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Abstract
Melanocyte-derived tumors are common in humans and dogs. Their natural presentation in dogs is comparable to that of humans. 
Therefore, the dog has been proposed as a model in comparative pathology. Melanocyte-derived tumors are highly heterogeneous 
neoplasms considered the great mimickers because, in rare presentations in humans, their histopathology may include other 
distinct, unexpected tissue images. The term paraganglioma-like dermal melanocytic tumor refers to a rare neoplasm with a 
neuroendocrine (paraganglioma) pattern documented in human beings. Twelve cases have been registered to date. A case with 
these characteristics is herein described in a dog’s skin. To the best of the authors’ knowledge, this is the first case of a dermal 
melanocytic tumor with the paraganglioma-like pattern described in veterinary pathology.
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Introduction

The study of spontaneously occurring melanocyte-de-
rived tumors in dogs has been emphasized in comparative 
oncology (9). Melanocyte-derived tumors have a high potential 
to develop unexpected divergent differentiation patterns (1). 
Remarkably, rare melanomas registered in men have also 
been recognized in dogs (10). The paraganglioma-like dermal 
melanocytic tumor (PDMT) has been included as a benign me-
lanocyte-derived tumor subtype in humans (3,11). This tumor 
is rare, with few cases reported in humans (16). Herein, the 
first case of this neuroendocrine pattern is described in a dog.

Case Description

The clinician revised a six-year-old Siberian husky 
male due to a rapidly growing mass over the right scapula 

region. The lesion was an ovoid subcutaneous mass, mostly 
firm, and moveable, which appeared during an estimated 
6  months by the date of clinical attention but with rapid 
enlargement during the last three weeks. The dog appeared 
to feel some pain in the site during exploration. The cytol-
ogy informed a mesenchymal mass with neoplastic char-
acteristics. Regional lymphatic nodes were not involved. 
Besides this suspicious mass, the dog was clinically healthy. 
The mass was excised in block. Its dimensions were 6 x 5 
x 4 cm. The mass was firm at section, with a fleshy aspect 
and reddish pink color. Representative sections in all the 
mass were collected and fixed by immersion in 10% buffered 
formalin solution for 48 h and then routinely processed for 
histology. Subsequently, 4 μm sections were stained with 
H&E. Microscopically, the tumor was a moderate cellular 
multilobular mass, partially demarcated, unencapsulated, 
invading deep dermis and subcutaneous tissue. There was 
a focal area in which the neoplasm caused protrusion of the 
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superficial dermis, provoking an ulcer on the epidermis. 
The excision was incomplete. The tumor was composed of 
numerous conglomerates of epithelioid cells tightly accom-
modated in small nests or long trabeculae. These organoid 
structures were circumscribed by fine strands of fibrous 
connective tissue (Fig. 1a,b). A different pattern, which in-
cluded still nested but palisading spindle cells, appeared in 
some areas (Fig. 1c). The limiting fibrous connective tissue 
appeared hyaline in some zones. In these hyaline zones, an 
isolated and small focus of necrosis contained several ne-
crotic cells with coarse melanin (Fig. 1d). Conversely, in the 
nested arranged pattern, the melanin contained in epithelioid 
cells was extremely scarce, occurring as small cytoplasmic 
granules or tiny, dust-like deposits hard to be encountered 
(Fig. 1f). The neoplastic cells were large and polygonal, 
with clear cytoplasm. The pleomorphism was moderated, 
mainly mild anisokaryosis (Fig. 1b). The mitosis count was 
low (2/10 HPF). A single focus with mature osseous matrix 
deposition was also recognized (Fig. 1e).

Furthermore, additional sections were labeled by 
immunohistochemistry (IHC) employing the two-step Op-
tiView DAB IHC Detection kit, using the automated platform 
BenchMark-XT (Ventana/Roche Diagnostics; Comercial 
Biomédico JR, Monterrey, Mexico). The primary antibodies 
included those recommended for melanocyte tumors IHC 
diagnosis in humans, anti-SOX10 (SP267, rabbit mono-
clonal); -Melan A (A103 CONFIRM, mouse monoclonal); 
-melanosome (HMB45 CONFIRM, mouse monoclonal) and 
-S100 (4C4.9 CONFIRM, mouse monoclonal). The positive 
controls for all the mentioned immune assays were human 
melanoma tumors, whereas normal striated muscle was the 
internal negative tissue control, as recommended for negative 
controls in IHC (15). Furthermore, those IHC assays for 
neuroendocrine tumors in humans comprised anti-synapto-
physin (MRQ-40, rabbit monoclonal) and -chromogranin A 
(LK2H10, mouse monoclonal). For these latter, the positive 
control was human paraganglioma tumor, and the internal 
negative tissue control was fibrous connective tissue. All the 
primary antibodies employed were ready to use (pre-di-
luted). The procedure was in accordance with the supplier 
recommendations (Ventana/Roche Diagnostics; Comercial 
Biomedico JR, Monterrey, Mexico). The rationale for using 
these primary antibodies was to identify this neoplasm as 
neuroendocrine or melanoma due to the carcinoid/neuroen-
docrine pattern on routine H&E and the rare, nested cells 
with melanin. Others have used these primary antibodies for 
the same purpose (1,5).

The immunoreactivity of the tumor to chromogranin 
A was graded with intermediate distribution (++) and moder-
ate cytoplasmic immunostaining in dispersed cells (Fig. 2a; 
the positive control for comparison is presented in Fig. 2b). 
Synaptophysin resulted negative (Fig. 2 c, and the corre-
sponding positive d). S100 also resulted negative (Fig. 2 e, 
and the positive control f). HMB45 showed intermediate (++) 
distribution with moderate immunostaining in nested cells 

(Fig 3. a, and positive reaction in the control b). Melan A also 
resulted in intermediate (++) distribution immunoreactivity 
and weak immunostaining in nested cells (Fig 3. c and the 
positive control d). Finally, SOX10 resulted negative (Fig. 3. 
e, and the positive control f).

Discussion

Despite recent advances in molecular biology, histo-
pathology remains the gold standard for melanoma diagnosis 
(1,6,14). However, pathologists may encounter discrepancies 
in the diagnosis of melanocyte-derived neoplasms (6). Mela-
noma may appear to mimic other tumors of non-melanocyte 
origin, in which case there may also be an aberrant expres-
sion of antigens, particularly in amelanotic neoplasms (8). 
The melanocyte-derived primary tumors and their metastasis 
include a high potential for trans-differentiation (divergent 
differentiation), such as chondroid, osseous, rhabdoid, angio-
matoid, and carcinoid-neuroendocrine patterns, among others 
(4,14). Therefore, the PDMT is a subtype with rare divergent 
characteristics (1,14). At least twelve cases with this pattern 
have been reported nowadays (16). 

Most PDMT cases show immunoreactivity com-
patible with melanocyte-derived neoplasm markers. How-
ever,  not all cases immunoreacted with all the markers. 
For  instance, in the original description of eight cases of 
PDMT, only 4 of 8 cases resulted positive for Melan A, 
still the total was positive for other melanocyte markers 
(4). On  the other hand, in the case of a 13-year-old girl 
and another in a 60-year-old man, both tumors resulted in 
negative for HMB45 but positive for other melanocytic 
markers (2,11). Therefore, these melanocytic tumors may 
occur with variable immunoreaction to melanocyte markers, 
such as the case herein described in a dog. The presence 
of melanin in the cytoplasm of the neoplastic cells is the 
undoubted mark of melanocytic tumor origin. However, in 
most cases, the pigment is absent or barely encountered in 
PDMT (4,16). These finding in the case herein described 
was the initial suspect of a melanocytic tumor because in 
some isolated areas (< 2%) the tumor showed rare cells with 
coarse melanin or others with scarce dust-like pigment as 
shown. Therefore, these tumors are mostly amelanotic. It has 
been described that melanin synthesis in selected types of 
amelanotic tumor cells (cell line Ab hamster melanoma) 
may drive these cells to an apoptotic cycle in vitro (12). 
That condition could have happened in this case because 
the zone with more melanin synthesis was a small necrotic 
focus with pyknotic nuclei. Moreover, focal or faint im-
munoreactivity to chromogranin A and/or synaptophysin 
occurred in cases of cutaneous melanomas in which the neu-
roendocrine pattern included pseudo rosettes formation (7). 
It has been mentioned that 37% of melanocytic skin tumors 
result weakly and focally positive to either chromogranin A 
and/or synaptophysin (5). Furthermore, primary cutaneous 
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Figure 1. Dog, skin and subcutaneous tissue, paraganglioma-like dermal melanocytoma. 1a. A well-defined 
neuroendocrine/carcinoid pattern is recognized. There is an irregular proliferation of fibrous connective tissue 
intervening the neoplasm (H&E stain, Bar 200 μm). 1b. A closer view of the carcinoid arrangement where cells 

appear nested enclosed by slender projections of fibrous connective tissue. The neuroendocrine/carcinoid 
pattern characteristic of paraganglioma is evident (H&E stain, Bar 50 μm). 1c. In some areas the nested cells 
were forming palisades. This pattern is reminiscent of nerve tissue tumors. The limiting fibrous connective 

tissue is more abundant (H&E stain, Bar 200 μm). 1d. In an isolated necrotic focus, the cells expressed abundant 
melanin (H&E stain, Bar 50 μm). 1e. Also, a peripheral single focus with metaplastic well differentiated bone 
tissue was recognized. The peripheral connective tissue in this zone was hyaline with evidence of precursory 

osseous trans-differentiation (H&E stain, 200 μm). 1f. In the nested cells the melanin synthesis was barely 
identified, and when occurred was scant and mostly as delicate dust-like granules (H&E stain, Bar 20 μm).
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Figure 2. Dog, skin and subcutaneous tissue, paraganglioma-like dermal melanocytoma. 2a. Chromogranin A 
immunoreactivity resulted in intermediate distribution and dispersed cells with strong immunostaining. 2b. The positive 

tissue for comparison corresponds to human paraganglioma tumor. Immunoreactivity demonstrated with diaminobenzidine 
chromogen and slightly counterstained with hematoxylin (Bar 50 μm). 2c. Synaptophysin immunoreactivity resulted 

negative. 2d. The positive tissue for comparison was a human paraganglioma tumor. Immunoreactivity demonstrated 
with diaminobenzidine chromogen and slightly counterstained with hematoxylin (Bar 50 μm). 2e. The S100 marker 

resulted also negative. 2f. The comparative positive control was a human melanoma tumor. Immunoreactivity 
demonstrated with diaminobenzidine chromogen and slightly counterstained with hematoxylin (Bar 50 μm).

melanomas with ganglioneuroblastic differentiation included 
chromogranin A and synaptophysin immunoreactivity (13). 
The explanation could be that both neuroendocrine tissues 
and melanocytes emerge from the neural crest and their 
pluripotent histogenesis remains (5,13). Finally, the focus of 

bone associated with the tumor described here is evidence of 
divergent differentiation (1,4,14). In no other case of PDMT 
has been informed of the presence of osseous tissue.

The case presented here confirms that the rar-
est melanoma subtypes occurring in humans also happen 
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Figure 3. Dog, skin and subcutaneous tissue, paraganglioma-like dermal melanocytoma. 3a. The HMB45 marker resulted 
positive with intermediate distribution and moderate immunostaining in nested cells. 3b. The positive control tissue 

was human melanoma. Immunoreactivity demonstrated with diaminobenzidine chromogen and slightly counterstained 
with hematoxylin (Bar 50 μm). 3c. The Melan A marker was also positive with moderate distribution and weak 

immunoreactivity. 3d. Corresponds to human melanoma tumor included as the positive control tissue. Immunoreactivity 
demonstrated with diaminobenzidine chromogen and slightly counterstained with hematoxylin (Bar 50 μm). 3e. The Sox10 

marker resulted negative. 3f. The positive control tissue was human melanoma. Immunoreactivity demonstrated 
with diaminobenzidine chromogen and slightly counterstained with hematoxylin (Bar 50 μm).

spontaneously in dogs. This case was considered a melano-
cytoma because, despite divergent differentiation, no malig-
nant evidence was identified. Most of the cases reported in 
humans have been classified as benign or with low malignant 
potential (1,11,16). Furthermore, evidence supports that the 

de-differentiation/trans-differentiation in melanocytic tumors 
in humans does not necessarily confer more aggressive tu-
mor behavior (4). The dog with the excised neoplasm herein 
described has a satisfying restoration (18 months ago) with 
no other clinical manifestation.

https://10.24070/bjvp.1983-0246.v17i3p196-201
http://www.bjvp.org.br
http://creativecommons.org/licenses/by/4.0/


Primary paraganglioma-like dermal melanocytic tumor in a dog
Braz J Vet Pathol, 2024, 17(3), 196-201

DOI: https://10.24070/bjvp.1983-0246.v17i3p196-201

201

Brazilian Journal of Veterinary Pathology. www.bjvp.org.br.

Acknowledgments

The authors recognize and are grateful for the his-
tology and immunohistochemistry procedures carried out by 
the Pathological Anatomy Department, Faculty of Medicine, 
UANL. Also, thanks to Miss Valeria Ramirez-Coronado for 
suggestions and corrections on the final version.

Declaration of Conflicting of Interests

The authors declare no conflict of interest in any 
form related to the publication of this report.

Authors’ contribution

The authors contributed in the following way: C R-H 
and R R-R, diagnosis, original conceptualization, acquisition 
of data, materials, procedures, and writing of the original 
draft; CE C-V supervised the hospital attention and surgical 
excision and oversaw the clinical progress of the dog. JL 
G-V and LJ G-M provided a conceptualization of the project, 
critically reviewed, and edited the draft, took some pictures, 
and provided supportive references and arguments.

References

1.	 Cazzato G, Colagrande A, Cimmino A, Demarco A, 
Lospalluti L, Arezzo F, Resta L, Ingravallo G. The Great 
Mime: three cases of melanoma with carcinoid-like and 
paraganglioma-like pattern with emphasis on differential 
diagnosis. Dermatopathology (Basel). 2021;8(2):130-4. 
doi: 10.3390/dermatopathology8020019.

2.	 Cimpean AM, Ceauşu R, Raica M. Paraganglioma-like 
dermal melanocytic tumor: a case report with particular 
features. Int J Clin Exp Pathol. 2009;3(2):222-5.

3.	 Deyrup AT, Althof P, Zhou M, Morgan M, Solomon 
AR, Bridge JA, Weiss SW. Paraganglioma-like der-
mal melanocytic tumor: a unique entity distinct from 
cellular blue nevus, clear cell sarcoma, and cutaneous 
melanoma. Am J Surg Pathol. 2004;28(12):1579-86. 
doi: 10.1097/00000478-200412000-00005.

4.	 Ferreira I, Droop A, Edwards O, Wong K, Harle V, Ha-
beeb O, Gharpuray-Pandit D, Houghton J, Wiedemeyer 
K, Mentzel T, Billings SD, Ko JS, Füzesi L, Mulholland 
K, Prusac IK, Liegl-Atzwanger B, de Saint Aubain N, 
Caldwell H, Riva L, van der Weyden L, Arends MJ, 
Brenn T, Adams DJ. The clinicopathologic spectrum 
and genomic landscape of de-/trans-differentiated mela-
noma. Mod Pathol. 2021;34(11):2009-19. doi: 10.1038/
s41379-021-00857-z.

5.	 Juhlin CC, Bal M. Top 10 histological mimics of neu-
roendocrine carcinoma you should not miss in the head 
and neck. Head Neck Pathol. 2023;17(1):66-84. doi: 
10.1007/s12105-022-01521-x.

6.	 Li M, Abe M, Nakano S, Tsuneki M. Deep learning 
approach to classify cutaneous melanoma in a whole 
slide image. Cancers (Basel). 2023;15(6):1907. doi: 
10.3390/cancers15061907.

7.	 Mirzabeigi M, Guitart J, Gerami P. Primary cutane-
ous malignant melanoma with pseudorosettes fea-
tures. an unusual morphological manifestation. Am 
J Dermatopathol. 2009;31(4):403-5. doi: 10.1097/
DAD.0b013e3181a0269f.

8.	 Osama MA, Rao S, Bakshi N, Badwal S, Aggarwal S. 
Amelanotic melanoma: a great masquerader. J Lab Physi-
cians. 2022;15(2):300-5. doi: 10.1055/s-0042-1757236.

9.	 Prouteau A, André C. Canine melanomas as models 
for human melanomas: clinical, histological, and ge-
netic comparison. Genes (Basel). 2019;10(7):501. doi: 
10.3390/genes10070501.

10.	 Ramírez-Hernández C, García-Márquez LJ, 
Ramírez-Romero R. Primary Angiomatoid melanomas 
in dogs. J Comp Pathol. 2022;199:8-11. doi: 10.1016/j.
jcpa.2022.09.004.

11.	 Sarma DP, Teruya B, Wang B. Paraganglioma-like 
dermal melanocytic tumor: a case report. Cases J. 
2008;1(1):48. doi: 10.1186/1757-1626-1-48. 

12.	 Skoniecka A, Cichorek M, Tyminska A, Pelikant-Malec-
ka I, Dziewiatkowski J. Melanization as unfavorable fac-
tor in amelanotic melanoma cell biology. Protoplasma. 
2021;258(5):935-48. doi: 10.1007/s00709-021-01613-5.

13.	 Skrzypkowska P, Kunc M, Biernat W. Great mimicker - a 
case of occult melanoma displaying ganglioneuroblastic 
differentiation. Contemp Oncol (Pozn). 2023;27(2):118-
21. doi: 10.5114/wo.2023.130966.

14.	 Țăpoi DA, Gheorghișan-Gălățeanu AA, Dumitru AV, 
Ciongariu AM, Furtunescu AR, Marin A, Costache M. 
Primary undifferentiated/dedifferentiated cutaneous mel-
anomas - a review on histological, immunohistochemi-
cal, and molecular features with emphasis on prognosis 
and treatment. Int J Mol Sci. 2023;24(12):9985. doi: 
10.3390/ijms24129985.

15.	 Torlakovic EE, Francis G, Garratt J, Gilks B, Hyjek E, 
Ibrahim M, Miller R, Nielsen S, Petcu EB, Swanson 
PE, Taylor CR, Vyberg M; International Ad Hoc Expert 
Panel. Standardization of negative controls in diagnos-
tic immunohistochemistry: recommendations from the 
international ad hoc expert panel. Appl Immunohisto-
chem Mol Morphol. 2014;22(4):241-52. doi: 10.1097/
PAI.0000000000000069.

16.	 Zhang C, Chen C, Hu H, Yan X. Primary paraganglio-
ma-like dermal melanocytic tumor with local recurrence: 
a case report. Int J Clin Exp Pathol. 2018;11(5):2875-8.

https://10.24070/bjvp.1983-0246.v17i3p196-201
http://www.bjvp.org.br
http://creativecommons.org/licenses/by/4.0/

