samples were lysed and digested
using 1x sodium dodecyl sulfate solution and 1mg/ml of proteinase K. The samples were incu-
bated during 1-3h at 56°C. The organic and DNA phases were separated using phenol and
chloroform solution and centrifugation (9,000 rpm, 30min). DNA precipitation was per-
formed using ethanol and total DNA was eluted in 100yl of Tris-EDTA solution.

Total DNA was submitted to a PCR to amplify a 165 bp segment of the BPV-4 L1 gene. Ini-
tially, the sensitivity of the PCR was analyzed using the primers described by Borzacchiello
etal. [11]. The positive control was a synthetic DNA containing the target sequence, that con-
tains approx. 20 nucleotides plus flanking regions. The synthetic DNA was constructed using
the complete sequence of BPV-4 deposited in Genbank (accession number X05817.1) as the
model. This PCR allowed for the amplification of as low as 1.56x 10° DNA copies. PCR reac-
tions were performed in 25ul volume, using 2pl of template DNA, 12.5uM of each primer,
2.5mM of MgCl,, 10mM of dNTPs, 1x reaction buffer and 1 unit of Taq DNA polymerase
(ThermoFischer Scientific). PCR conditions were: initial denaturation (95°C for 10 min), fol-
lowed by 30 cycles of 95°C-60s; 45°C-60s for primer annealing and 72°C-60s for primer
extension; and a final extension of 7 min at 72°C. Products were visualized in a 1.5% agarose
gel, stained with Gel Red (Biotium, Inc., Fremont, CA) and visualized under UV light.

Panpapillomavirus PCR was also performed, using primers FAP59/64 and conditions
described by Forslund et al. [17], and DNA of bovine papillomavirus type 1 extracted of a cuta-
neous wart was used as positive control. All reactions were performed using ultrapure water as
negative control.

DNA of all extracted samples was initially submitted to endogenous control PCR to verify
acid nucleic integrity. For this, partial sequence of housekeeping GAPDH gene (841bp) was
amplified using primers forward (5’ -3’ : TGTTCCAGTATGATTCCAC) and reverse (3’ -
5’ : TCCACCACCCTGTTGCTGTA).

Statistical analysis

Statistical analysis and graphics were performed using R Core Team (2016) statistical software
(R: alanguage and environment for statistical computing; R Foundation for Statistical Com-
puting, Vienna, Austria). Chi-square or Fisher’s exact tests were used to examine the associa-
tions between clinicopathological parameters (clinical signs, growth pattern, tumor
localization, primary site, metastases, and histological differentiation grade). Age and tumor
localization were displayed as bar graphs. Average age by tumor localization was displayed as
mean + standard deviation. Age of bovines according to tumor localization was compared
using the Student’s  test when data were normally distributed (determined with the Shapiro-
Wilk test) or the Mann-Whitney U test when not normally distributed. A value of P <0.05
was considered statically significant.
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Results

The mean age of animals with UDT SCCs was 7.8 (+2.3) years, ranging from 3 to 13 years.
Ninety-six were females and 4 were males. Eighty-nine were crossbreed (mixture of breeds), 6
Holstein, 4 Jersey and 1 Charolais.

The most common reported clinical signs were weight loss (n = 95), ruminal atony
(n =77), dysphagia (n = 62), coughing (n = 59), diarrhea (n = 53), regurgitation of ruminal
contents through the mouth or nostrils (n = 36), bloating (n = 35), and salivation (n = 30).
Less commonly signs were halitosis (n = 27), anorexia (n = 14), dyspnea (n = 8), neck exten-
sion (n = 6), weakness (n = 5) and kyphosis (n = 2). Sometimes, the presence of large amounts
of undigested food in the feces was reported.

The SCCs were more commonly observed in the oropharyngeal (n = 41; Fig 1A and 1B),
followed by ruminal (n = 35) and esophageal (n = 24;) regions (Fig 1C and 1D) of the UDT. Of
the 41 oropharyngeal tumors, 26 were located in the pharynx, 10 in base of the tongue and 5 in
the epiglottis. Of the 24 esophageal tumors, 9 were in the proximal esophagus, 9 in the middle
and 6 in the distal esophagus.

Eighty-one SCCs were of endophytic growth pattern and 19 were exophytic. The endo-
phytic tumors were deeply infiltrating lesions, with relatively few surface manifestations (irreg-
ularities in the mucosa with small erosions or ulcers) or extensive ulcers (Fig 1A, 1B and 1C).
The exophytic tumors were papillary or verrucous, irregular, ulcerated masses with a broad
base or a relatively narrow pedicle (Fig 1D). Tumors ranged from 6 to 50 cm in extension,
were multilobulated with retention of alimentary content and fetid odor. All SCCs were white-
yellowish, firm masses, frequently with yellow spots on cut surface (corresponding to marked
keratinization). Of all endophytic tumors, 13 esophageal tumors had a specific gross presenta-
tion as circumferential (annular) masses within the wall with pronounced wrinkling of the

mucosa associated with retracted uneven areas and subsequent luminal stenosis (detailed data
published elsewhere [18]).

Fig 1. Squamous cell carcinoma of the upper digestive tract of cattle associated with chronic poisoning by bracken
fern. Endophytic growth patterns are located in the base of the tongue (A), pharynx (B) and distal esophagus (C;
including some small papillomas [arrows]) and exophytic pattern in the rumen (D).

https://doi.org/10.1371/journal.pone.0204656.9001
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In addition to the SCC large tumors, smaller tumors (<5cm in diameter) were observed,
sometimes multifocally, along the UDT in 57 cattle. These small tumors had the same gross
features of large tumors and were more frequent in the rumen entrance (n = 31) and esopha-
gus (n = 27), followed by epiglottis (n = 17), base of tongue (n = 16), and pharynx (n = 12).

The SCCs were graded as well (n = 62; Fig 2A), moderately (n = 21; Fig 2B) or poorly differ-
entiated (n = 17; Fig 2C). Metastases were present in 52% of cases and these mostly involved
regional lymph nodes (Fig 3; retropharyngeal [n = 27], gastric [n = 13], deep cervical [n = 10],
mediastinal [n = 5], superficial cervical [n = 3], submandibular [n = 2], mesenteric [n = 2] and
hepatic [n = 2]). Metastases to the liver (n = 7), lung (n = 5) and spleen (n = 4) were less com-
mon. Rarely (n<2), metastases were observed in greater omentum, urinary bladder, intestine,
kidney, trachea and diaphragm.

Throughout the UDT, from the soft palate to the rumen entrance, all 100 cattle had a few or
multiple papillomas (Fig 4A), ranging from few millimeters in diameter to lesion that were up
to 2 cm, pedunculate or sessile, with digitiform projections (cauliflower-like surface), and vari-
able covering keratinization. Microscopically, papillomas were characterized by multiple digi-
tiform projections covered by proliferated squamous epithelium with variable superficial
keratinization, supported by a central fibroblastic stalk (Fig 4B). Intranuclear viral inclusion
bodies were not observed. Three developing phases of papillomas were observed: growing
(mild epithelial cupped hyperplasia, with initial formation of rete ridges in the lamina propria),
developing (typical digitiform fronds with moderate to severe parakeratosis, anchored in a
moderate collagenous stroma), and a few regressing papillomas (attenuated fronds with accen-
tuation of rete ridges formation and moderate to severe infiltrate of lymphocytes). Sometimes,
there were transforming papillomas, observed as an intermediate stage between a papilloma
and a SCC. They were grossly characterized by attenuated digitiform projections (Fig 5) and
histologically by papillomatous fronds showing areas of irregular growth and transformed
keratinocytes.

Grossly, adjacent to the SCCs, the mucosa was often irregular, with focal patches of
increased prickle layer or nodules with markedly irregular surfaces, small erosions or ulcers.
Histologically, these squamous intraepithelial lesions were characterized by squamous hyper-
plasia, mild, moderate or severe dysplasia and carcinomas in situ. Moderate to severe dysplasia
and carcinoma in situ were frequently accompanied by moderate lymphoplasmacytic inflam-
matory infiltrate.

PCR failed to amplify a segment of the BPV genome from the (n = 47 papillomas of 30 cat-
tle) extracted samples. The BPV-4 PCR was able to detect at least 1.56 x 10° DNA copies. The
same was observed in panpapillomavirus PCR (FAP59/64) using bovine papillomavirus type 1
as positive control. Furthermore, the total DNA integrity of all analyzed samples was pre-
served, and it was confirmed by a PCR using the GAPDH housekeeping gene as target.

A significant (p<0.001) association between clinical signs and tumor localization was
observed (Table 1). Coughing is the clinical sign associated with oropharyngeal tumors, regur-
gitation is related to esophageal neoplasms and bloating with ruminal SCCs.

Fig 2. Histology of squamous cell carcinomas (SCCs) of the upper digestive tract of cattle associated with chronic
poisoning by bracken fern. Well (A), moderately (B), and poorly (C) differentiated SCCs, HE.

https://doi.org/10.1371/journal.pone.0204656.9002
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Fig 3. Regional lymph node metastasis of squamous cell carcinoma of the upper digestive tract of cattle associated
with chronic poisoning by bracken fern. The yellow coloration is due to the abundant intratumoral keratinization.

https://doi.org/10.1371/journal.pone.0204656.9003

The association between histological differentiation grade and tumor localization was statis-
tically significant (p = 0.007; Table 2). The well differentiated tumors were more oropharyn-
geal, and the poorly differentiated tumors were more often observed in esophageal and
ruminal regions. There was a trend towards significance (p = 0.063) association between the
variables histological differentiation grade and presence of metastasis (Table 2). Poorly differ-
entiated SCCs had the highest rates of metastases (76.47%; 13/17) when compared to moder-
ately (52.38%) and well (45.16%) differentiated SCCs.

Oropharyngeal tumors metastasized in 62.5% of cases, ruminal in 48.57% and esophageal
tumors in 41.67% of cases. Despite this, tumor localization (oropharyngeal, esophageal and
ruminal) was not significantly associated with the presence of metastasis (p = 0.284).

Considering the primary site, epiglottis tumors metastasized in 80% of cases; n = 4/5, fol-
lowed by those located in the distal esophagus (67%; n = 4/6), pharynx (61.5%; n = 16/26), ton-
gue (50%; n = 5/10), rumen entrance (48.5%; n = 17/35) and cranial and middle esophagus
(33%; n = 3/9). However, no significant association between tumor primary site and presence
of metastasis (p = 0.486) was observed.

Fig 4. Papillomas associated with chronic poisoning by bracken fern on cattle. Multiple oropharyngeal papillomas
(A; arrows) and developing papilloma (B), HE.

https://doi.org/10.1371/journal.pone.0204656.9004
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Fig 5. Ruminal transforming papillomas associated with chronic poisoning by bracken fern in a cow.

https://doi.org/10.1371/journal.pone.0204656.9005

The average age of cattle with oropharyngeal SCCs was 7.39 years old, with statistically sig-
nificant difference (p = 0.018; ¢ test) than cattle with esophageal SCCs (8.6 years). No signifi-
cant difference was found among the mean age of cattle with esophageal and ruminal tumors

(7.79 years) or oropharyngeal and ruminal tumors (Fig 6).

No statistical association was observed among other clinical-pathological parameters

(growth pattern and primary site of the tumor) analyzed.

Discussion

One hundred cases of SCCs of the UDT of cattle grazing on bracken fern in Southern Brazil
were studied. Studies analyzing other aspects of the disease, with 30 [8] and 40 cases [14, 19],

out of the 100 studied here, were already published.

Table 1. Association between clinical signs and SCCs localization in the upper digestive tract in cattle grazing on bracken fern areas.

Tumor localization
Oropharyngeal (n = 41) Esophageal (n = 24) Ruminal
(n=35)

Clinical signs*
Weight loss: n = 95 41 (43.16%) 22 (23.16%) 32 (33.68%)
Ruminal atony: n = 77 32 (41.56%) 17 (22.08%) 28 (36.36%)
Dysphagia: n = 62 26 (41.93%) 16 (25.81%) 20 (32.26%)
Coughing: n = 59 32 (54.24%) 12 (20.34%) 15 (25.42%)
Diarrhea: n = 53 16 (30.19%) 14 (26.41%) 23 (43.40%)
Regurgitation: n = 36 8(22.22%) 17 (47.22%) 11 (30.56%)
Bloating: n = 35 3 (8.57%) 10 (28.57%) 22 (62.86%)
Salivation: n = 30 14 (46.66%) 8 (26.67%) 8(26.67%)

*Significant (p<0.001) association by Chi-square or Fisher’s exact tests between tumor localization and clinical signs.

https://doi.org/10.1371/journal.pone.0204656.t001
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Table 2. Association between histological differentiation grade and tumor localization or presence of metastasis of SCCs of the upper digestive tract in cattle graz-

ing in bracken fern areas.

Tumor localization®
Oropharyngeal: n = 41
Esophageal: n = 24
Ruminal: n = 35
Metastases®

Presence: n = 52
Absence: n = 48

Histological differentiation grade

WD (n = 62)

32 (78.05%)
11 (45.83%)
19 (54.29%)

28 (53.85%)
34 (70.84%)

MD (n =21)

8 (19.51%)
6 (25%)
7 (20%)

11 (21.15%)
10 (20.83%)

1 (2.44%)
7 (29.17%)
9 (25.71%)

13 (25%)
4(8.33%)

WD, well-differentiated; MD, moderately differentiated; PD, poorly differentiated

“Significant (p = 0.007) association by Chi-square or Fisher’s exact tests between histological differentiation grade and tumor localization

PTrend towards significance (p = 0.063) association by Chi-square or Fisher’s exact tests between the variables histological differentiation grade and presence of

metastasis.

https://doi.org/10.1371/journal.pone.0204656.t002

Cattle with oropharyngeal SCCs were significantly younger than cattle with esophageal
tumors; however, the reason for this was not determined. Cranial neoplasms may progress
more rapidly than tumors of other sites in the UDT, or the clinical signs are more rapidly
detectable in cranial SCCs [20].

Although cows are overrepresented in the present study, this does not represent a predispo-
sition for females to develop these tumors. It can be explained by the fact that this category rep-
resents the largest bovine population on farms of that geographic area and also because cows
have a longer life than the other categories of cattle, being more likely to develop the lesions of
chronic poisoning by bracken fern [8]. According to the literature, SCCs associated with
chronic bracken fern poisoning takes several years to develop [12, 15]. This is the possible

15

p<0.05

10

Mean of age

Oropharyngeal Esophageal Ruminal

Tumor localization

Fig 6. Squamous cell carcinomas (SCCs) of the upper digestive tract (UDT) in cattle associated with chronic
poisoning by bracken fern. The average age of cattle according to tumor localization in the UDT. Cattle with
oropharyngeal SCCs (7.39 years old) were younger than those with esophageal SCCs (8.6 years, “p = 0.018). Although
cattle with oropharyngeal SCCs were, on average, younger than those with ruminal SCCs (7.79 years), the difference
was not statistically significant.

https://doi.org/10.1371/journal.pone.0204656.g006
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reason the disease was not observed in cattle younger than 3-years-old in this study (mean age
of 7.8), considering that many cattle were exposed to and probably consumed the plant since
they were born in the affected farms.

Cachexia, ruminal atony and dysphagia were the most common clinical signs in cattle graz-
ing on bracken fern areas, similar to that already observed by other authors [5, 9]. There was a
significant association between clinical signs and tumor localization. We observed that cough-
ing is the clinical sign associated with oropharyngeal tumors, regurgitation is related to esoph-
ageal tumors and bloating with ruminal neoplasms. Dysphagia was a common clinical sign,
regardless of tumor localization. Oropharyngeal SCCs should be highly considered in the dif-
ferential diagnosis of cattle with coughing grazing on bracken fern infested areas. Esophagus
and stomach deserve particular attention during the examination of animals with regurgita-
tion. The bloating observed in ruminal tumors was the result of a physical obstruction, mainly
of the esophageal groove, in eructation of gas produced by normal rumen fermentation
(chronic or recurrent secondary bloating) [5].

Histological differentiation grade was the main factor predicting the prognosis of SCCs in
the UDT of cattle. The poorly differentiated tumors were more associated with the presence of
metastasis. Although the prognostic value of histological classification of oral SCCs remains a
controversial topic in human medicine and there have been a few studies to determine whether
the histological grade also is prognostic in other domestic animals, this should be further eval-
uated because it is possible that the subtype of the SCCs and histological grade may be useful
to predict tumor behavior, especially in cases in which complete clinical staging is not possible
[3, 21]. There was also a significant association between histological differentiation grade and
tumor localization in the UDT. The well-differentiated tumors were most oropharyngeal, and
the poorly differentiated tumors were most in the esophageal and ruminal regions, however,
the reason for this was not determined.

The site of the primary tumor is predictive of nodal metastasis and prognosis in human
SCCs [22]. Human SCCs also are well recognized to metastasize more quickly from the tongue
than from other areas of the oral cavity, probably due to the rich vascular and lymphatic con-
centration within the tongue and the contraction of tongue muscles promoting the dissemina-
tion of neoplastic cells [3, 22]. Comparing with neoplasms that develop at the base of the
tongue, rostral SCCs in people have a more favorable prognosis due to more rapid detection, a
greater chance of surgical cure, and, because there are fewer lymphatics in the rostral tongue,
resulting in less frequent metastases. Similarly, less well-vascularized areas, such as the glottic
larynx, are associated with a lower rate of metastasis 3, 22]. In dogs, although neoplasia of the
tongue is rare, representing 3-6% of canine oral neoplasia, these neoplasms may have
increased metastatic potential, with up to 40% of lingual SCCs reported to metastasize to
regional lymph nodes compared to metastasis rates 15% for other oral SCCs [3]. In the present
study, tumors on the rostral tongue were not observed. All tumors occurred at the base of the
tongue. Although the rates of metastases were different between oropharyngeal, esophageal
and ruminal tumors, and also between the different sites of the oral cavity, there was no associ-
ation between the presence of metastasis and tumor localization in the UDT or tumor primary
site in our study.

SCCs of oral cavity occurred more frequently in the pharynx (63.41%; 26/41), followed by
the base of the tongue (24.39%; 10/41) and epiglottis (12.2%; 5/41). In humans, SCCs occur
mainly in the oral cavity (67%) followed by pharyngeal region (30%) [1], it is suggested that
higher exposure to tobacco smoking and alcohol drinking are required to induce oropharyn-
geal than oral cancer [23]. It is important to point out that the main toxic principle of bracken
fern, a norsesquiterpene ptaquiloside, unfolds into a reactive dienone (carcinogenic and muta-
genic) in places of alkaline pH, as under influence of saliva [24, 25].
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Metastases were present at a much higher frequency (52% of cases) in our study when com-
pared to oral SCCs in dogs and cats (around 15% of nodal metastasis) [3, 20]. Regional lymph
node metastasis is most often found with poorly differentiated SCCs or neoplasms that have
been present for a long time before they are diagnosed or excised [16]. Poorly differentiated
SCCs had the highest rates of metastases in this study. Additionally, the SCCs in cattle are usu-
ally diagnosed late, when the animal shows evident clinical signs due to large or critically
located (i.e. in the rumen entrance) neoplastic masses. Therefore, these two factors may have
contributed to the high frequency of metastases in the present study.

Endophytic SCCs were much more frequent (81% of cases) than exophytic tumors, in
accordance with the local invasive nature of this tumor, but no statistical association was
observed between the growth pattern and clinical or pathological factors. Of all endophytic
tumors, 13 had a specific gross presentation as annular stenotic esophageal SCCs, which were
detailed elsewhere [18]. In humans, head and neck endophytic SCCs have worst prognosis
than exophytic tumors [26-29]. Nevertheless, other studies have established that thickness of
the tumor is the most reliable predictive factor that had significant value for subclinical nodal
metastasis, local recurrence, and survival in patients with oral cancer [30-32]. The tumor
thickness is measured from the deepest tumor invasion to the presumed original surface level,
that is, ignoring exophytic growth or assessing the original surface level in ulcerated tumors [2,
30]. Additionally, the higher incidence of subclinical nodal metastasis and poor prognosis
found in endophytic and expansive tumors in some studies can be probably caused by their
association with thicker tumors in humans [32]. More studies are needed to determine if
tumor thickness also influences the prognosis of SCCs in cattle.

The presence of BPV DNA was investigated in papillomas by PCR with primers specific for
BPV-4 and with panpapillomavirus degenerate primer. Despite the relatively low sensitivity of
the PCR used in this study, high copy numbers of BPV-4 DNA sequences have been regularly
detected in both naturally occurring or experimentally induced papillomas, as observed by
Campo et al. [13] who detected BPV-4 DNA in 61 out of 67 papillomas in which the copy
number could be as high as 1 x 10° genomes per cell, indicating the presence of high viral load
in infected tissues.

The absence of DNA detection of BPV-4 by PCR and the absence of intranuclear inclusion
bodies in papillomas suggest that papillomas of the UDT in cattle may not be necessarily asso-
ciated with papillomavirus infection in Southern Brazil.

Additionally, the presence of squamous intraepithelial lesions found throughout the UDT
epithelium that do not appear to pass through a papillomatous stage may demonstrate direct
action of bracken fern carcinogens in the epithelium without the need for viral involvement
[33]. In Brazil, both SCCs and papillomatosis of the UDT occur only in areas with presence of
bracken fern [15].

Oral papillomatosis in cattle is rare and it is observed in specific cases of immunosuppres-
sion [34]. According to the papilloma-carcinoma theory proposed by Campo et al. [12],
persistence of alimentary papillomatosis, with progression to SCCs, is induced by immunosup-
pression due to lymphopenia caused by Pteridium spp. toxicity. In a study of spontaneous
cases of bracken fern-related SCCs of the UDT in Southern Brazil, lymphopenia was observed
only in three out of 40 cases [19].

The absence of papillomavirus DNA in the papillomas, the absence of lymphopenia in most
cows and the presence of squamous intraepithelial lesions in the UDT, keep open the possibil-
ity that papillomas of the UDT may not be necessarily associated with papillomavirus in cattle
from our region and that papillomas and SCCs could be both independently induced by
bracken fern. This possibility was also considered in a broad bovine and human comparative
papillomavirus review [35]. Consequently, BPV-4 infection apparently is not a cofactor
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involved in carcinogenesis of alimentary SCCs in cattle from Southern Brazil. All these find-
ings point out to the need for further investigations of the etiopathogenesis of this disease
using other molecular and antigenic tests, such as next generation sequencing and BPV-4 spe-
cific monoclonal antibodies.

Supporting information

S1 File. In the absence of a commercially available specific primary antibody for BPV-4, a
monoclonal antibody cocktail against human papillomavirus was used by immunohis-
tochemistry and nuclear immunoreactivity for papillomavirus was not observed in any
(n =93 papillomas of 38 cattle) of the UDT papillomas (Figure in S1A and S1B Fig).
(PDF)

S1 Fig. Immunohistochemistry of bovine papillomas using a human papillomavirus cock-
tail broad spectrum (HPV-1, 6, 11, 16, 18 and 31), clone BPV-1/1H8 + CAMVIR-1 as pri-
mary antibody. Nuclear immunoreactivity within the superficial keratinocytes in a bovine
cutaneous papilloma used as positive control. Inset shows an immunolabelled keratinocyte
(A). Absence of immunoreactivity in a bovine upper digestive tract papilloma. Inset shows
absence of immunostaining in epithelial cells (B).
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