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Cutaneous Squamous Cell Carcinoma with Mucinous Metaplasia in Dogs
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ABSTRACT

Background: Squamous cell carcinoma (SCC) is one of the most common malignant skin tumors in domestic animals.
Histologically, they are characterized by a proliferation of neoplastic keratinocytes with varied keratin production. Some
SCCs have peculiar histological characteristics that permit them to be classified into uncommon to rare histological
subtypes, reported in animals and humans. However, according to the authors’ knowledge, the mucin-producing subtype
described in humans has not yet been reported in animals. In this study, we report the occurrence of two mucin-producing
SCCs in dogs, a histological presentation similar to that seen in cutaneous SCCs with mucinous metaplasia in humans.
Cases: Two dogs, a 5-year-old Yorkshire female and a 17-year-old Dachshund male, had a skin nodule near the tail and on
the right eyelid. The nodules varied from 1 to 5 cm in diameter, were firm and covered with skin and hair. The cut surface
was firm and white. Histological findings were compatible with squamous cell carcinoma, characterized by a neoplastic
proliferation of keratinocytes originating in the epidermis and infiltrating the dermis. The keratinocytes were arranged in
islands and occasional anastomosed cords, supported by a fibrous stroma. The formation of pearls varied from moderate
to sparse. The nuclear and cellular pleomorphism was accentuated in case two and moderate in case one. Mitosis figures
ranged from two to five in a high magnification field. Within the neoplasm, there were large vacuolated neoplastic cells
with slightly fibrillar intracytoplasmic basophilic content. This content has been rarely observed in an extracellular medium.
The presence of mucin was confirmed by positive Alcian Blue (AB) staining. In immunohistochemistry (IHC), tumor
cells showed strong immunostaining for pancitokeratin, and in areas with marked mucin deposition, immunostaining was
predominantly moderate to weak. No tumor cells were immunostained for CD34 and Bcl-2 antibodies. Compared to AB
and Harris’ hematoxylin, it was possible to demonstrate the presence of mucin in the cytoplasm of neoplastic keratinocytes
using IHC. No vascular or lymphatic invasion by neoplastic cells was observed. The average cell proliferation index as-
sessed by counting the nucleolar argyrophilic organizing regions (AgNOR) was 3.4 in case 1 and 4.5 in case 2.
Discussion: Although the SCC routinely does not present a diagnostic challenge in veterinary practice, the histological
presentation of the reported cases does not fit the current classification available in veterinary medicine. The histological
presentation observed in these two dogs is similar to that described for cutaneous SCCs with mucinous metaplasia in hu-
mans, and so far not described in animals. The observation of intracytoplasmic mucin in humans is an essential finding for
the diagnosis of SCC with mucin metaplasia. In the present cases, we observed a slightly basophilic amorphous substance
in the cytoplasm of proliferated neoplastic keratinocytes, which stained strongly in blue when applied the Alcian Blue
(AB) histochemical technique. This observation became more evident when using IHC counterstained with AB and Harris
hematoxylin. In the histological analysis, the absence of an adenoid growth pattern or glandular formation amid neoplastic
proliferation ruled out the possibility of a mucinous adenocarcinoma or a mucoepidermoid carcinoma. In addition, we
could rule out a follicular neoplasia, including keratinizing infundibular acanthoma due to the absence of a central pore
and the absence of immunostaining for CD34 and Bcl-2. These immunohistochemical findings, together with histological
findings, reinforce the diagnosis of SCC with mucinous metaplasia in our dogs.
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INTRODUCTION

Squamous cell carcinoma (SCC) is one of the
most common cutaneous malignancies in domestic
animals. In addition, the SCCs consist of neoplastic ke-
ratinocytes associated with variable keratin production
[9]. Some SCCs have peculiar histological characteris-
tics that permit them to be classified as unusual to rare
histological subtypes, reported in animals and humans
[11]. However, according to the authors’ knowledge,
the mucin-producing subtype described in humans has
not yet been reported in animals. The recognition of
this histological type is important, since it has already
been associated with a more aggressive biological
behavior in humans [6]. Studies on the description
and characterization of new histological variants of
SCCs in animals are essential, as they may allow future
correlations between certain histological subtypes and
biological behavior.

In the present study, we report the occurrence
of two mucin-producing SCCs in dogs, a histological
presentation similar to that observed in cutaneous
SCCs with mucinous metaplasia in humans [2,6].

CASES

The necropsy and biopsy reports of the Labo-
ratério de Patologia Veterindria of the Universidade
Federal de Santa Maria (LPV-UFSM) were reviewed
from 2000 to 2019. Over this period, 247 cases of cuta-
neous SCCs in dogs were diagnosed, of which 2 cases
had the presence of intratumoral mucin. We retrieved
the paraffin blocks from these 2 cases and a 3 pm-thick
sections were cut and stained with hematoxylin (Harris
hematoxylin)' and eosin® for histologic reevaluation.
It was performed Alcian Blue pH 2.5 (AB)? for mucin
identification. Also we evaluated the cell proliferation
by counting the nucleolar argyrophilic organizing
regions (AgNOR)?.

The immunohistochemistry (IHC) technique
was applied in both cases. For antibodies CD343 (clone
QBEnd/10), at dilution 1:200 and Bcl-2* (clone 124),
at dilution 1:300, the technique was perfomed in a pri-
vate laboratory. For pancitokeratin, the technique was
perfomed in the Laboratério de Patologia Veterinaria
(LPV) -UFSM. IHC was performed with the polymer
method® (EasyLink One-HRP, EP-12-20502) using a
rabbit polyclonal anti-bovine pan-cytokeratin antibo-
dy*, ata 1:2,000 dilution, modified from Masuda et al.
[15]. Counterstaining was performed with AB (20 min)

and Harris” hematoxylin. For AgNOR?, we stained the
histological sections in solution containing a mixture
of 2% gelatin and 1% formic acid in deionized water
and 50% silver nitrate solution in a 1:2 ratio, respecti-
vely. The slides were immersed in this solution for 30
min at room temperature. Then, they were washed in
deionized water, dehydrated, clarified, and mounted
with synthetic medium. The black dots inside the nuclei
were manually counted in 100 tumor cells, in random
and representative fields by using oil immersion lens
(1000x). The frequency was obtained by dividing the
number of AgNOR’s by 100.

Case 1. A 5-year-old female Yorkshire terrier
(received in 2011) with a 3-month history of a single
cutaneous nodule close to the tail. The nodule was 1
cm in diameter, firm, covered with haired skin. It was
white and well-demarcated on the cut surface.

Case 2. A 17-year-old male Dachshund (recei-
ved in 2015) with a cutaneous lesion around the right
lower eyelid with a year of evolution, which evolved
to swelling and ulceration in the last 8 months. The 5.5
x 5.0 x 3.5 cm nodule was partially covered by haired
skin with a central irregular ulcer. The cut surface was
firm, multilobulated, and white.

Histologically, the tumors were composed of a
neoplastic proliferation of keratinocytes originating in
the epidermis and invading the dermis (Figure 1). The
keratinocytes were arranged in islands and occasional
anastomosing cords, supported by a fibrous stroma.
These cells were polyhedral, with abundant eosino-
philic cytoplasm and indistinct cytoplasmic limits.
The nuclei were round to oval, central, containing
loose chromatin. The nucleoli were conspicuous. The
formation of keratin pearls in the middle of proliferated
keratinocytes varied from moderate to sparse. Nuclear
and cellular pleomorphism was accentuated in case 2
and moderate in case 1. The mitosis figures ranged
from 2-5 in a high power field (400x). In case 2, there
were areas of moderate multifocal necrosis. Within
the neoplasm, there were large vacuolated neoplastic
cells with a slightly fibrillar intracytoplasmic basophi-
lic content, sometimes distending the cytoplasm and
displacing the nucleus to the periphery. This content
has been rarely observed extracellularly, forming
small pools of mucin in between the epithelial cells.
However, these areas were closely associated with the
proliferating neoplastic squamous component. The
presence of intracytoplasmic and, rarely, extracellular
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mucin was confirmed by positive AB? staining (Figures
2 and 3). In IHC, we observed a strong immunos-
taining for cytokeratin in epithelial squamous cells,
while mucinous cells exhibited a more heterogeneous
pattern of immunostaining. In areas with marked mu-
cin deposition, immunostaining was predominantly
moderate to weak. Using the IHC counterstained with
AB? and Harris’ hematoxylin', we could demonstrate
the presence of mucin in the cytoplasm of neoplastic
keratinocytes (Figure 4). For CD34® and Bcl-2* anti-
bodies, no tumor cells were immunostained (Figure 4
inset). The internal controls (endothelial cells) were
positive for CD34. No vascular or lymphatic invasion
by neoplastic cells was observed. The average cell
proliferation index assessed by AgNOR? in these 2
cases was 4.3 NORs per nucleus. The count was 3.4
and 4.5 in cases 1 and 2, respectively.

DISCUSSION

The histological presentation of the SCCs
reported in this study, especially with regard to the
presence of intracytoplasmic mucin in neoplastic kera-
tinocytes, has not been mentioned as a cutaneous SCC
subtype in the current veterinary literature [9]. These
changes are quite consistent with those observed in hu-
man cutaneous SCCs with mucinous metaplasia [2,6]
and, to the authors’ knowledge, there are no reports of
this condition in dogs. The metaplasia in these cases oc-
curs in the transformation of neoplastic keratinocytes,
non-secreting cells, into mucin-producing cells [8].

The few studies describing this histological
subtype in humans highlighted that intracytoplasmic
mucin is an essential finding in SCCs with mucinous
metaplasia [2,6]. In the 2 dogs included in the present
report, it was observed an amorphous substance in
the cytoplasm of some neoplastic keratinocytes with
strongly blue in AB-stained sections. The AB staining
is used in mucinous SCCs to prove that the content
deposited in the cytoplasm of the neoplastic kerati-
nocytes is mucin [2,6].

Mucins are high molecular weight glycopro-
teins, related to cell signaling and immune response,
expressed by epithelial cells [3]. In humans, mucin
genes are classified into 2 types; secreted or membrane
bound [16]. In the 2 dogs in the present study, the mucin
observed in the keratinocytes was probably the mem-
brane bound mucin, as only this type was associated
with the development of SCCs in humans [10,13,20].

It is important to note that in the 2 dogs of the
present study, mucin was present within neoplastic ke-
ratinocytes, cells that are not normally responsible for
mucus production [9,11]. In addition, the distribution
of mucin varied, being observed heterogeneously in the
cytoplasm of multiple keratinocytes. Studies in humans
have shown that approximately 30% of neoplastic
keratinocytes have intracytoplasmic mucin, often with
signet ring cells [2]. These cells, however, were not
observed in the 2 dogs reported in the present study.
In rare areas of the tumors, mucin was present extra-
cellularly, possibly due to the rupture of keratinocytes.
Moreover, there was a positive immunostaining for
pancitokeratin, both in keratinocytes with intracyto-
plasmic mucin and in those without it. However, the
intensity of the immunostaining was weaker in the
mucin-containing keratinocytes. There are reports
in humans that under the influence of environmental
factors, the presence of bipotent parents can generate
both differentiated keratinocytes and mucin-producing
cells [18]. Therefore, the transformation of neoplastic
keratinocytes into mucin-producing cells will likely
cause these cells to gradually lose cytokeratin expres-
sion. This may suggest that the greater the deposition of
intracytoplasmic mucin, the lower the immunostaining
for cytokeratin, as observed in the present study.

Mucinous adenocarcinoma and mucoepider-
moid carcinoma stand out among the main differential
diagnoses for mucinous SCC in humans [2]. Mucinous
adenocarcinoma is characterized histologically by
an invasive SCC combined with an adenocarcinoma
component consisting of glandular structures and cystic
spaces lined by a mucin-secreting epithelium [2,21].
Conversely, mucoepidermoid carcinoma is an adnexal
differentiation tumor, composed of polygonal squamous
cells arranged in lobes, without an intraepidermal compo-
nent. In the center of the lobes, there are many vacuolated
and mucin-secreting cells [19]. In veterinary medicine,
there has been a description of cutaneous mucoepider-
moid carcinoma in a dog, with a few mucus-producing
cells [14]. The absence of an adenoid growing pattern
or glandular formation is an important feature in mucin-
-producing SCCs [2,6], and aided the diagnosis of SCC
in the tumors described in this report.

Keratinizing infundibular acanthoma (IKA), a
follicular neoplasia that affects dogs and that can pre-
sent a stroma with a moderate amount of mucin, should
be considered [11]. However, in the 2 cases described
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epidermis, invading and infiltrating the dermis, with a laminated keratin
production area (arrows). [HE 40x].

Figure 3. Skin. Neoplastic keratinocytes close to a keratin pearl with
intracytoplasmic basophilic fibrillar mucinous content strongly stained
in blue. The nuclei are condensed and sometimes moved to the periphery
(arrows). [Alcian Blue 10x; bar= 20 um].

here, mucin was present in the cytoplasm of neoplastic
keratinocytes, which was better evidenced in IHC coun-
terstained with AB and hematoxylin. This phenotypic
and histochemical finding excludes an IKA, in which
mucin is produced by dermal fibroblasts present in the
tumor stroma [11]. In addition, the absence of a central
pore, which gives the IKA a feeling of a cup or volcano,
and the nuclear and cellular pleomorphism observed in
our 2 cases also rule out this possibility [9]. In addition,
the AgNOR count in the 2 studied SCC cases is within
the standards described for the cell proliferation index
in SCCs in humans [1] and cattle [15]; it is within the
average described for malignant skin tumors (varies
from 3.38 t0 6.98) [17] and it is higher than the AgNOR
count in IKAs diagnosed in the Laboratério de Patologia
Veterindria (LPV) - UFSM (unpublished data).

Figure 2. Skin. Neoplastic keratinocytes are observed with vacuolated
cytoplasm and deposition of basophilic fibrillar mucinous content, some-
times displacing the nucleus toward the periphery (arrows). In the center
is a pearl of keratin. [HE 40x; bar= 50 pm].

Figure 4. Skin. Neoplastic keratinocytes strongly immunostained for anti-
pancitokeratin with intracytoplasmic mucinous content stained strongly in
blue by Alcian Blue (arrows). [Polymer-HRP method 10x]. In set, anti-
CD34 negative tumor cells.

The THC technique was essential in this
work to exclude differential diagnoses. The use of
pancitokeratin counterstained with AB facilitated the
observation of mucin in neoplastic keratinocytes. The
absence of immunostaining for CD34 ruled out a folli-
cular tumor [5]. This antibody is expressed in several
follicular tumors, not being expressed in normal skin
or in epidermal, sebaceous, or apocrine carcinomas
[12]. Bcl-2 is an anti-apoptotic protein that plays an
important role in the maintenance of stem cells. Its
expression is increased in follicular tumors, mainly
tricoblastoma [4] and is not expressed in the SCC in
humans [7]. These immunohistochemical findings,
together with the histological findings, reinforce the
diagnosis of SCC and rule out any follicular neoplasia
in the present 2 described cases.
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In conclusion, the similarity of the cases des-
cribed here with those reported in humans and the
absence of the SCC subtype with mucinous metaplasia
in the classification available in veterinary medicine
highlight the importance of this report. In humans,
this SCC subtype tends to be more aggressive [11,21].
However, it would not be possible to infer prognostic
factors here, considering the case series limited to 2
cases, which were not followed-up prospectively.
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