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Abstract: Bovine Ocular Squamous Cell Carcinoma is considered the most common bovine tumour,
causing significant economic losses, mainly by abattoir condemnations. To obtain a better insight into the
genesis and neoplastic transformation, 19 samples collected at slaughter from Holstein Friesian cattle and
diagnosed as Ocular Squamous Cell Carcinoma were studied. Tumours were histologically classified
into three categories: poorly (26.3%), moderately (26.3%), and well differentiated (47.4%). Expression of
keratins (MNF116 and LP34) and of cornified envelope precursors (involucrin and profilaggrin) was
studied. Expression of MINF116 was observed in all carcinomas. LP34 immunostaining was seen in
all but three carcinomas, one from each degree. Involucrin immunoreaction was observed in all but
one poorly differentiated carcinoma. Profilaggrin was present in only two moderately differentiated
carcinomas, in all but one well differentiated, and in all but one poorly differentiated. MNF116 is a
useful marker to confirm the epithelial origin of the tumour and stain most neoplastic cells in these
tumours. The expression of involucrin and LP34 demonstrates that, in all tumours, cells have reached
the final program of differentiation, regardless of the grade. The expression of profilaggrin could
indicate molecular changes during malignant transformation but their expression does not seem to be of
diagnostic value.
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1. Introduction

Ocular Squamous Cell Carcinoma (OSCC) is a general designation for a group of primary
neoplasms of keratinocytes emerging from ocular tissues, especially the eyelids and particularly
the third eyelid [1]. Bovine Ocular Squamous Cell Carcinoma (BOSCC) has been diagnosed all
over the world with high incidence, and it is considered the most common bovine tumour and the
one which causes the most significant economic losses, mainly by abattoir condemnations [1-8].
This tumour is described mostly in aged animals from Hereford and Holstein or derived breeds,
among others [1,2,4,5,8]. In Portugal, the frequency of this tumour is particularly high in the Azores.
On S. Miguel Island, large numbers of cattle affected with OSCC are rejected for consumption at
slaughter and OSCC is the second most frequent neoplasia, after urinary bladder tumours, representing
21% of all cases of rejection due to neoplasia [9-11].

BOSCC arises from plaque and papilloma or may develop spontaneously without progression
from benign lesions. BOSCC is an invasive and chronically progressing tumour that may spread to
the parotid lymph node and invade the bone of the orbit and adjacent structures [2,3]. Histologically,
OSCC may range from well to poorly differentiated or anaplastic carcinoma, but like many epithelial
tumours, it may have a heterogeneous population and could display different histological features in
the same neoplasia. Hence, the study of the antigenic expression in the different patterns is useful to
develop a deeper understanding of the cellular behaviour and deregulation [12-14].

The expression of distinct intermediary filaments is further associated with distinct steps of
malignant transformation [15]. Cytokeratins (CK), cytoskeleton proteins, are expressed exclusively
by epithelial cells during differentiation of keratinocytes, and are preserved during malignant
transformation, as in squamous cell carcinoma (SCC) [16]. Involucrin and filaggrin are considered
markers of keratinocyte terminal differentiation. Synthesis of involucrin starts in stratum spinosum
keratinocytes, after they have stopped their division, and is considered an early marker of terminal
differentiation [14,17-23]. Involucrin expression could distinguish benign lesions from SCC [24,25].
Profilaggrin is synthesised in the upper stratum spinosum or granulosum, stored in the keratohyalin
granules, and posteriorly broken down into filaggrin [26,27]. Filaggrin and profilaggrin, expressed
by keratinocytes of the granular cell layer of normal keratinized epithelia, are considered later
differentiation markers [22,28].

To the best of our knowledge, there are several immunohistochemical (IHC) studies focusing on
pre-neoplastic lesions and epidermic/oral SCC in man [29-32] and in small animals [33-35] but very
few in farm animals [1,36,37]. Since every effort is needed to improve knowledge on the biology of
tumours and search for predictive factors on the prognosis, the aim of this study was to evaluate the
histological and IHC features of BOSCC. The histological pattern was compared with the expression of
keratinocytes differentiation proteins, CK, involucrin, and filaggrin, to facilitate the histopathologic
classification and biological behaviour on the routine diagnosis of the BOSCC.

2. Materials and Methods

2.1. Samples

Nineteen eye tumour samples were collected at slaughter, on Sao Miguel Island, Azores, from
Holstein Friesian cattle. Samples were fixed in 10% neutral-buffered formalin, for a maximum of 48 h,
embedded in paraffin wax, and 3 pm sections were stained for routine histopathological diagnosis
with haematoxylin and eosin (H/E).

2.2. Histopathology

Before histological processing, all tumours were evaluated and classified according to macroscopic
features based on World Health Organization (WHO) classification [38]. All samples were examined
by light microscopy and classified according to morphological criteria [11,38—40]. These criteria
included: (1) Cellular phenotype evaluating the proportion between basal-like keratinocytes and
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well-differentiated keratinocytes, organisation pattern in islands, trabeculae, or cords, showing
central squamous differentiation, degree of keratinisation, namely evaluating the presence, number,
and dimension of keratin pearls, and presence of pleomorphic and atypical cells and presence of
dysqueratotic and acantolytic cells. (2) Mitotic index refereed as the number of mitotic figures per
10 high-power fields, ranging from 0-2 (Low), 3-6 (Medium), and >6 (High). (3) Invasiveness, evaluating
infiltration of the surrounding tissues. According to their degree of differentiation, mitotic index,
and infiltration of the surrounding tissues, the BOSCC were classified as described elsewhere into well
differentiated (WD), moderately differentiated (MD), and poorly differentiated (PD) (Table 1).

Table 1. Bovine Ocular Squamous Cell Carcinoma (BOSCC) histopathological classification regarding
degree of differentiation and invasiveness [11,38—40].

Degree of Differentiation

Keratinisation Degree Pattern Cellular Phenotype
Small basal-like cells at the
periphery and
Large islands, trabeculae well-differentiated
. . Numerous large keratin  or cords formation, with keratinocytes, with
Well Differentiated pearls central squamous homogenous eosinophilic
differentiation cytoplasm and clear
intercellular bridges in the
central areas
Moderately Small to medium sized s S:;il)le: :;ﬁ;iizzgon Increased number of poorly
Differentiated keratin pearls quamous ¢it ! differentiated cells
acantolytic cysts
Individual cell Few small sized islands, Predominance of areas with
Poorly Differentiated Keratinisation poor cellular more pleomorphic and
differentiation atypical cells

Degree of Invasiveness

Non-Invasive Moderately Invasive Very Invasive

Small independent
islands of neoplastic
tissue surrounding the
main tumour

Minimal signs of
invasion of the
surrounding tissues

Invasion of the deepest skin
layers, far from the main
tumour

2.3. Immunohistochemistry (IHC)

IHC staining was performed using the streptavidin-biotin-peroxidase method.

Deparaffinized and rehydrated 3 um thick tissue sections were mounted on Vectabond (VECTOR,
Burlingame, CA, USA)-coated glass slides. Endogenous peroxidase activity was abolished with 0.5%
hydrogen peroxide in methanol for 30 min and non-specific staining was blocked by pre-incubation
with normal swine serum (1:5 dilutions, 60 min).

To evaluate keratin expression, two monoclonal antibodies (DAKO, Glostrup, Denmark) were
used: MNF116 and LP34. The distribution of cornified envelope precursors was studied using
two antibodies: monoclonal antibody anti-human involucrin (NOVOCASTRA, Newcastle upon
Tyne, UK) and polyclonal antibody anti-human profilaggrin (ZYMED, South San Francisco, CA,
USA). Sections were washed in Tris-buffered saline (TBS, pH 7.4) and incubated with Multilink
(DAKO), diluted 1:100, for 60 min at room temperature, as secondary antibodies. After incubation with
streptavidine-biotinylated horseradish peroxidase complex (DAKO) for 60 min, reaction was developed
with 0.075% 3.3 diaminobenzidine tetrahydrochloride (SIGMA) and 0.02% hydrogen peroxide for
10 min (Table 2). Finally, sections were counterstained with Mayer’s hemalumen (MERCK, Darmstadt,
Germany), dehydrated, and mounted in Entelan (MERCK). To assess the number of positively labelled
cells, a semi-quantitative scoring system was used for each antibody: (—) absence of labelling, (+) <25%
of cells labelled, (++) 25%-50% of cells labelled, (+++) 50%—75% of cells labelled, and (++++) >75% of
cells labelled.
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Table 2. Antibodies and techniques.

Antibody Clone Pre-Treatment Dilution Incubation Time
Cytof;’f;‘:gslg' 68, MNF116 (DAKO) 1:50
Cytolzifg t1ir815 "o LP34 (DAKO) Trigg’i ,n3t70"%1 " 1:100 Overnight
Profilaggrin F;%;;}[%rg)l 1:150 Room femperature
Involucrin SY5 107,98 °C in 10 mM 1:20

(NOVOCASTRA) citrate buffer (pH 6.0)

Bovine and human normal skin was used as positive control, and for negative controls, the primary
antibodies were replaced by phosphate-buffered saline.

2.4. Statistical Analysis

In order to verify a potential difference in the expression of the different markers (MNF, LP34,
profilaggrin and involucrin) between the three histological differentiation groups of BOSCC (WD, MD,
and PD), data obtained from the expression of the different markers were submitted to analysis of
variance (ANOVA). Pearson’s correlation test was used to determine if any correlation was present
between the expressions of the markers. For the statistical analysis, the software SPSS 25® (IBM
corp., New York, NY, USA) was used. Differences were considered statistically significant when the
computed p-value was less than 0.05.

2.5. Ethics

Ethical procedures were approved by Portuguese Foundation for Science and Technology (FCT)
(PRAXIS/BD/18347/98) and by the Interdisciplinary Centre for Research in Animal Health (CIISA),
Faculty of Veterinary Medicine, University of Lisbon.

3. Results

3.1. Clinical Data

All tumours collected were from Holstein Friesian breed with ages ranging from 4 to 10 years
(mean 7.5 years). Eight tumours had origin on the eyelids, eight on the third eyelid, and three involved
the whole ocular region (Table 3).

3.2. Histopathological Diagnosis

The distribution of BOSCC regarding the degree of differentiation and invasiveness are summarised
in Table 3. All 19 tumours sampled were diagnosed as OSCC. WD BOSCC 9/19 (47.4%) (Figure 1A)
were characterised by the presence of numerous large keratin pearls and large islands, trabeculae,
or cords formation, with central squamous differentiation. These tumours showed small basal-like cells
at the periphery and well-differentiated keratinocytes, with homogenous eosinophilic cytoplasm and
clear intercellular bridges in the central areas. MD BOSCC 5/19 (26.3%) (Figure 1B) were characterised
by the presence of a moderate degree of keratinisation and differentiation, small to medium sized
keratin pearls, acantolytic cysts, smaller islands, and squamous differentiation, but with an increased
number of poorly differentiated cells. PD BOSCC 5/19 (26.3%) (Figure 1C) showed individual cell
keratinisation, few small sized islands, and poor cellular differentiation, with predominance of areas
with more pleomorphic and atypical cells.
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Table 3. Clinical data, tumour anatomic location, histological classification, mitotic index, and immunohistochemical results.

50f 14

Animal * Age (Year) Localization of His?o.log.ical** Invasiveness I Mitosis § Immunohistochemistry *
Tumour Classification MNF 116 LP 34 Involucrin  Filaggrin
1 6 Third eyelid WD MI 0-20 +++ +++ + +++
2 5 Eyelid WD MI 0-20 +++ ++ + +4+++
3 8 Third eyelid WD NI >60 ++++ + + ++++
4 4 Eyelid WD NI 30-60 ++++ ++ + ++++
5 10 Third eyelid WD VI 0-20 ++++ ++++ + ++
6 10 Whole ocular region WD VI 0-20 +++ - + —
7 8 Eyelid WD VI 0-20 ++++ ++ + +
3 8 Eyelid WD NI 0-20 ++++ + + +
9 7 Third eyelid WD VI 0-20 ++++ +++ + +++
10 9 Third eyelid MD MI >60 ++++ + + AR
11 8 Whole ocular region MD VI 0-20 ++++ +4++ + +
12 8 Eyelid MD VI 0-20 ++++ - + -
13 4 Third eyelid MD VI 0-20 ++++ +++ + -
14 9 Eyelid MD VI 0-20 ++++ + + -
15 6 Third eyelid PD VI 30-60 ++++ - + ++++
16 7 Whole ocular region PD VI 30-60 ++++ + + +
17 Eyelid PD VI 0-20 ++++ + ++
18 8 Eyelid PD VI >60 ++++ + + +
19 10 Third eyelid PD VI 0-20 ++++ ++ + -

* Multiple samples were evaluated from each case; ** WD = Well differentiated; MD = Moderately differentiated; PD = Poorly differentiated; FMI= Moderately Invasive; NI = Non-Invasive;
VI = Very Invasive; 8 Number of mitotic figures per ten high-power field, Low = 0-20; Medium = 30-60; High = >60; * — = absence of labelling; + = <25% of cells labelled; ++ = 25-50% of
cells labelled; +++ = 50-75% of cells labelled; ++++ = >75% of cells labelled.
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Figure 1. Bovine Ocular Squamous Cell Carcinoma. (A) WD: extensive keratin pearl formation.
Bar, 50 um. (B) MD: acantolytic cysts. Bar, 25 um. (C) PD: individual cell keratinisation with more
pleomorphic and atypical cells. Bar, 25 pm. Hematoxylin Eosin (HE).

Dysqueratotic and acantolytic cells were present in the three degrees of differentiation. Regarding
invasiveness, the highest grade corresponded to invasion of the deepest skin layers, far from the main
tumour, the intermediate grade to neoplasms with small independent islands of neoplastic tissue
surrounding the main tumour, and the lowest grade was assigned to neoplasms with minimal signs
of invasion of the surrounding tissues. Mitotic index was low in 7 WD, 4 MD, and 2 PD, medium in
1 WD and in 2 PD, and high in 1 WD, 1 MD, and 1 PD (Table 3).

3.3. Immunohistochemistry

The results of immunohistochemistry obtained with all antibodies in BOSCC are summarized in
Table 3.

In bovine and human normal skin, MNF116 intensively stained the stratum basale, mildly
stained the lower stratum spinosum, was absent from upper stratum spinosum and stratum granulosum,
and intensively stained the simple epithelium of the cutaneous glands. MNF116 immunoreactivity
was observed in all neoplasias (100%), irrespective of their degree of differentiation (Figure 2A-C).
Intense diffuse cytoplasmatic reaction was present in most of the cells, including the pleomorphic cells
of poorly differentiated BOSCC. Reaction was more intense in well-differentiated keratinocytes or
squamous-like phenotype cells, in the small basal-like cells, located at the periphery of the tumour
trabeculae or cords, and in the dysqueratotic and acantolytic cells.

In bovine and human normal skin, LP34 intensively stained the suprabasal layers and was absent
from stratum basale. LP34 immunoreactivity was observed in all BOSCC except 3, 16/19 (84.2%),
1 in each of the three groups of differentiation. Reactivity was cytoplasmatic diffuse and intense,
especially in well-differentiated cells with squamous phenotype, whereas basal-like cells were negative
(Figure 3A—C). Dysqueratotic and acantolytic cells were also positive in all degrees of differentiation.
Intensity and percentage of labelled cells diminished as the degree of differentiation of the BOSCC
decreased. However, the expression of LP34 between the three histological differentiation groups was
not statistically different (p = 0.365). Most of the BOSCC studied revealed co-expression of simple
(LP34) and stratified (MNF116) cytokeratins markers.
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Figure 2. Expression of cytokeratin marker MNF116 in BOSCC. (A) WD: cytoplasmic diffuse and intense
reaction—more intense in well-differentiated keratinocytes. Bar, 25 um. (B) MD: cytoplasmic diffuse
and intense reaction—more intense in well-differentiated keratinocytes. Bar, 25 um. (C) PD: cytoplasmic
diffuse and intense reaction in most neoplastic cells, including those of pleomorphic areas. Bar, 25 pum.
Immunohistochemistry using avidin-biotin complex method, Mayer’s Hematoxylin counterstain.

Figure 3. Expression of cytokeratin marker LP34 in BOSCC. (A) WD: cytoplasmic diffuse and intense
immunoreactivity, seen mostly in well-differentiated tumour cells but also in dysqueratotic and
acantolytic cells. Bar, 50 um. (B) MD: cytoplasmic diffuse and reaction in fewer well-differentiated
keratinocytes. Bar, 25 um. (C) PD: cytoplasmic diffuse and intense reaction, only in a limited number
of well-differentiated tumour cells in the centre of islands. Bar, 25 um. Immunohistochemistry using
avidin-biotin complex method, Mayer’s Hematoxylin counterstain.
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In bovine and human normal skin, an intense immunoreaction with involucrin was seen in
the upper stratum spinosum and stratum granulosum and was observed in all but one PD BOSCC
18/19 (94.7%). Cytoplasmic diffuse and intense reaction was observed only in a limited number
of well-differentiated tumour cells, independently of the degree of differentiation, coincident with
squamous cells surrounding keratin pearls. Reaction was observed in dysqueratotic cells in two
BOSCC, and acantolytic cells in another two BOSCC (Figure 4A—C).

Figure 4. Expression of involucrin in BOSCC. (A) WD: cytoplasmic diffuse and intense immunoreactivity,

seen mostly in well-differentiated tumour cells. Bar, 25 pm. (B) MD: cytoplasmic diffuse and intense
reaction, only in a limited number of well-differentiated tumour cells but also in dysqueratotic and
acantolytic cells. Bar, 25 um. (C) PD: cytoplasmic diffuse and intense reaction, only in a limited number
of well-differentiated tumour cells. Bar, 25 um. Immunohistochemistry using avidin-biotin complex
method, Mayer’s Hematoxylin counterstain.

In bovine and human normal skin, profilaggrin showed a granular cytoplasmatic reaction only in
stratum granulosum. In BOSCC, profilaggrin expression was exclusively seen in two MD BOSCC, all but
one WD BOSCC, and all but one PD BOSCC 14/19 (73.7%). In all of these, a granular cytoplasmatic
reaction was observed in all cellular types, including basal-like cells (Figure 5A-C). However,
in 7 BOSCC, the reaction was irregular and heterogeneous, with some negative areas alternating with
focally intensely stained areas. The number of labelled cells was also variable. Immunoreaction was
never observed in dysqueratotic or acantolytic cells in any tumours. The expression of profilaggrin
between the three histological differentiation groups of BOSCC was not statistically different (p = 0.268).
Pearson’s correlation test did not reveal any correlation between expression of LP34 and profilaggrin
(r=0.06).
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Figure 5. Expression of profilaggrin in BOSCC. (A) WD: granular cytoplasmatic and intense reaction,
observed in all cellular types, including basal-like cells. Bar, 50 um. (B) MD: granular cytoplasmatic
and intense reaction in all cellular types, including basal-like cells. Bar, 25 um. (C) PD: unspecific
granular cytoplasmatic reaction observed in all cellular types, including basal-like cells. Bar, 25 pm.

Immunohistochemistry using avidin-biotin complex method, Mayer’s Hematoxylin counterstain.
4. Discussion

The predominant ocular localisation of the BOSCC studied was eyelids, and especially the
third eyelid. The origin of the three tumours involving the whole ocular region was unknown.
The cattle breeding system with all-year-round exposure to ultraviolet radiation determines an
increased susceptibility to the carcinogenic effect of sunlight in the Azores, as reported by other authors
in other parts of the globe [1,8,41]. Since these animals stay in pasture all year around, with prolonged
exposition to daylight, and because the effect of ultraviolet radiation is cumulative, tumours were
mainly observed in adult or old cattle [8,42].

The histopathological pattern of the BOSCC is in agreement with that described by other
authors [11,38-40,43—45]. With the exception of some reports which described high mitotic index [45],
most referred to it as moderate to high [38,39,43,44]. In most of BOSCC studied here, the mitotic index
was low.

The results obtained for MNF116 revealed that this antibody is a useful marker to confirm the
epithelial origin of less-differentiated carcinomas. On the other hand, the positive immunostaining of
the majority of the neoplastic cells, independently of the cellular type, identified in all three groups of
BOSCC, differs from the results obtained in normal skin in which positivity is only seen in keratinocytes
from the basal layer. This is in agreement with the fact that keratins characteristic of simple epithelium
(like the pair K8/K18), originally restricted to the basal layer of the normal epidermis, are mostly
expressed by neoplastic cells in the human SCC [16,22,46—-48]. On the other hand, keratins recognised by
this antibody (like K6 and K17) are considered markers of hyperproliferative keratinocytes [16,48-50],
present in hyperplastic and neoplastic lesions of the squamous epithelium.
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Only MNF116 stained small basal-like cells, which are cells with high turnover that resemble those
of the basal layer of epidermis, as reported by some authors [46—48]. The results obtained with MNF116
are also consistent with those of other authors, which propose that the malignancy grade and aggressive
biological behaviour of SCC reflect a reduction of high-molecular-weight keratins’ expression, typical
of more differentiated keratinocytes, and an increase of the low-molecular-weight keratins, specific
for simple epithelia and recognised by this antibody [15,31,48]. So, in SCC, the expression of simple
epithelium keratins, by most neoplastic cells, including those with a more differentiated phenotype,
may translate their ability to invade, their metastatic potential, and could also be associated with
poor prognosis [29,48,51,52]. This staining pattern could help distinguish malignant neoplasias from
premalignant or benign ones, which reveal a cytokeratin pattern more similar to that of normal
epidermis [29,48,51,52].

It was also demonstrated that simple epithelium keratins might be markers not only of simple
epithelium but also of primitive keratinocytes, namely embryonic and foetal keratinocytes [31,48].
The positive reaction obtained in most neoplastic cells, including those in anaplastic areas of PD
BOSCC, could also be explained by atavism, suggesting that tumour cells that undergo malignant
transformation could express markers from embryonic and foetal keratinocytes.

The only imunohistochemical profile of SCC in domestic animals was performed in sheep,
using two monoclonal antibodies, one against K5 and K8, and the other to K8/K18 and K19 [36].
Results obtained by Perez et al. [36] with the first antibody are similar to our results obtained with the
MNF116 antibody, with immunopositivity in the majority of neoplastic cells. However, the antibody
against K8/K18 and K19 did not react with the neoplastic cells in the referred study [36].

The results obtained with LP34 are in line with studies performed in humans, which report a
positive reaction only in squamous cells surrounding the keratin pearls [29,48]. However, some authors
advocate that the criteria of using cytokeratin expression to define relationships between cells and
histogenesis of the tumours are premature and may be misleading [53].

On the other hand, as may be evaluated from the results of the present work, simple tumour
morphology may be insufficient to corroborate the classification of the BOSCC degrees, as absence of
staining with this antibody was obtained in a MD tumour, and also in a WD tumour. This BOSCC
presented several keratin pearls but with a small number of concentric cell layers around it, which
could mean that the cells suffered abrupt keratinisation, without typical squamous differentiation,
probably without reaching the capacity to produce and express keratin filaments characteristic of more
differentiated keratinocytes, as cited in a previous study [12]. Also, PD BOSCC that were positive
showed pleomorphic and atypical squamous cells that were unable to organise into keratin pearls but
could express those keratin filaments, characteristics of well-differentiated keratinocytes, as advocated
in a previous study in human SCC [48].

Hence, in what concerns keratins, the co-expression of simple- and stratified-type cytokeratins,
seen in most BOSCC studied, confirms the presence of phenotypic characteristics of both cell lineages:
basal and squamous types, which undergo variable degrees of differentiation, according to previous
statements [13]. Also, expression of cytokeratins typical of non-differentiated keratinocytes and simple
epithelia is suggestive of a downregulation of stratified-type cytokeratins, proportional to the reduction
in the degree of differentiation, as reported for SCC in humans [15,31,48].

The presence of involucrin in WD squamous cells of all three groups of BOSCC reveals that the
capacity to form concentric keratin pearls does not correlate with the degree of cell differentiation.
Involucrin reaction was found to be proportional to the degree of squamous differentiation and not
to the degree of keratinisation in a previous study involving benign and malignant lesions (SCC) of
human oral cavity [29]. This fact was not established in our study, since we concluded that all groups
presented cells reaching an almost complete program of differentiation, which was not expected,
especially in the poorly differentiated BOSCC, however is in line with a previous study concerning the
SCC of human skin [48].
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A study on human oesophageal SCC indicated involucrin as a powerful biological marker of
cellular differentiation and also defended correlation between the histological grade and the involucrin
expression, as the percentage of cells expressing involucrin was diminishing from the well to the poorly
differentiated SCC [30]. This fact was not well established in our study, since almost all tumours,
independently of differentiation grade, revealed a constant and low number of positive cells. However,
our results are in agreement with the authors that obtained a low number of stained cells in carcinomas,
when compared with papilloma or keratoacantomas [24,25,54,55].

By labelling squamous-like cells only, even in PD carcinomas, involucrin immunoreaction
determines the epithelial origin of the neoplasia, allowing the distinction from other carcinomas,
namely basal cell tumours or other proliferative lesions formed by basaloid keratinocytes, which do
not express detectable immunoreactivity for involucrin, except in focal areas of eventual squamoid
differentiation, according to previous statements [24]. However, the same was not observed with
profilaggrin, which, in our study, labelled all epithelial cells, including basal-like ones, in the BOSCC.

The results obtained for involucrin and keratins, characteristics of terminal differentiated
keratinocytes, were similar between WD BOSCC and normal epidermis, with enhanced differentiation
toward the centre of the islands. Nevertheless, even PD BOSCC, characteristically with a large number
of atypical squamous cells, invariably displayed normal squamous phenotype. Similar results were
also obtained in a previous study with human SCC [29].

Since profilaggrin also represents a later marker of terminal differentiation [22,28], its presence in
cells that normally do not synthesize this protein in BOSCC was totally unpredictable. The positive
reaction obtained in 14 BOSCC (74%) is not in accordance with what was found by other authors that
defend the lack of profilaggrin and filaggrin immunostaining as being an indicator of malignancy,
since they obtained negative reactions in SCC of human skin, contrasting with intense positivity
obtained in benign keratoacanthomas [56]. Our result could reflect cellular changes that take place
during malignant transformation, an interpretation also advocated by some authors [29].

The fact that several carcinomas showed an irregular intensity reaction could probably reflect a
disorderly terminal differentiation in these areas and, consequently, this expression could be a sign of
malignancy, meaning that cells express filaggrin inconsistently, not giving any predictable diagnostic
pattern, which is also verified by other authors in human similar neoplasias [25,29]. In contrast, a more
homogeneous, uniform pattern of moderate intensity reaction was described in benign lesions with
differentiation markers [25].

The number of BOSCC negative for profilaggrin was higher than with all other antibodies,
since profilaggrin and filaggrin are markers that are expressed later in the differentiation process,
responsible to the keratin aggregation, have a short life span, and cannot be detectable in hyperproliferative
lesions, either benign or malignant [29], which may be due to the type of keratinisation in these tumours.

With the exception of the LP34 and profilaggrin, all antibodies revealed similar distribution
(with respect to the number of positive tumours and intensity of reaction) between the three histological
differentiation groups of BOSCC. For this reason, expression of LP34 and profilaggrin were submitted
to analysis of variance. Statistical analysis showed no differences between the expression of LP34 or
profilaggrin and BOSCC histological classification, although a tendency of higher expression towards
high-grade BOSCC was noted. Also, no correlation was found between LP34 and profilaggrin, this fact
could be due to the expression of each one in different cell populations, as described above.

Dysqueratotic and acantolytic cells were stained for MNF116, LP34, involucrin, and were negative
for profilaggrin. These results are in accordance with Vigneswaran and co-workers [29], who obtained
similar results in human oral SCC.

In summary, all four commercial human antibodies that were tested reacted in bovine tissues, more
precisely in the BOSCC. The MNF116, directed against keratins characteristics of simple epithelium,
is a useful marker to confirm the epithelial origin of this neoplasias and its malignancy. It was the only
antibody which reacted with most cell types, including small basal-like cells.
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The presence of involucrin and keratins, characteristic of well-differentiated keratinocytes, allows
the confirmation of the squamous phenotype and, consequently, the determination of an epithelial
neoplasia with a squamous origin. Also, with these antibodies, it was possible to verify that, in all
degrees of neoplastic differentiation, cells were present that reached the final program of differentiation,
independently of the keratinisation degree observed.

The presence of profilaggrin in basal-like cells could indicate molecular changes during malignant
transformation, also reflecting their malignant potential, but the negative staining obtained in tumours
of the three degrees of differentiation and the inconsistent reaction pattern indicates that this antibody
is not of value in the diagnosis classification of BOSCC.

5. Conclusions

In conclusion, the most common immunophenotype found in BOSCC was positivity for MNF116,
LP34, involucrin, and profilaggrin. The strong expression obtained with cytokeratin and involucrin
revealed that these are the most specific markers for BOSCC, with profilaggrin being the more
unspecific one.

Author Contributions: Conceptualization, L.F; Investigation, H.V.,, C.P, T.C,, JRM.,, M.C.P. and D.E;
Writing—Original Draft Preparation, H.V.; Writing—Review and Editing, M.A.P. and ]J.R.M.; Supervision,
L.F. and D.E. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Interdisciplinary Investigation Centre for Animal Health (CIISA) from the
Faculty of Veterinary Medicine, Lisbon, and by Portuguese Foundation for Science and Technology (FCT) under
the project UIDB/04033/2020.

Acknowledgments: The authors wish to thank all the technical support provided by the laboratory technicians
from both Lisbon, Barcelona and Viseu. Furthermore, we would like to thank University of Tras-os-Montes and
Alto Douro (UTAD) and Polytechnic Institute of Viseu (IPV).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Fornazari, G.A.; Kravetz, ]. Ocular squamous cell carcinoma in Holstein cows from the South of Brazil.
Vet. World 2017, 10, 1413-1420. [CrossRef] [PubMed]

2. Hamir, AN,; Parry, O.B. An abattoir study of bovine neoplasms with particular reference to ocular squamous
cell carcinoma in Canada. Vet. Rec. 1980, 106, 551-553. [CrossRef]

3. Dennis, M.W.; Lueker, D.C. Host response to bovine ocular squamous cell carcinoma. Am. J. Vet. Res. 1985,
46, 1975-1979. [PubMed]

4. Heeney, ].L.; Valli, V.E.O. Bovine ocular squamous cell carcinoma: An epidemiological perspective. Can. J.
Comp. Med. 1985, 49, 21-26. [PubMed]

5. Stewart, R.J.; Masztalerz, A. Local interleukin-2 and interleukin-12 therapy of bovine ocular squamous cell
carcinomas. Vet. Immunol. Immunopathol. 2005, 106, 277-284. [CrossRef]

6. Stewart, R.J.; Hill, EW. Treatment of ocular squamous cell carcinomas in cattle with interleukin-2. Vet. Rec.
2006, 159, 668-672. [CrossRef]

7. Wilcock, B.P. The eye and ear. In Pathology of Domestic Animals, 7th ed.; Jubb, K.V.E,, Kennedy, P.C., Eds.;
Academic Press, Inc.: San Diego, CA, USA, 2007; Volume 1, pp. 534-536.

8.  Tsujita, H.; Plummer, C.E. Bovine Ocular Squamous Cell Carcinoma. Vet. Clin. N. Am. Food Anim. Pract.
2010, 26, 511-529. [CrossRef]

9.  Pinto, C,; Medeiros, E. Cattle neoplasias in S. Miguel-Agores. A retrospective study and actual situation.
Vet. Tec. 1996, 6, 30-37.

10. Pinto, C.; Medeiros, F. Cattle neoplasias in S. Miguel-Acores. Anatomohistopathological study. Vet. Téc.
2001, 11, 44-48.

11. Carvalho, T.; Vala, H. Inmunohistochemical Studies of Epithelial Cell Proliferation and p53 Mutation in
Bovine Ocular Squamous Cell Carcinoma. Vet. Pathol. 2005, 42, 66-73. [CrossRef]

12.  Rice, R.H.; Qin, Q. Keratinocyte differentiation markers: Involucrin, transglutaminase, and toxicity. J. Natl.
Cancer Inst. Monogr. 1992, 13, 87-91.


http://dx.doi.org/10.14202/vetworld.2017.1413-1420
http://www.ncbi.nlm.nih.gov/pubmed/29391681
http://dx.doi.org/10.1136/vr.106.26.551
http://www.ncbi.nlm.nih.gov/pubmed/4051302
http://www.ncbi.nlm.nih.gov/pubmed/3986677
http://dx.doi.org/10.1016/j.vetimm.2005.03.002
http://dx.doi.org/10.1136/vr.159.20.668
http://dx.doi.org/10.1016/j.cvfa.2010.08.003
http://dx.doi.org/10.1354/vp.42-1-66

Vet. Sci. 2020, 7,70 13 of 14

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Livasy, C.A.; Karaca, G. Phenotipic evaluation of the basal-like subtype of invasive breast carcinoma.
Mod. Pathol. 2006, 19, 264-271. [CrossRef] [PubMed]

Prince, M.E.; Sivanandan, R. Identification of a subpopulation of cells with cancer stem cell properties in
head and neck squamous cell carcinoma. Proc. Natl. Acad. Sci. USA 2007, 16, 973-978. [CrossRef] [PubMed]
Fillies, T.; Jogschies, M. Cytokeratin alteration in oral leukoplakia and oral squamous cell carcinoma.
Oncol. Rep. 2007, 18, 639-643. [CrossRef] [PubMed]

Zhong, L.P,; Chen, W.T. Increased CK19 expression correlated with pathologic differentiation grade and
prognosis in oral squamous cell carcinoma patients. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endodontol.
2007, 104, 377-384. [CrossRef]

Hohl, D. Cornified cell envelope. Dermatologica 1990, 180, 201-211. [CrossRef]

Steven, A.C.; Steinert, PM. Protein composition of cornified cell envelopes of epidermal keratinocytes. J. Cell
Sci. 1994, 107, 693-700.

Caldwell, C.J.; Hobbs, C. The relationship of Ki67 and involucrin expression in proliferative, pre-neoplastic
and neoplastic skin. Clin. Exp. Dermatol. 1997, 22, 11-16. [CrossRef]

Steinert, PM.; Marekov, L.N. Initiation of assembly of the cell envelope barrier structure of stratified squamous
epithelia. Mol. Biol. Cell 1999, 10, 4247-4261. [CrossRef]

Park, G.T.; Kim, H.Y. Autocrine extracellular signal-regulated kinase activation in normal human keratinocytes
is not interrupted by calcium triggering and is involved in the control of the cell cycle at the early stage of
calcium-induced differentiation. J. Korean Med. Sci. 2007, 22, 290-297. [CrossRef]

Ivanova, P; Atanasova, G. Knockdown of PKD1 in normal human epidermal keratinocytes increases mRNA
expression of keratin 10 and involucrin: Early markers of keratinocyte differenciation. Arch. Dermatol. Res.
2008, 300, 139-145. [CrossRef] [PubMed]

Kim, B.E.; Leung, D.Y.M. Loricrin and involucrin expression is down-regulated by Th2 cytokines through
STAT-6. Clin. Immunol. 2008, 126, 332-337. [CrossRef] [PubMed]

Murphy, G.E; Flynn, T.C. Involucrin expression in normal and neoplastic human skin: A marker for
keratinocyte differentiation. J. Investig. Dermatol. 1984, 82, 453—-457. [CrossRef]

Smoller, B.R.; Kwan, T.H. Keratoacanthoma and squamous cell carcinoma of the skin: Immunohistochemical
localization of involucrin and keratin proteins. J. Am. Acad. Dermatol. 1986, 14, 226-234. [CrossRef]
Markova, N.G.; Marekov, L.N. Profilaggrin is a major epidermal calcium-Binding protein. Mol. Cell. Biol.
1993, 13, 613-625. [CrossRef]

Resing, K.A_; Johnson, R.S. Mass spectrometric analysis of 21 phosphorylation sites in the internal repeat of
rat profilaggrin, precursor of an intermediate filament associated protein. Biochemistry 1995, 34, 9477-9487.
[CrossRef]

King, K.E.; Ponnamperuma, R.M. Unique domain functions of p63 isotypes that differentially regulate
distinct aspects of epidermal homeostasis. Carcinogenesis 2006, 27, 53—63. [CrossRef]

Vigneswaran, N.; Peters, K.P. Comparison of cytokeratin, filaggrin and involucrin profiles in oral leukoplakias
and squamous carcinomas. J. Oral Pathol. Med. 1989, 18, 377-390. [CrossRef]

Nozoe, T.; Oyama. T. Significance of immunohistochemical expression of p27 and involucrin as the marker of
cellular differentiation of squamous cell carcinoma of the esophagus. Oncology 2006, 71, 402—-410. [CrossRef]
Kurokawa, I.; Nishimura, K. Cytokeratin expression in squamous cell carcinoma arising from hidradenitis
suppurativa (acne inversa). J. Cutan. Pathol. 2007, 34, 675-678. [CrossRef]

Karatzanis, A.D.; Fragkiadakis, G.M. Basaloid squamous cell carcinoma of the soft palate. Case report.
Auris Nasus Larynx 2008, 35, 592-596. [CrossRef]

Mikaelian, I.; Wong, V. Follicular stem cell carcinoma: Histologic, immunohistochemical, ultrastructural, and
clinical characterization in 30 days. Vet. Pathol. 2004, 41, 302. [CrossRef]

Martin de Las Mulas, J.; Molina, A.M. Spontaneous trichoepithelioma in a laboratory mouse: Gross,
microscopic and immunohistochemical findings. Lab. Anim. 2007, 41, 136-140. [PubMed]

Kato, K.; Uchida, K. Immunohistochemical studies on cytokeratin 8 and 18 expressions in canine cutaneous
adnexus and their tumors. Vet. Med. Sci. 2007, 69, 233-239. [CrossRef]

Perez, ].; Mendez, A. Ovine squamous cell carcinoma: Immunocharacterisation of neoplastic cells and
peritumoural cellular infiltrate. Res. Vet. Sci. 1997, 63, 43—47. [CrossRef]


http://dx.doi.org/10.1038/modpathol.3800528
http://www.ncbi.nlm.nih.gov/pubmed/16341146
http://dx.doi.org/10.1073/pnas.0610117104
http://www.ncbi.nlm.nih.gov/pubmed/17210912
http://dx.doi.org/10.3892/or.18.3.639
http://www.ncbi.nlm.nih.gov/pubmed/17671713
http://dx.doi.org/10.1016/j.tripleo.2006.07.019
http://dx.doi.org/10.1159/000248031
http://dx.doi.org/10.1046/j.1365-2230.1997.d01-232.x
http://dx.doi.org/10.1091/mbc.10.12.4247
http://dx.doi.org/10.3346/jkms.2007.22.2.290
http://dx.doi.org/10.1007/s00403-008-0832-7
http://www.ncbi.nlm.nih.gov/pubmed/18259765
http://dx.doi.org/10.1016/j.clim.2007.11.006
http://www.ncbi.nlm.nih.gov/pubmed/18166499
http://dx.doi.org/10.1111/1523-1747.ep12260945
http://dx.doi.org/10.1016/S0190-9622(86)70026-1
http://dx.doi.org/10.1128/MCB.13.1.613
http://dx.doi.org/10.1021/bi00029a024
http://dx.doi.org/10.1093/carcin/bgi200
http://dx.doi.org/10.1111/j.1600-0714.1989.tb01569.x
http://dx.doi.org/10.1159/000108611
http://dx.doi.org/10.1111/j.1600-0560.2006.00680.x
http://dx.doi.org/10.1016/j.anl.2007.11.010
http://dx.doi.org/10.1354/vp.41-3-302
http://www.ncbi.nlm.nih.gov/pubmed/17234060
http://dx.doi.org/10.1292/jvms.69.233
http://dx.doi.org/10.1016/S0034-5288(97)90156-9

Vet. Sci. 2020, 7,70 14 of 14

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.
48.

49.

50.

51.

52.

53.

54.

55.

56.

Neves Ada, C.; Mesquita, R.A. Comparison between immunohistochemical expression of cyclin D1 and p21
and histological malignancy graduation of oral squamous cell carcinomas. Braz. Dent. ]. 2004, 15, 93-98.
[CrossRef] [PubMed]

Goldschmidt, M.H.; Dunstan, R.-W. Histological Classification of Epithelial and Melanocytic Tumors of the Skin of
Domestic Animals, 2nd ed.; World Health Organization: Geneva, Switzerland, 1998; pp. 20-21.
Goldschmidt, M.H.; Hendrick, M.S. Tumors of the skin and soft tissues. In Tumors in Domestic Animals,
4th ed.; Meuten, D.J., Ed.; Iowa State Press: Iowa, IA, USA, 2002; pp. 51-52.

Sozmen, M.; Devrim, A.K. Significance of Angiogenic Growth Factors in Bovine Ocular Squamous Cell
Carcinoma. J. Comp. Pathol. 2019, 170, 60-69. [CrossRef]

Mendez, A.; Perez, J. Clinicopathological study of an outbreak of squamous cell carcinoma in sheep. Vet. Rec.
1997, 141, 597-600.

Young, A.R. Cumulative effects of ultraviolet radiation on the skin: Cancer and photoaging. Semin. Dermatol.
1990, 9, 25-31.

Gross, T.L.; Thrke, PJ. Veterinary Dermatopathology, 1st ed.; Mosby—Year Book, Inc.: Missouri, MS, USA, 1992;
pp. 336-340.

Garma-Avifia, A. The cytology of squamous cell carcinomas in domestic animals. J. Vet. Diagn. Investig.
1994, 6, 238-246.

Gin, PE.; Mansell, ].E.K.L. Skin and appendages. In Pathology of Domestic Animals, 5th ed.; Jubb, K.V.E,,
Kennedy, P.C., Eds.; Academic Press, Inc.: San Diego, CA, USA, 2007; Volume 1, pp. 751-753.

Kartasova, T.; Roop, D.R. Mouse differentiation-specific keratins 1 and 10 require a preexisting keratin
scaffold to form a filament network. J. Cell Biol. 1993, 120, 1251-1261. [PubMed]

Smack, D.P; Korge, B.P. Keratin and keratinisation. J. Am. Acad. Dermatol. 1994, 30, 85-102. [CrossRef]
Watanabe, S.; Ichikawa, E. Changes of cytokeratin and involucrin expression in squamous cell carcinomas of
the skin during progression to malignancy. Br. |. Dermatol. 1995, 132, 730-739. [PubMed]

Moll, R.; Schiller, D.L. The catalog of human cytokeratins: Patterns of expression in normal epithelia, tumors
and cultured cells. Cell 1982, 31, 11-24. [CrossRef]

Ramirez, A.; Vidal, M. Analysis of sequences controlling tissue-specific and hyperproliferation-related keratin
6 gene expression in transgenic mice. DNA Cell Boil. 1998, 17, 177-185. [CrossRef]

Fillies, T.; Werkmeister, R. Cytokeratin 8/18 expression indicates a poor prognosis in squamous cell carcinoma
of the oral cavity. BMC Cancer 2006, 6, 10-18. [CrossRef]

Rabban, ].T.; Koerner, F.C. Solid papillary ductal carcinoma in situ versus usual ductal hyperplasia in the
breast: A potentially difficult distinction resolved by cytokeratin 5/6. Hum. Pathol. 2006, 37, 787-793.
Gusterson, B.A.; Ross, D.T. Basal cytokeratins and their relationship to the cellular origin and functional
classification of breast cancer. Breast Cancer Res. 2005, 7, 143-148. [CrossRef]

Ttoiz, M.E.; Conti, C.J. Immunodetection of involucrin in lesions of the oral mucosa. J. Oral Pathol. 1986, 15,
205-208. [CrossRef]

Li, E.R.; Owens, D.M. Expression of involucrin in normal, hyperproliferative and neoplastic mouse keratinocytes.
Exp. Dermatol. 2000, 9, 431-438.

Klein-Szanto, A.].P.; Walts, A.E. Involucrin [letter]. Arch. Pathol. Lab. Med. 1988, 112, 578.

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1590/s0103-64402004000200002
http://www.ncbi.nlm.nih.gov/pubmed/15776189
http://dx.doi.org/10.1016/j.jcpa.2019.05.008
http://www.ncbi.nlm.nih.gov/pubmed/7679677
http://dx.doi.org/10.1016/S0190-9622(94)70012-5
http://www.ncbi.nlm.nih.gov/pubmed/7539622
http://dx.doi.org/10.1016/0092-8674(82)90400-7
http://dx.doi.org/10.1089/dna.1998.17.177
http://dx.doi.org/10.1186/1471-2407-6-10
http://dx.doi.org/10.1186/bcr1041
http://dx.doi.org/10.1111/j.1600-0714.1986.tb00608.x
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Samples 
	Histopathology 
	Immunohistochemistry (IHC) 
	Statistical Analysis 
	Ethics 

	Results 
	Clinical Data 
	Histopathological Diagnosis 
	Immunohistochemistry 

	Discussion 
	Conclusions 
	References

