The Journal of

Veterinary

Medical

Science
w

Pathology

A case of malignant melanoma, a possible
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ABSTRACT. We report a case of systemic metastasis of malignant melanoma in a mini-Rex
(Oryctolagus cuniculus). The animal presented with lameness of the right hind limb, swelling of
J. Vet. Med. Sci. popliteal lymph node, and a black mass on the first digit. Paralysis of hindlimbs and forelimbs,
84(12): 1574-1578, 2022 dysuria, and dysphagia progressed over time, and the rabbit died on day 35 from the first visit.
At necropsy, many black lesions were observed in multiple organs including the marrow of most
bones. Histopathologically, the tumor cells had highly atypical nuclei of various sizes and an
abundant eosinophilic cytoplasm, and some cells contained melanin granules. These cells were
positive for PNL2 and S-100, melanoma markers, by immunohistochemistry. This is the first report
of malignant melanoma in a mini-Rex with severe malignancy and systemic metastasis including
the bone marrow.
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In rabbits, malignant melanoma (MM) is uncommon, and tends to occur in the auricle, eyelid, head, extremities or groin [2, 6, 18,
20, 22]. Several cases of MM in rabbits are recorded including distal metastasis in some organs, owing to the limited number of cases,
prognosis, metastasis, and a breed predisposition of MM in rabbits are unclear [2, 6, 18, 20, 22]. Here, we describe the first case of
a mini-Rex (Oryctolagus cuniculus) that presented with progressive clinical symptoms including lameness, dysuria, and dysphagia,
and was diagnosed with MM. In our case, the digit of right hind limb was possible primary site and metastases to various organs
including the bone marrow were observed.

A 5-year old mini-Rex castrated male weighing 2.0 kg presented to the referring veterinarian with lameness of the right hind
limb. On the first visit, a general physical examination revealed a mild decrease in general body condition (body condition score 2/5,
according to previous study [2, 14]) with swelling of popliteal lymph node (20 x 15 x 10 mm) and a 3-month history of a black and
small nodule (15 x 10 x 10 mm) on the digit of the right hind limb with some pain in the affected area. A postural reaction test showed
decreased reactivity in the right hind limb. Radiographic examination in ventral-dorsal position and right-lateral position without
anesthesia showed no abnormalities in the pelvis and spine. Because bacterial infection or encephalitozoonosis were suspected, 10 mg/
kg enrofloxacin (Baytril®, Bayer, Leverkusen, Germany) was orally administered twice a day, and 10 mg/kg fenbendazole (Panacur®,
MERCK, Vienna, Austria) was orally administered once a day for 7 days. On day 2, the rabbit had lameness of the left hind limb,
decreased reactivity in the postural reaction test, and paralysis of the right hind limb. A reaction to noxious stimuli was present in
the left hind limb but absent in the right hind limb. In addition, 0.2 mg/kg meloxicam (Metacam, Boehringer Ingelheim, Ingelheim,
Germany) was orally administered once a day for 5 days for analgesia. However, no improvement in clinical symptoms was observed
after continued administration. The rabbit then developed intermittent paralysis that progressed from hindlimbs to forelimbs. On day
15, a black cutaneous mass (2 mm diameter) was detected on the right abdominal skin as well as dysuria. Compression urination
was performed twice a day, and the animal received subcutaneous infusion of Lactated Ringer’s solution (60 mL/day) (Solulact®,
Terumo, Tokyo, Japan) once every 2 days. On day 28, the postural reaction test showed decreased reactivity in the right forelimb,
and a black mass was observed on the left eyelid. On day 32, the animal showed severe paralysis of both forelimbs, and dysphagia,
respiratory difficulty and died on day 35.

A necropsy was performed with a consent of the owner. Many black masses were observed in several organs including the lungs,
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heart, liver, spleen, stomach, kidneys, adrenal glands, pituitary gland, trachea, lymph nodes, skeletal muscles, and bone marrow (Fig.
1). Most masses were smaller than 5 mm, but some masses were bigger, including those in the lung (8 mm), right hindlimb digit (15
x 10 x 10 mm), and right popliteal lymph node (25 x 17 x 13 mm). The masses had displaced approximately 50% of the lungs, and
the marrow of bones (ribs, long bones of extremities, vertebra and skull) was mostly deep blackish. A black mass, 1.5 cm in diameter,
was present on the palmar side of the first digit of the right hind limb (Fig. 2A). The surface of the mass was alopecia and mildly
ulcerated at the center. The cut surface of the mass was black and somewhat fragile, the border between the mass and the bones (distal
and middle phalanges) were well defined. Wright-Giemsa-stained stamp preparation of the mass lesion showed a cluster of atypical
cells with a high N/C ratio, as well as countless brownish granules in the background (Fig. 2B). The nuclei were round to ovoid with
coarsely stippled chromatin and shaped nucleoli. Occasionally, cells with granules in their cytoplasm were observed, which thought
to be melanin-producing cells or melanin-laden macrophages.

Histopathologically, the black masses in several organs were composed of proliferating neoplastic cells (Fig. 3). The cells were
arranged in sheets that were partly capsulated in collagen fiber and showed polygonal to spindle shape. The nuclei were highly atypical
with anisokaryosis and many mitoses (average of three images in 400x magnification). Some cells contained melanin granules in
the cytoplasm. Many melanin-phagocytic macrophages were also observed. Similar neoplastic cells were observed in the blackish
bone marrow, liver, spleen, kidneys, heart, trachea, lungs, stomach, adrenal glands, pituitary gland, conjunctiva, skeletal muscles of
right forelimb and intra-abdominal fat tissues. The foci of neoplastic cells in these organs were small (less than 5 mm other than
lungs) and accompanied by melanophages. The marrow cavity of the right humerus was almostly replaced by the proliferation

Fig. 1. Appearance of the organs in body cavities at necropsy. Small black foci are found in lungs,
liver and spleen. Note the cross-section of rib bones (white arrowheads) are black. The insertion
shows an appearance of cross-section of diaphyseal region of right femur. Bar, 2 cm.

Fig. 2. Gross appearance of the digital mass in the right hind limb (A). The mass is blackish and the surface is alopecic, mild ulceration at the center.
Arrowheads indicate the nail. Scale marks, 1 mm intervals. Cytology of the stamp preparation of the right digital lesion (B). Cluster of atypical cells
with high N/C ratio and myriad brownish granules. Inset shows the cell with granules within the cytoplasm. Wright-Giemsa stain. Bar, 20 pm.
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of neoplastic cells and melanophages. In both kidneys, focal fibrosis with the infiltration of mononuclear cells, heterophils and
melanophages was located in subscapular cortex, which was speculated to be a micro-infarction caused by tumor emboli. These findings
suggested that the neoplastic cells spread mainly hematogenously to various organs, and also partly via lymphatics, in the present case.
Immunohistochemistry (IHC) for melanoma markers, PNL2 (Santa Cruz Biotechnology, Santa Cruz, CA, USA), Melan-A (Dako,
Glostrup, Denmark) and S-100 (Dako), those are useful for the diagnosis of rabbit’s MM [18], was performed. Briefly, deparaffinized
sections were microwaved in 0.01 M citrate buffer (pH 5.4) and then treated with 3% hydrogen peroxide. After incubation with blocking
reagent (Nacalai Tesque, Kyoto, Japan), the sections were reacted with each primary antibody (1:150 for PNL2, 1:50 for Melan-A,
1:300 for S-100, respective fold dilution) overnight at 4°C. Then the sections were treated with peroxidase-conjugated secondary
antibodies, the positive signals were visualized 3, 3’-deaminobenzine and nuclear counter stained with haematoxylin. About 25% of
neoplastic cells showed positive for PNL2 (Fig. 4). The most neoplastic cells showed weakly positive for S-100, while negative for
Melan-A. Based on these findings, a diagnosis of MM, and its systemic metastases were made.

Initially, the digital lesion of the right hind limb of the present case was suspected to be trauma and/or bacterial infection; however,
antibiotics, antiparasitics, and nonsteroidal anti-inflammatory drugs were not effective. Although black masses were found on the
skin and left eyelid, spinal cord diseases such as progressive myelomalacia or meningeal tumor were considered because the notable
clinical signs were mainly lameness and paralysis. Postmortem and histopathological examination revealed systemic metastasis of MM.
Although MM is not common in rabbits, 13 cases were previously documented [2, 6, 18, 20, 22] and are summarized in Table 1. Most
cases of MM in rabbits occur in males (10/13 cases) and in animals >3 years of age, consistent with the present case. Although a breed
predisposition of MM in rabbits has not been documented, to the best of our knowledge, this is the first report of MM in a mini-Rex.

The owner reported that the black nodule on the right first digit had been present for approximately 3 months. The right popliteal

Fig. 3. Histopathology of right popliteal lymph node. Prolifera-
tion of neoplastic cells those have small granules in their cyto-
plasm and melanophages, suggesting metastasis of malignant
melanoma from digital lesion. Arrowhead indicates the mitosis
of the neoplastic cells. HE. Bar, 20 pm.

Fig. 4. Immunohistochemistry for a melanoma marker PNL2 in right
popliteal lymph node. Some of the neoplastic cells show positive
signals in their cytoplasm (brownish color). Nuclear counterstained
by hematoxylin. Bar, 50 um. Inset is a view from serial section of
the negative control (using PBS instead of the primary antibody).

Table 1. Summary and comparison of the cases of cutaneous malignant melanoma in rabbits

Sex (number) Age . . . .
Cases Bleed ——F——— Primary site Metastasized lesion Ref
M CM F SF (years)
1 Mix 1 7-10 Skin (nasal canthus) ND 2]
(estimate)
2 Dwarf rabbit 1 4 Skin (inguinal region) Parietal pleural, lungs, liver [6]
3 Mix 1 4 Skin (scrotum) Lungs, liver, spleen, kidneys [18]
4 Mix 1 10 Eyelid Lungs, liver, spleen, kidneys [18]
5-12 - 51 2 0 2-8  Ear pinna, eyelid, head, perivulvar ND [20]
(3.8*%)  haired skin, scrotum, thigh, stifle
13 NZW 1 3.5 Skin (face) Parietal pleura, diaphragm [22]
14 Mini-Rex 1 5 Digit (hind limb) Lungs, heart, liver, spleen, stomach, kidneys, Present

adrenal glands, pituitary gland, trachea, lymph case
nodes, skeletal muscles, bone marrow

M: intract male, CM: castrated male, F: intract female, SF: spayed female, NZW: New Zealand white rabbit, ND: not mentioned in the report. *: median
age of 8 rabbits, range from 2 to 8 (in years). Data from a retrospective study [20].
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rlymph node metastasis was the largest lesion among metastatic foci. Thus, the primary lesion was suspected to be a digit on the right
hindlimb. MM in rabbits has been reported on eye pinna, eyelid, head, skin of the inguinal region, perivulvar haired skin, scrotum,
thigh, and stifle. In previous cases, metastasis of MM was observed in the lungs, parietal pleura, diaphragm, liver, and spleen (Table
1) [6, 18, 20, 22]. In the present case, it was suspected that the primary lesion of MM was the digit, and metastases were observed in
various organs that had not been reported previously in rabbits including the heart, stomach, adrenal grands, pituitary gland, trachea,
lymph nodes, skeletal muscles, and bone marrow. In addition to the characteristic findings, a myriad small metastatic foci (1-3 mm) that
did not form obvious nodules was observed. This strongly suggests that MM on the digit in rabbits can spread to these organs through
blood and lymphatic vessels. The most characteristic finding of the present case was systemic metastasis to the bone marrow. Only a
few cases of MM metastasizing to the bone marrow have been reported in animals [9, 13]. There are no reports of MM metastasized
to the bone marrow in rabbits in the veterinary literature. This is the first report of MM with bone marrow metastasis in rabbits. The
MM in the present case may have shown a more aggressive behavior than those reported previously, and digital MM in rabbits might
be more malignant than other cutaneous MMs, such as those in dogs [12].

Clinical symptoms such as lameness, dysuria, and dysphagia were observed in the present case. One of the characteristic symptoms
of this case was lameness. The case had multiple metastases to skeletal muscles and bone marrow, which was assumed to be the
cause of the multiple limb lameness. Lameness in dogs of MM is also observed, but usually only in the affected limb or the limb with
metastatic lesions. Therefore, we considered lameness to be an important finding reflecting the high malignancy of MM in the present
case. In humans, infiltration of MM into the bladder, urethra, uterus, or prostate, causes dysuria [4, 19], and infiltration of MM into the
esophagus causes dysphagia [10, 15]. In dogs, there were reported that infiltration of MM into colon caused dysuria [17]. However,
in the present case, metastasis to these organs was not observed in the histopathological examination. On the other hand, the clinical
symptoms such as dysuria, and dysphagia may have been caused by infiltration of MM into the brain or spinal cord, because melanoma
was present in the pituitary gland in the current case. However, infiltration of neoplastic melanocytes was not observed in the brain
parenchyma and spinal cord. These findings support that the lameness and paralytic signs in the present case were caused by damage
to peripheral tissues including skeletal muscles and bones, and not by involvement of the central nervous system.

By IHC, the neoplastic cells were positive for PNL2, negative for Melan-A. There are some reports on investigation of multiple
melanocyte markers for diagnose of MM in humans [3], dogs [16] and also rabbits [18]. In dogs, it is reported that sensitivity and
specificity of Melan-A for the detection of canine oral amelanotic melanocytic neoplasms were 81.6% and 100%, and these of PNL2
were 89.8% and 100% [16]. A few reports on melanocyte markers used for IHC of MM in rabbits, showed that 2 of 2 MM in rabbits
were positive for PNL2, and 4 of 4 MM in rabbits were positive for Melan-A [2, 18, 22]. The negative reaction of Melan-A in our case
suggests the sensitivity of Melan-A for the detection of MM in rabbits might not be 100%, as those reported in dogs [16]. Therefore,
to use multiple melanocyte markers for diagnosis of melanocytic tumors in rabbits, are recommended.

The mini-Rex is a breed of domestic rabbit, and the number of mini-Rex kept as pets has been increasing. Cutaneous neoplasms
or cutaneous squamous cell carcinomas, mammary tumors, herpesvirus infection, and gastrointestinal stasis have been reported in
pet rabbits [1, 7, 8, 11, 20], although there are a few case reports about diseases of mini-Rex, such as polypoid cystitis or ossifying
fibroma [5, 21]. Reports of tumors in mini-Rex are also rare [1, 11], and it remains unclear whether the mini-Rex is a breed with a
high incidence of tumors including MM. The present case indicates that elderly mini-Rex might develop MM and that it might show
highly aggressive behavior. The treatment of rabbits with MM is difficult because there are no studies on the prognosis or effective
chemotherapy for pet rabbits, and local recurrence within a few months after surgery has been reported [20, 22]. Further studies on
MM are necessary to improve our knowledge and control MM in rabbits.

CONFLICTS OF INTEREST. The authors declare no potential conflicts of interest with respect to the publication of this manuscript.

ACKNOWLEDGMENT. This work was supported by research basic expenses of Tottori University.

REFERENCES

1. Baum B, Hewicker-Trautwein M. 2015. Classification and epidemiology of mammary tumours in pet rabbits (Oryctolagus cuniculus). J Comp Pathol
152: 291-298. [Medline] [CrossRef]

2. Brandao J, Blair R, Kelly A, Fowlkes N, Shiomitsu K, Gomes NF, Thomas NT. Jr. 2015. Amelanotic melanoma in the rabbit: a case report with an
overview of immunohistochemical characterization. J Exot Pet Med 24: 193-200. [CrossRef]

3. Busam KJ, Kucukgdél D, Sato E, Frosina D, Teruya-Feldstein J, Jungbluth AA. 2005. Immunohistochemical analysis of novel monoclonal antibody
PNL2 and comparison with other melanocyte differentiation markers. Am J Surg Pathol 29: 400-406. [Medline] [CrossRef]

4. Cho ST, Song HC, Cho B, Choi WS, Lee WK, Lee YS, Lee YG, Kim KK, Park SH, Kim JW. 2012. Primary malignant melanoma of the female
urethra. Korean J Urol 53: 206-208. [Medline] [CrossRef]

5. Di Girolamo N, Bongiovanni L, Ferro S, Melidone R, Nicoletti A, Duca VD, Donnelly TM, Selleri P. 2017. Cystoscopic diagnosis of polypoid cystitis
in two pet rabbits. J Am Vet Med Assoc 251: 84-89. [Medline] [CrossRef]

6. Hammer M, Weigner F, Klopfleisch R. 2011. Cutaneous melanomas in rabbits: rare but often fatal. Vet Sci Dev 1: 9. [CrossRef]

7. Huynh M, Vilmouth S, Gonzalez MS, Calvo Carrasco D, Di Girolamo N, Forbes NA. 2014. Retrospective cohort study of gastrointestinal stasis in pet
rabbits. Vet Rec 175: 225. [Medline] [CrossRef]

8. Jin L, Valentine BA, Baker RJ, Lohr CV, Gerlach RF, Bildfell RJ, Moerdyk-Schauwecker M. 2008. An outbreak of fatal herpesvirus infection in
domestic rabbits in Alaska. Vet Pathol 45: 369-374. [Medline] [CrossRef]

9. Kim DY, Royal AB, Villamil JA. 2009. Disseminated melanoma in a dog with involvement of leptomeninges and bone marrow. Vet Pathol 46: 80-83.
[Medline] [CrossRef]

J. Vet. Med. Sci. 84(12): 1574-1578, 2022 1577


http://www.ncbi.nlm.nih.gov/pubmed/25840882?dopt=Abstract
http://dx.doi.org/10.1016/j.jcpa.2015.01.009
http://dx.doi.org/10.1053/j.jepm.2015.04.009
http://www.ncbi.nlm.nih.gov/pubmed/15725810?dopt=Abstract
http://dx.doi.org/10.1097/01.pas.0000152137.81771.5b
http://www.ncbi.nlm.nih.gov/pubmed/22468218?dopt=Abstract
http://dx.doi.org/10.4111/kju.2012.53.3.206
http://www.ncbi.nlm.nih.gov/pubmed/28621590?dopt=Abstract
http://dx.doi.org/10.2460/javma.251.1.84
http://dx.doi.org/10.4081/vsd.2011.3414
http://www.ncbi.nlm.nih.gov/pubmed/25013086?dopt=Abstract
http://dx.doi.org/10.1136/vr.102460
http://www.ncbi.nlm.nih.gov/pubmed/18487496?dopt=Abstract
http://dx.doi.org/10.1354/vp.45-3-369
http://www.ncbi.nlm.nih.gov/pubmed/19112120?dopt=Abstract
http://dx.doi.org/10.1354/vp.46-1-80

The Journal of

Veterinary

Medical

Science T FURUJO ET AL.
10. Klaase JM, Hulscher JBF, Offerhaus GJA, ten Kate FJ, Obertop H, van Lanschot JJB. 2003. Surgery for unusual histopathologic variants of esophageal

1.

13.

14.

17.

18.

19.
20.

21.

22.

neoplasms: a report of 23 cases with emphasis on histopathologic characteristics. Ann Surg Oncol 10: 261-267. [Medline] [CrossRef]
McLaughlin A, Tripp C, Bertram CA, Kiupel M, Thaiwong T, Reavill D. 2021. Cutaneous squamous cell carcinomas in domestic rabbits (Oryctolagus
cuniculi): 39 cases (1998-2019). J Exot Pet Med 39: 38-50. [CrossRef]

. Nishiya AT, Massoco CO, Felizzola CR, Perlmann E, Batschinski K, Tedardi MV, Garcia JS, Mendonga PP, Teixeira TF, Zaidan Dagli ML. 2016.

Comparative aspects of canine melanoma. Vet Sci 3: E7 [Medline] [CrossRef].

Patnaik AK, Mooney S. 1988. Feline melanoma: a comparative study of ocular, oral, and dermal neoplasms. Vet Pathol 25: 105-112. [Medline]
[CrossRef]

Prebble JL, Shaw DJ, Meredith AL. 2015. Bodyweight and body condition score in rabbits on four different feeding regimes. J Small Anim Pract 56:
207-212. [Medline] [CrossRef]

Revilla Morato C, Mora Soler A, Prieto Bermejo AB, Pifiero Pérez C, Pérez Corte D, Acosta Materan R, Marcos Prieto H, Gimeno Mateos LI, Geijo
Martinez F, Rodriguez Pérez A. 2016. [Primary malignant melanoma of the esophagus: a rare cause of dysphagia]. Gastroenterol Hepatol 39: 47-48.
[Medline] [CrossRef]

Smedley RC, Lamoureux J, Sledge DG, Kiupel M. 2011. Immunohistochemical diagnosis of canine oral amelanotic melanocytic neoplasms. Vet
Pathol 48: 32-40. [Medline] [CrossRef]

Spugnini EP, Dragonetti E, Murace R, Cassandro R, Groeger AM, Di Marino M, Baldi A. 2005. Spontaneous intestinal melanoma in dogs. /n Vivo 19:
1051-1054. [Medline]

Ueda K, Ueda A, Ozaki K. 2018. Cutaneous malignant melanoma in two rabbits (Oryctolagus cuniculus). J Vet Med Sci 80: 973-976. [Medline]
[CrossRef]

Venyo AK. 2014. Melanoma of the urinary bladder: a review of the literature. Surg Res Pract 2014: 605802. [Medline]

von Bomhard W, Goldschmidt MH, Shofer FS, Perl L, Rosenthal KL, Mauldin EA. 2007. Cutaneous neoplasms in pet rabbits: a retrospective study.
Vet Pathol 44: 579-588. [Medline] [CrossRef]

Whitten KA, Popielarczyk MM, Belote DA, McLeod GC, Mense MG. 2006. Ossifying fibroma in a miniature rex rabbit (Oryctolagus cuniculus). Vet
Pathol 43: 62—64. [Medline] [CrossRef]

Zerfas PM, Brinster LR, Starost MF, Burkholder TH, Raffeld M, Eckhaus MA. 2010. Amelanotic melanoma in a New Zealand White Rabbit
(Oryctolagus cuniculus). Vet Pathol 47: 977-981. [Medline] [CrossRef]

J. Vet. Med. Sci. 84(12): 1574-1578, 2022 1578


http://www.ncbi.nlm.nih.gov/pubmed/12679311?dopt=Abstract
http://dx.doi.org/10.1245/ASO.2003.05.029
http://dx.doi.org/10.1053/j.jepm.2021.06.001
http://www.ncbi.nlm.nih.gov/pubmed/29056717?dopt=Abstract
http://dx.doi.org/10.3390/vetsci3010007
http://www.ncbi.nlm.nih.gov/pubmed/3363787?dopt=Abstract
http://dx.doi.org/10.1177/030098588802500201
http://www.ncbi.nlm.nih.gov/pubmed/25529986?dopt=Abstract
http://dx.doi.org/10.1111/jsap.12301
http://www.ncbi.nlm.nih.gov/pubmed/25979435?dopt=Abstract
http://dx.doi.org/10.1016/j.gastrohep.2015.04.001
http://www.ncbi.nlm.nih.gov/pubmed/21078882?dopt=Abstract
http://dx.doi.org/10.1177/0300985810387447
http://www.ncbi.nlm.nih.gov/pubmed/16277021?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/29681558?dopt=Abstract
http://dx.doi.org/10.1292/jvms.18-0081
http://www.ncbi.nlm.nih.gov/pubmed/25374957?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17846230?dopt=Abstract
http://dx.doi.org/10.1354/vp.44-5-579
http://www.ncbi.nlm.nih.gov/pubmed/16407489?dopt=Abstract
http://dx.doi.org/10.1354/vp.43-1-62
http://www.ncbi.nlm.nih.gov/pubmed/20460451?dopt=Abstract
http://dx.doi.org/10.1177/0300985810369898

