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Simple Summary: A seven-year-old dog developed several small, spindle-shaped masses on its abdominal
skin. These masses were surgically removed, and further examination under a microscope revealed
characteristics similar to certain rare types of cancers, including sweat gland and mammary gland cancers. This
study aimed to determine whether the tumor was a sweat gland carcinoma (SGC) or a mammary gland
carcinoma (MGC) using specific markers. The tumor tested positive for markers typically found in
neuroendocrine cells, but negative for the estrogen receptor, which helped confirm that it was a rare type of
sweat gland cancer called endocrine mucin-producing sweat gland carcinoma (EMPSGC). This is the first
detailed report of this rare tumor in dogs, providing valuable information for veterinarians and researchers
who may encounter similar cases.

Abstract: A seven-year-old spayed female dog presented with multiple, small spindle-shaped masses on the
abdominal skin. The excised tissue was submitted for histopathological evaluation. Routine histology revealed
basaloid nodules with stippled chromatin and pleomorphic nuclei. Morpho-logically, the tumor resembled a
solid papillary carcinoma of the breast or an endocrine mucin-producing sweat gland carcinoma (EMPSGC).
EMPSGC is a rare neuroendocrine-differentiated neoplasm. This study aimed to compare different
immunohistochemical markers for distinguishing between canine sweat gland carcinoma (SGC) and mammary
gland carcinoma (MGC). CK19 and Sox9 were useful in identifying SGC. Additionally, the tumor was positive
for CK5, AE1/AE3+CK8/18, p63, vimentin, E-cadherin, and synaptophysin, while estrogen receptor staining
was negative. The final diagnosis of canine EMPSGC was based on the tumor’s morphological and
neuroendocrine immunohistopathological features. Our report provides the first detailed description of a
canine EMPSGC, an exceedingly rare tumor in dogs.
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1. Introduction

Mammary and sweat glands originate from the ectoderm during embryonic devel-opment [1],
which explains their similar structure and function [2]. Consequently, distin-guishing between
tumors arising from these glands can be challenging due to their mor-phological and clinical
similarities [2,3]. While both mammary gland carcinoma (MGC) and sweat gland carcinoma (SGC)
share overlapping histological and immunohisto-chemical features [2,4], their treatment and
prognosis differ significantly. Thus, accurate differentiation is essential for proper clinical
management.

The World Health Organization's (WHO) 4th edition of the Classification of Skin Tumors has
emphasized the importance of immunohistochemical (IHC) analysis in iden-tifying adnexal tumors,
such as sweat gland neoplasms [5]. Various cytokeratin (CK) markers, including CK5 [4], CKS8 [6],
CK18 [6], CK8/18 [7], and CK19 [6,8], are routinely used to diagnose skin appendage tumors,
particularly those of sweat gland origin. Addi-tionally, Sox9, a marker involved in the development
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of various tissues, including skin adnexa, is instrumental in distinguishing between sweat and
mammary gland neo-plasms [9-11].

Endocrine mucin-producing sweat gland carcinoma (EMPSGC) is a low-grade ad-nexal tumor
with neuroendocrine differentiation [12-14]. This tumor, originally described in human cases, is rare,
and information on animal cases is limited. EMPSGC shares histological characteristics with other
neuroendocrine tumors, such as solid papillary carcinoma and ductal carcinoma in situ of the
mammary gland [13,14]. Histologically, EMPSGC exhibits mucin accumulation, neuroendocrine
features [13], and poor nuclear differentiation.

This study reports the first canine case of EMPSGC, focusing on its diagnostic chal-lenges and
the utility of immunohistochemical markers in distinguishing it from other adnexal tumors.

2. Materials and Methods

2.1. Histopathology

Tissues were fixed in 10% neutral-buffered formalin, embedded in paraffin, and sectioned at 4-
pum thickness for histopathological examination. Sections were stained with hematoxylin and eosin
(H&E) and periodic acid-Schiff (PAS) stains. Immunohistochemistry was performed using antibodies
for CK19, Sox9, CK5, AE1/AE3+CK8/18, p63, vimentin, E-cadherin, and synaptophysin (Table 1).
Antigen retrieval was achieved with a citrate buffer (pH 6.0), and sections were incubated with
primary antibodies overnight at 4°C. A biotinylated secondary antibody was applied, followed by
the avidin-biotin complex (ABC) method with diaminobenzidine (DAB) as the chromogen.

Table 1. Immunohistochemistry Antibody Information.

Antibody Clonality? Clone Species Source of Antibody Dilution
CK5 mAb ab52635  rabbit  abcam 1:200
AE1/3+CK8/18 mlAb ab86734  mouse abcam 1:250
p63 mAb ab124762 rabbit  abcam 1:1000
Vimentin mAb MAB3400 mouse Sigma-Aldrich 1:200
Sox9 mAb ab185966 rabbit  abcam 1:1000
Synaptophysin mAb ab32127  rabbit  abcam 1:100
Estrogen mAb ab32063  rabbit  abcam 1:250
E-cadherin mAb 4A2 mouse  Cell Signaling Technology 1:200
CK19 mAb D7F7W mouse  Cell Signaling Technology 1:100

! Monoclonal antibody = mAb, Multiclonal antibody = mIAb.
2.2. Case presentation

2.2.1.Case 1

A seven-year-old spayed female poodle presented with several small, spindle-shaped nodules
approximately the size of rice grains on the skin near the left second mammary gland (Figure 1a).
Despite the presence of these nodules, the dog’s appetite, water intake, urine output, and overall
vitality remained within normal limits. During physical examination, a slight inspiratory bronchial
sound was noted upon pulmonary auscultation, while both cardiac auscultation and heartworm
testing were normal. A comprehensive diagnostic evaluation, including blood tests (complete blood
count, serum chemistry panels, C-reactive protein, symmetrical dimethylarginine, thyroxine levels),
and thoracic radiographs, revealed no significant abnormalities.
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Figure 1. Gross finding figure. (A) The skin shows bluish discoloration, and numerous nodules form
irregular mass that protrude into the skin of case 1. (B) Removed tumor mass from case 1, The mass
is firmly adhered to the skin and subcutaneous connective tissue. (C) A removed mass (7x6cm) in the
right 2nd mammary gland from case 2.

One month after the initial presentation, the skin overlying the abdominal masses became bluish
in color, and the nodules coalesced into a larger, irregular mass. The mass was firm and caused visible
protrusion of the skin. Surgical excision was performed at JUNG Animal Clinic, during which it was
noted that the mass was firmly adherent to the underlying skin and sub-cutaneous connective tissue
and exhibited moderate bleeding (Figure 1b). The mass was successfully removed, and postoperative
recovery was uneventful. The dog’s prognosis was favorable, with no signs of recurrence observed
to date.

2.2.2.Case 2

A sixteen-year-old neutered female Maltese presented with a 7x6 cm mass on the right 2nd
mammary gland, persisting for five years. The mass was excised (Figure 1c) at Chungnam National
University-Veterinary Medicine Teaching Hospital, and no metastatic lesions were detected.

3. Results

3.1. Case 1

Microscopically, the tumor was organized into lobules divided by thick fibrous connective
stroma. The tumor exhibited a heterogeneous architectural pattern, including solid nests, cribriform
areas, and cystic formations filled with mucinous material (Figure 2a). The round to oval neoplastic
cells had eosinophilic cytoplasm with pleomorphic nuclei, and occasional mitotic figures were
observed (Figure 2b). Focal areas of mucin production and deposits were confirmed by PAS staining.
There was no evidence of necrosis, although some inflammatory cells were identified in the
interstitial areas. Immunohistochemical analysis (Table 2) showed positive staining for CK5,
AE1/AE3+CK8/18, and CK19 (Figure 3a—c), p63, vimentin, and Sox9 (Figure 4a—c), E-cadherin, and
synaptophysin, while estrogen receptor staining was negative (Figure 5a—c). The presence of
neuroendocrine differentiation, confirmed by positive synaptophysin staining, along with the overall
histomophological features, led to the final diagnosis of EMPSGC.


https://doi.org/10.20944/preprints202410.2030.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 October 2024 d0i:10.20944/preprints202410.2030.v1

4
Table 2. Comparative of Immunohistochemical (IHC) results between sweat gland carcinoma (SGC)
and mammary gland carcinoma (MGC).
IHC marker SGC MGC
Type of marker! Name Area> B L M S B L M S
B, L and M cell CK5 Cy + o+ - -+ o+ - -
+ -+ - - -+ -
B and M cell . po3 . N
Vimentin Cy + -+ - - -+ -
L cell AE1/3+CK8/18 CCy - + - - - - - -
Epithelial cells E-cadherin C + o+ - - - -
Neuroendocrine Synaptophysin Cy - - -+ o+ o+ - -
Hormone Estrogen N T
CK19 CCy + + - - - - - -
S t gland
weargan Sox9 N + -+ - - oo
'Luminal = L, Basal = B, Sebaceous-like = S, Myoepithelial = M 2Cell membrane = C, cytoplasm = Cy, Nucleus =

Figure 2. Histological examination of both cases. (A) The tumor displayed a thickened stroma of
lobular. Lymphovascular invasion was found in interstitial lobular area. Pseudorosettes,
cribriforming in the solid areas could be observed from case 1, Mag.=X100. (B) Within the lobules,
peripheral palisading was identified in some areas. Nuclei were bland with moderate pleomorphism
and diffusely stippled chromatin from case 1, Mag.=X400. (C) The irregular proliferation of small
glands of case 2, Mag.=X100. (D) The tubules lined by a single layer of cuboidal or columnar cell
hyperplasia with atypia of case 2, Mag.=X400., Hematoxylin and eosin (HE).


https://doi.org/10.20944/preprints202410.2030.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 October 2024 d0i:10.20944/preprints202410.2030.v1

Figure 3. Immunoreactivity of Cytokeratin (CK). Case 1 (Sweat gland carcinoma), (A) lumino-basal
tumor cells were positive for CK5, (B) Luminal tumor cells were positive for AE1/AE3+CK8/18, (C)
CK19 was cytoplasmic, and cell membrane expression. Case 2 (Mammary gland carcinoma), (D) CK5
was positive, (E) AE1/AE3+CK8/18 and (F) CKI19 shown no immunoreactivities.,
Immunohistochemistry (IHC).

Figure 4. Inmunoreactivity of myoepithelial and other markers. Case 1 (Sweat gland carcinoma), (A)
nuclear was positive for p63, (B) Cytoplasmic areas were positive for vimentin, (C) Sox9 found nuclear
expression. Case 2 (Mammary gland carcinoma), (D) p63 and (E) Vimentin were myoepithelial cell
positive, and (F) Sox9 was negative expression., Inmunohistochemistry (IHC).
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Figure 5. Inmunoreactivity of endocrine and other markers. Case 1 (Sweat gland carcinoma), (A)
Membranous and cytoplasmic areas were positive for E-cadherins, (B) Cytoplasmic expression of
synaptophysin, (C) nuclear was negative for estrogen. Case 2 (Mammary gland carcinoma), (D) E-
cadherins was negative expression, (E) Synaptophysin was cytoplasmic expression, and (F) nuclear
cell shown positive for estrogen., Immunohistochemistry (IHC).

3.2. Case 2

The tumor from the sixteen-year-old Maltese was histologically diagnosed as MGC.
Microscopically, the tumor showed poorly defined margins (Figure 2c) with 2 mitotic counts per 10
high-powered fields, and no lymphovascular invasion was observed (Figure 2d).
Immunohistochemistry revealed positive expressions of CK5 (Figure 3d), p63, and vimentin in the
myoepithelial cells (Figure 4d and e), while markers such as AE1/AE3+CK8/18 (Figure 3e), CK19
(Figure 3f), Sox9 (Figure 4f), and E-cadherin were negative (Figure d). Estrogen and synaptophysin
immunoreactivities were positive (Figure 5e and f), supporting the diagnosis of MGC.

4. Discussion

The diagnosis of EMPSGC presents a significant challenge in veterinary pathology due to its
rarity and histological similarities to other adnexal tumors, particularly MGC [12-15]. Accurate
differentiation is critical because the treatment and prognosis of SGC and MGC differ significantly
[4]. This study reports the first documented case of EMPSGC in a dog, highlighting the use of IHC
markers to distinguish [16] between these tumors and offering insights into the clinical management
of similar cases in veterinary practice.

The IHC markers CK19 and Sox9 were pivotal in this case, allowing for a clear differentiation
between SGC and MGC, thereby ensuring accurate diagnosis and proper clinical management. CK19,
a well-known marker for adnexal tumors [6-8], and Sox9 [9-11], a transcription factor involved in
glandular differentiation, played a pivotal role in con-firming the sweat gland origin of the tumor in
case 1. which the great sensitivity and specificity with SGC [11] and immunoreactivity pattern was
nuclear and mostly located in basaloid cells of the tumor nest [9] that similar as our sweat gland case,
palisading cells were readily positive for SOX9 while mammary gland showed negative result. This
finding is essential given the overlapping histological features of SGC and MGC, particularly in
tumors located near mammary tissue.

In addition to CK19 and Sox9, synaptophysin staining revealed neuroendocrine dif-ferentiation
[5,12,13], a hallmark of EMPSGC, further supporting the diagnosis. Neuro-endocrine differentiation
is unusual in typical sweat gland tumors, making this case unique. The absence of estrogen receptor
(ER) expression in case 1, which is often positive in mammary gland tumors, further confirmed the
sweat gland origin of the tumor. These findings are consistent with human cases of EMPSGC,
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although species-specific differences may exist, such as the variation in hormonal receptor
expression.

This case underscores the importance of employing a comprehensive IHC panel to distinguish
between SGC and MGC. Misdiagnosis can lead to inappropriate treatment [4]. and negatively impact
patient outcomes, as these tumors have different therapeutic protocols [12]. The IHC panel used in
this study, including markers such as CK19, Sox9, p63, and synaptophysin, provided a reliable
method for differentiating between these neo-plasms and offered crucial diagnostic clarity.

From a clinical perspective, the surgical excision of the tumor in Case 1 resulted in a favorable
outcome, with no signs of recurrence during follow-up. This suggests that complete surgical removal
may be effective treatment [16,17] for EMPSGC in dogs. While recurrence has been reported in human
cases of EMPSGC [17], the absence of recurrence in this canine case is encouraging, though long-term
follow-up remains essential to fully understand the tumor's behavior in animals. Given the limited
data on EMPSGC in veterinary medicine, future studies are necessary to investigate the long-term
prognosis and potential for metastasis or recurrence in similar cases.

This case also contributes to the broader understanding of adnexal tumors in veterinary
oncology. As the World Health Organization (WHO) continues to update the Classification of Skin
Tumors, particularly in the 4th edition, this report supports the need for detailed histopathological
and immunohistochemical evaluation of skin tumors in animals [5]. The identification of reliable IHC
markers such as CK19 and Sox9 adds to the diagnostic toolkit for veterinarians, allowing for more
accurate differentiation of skin adnexal tumors, including rare neoplasms like EMPSGC.

In conclusion, this report provides valuable insights into the diagnosis and clinical management
of EMPSGC in dogs, representing the first documented case in veterinary literature. By highlighting
the diagnostic utility of IHC markers such as CK19, Sox9, and synaptophysin, this study offers a
framework for the accurate diagnosis of rare adnexal tumors. The findings underscore the
importance of a multidisciplinary diagnostic ap-proach and contribute to the growing body of
knowledge regarding the behavior and management of EMPSGC in animals. Future research should
focus on the biological be-havior and optimal treatment strategies for EMPSGC, as well as further
exploration of its occurrence in other species.

5. Conclusions

This study documents the first case of endocrine mucin-producing sweat gland carcinoma
(EMPSGC) in a dog, successfully differentiating it from MGC using immunohistochemical markers
such as CK19, Sox9, and synaptophysin. Accurate diagnosis is crucial due to the differing treatment
strategies for these tumors. Surgical excision led to a favorable outcome with no recurrence observed.
While rare, EMPSGC requires further study to understand its long-term behavior and optimal
treatment in veterinary medicine.
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