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Case Report

Pancreatic Carcinoma in an African Clawed Frog
(Xenopus laevis)

Adam W Stern,” Sarah O Allison,? and Caroline Chu?®

This report describes the histologic features of a pancreatic carcinoma in an adult female African clawed frog (Xenopus laevis).
The animal was found to be in poor body condition and subsequently euthanized for a complete necropsy. Histologically, the
pancreas was effaced by packets of polyhedral cells consistent with a pancreatic islet cell carcinoma. Metastatic disease was not
identified. Pancreatic tumors are uncommon in amphibians, and this report is the first to describe a pancreatic carcinoma in an

African clawed frog.

The African clawed frog (Xenopus laevis) is one of the world’s
most commonly used frog species in developmental biology,
cell biology, toxicology, and neuroscience. Neoplastic diseases in
Xenopus have rarely been reported in the literature but include
hepatomas, teratomas, renal carcinoma, fibroma, fibrosarcoma,
nephroblastoma, ovarian dysgerminoma, melanophoromas and
lymphoma.!?561014 Although hyperplasia of pancreatic islets in
Xenopus has been described, pancreatic neoplasms in these frogs
have not previously been reported.”® Pancreatic carcinomas have
been reported to occur in hybrid species of pond frogs of the Pelo-
phylax (previously Rana) genus.’ This report describes the first
documented occurrence of a pancreatic carcinoma in X. laevis.

Case Report

An adult, sexually mature female X. laevis was found to be in
poor body condition during the daily animal health check. This
animal was group housed in a 189-L tank with 13 other adult
female frogs in accordance to the Guide for the Care and Use of
Laboratory Animals.® This frog had been purchased from a com-
mercial vendor (Xenopus Express, Brooksville, FL). The frogs
were housed within a custom-designed flow-through housing
system (Aquatic Habitats, Apopka, FL) with a reverse-osmosis
water purification system (Millipore RIOS, Billerica, MA). After
the water underwent purification, 37.5 g/L sea salt (Oceanic Sea
Salt, Central Aquatics, Franklin, WI) was added to the conductiv-
ity tank, and 16 g/L sodium bicarbonate (Sodium Bicarbonate,
Feed Products and Service Company, St Louis, MO) was added
to the pH tank. Water quality parameters within the housing sys-
tem were maintained as follows: water temperature, 17 to 18 °C;
pH range, 7.7 to 7.9; and conductivity, of 745 to 1013 uS. Frogs
were fed commercial brittle (Nasco, Ft Atkinson, WI) 3 times each
week. This colony of frogs was used for egg and oocyte collection.
Two months prior to clinical presentation, the index frog had been
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stimulated with human chorionic gonadotropin to induce egg
laying. The University of Illinois animal care program is accred-
ited by AAALAC. All animal experiments were approved by the
University of Illinois at Urbana-Champaign IACUC.

On examination, the frog was alert but emaciated, with bony
prominence of the spine and pelvis. There were no other lesions
or signs of trauma noted. Due to its poor body condition, the frog
was euthanized by immersion within a buffered 5 g/L tricaine
methane sulfonate solution (Sigma Aldrich, St Louis, MO). The
frog was submitted to the University of Illinois Veterinary Diag-
nostic Laboratory for necropsy examination.

On gross necropsy, the frog was found to be in poor nutritional
condition. The frog weighed 86.3 g, and intraceolomic fat pads
were absent. No other significant gross abnormalities were ob-
served.

Aerobic bacterial culture of the spleen yielded no pathogens.
Samples of the spleen were analyzed by PCR using genus-specific
mycobacterial primers, ITSF and myocm 2.'*** Genomic DNA was
extracted from the spleen by using a purification kit (no. 947057,
One-For-All Vet Purification Kit, Qiagen, Venlo, Limburg, The
Netherlands) and an automated processor (BioSprint processor,
Qiagen). The 25-uL PCR reaction volume consisted of 2.5 uL 10x
buffer A (Thermo Fisher Scientific, Waltham, MA), 2.5 uL. 2 nM
dNTP, 10 uM each ITSF and mycom 2 primers, 0.25 uL 5U/uL
Tnq polymerase (Invitrogen), 12.25 uL sterile water, and 2.5 uL
template DNA. Thermocycler conditions comprised 94 °C de-
naturation for 5 min followed by 29 cycles of denaturation at
94 °C for 1 min, annealing at 60 °C for 1 min, and extension at
72 °C for 1 min, with a final extension for 10 min; then the reac-
tion was held at 4 °C. Electrophoresis of a positive amplification
product on a 1% to 2% agarose gel yields a 270- to 360-bp band.
No amplification of Mycobacterium spp. DNA from the frog spleen
was detected.

Formalin-fixed samples were collected, and samples were par-
affin-embedded, routinely processed, sectioned at 4 to 5 um, and
stained with hematoxylin and eosin. Tissue sections examined in-
cluded lungs, liver, kidneys, spleen, heart, small intestine, pancre-
as, ovaries, stomach, small and large intestine, skin, and skeletal
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muscle. The pancreas was nearly completely effaced by a neo-
plastic cell population arranged in packets and supported by a
thin fibrovascular stroma (Figure 1). Neoplastic cells were polyhe-
dral, had distinct cell margins, frequent high nuclear:cytoplasmic
ratio, and eosinophilic and wispy cytoplasm often containing
variably sized eosinophilic globules. Nuclei were round, with
stippled chromatin and 1 to 3 nucleoli. Neoplastic cells exhibited
moderate anisocytosis and anisokaryosis. There were 1 to 3 mi-
totic figures per random 400x field. Scattered single-cell necrosis
of the neoplastic cells and rare remnant pancreatic acinar cells
were observed. Histochemical staining with Masson trichome
was performed and there was collagen-positive (blue) staining
of the fibrous stroma separating the packets of neoplastic cells
(Figure 2).

Immunohistochemical staining with a panel of antibodies, in-
cluding cytokeratin (AE1/AE3), insulin, glucagon, and synapto-
physin, was performed. Given the limited amount of information
in the literature about the suitability of amphibian tissue for im-
munohistochemical staining, we used nonneoplastic Xenopus frog
pancreas for positive-control tissues to evaluate the staining of the
target (that is, neoplastic) tissue. Immunohistochemical staining
for synaptophysin, insulin, and glucagon were negative both in
the Xenopus frog control tissue and neoplastic cell population.
Immunohistochemical staining with cytokeratin was performed
and was positive in both the control tissues and neoplastic cell
population. Approximately 10% of neoplastic cells had positive
cytoplasmic immunoreactivity for cytokeratin.

The histomorphology of the neoplasm was consistent with a
pancreatic carcinoma, which likely arose from pancreatic islet
cells because the formation of packets of cells is typical of islet
cell tumors. Immunohistochemical staining was performed in
an attempt to further characterize the neoplastic cells. However,
the control tissues did not exhibit appropriate immunoreactivity,
and the results of the synaptophysin, insulin, and glucagon stains
could not be interpreted. Metastatic disease was not identified in
this animal. Although there is a history of mycobacterial infec-
tions in this colony of frogs, there was no evidence of mycobacte-
riosis in this particular animal.

Discussion

Causes of weight loss in X. Izevis include both infectious and
noninfectious diseases (neoplasia and husbandry-related issues).
Infectious agents include bacteria (Mycobacterium spp., Flavobac-
terium spp., Salmonella spp., and Aeromonas spp.), parasites (pro-
tozoans, nematodes, trematodes, and cestodes), and fungi.”"! The
index animal did not have any dermatologic signs of an infectious
disease, such as skin sloughing, ulceration, petechiation, and nod-
ules, or general clinical signs, such as lethargy or coelomic effu-
sion.”! In this case, postmortem findings did not reveal lesions
consistent with a parasitic, bacterial, or fungal etiology. Factors
such as stress, poor husbandry, and neoplasia can also lead to
poor body condition. Stress could have been a factor in the cur-
rent case, but the tank occupancy was within facility guidelines
and standard operating procedures for the husbandry of captive
aquatic frogs (3.79 L [1 gal] water per adult frog). In addition,
water-quality parameters were within acceptable ranges.

This colony of X. laevis had a history of mycobacterial infec-
tions. For the majority of the clinical cases, speciation of the my-
cobacterial amplicon sequence was not included as part of the
diagnostic testing. For those cases in which it was performed,
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Figure 1. Histopathology of the pancreas. Note that the pancreas is al-
most completely effaced by the neoplastic cell population. Hematoxylin
and eosin stain; bar, 20 um.
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Figure 2. Histopathology of the pancreas. Note the positive (blue, col-
lagen) staining of the supporting stroma. Masson trichrome stain; bar,
20 pm.

M. marinum was isolated from 2 frogs, both M. ulcerans and M.
marinum were isolated from 1 animal, and M. linflandii was ob-
tained from 1 animal. Clinical signs varied among these cases and
included coloemic distention, lethargy, and skin lesions including
petechiation, erythema, sloughing, and ulceration.

Although neoplastic diseases are reported in amphibians, they
are considered to be uncommon occurrences.’ A majority of neo-
plasms in amphibians have been reported from captive speci-
mens, although wild specimens have also been. Neoplasia of the
pancreas has rarely been reported in frogs. In one report in pond
frogs of the Pelophylax (previously Rana) genus, neoplastic cells
of pancreatic carcinomas contained both exocrine and endocrine
secretion granules.’ In one case series,’ 11 pancreatic carcinomas
were stained for insulin, somatostatin, and glucagon; 4 neoplasms
were positive for insulin, 8 neoplasms were positive for soma-
tostatin, and all 11 were negative for glucagon. In addition, all
pancreatic carcinomas had mature C-type retrovirus particles in
the extracellular spaces, but these particles were not present in
the nonneoplastic pancreatic tissue.” In comparison to this previ-
ous report, we have examined approximately 20 frogs from the
research laboratory where the current frog was housed, and no
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pancreatic neoplasms or any other neoplastic processes have been
identified in any animal examined.

In Xenopus, neoplastic processes are reported infrequently.
Hepatomas perhaps occur most often, with 5% of Xenopus frogs
affected per year in one colony.® In addition, ovarian dysgermi-
noma has been reported in several Xenopus frogs.’ The neoplastic
cells of dysgerminomas are histomorphologically similar to those
of seminomas in males. Ovarian dysgerminoma has also been
reported to occur in mountain chicken frogs (Leptodactylus fallax).*

X. laevis that develop nonspecific signs of illness such as poor
body condition require a thorough assessment and diagnostic
testing. In the laboratory setting, it is important to rule in and rule
out infectious diseases in addition to evaluating and identifying
other potential disease processes, such as neoplasia. The frog we
describe here had a pancreatic carcinoma; to our knowledge, this
is the first report of this neoplasm in Xenopus laevis.
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