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CASE I:

Signalment:
2-3 month old, intact male guinea pigs (Cavia
porcellus)

History:

These guinea pigs were from a control group
on study at a contract research organization. A
nodule was found in the heart during post-life
processing. No clinical signs were noted prior
to euthanasia.

Gross Pathology:

A poorly-demarcated, tan nodule expands the
right or left ventricular free wall or the inter-
ventricular septum of the heart.

Microscopic Description:

The subendocardial muscle is regionally ef-
faced by expansile, well-circumscribed foci of
atypical cardiac myocytes that are arranged in
bundles and streams. Atypical cardiac myo-
cytes are plump polygonal and have distinct
cell borders. These cells are markedly dis-
tended by clear vacuoles, pale eosinophilic
granular material, and acidophilic bodies. Nu-
clei are round; have finely to coarsely stippled
chromatin; frequently contain a single promi-
nent nucleolus; and are occasionally sur-
rounded by radiating, linear sarcoplasmic pro-
cesses (spider cells). The surrounding cardiac
myofibers are minimally compressed. Small
numbers of mixed mononuclear cells multifo-
cally infiltrate the normal cardiac muscle.

Figure 1-1. Heart, guinea pig. A longitudinal
and a transverse section of the ventricles is
submitted. (HE, 5X)

Contributor’s Morphologic Diagnosis:
Heart: Severe regional cardiac myofiber vacu-
olar degeneration and glycogen accumulation.

Condition: Cardiac rhabdomyomatosis

Contributor’s Comment:

The pathogenesis of this condition is still de-
bated, though it is considered an incidental
finding. Common features across veterinary
species include the presence of PAS-positive
material (interpreted as glycogen) within sar-
coplasmic vacuoles and the formation of spi-
der cells, which represent an artifact of glyco-
gen loss during histologic processing.*2°
Some sources attribute this condition to a
defect in glycogen storage or metabolism.3?
An association with hypovitaminosis C



Cardiac Rhabdomyomatosis/Rhabdomyoma
Cross-Species Comparizon of Histochemical and IHC staining characterisfics
Diagnosis PAS PTAH Desmin, Myo- SMA Vimentin | PGP 9.5 NSE
Species globin
Guinea pig Cardiac
[Cawia rhabdomyomatosis + + ¥ Variable
porcelius)
Pig Cardiac
(Sus scrofa) rhabdomyoma + + + ¥ ¥
Canid Cardiac
[Canis rhabdomyoma + ¥ + - -
familizris)
Bearded Cardiac
harbor seal pukinjecma ¥ ¥ ¥ ¥
(Engnathus
barbaius)
Fallow deer Cardiac
(Damadamsa) | rhabdomyoma ¥ ¥ +

(scurvy) has been suggested in guinea pigs,
but is not well-established.®

Recent veterinary literature indicates that in
swine, the abnormal myocytes contain ultra-
structural and immunohistochemical features
of both postnatal cardiac myocytes and
Purkinje cells. These characteristics, in con-
junction with the age predilection for juvenile
animals, support the contention that this may
represent a congenital dysplasia or a tumor
arising from a pluripotent embryonic cell 32
In humans, cardiac rhabdomyomas represent
the most common primary pediatric cardiac
neoplasm and, interestingly, are often associ-
ated with tuberous sclerosis complex.®

Contributing Institution:
Pathology Department
Charles River Laboratories — Mattawan

www.crl.com

JPC Diagnosis:
Heart, myocardium: Glycogenosis, multifo-
cal, moderate.

JPC Comment:

This week’s moderator was Major Daniel
Bland, Chief of Histology (Veterinary Pathol-
ogy) at the Walter Reed Army Institute of Re-
search (WRAIR) and his cases were anything
but mundane. This first entity is a classic in the
guinea pig, though as the contributor also
notes there are occasional case reports in other
species as well. Recently, there was a short re-
port of this condition in Go6ttingen Minipigs as
well.! Tissue identification and lesion recog-
nition was relatively simple for this case, so
we focused on better characterizing the plump,
atypical cardiac myocytes that the contributor
so nicely describes/ Similar to the table pro-
vided, we ran IHCs and special stains for Pe-
riodic-Acid Schiff (with and without diastase),
muscle specific actin, desmin, GFAP, IBA1,
NSE, synaptophysin, and chromogranin.
These atypical myocytes were



Figure 1-2. Heart, guinea pig. A focally extensive area of swollen cardiomyocytes is present within
the right ventricle subjacent to the endocardium. (HE, 36X)

strongly PAS-positive within the cytoplasm,
though this staining intensity was greatly di-
minished by treatment with diastase, con-
sistent with interpretation of these vacuoles as
containing glycogen. Compared with normal
cardiac myocytes, these atypical myocytes
also had minimal cytoplasmic immunoreactiv-
ity for desmin and muscle specific actin. Chro-
mogranin and synaptophysin were im-
munonegative.

Conference participants had a few interesting
takeaways from this case. Foremost, there was
the observation that the PAS section following
diastase treatment was quite washed out. As
Dr. Bruce Williams reminded participants,
cells with increased glycogen content include
hepatocytes, neurons, and cardiac/skeletal
myocytes — it is hardly a surprise then that the
staining profile of these cells should change
with this glycogen content also being digested.
Participants also debated how to best describe
this condition, with the consensus falling on a
moderate severity given the limited ancillary
changes within the heart (i.e. degeneration and
necrosis of adjacent myocytes).

There are several other lesions to be aware of
in the heart of guinea pigs which were not pre-
sent in this case. These include rare minerali-
zation of cardiac myocytes which may be ac-
companied by fibrosis and minimal mononu-
clear cell infiltration; alone this is typically
subclinical.’ Additionally, the underlying
cause for myocardial protein aggregates in pet
guinea pigs has been described,!* with accu-
mulation of these alpha B crystallin (a small
heat shock chaperone protein) being most
common in the right ventricular free wall,
though they may also be found within papil-
lary muscles within the left and right ventri-
cles of the heart as well.
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Figure 1-3. Heart, guinea pig. Cardiomyocytes are markedly expanded by glycogen forming “spider

cells” (HE, 228X)
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CASE 1L

Signalment:

Adult, male, Gottingen minipig, Sus scrofa
domesticus



Figure 2-1. Kidney, Gottingen minipig. One
section of kidney is submitted for examina-
tion. At subgross magnification, multifocal
hemorrhage is present throughout the sec-
tion. (HE, 4X)

History:

This source animal had an acute history of de-
creased activity, decreased appetite, and gen-
eralized orange-pink skin discoloration prior
to initial test article administration. It was sub-
sequently discovered laterally recumbent with
an intermittent, abnormal breathing pattern.
Bloodwork was collected immediately prior to
euthanasia.

Gross Pathology:
There were no significant gross lesions.

Microscopic Description:

In the kidneys, renal tubules in the cortex and
extending into the medulla are diffusely,
mildly to moderately dilated and filled with
eosinophilic proteinaceous fluid or erythro-
cytes. Epithelial cells lining effected tubules
are multifocally flattened with basophilic cy-
toplasm and frequently contain hypereosino-
philic, globular, cytoplasmic material. There
are few scattered clusters of necrotic tubules
within the cortex, characterized by hypereo-
sinophilia, loss of differential staining, and nu-
clear pyknosis of the tubular epithelium. Oc-
casionally, Bowman’s spaces are dilated and
filled with similar eosinophilic fluid and hy-
pereosinophilic globular material which mod-
erately compresses glomerular tufts. There is
moderate, multifocal expansion of the renal

interstitium and peri-pelvic adipose tissue by
abundant hemorrhage which surrounds and
separates renal tubules and adipocytes.

Contributor’s Morphologic Diagnosis:
Kidney: Renal tubular hemorrhage and pro-
teinosis, diffuse, acute, severe, with rare tubu-
lar degeneration and necrosis and diffuse in-
terstitial hemorrhage

Contributor’s Comment:

Histologic lesions are compatible with hemor-
rhagic syndrome in Goéttingen minipigs, also
known as thrombocytopenic purpura syn-
drome (TP). Hemorrhagic syndrome has been
previously described in Gottingen minipigs
with thrombocytopenia as the underlying
cause.l Currently, the mechanism of the
thrombocytopenia associated with hemor-
rhagic syndrome is unknown, but is thought to
be secondary to an immune complex-associ-
ated disorder, specifically a type Il-mediated
thrombocytopenia and/or a type Ill-mediated
vasculitis/glomerulonephritis.” Animals be-
tween 7 weeks and 1 year have been reported
as affected with no apparent hereditary etiol-

ogy.**

Clinically, pigs suffering from hemorrhagic
syndrome are typically anemic and severely
thrombocytopenic (< 20,000/ul).>® Depend-
ing on the severity of the disease and the or-
gans affected, additional bloodwork abnor-
malities such as increased liver or renal values
may be present, as in this case. Macroscopi-
cally, widespread hemorrhage is a key feature
in hemorrhagic syndrome, including petechial
to ecchymotic hemorrhages or hematomas
most commonly observed in the skin, heart,
urinary bladder, and kidney.” While there were
no discrete hemorrhages observed macroscop-
ically in this case, the generalized orange to
pink skin discoloration and hyperbiliru-
binemia suggest that there was significant he-
molysis in this animal.



Figure 2-2. Kidney, Gottingen minipig: In this subcapsular field, there is multifocal acute hemor-

rhage, with tubular epithelial degeneration and necrosis. (HE, 294X)

Microscopically, lesions of hemorrhagic syn-
drome consist of multifocal interstitial to mu-
cosal hemorrhages in multiple organs includ-
ing but not limited to the skin, kidney, bladder,
intestine, pancreas, lymph nodes, lungs, and
skeletal musculature.” In the kidneys, mem-
branoproliferative glomerulonephritis is a
common feature, characterized by thickening
of glomerular basement membranes and an in-
crease in the number of mesangial cells within
glomerular tufts.® Degenerative and prolifer-
ative vascular lesions affecting small to me-
dium-sized muscular arteries and arterioles
have also been reported in cases of hemor-
rhagic syndrome.® Previously described vas-
cular lesions range from endothelial cell hy-
pertrophy and smooth muscle cell vacuolation
to proliferation of the tunica intima, necrosis
and thickening of the tunica media, and dis-
ruption of the internal elastic membrane.®
These lesions can also be accompanied by
lymphohistiocytic to neutrophilic periarteri-
tis.% Vascular lesions are most commonly ob-
served in the heart and renal pelvis, but can
found in other affected tissues.®

Based on the rapid progression of clinical
signs, lack of significant gross lesions and mi-
croscopic evidence of hemorrhage in the kid-
ney, this case is considered to represent a pera-
cute presentation of hemorrhagic syndrome in
the Gottingen minipig. Certain histologic le-
sions typically observed in TP, such as hem-
orrhages in multiple organs and appreciable
membranoproliferative changes in the kidney,
were not present in this case, but may have de-
veloped later in the course of disease had this
animal not been euthanized. The hypereosino-
philic, globular material observed in the cyto-
plasm and lumen of renal tubules has been
previously reported in cases of hemorrhagic
syndrome and, in those cases, was confirmed
to be 1gG, IgM or Clg with immunohisto-
chemistry, supporting an immune-mediated
cause for the disease.*

Some differentials to consider for hemor-
rhagic syndrome in Goéttingen minipigs in-
clude other hemorrhagic disorders such as
neo-natal alloimmune thrombocytopenia and
von Willebrand disease (VWD). Neonatal al-
loimmune thrombocytopenia occurs in piglets
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Figure 2-3. Kidney, Gottingen minipig. Higher magnification of the field in Fig. 2-2, with tubular de-

generation and necrosis (HE, 294X).

less than a week old and is associated with im-
mune-mediated platelet destruction by alloan-
tibodies produced in sow colostrum against fe-
tal platelet antigens inherited from the boar.?
Von Willebrand disease is a dominant reces-
sive, hereditary bleeding disorder caused by a
mutation in von Willebrand factor.> Type 3
VWD, the most severe form of the disease in
which there is a near total absence of von Wil-
lebrand factor, has been previously reported in
farm pigs and causes severe mucocutaneous
and periarticular hemorrhage that can be fatal
if not treated.> While petechial to ecchymotic
hemorrhages can occur virtually anywhere
with hemorrhagic syndrome and may present
similar to VWD grossly, VWD does not com-
monly cause visceral hemorrhages and has not
been reported to cause membranoproliferative
changes in the kidney.

Contributing Institution:
Charles River Laboratories, Mattawan, Ml
www.crl.com

( j'v . 2

A

JPC Diagnosis:

Kidney: Hemorrhage, acute, multifocal to co-
alescing, marked with tubular degeneration,
necrosis, regeneration, and proteinosis.

JPC Comment:

Case 2 ratchets up the pathology seasoning
nicely, with our case discussion being particu-
larly spicy. In this case, the widespread hem-
orrhage within the renal interstitium is an ob-
vious feature, though the tubular changes
should not be overlooked (Figures 2-2, 2-3,
and 2-4). As this animal was euthanized and
quickly necropsied, the cellular preservation
of this section is excellent which negates the
frustration of reading through autolytic
changes. We agreed with the contributor that
the hemorrhage noted fits with an acute inter-
pretation of this lesion, though some partici-
pants quibbled that a true ‘peracute’ lesion
would have no supporting histologic features
as the animal would succumb too quickly.
This however was the easy part of the case dis-
cussion.
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Figure 2-4. Kidney, Gottingen minipig. More tubular degeneration and necrosis within tubules.
Numerous tubules contain abundant luminal protein. (HE, 314X)

Interestingly, a number of conference partici-
pants also raised the question of whether there
could be underlying chronic changes in this
case which we catalog in detail. Participants
felt strongly that thrombocytopenic purpura
syndrome would likely have some supporting
chronic changes given the pathogenesis the
contributor describes. We last saw this entity
in Conference 3 in 2023-2024, though there
are some key differences to note. In last year’s
case, we reviewed multiple sections from the
ear that featured arteriosclerosis with modest
arteritis and periarteritis, including thrombi in
section. In this case, there are some small- and
medium-caliber blood vessels near the renal
pelvis/hilus (figure 2-1) that have medial hy-
pertrophy of the tunica media (‘onion-skin-
ning’) with endothelial hypertrophy. Addi-
tionally, some participants noted rare foci of
basophilic renal tubular cells that were stacked
and had mitotic figures (interpreted as regen-
eration) which would support a chronic inter-
pretation of this lesion. Within the collecting
ducts, there are also multiple granular casts
present which points towards a longer time

course in this case as well. We looked care-
fully for ancillary changes that would align
with this interpretation and ran both PAS and
JMS (Jones Methenamine Silver) to highlight
the glomerular basement membrane as well as
a Movat’s pentachrome to examine the wall of
blood vessels. We agree with the contributor
that there were no glomerular changes in this
case to include thickening of the basement
membrane, discontinuity or deposits within
the membrane, or any glomerular synechiae in
any of the sections examined. Movat’s stain
did show discontinuity of both the inner and
outer elastic lamina in select vessels which
was not readily apparent on H&E section.
Nonetheless, we struggled to find a good ex-
ample of vasculitis on our section as the lack
of vascular change (vascular necrosis and/or
surrounding inflammation) or obvious fibrin
thrombi made it difficult to pin down the exact
connection to the large degree of hemorrhage
and subsequent tubular change in this animal.
This could be related to thrombocytopenia,
though we did wonder about the nature of the
perimortem blood sample clotting and its rela-
tion to this case too. With these features in



mind, we cautiously approached the morpho-
logical diagnosis for this case, and focused
only on the features that we felt we had solid
support for histologically. We thank the con-
tributor for submitting this case as it prompted
a fruitful discussion here at the JPC.

There are a number of potential rule outs for
acute tubular injury and hemorrhage in swine.
These include porcine circovirus (dermatitis
and nephropathy syndrome), porcine respira-
tory and reproductive syndrome virus, classi-
cal swine fever, African swine fever, septice-
mia, and anticoagulant rodenticide ingestion.?
For Gottingen minipigs, background renal le-
sions are fairly limited and mild, and did not
confound interpretation of this case.*
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CASE 111:

Signalment:
17-year-old, intact female, rhesus macaque,
Macaca mulatta, Non-human primate (NHP)

History:

This NHP was part of several animals who
lived in a research colony in Texas for several
years prior to being transported to Maryland.
The animal had recently become very un-
thrifty with a very poor body condition. Due
to a worsening condition, humane euthanasia
was elected.

Gross Pathology:

The heart was diffusely enlarged up to 1.5
times the normal size and bilaterally the ven-
tricular free walls were thin and flabby. The
pericardium contained approximately 75 mL
of serosanguineous fluid. In the left ventricle,
there were multiple white nodules adhered to
the endocardium. The serosal surfaces of the
small and large intestines were reddened. The
liver had a diffuse cobblestone appearance.
The gallbladder was markedly enlarged up to
three times normal. The splenic capsule had a
diffusely nodular appearance. The right ad-
renal gland had a single, tan, 2 mm nodular le-
sion in the cortex. There was approximately
50 mL of serosanguineous fluid in the thorax
and 50 mL of similar fluid in the abdomen.

Laboratory Results:

Biochemistry profiles showed chronically ele-
vated liver and kidney values with low pro-
tein. Exact values were unavailable. PCR test-
ing on formalin-fixed cardiac tissue was posi-
tive for Trypanosoma cruzi.



Figure 3-1. Heart, macaque. One section of
heart including the base of the left and right
ventricle and the interventricular septum is
submitted for examination (HE, 5X)

Microscopic Description:

Diffusely and transmurally affecting approxi-
mately 60% of the section, large numbers of
inflammatory cells composed of macro-
phages, lymphocytes, plasma cells, and neu-
trophils with fibroblasts surround, infiltrate,
and replace cardiomyocytes. Cardiomyocytes
adjacent to these inflammatory cells are often
degenerate characterized by swollen, pale and
vacuolated sarcoplasm or are necrotic charac-
terized by hypereosinophilic sarcoplasm with
loss of cross striations, and fragmentation of
the nucleus with cellular and karyorrhectic de-
bris. Multifocally within cardiomyocytes are
numerous pseudocysts measuring up to 40 um
x 90 um which contain a plethora of 2-4 um
protozoal amastigotes with a basophilic nu-
cleus and kinetoplast. Fibrin, hemorrhage, and
edema is also present in these inflammatory
regions. Present within the left ventricular lu-
men are multiple enmeshed clots adhered to
the papillary muscles composed of fibrin,
hemorrhage, edema, and similar inflammatory
cells.

Contributor’s Morphologic Diagnosis:

Heart: Panmyocarditis, histiocytic and lym-
phoplasmacytic, chronic, diffuse, severe, with
myocardial degeneration, necrosis, and loss,

and intramyocytic protozoal amastigotes, rhe-
sus macaque, non-human primate.

Contributor’s Comment:

The histopathologic findings and PCR test re-
sults are diagnostic for cardiac trypanosomia-
sis caused by Trypanosoma cruzi. T. cruzi is
the causative agent for Chagas disease, other-
wise known as American trypanosomiasis.
Trypanosomes are hemoflagellate protozoans
known to infect humans and a variety of do-
mestic and wild animals throughout North and
South America. In the southern United States,
opossums, raccoons, and armadillos serve as
the primary reservoir hosts. 1357

T. cruzi is most commonly spread through
stercorarian transmission when its vector, the
triatomine bug (also called the reduviid or
kissing bug), defecates or urinates trypo-
mastigotes of T. cruzi at the site of a recent
blood feeding. Trypomastigotes from the fe-
ces or urine enter the wound and disseminate
hematogenously to cardiomyocytes. Trypo-
mastigotes invade cardiomyocytes where they
develop within the sarcoplasm into
amastigotes within a pseudocyst. After repli-
cation, the amastigotes mature into trypo-
mastigotes, rupture the host cell, and re-enter
systemic circulation. This infective form is
then ingested by a triatomine bug during a
blood feeding where it transforms into an epi-
mastigote in the insect’s gut and replicates
through binary fission while awaiting the cy-
cle to begin anew.>*>78 While the heart is the
primary organ affected, amastigotes have also
been identified in several other organs.® In this
case, a pseudocyst was also identified in the
diaphragm. Additional documented forms of
transmission include oral ingestion of the vec-
tor or contaminated feces, transplacental and
transmammary transmission, blood transfu-
sions, and organ transplantation.l®8

Classic clinical and pathologic findings follow
a pattern of cardiac disease. In the acute phase,
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Figure 3-2. Heart, macaque. Multifocally throughout the section, there are large aggregates of macro-
phages, lymphocytes, and plasma cells with surround, separate and replace cardiomyocytes. (HE, 118X)

cardiac arrhythmias, sudden collapse, or even
death, weak pulses, and signs of respiratory
distress can all be expected. Animals that sur-
vive the acute phase can anticipate develop-
ing chronic heart disease. Cardiac dilatation
IS common as are more frequent cardiac ar-
rhythmias and clinical signs consistent with
unilateral or bilateral heart failure.

Cytology of blood smears during the acute
phase can be used to identify trypomastigotes
present in the systemic circulation. In the
chronic phase when parasitemia is lower, a
thick-film buffy coat smear should be used to
increase the concentration of the organisms.
Lymph node aspirates and cytologic analysis
of abdominal effusion has also been docu-
mented to identify T. cruzi. Serologic and
molecular testing has also been useful in pre-
mortem diagnosis.®

Post-mortem findings will vary depending on
if the animal died during the acute or chronic
phase of infection. Lesions from death during
the acute phase include a pale myocardium
with hemorrhages in the subendocardial and

subepicardial surfaces. Right-sided heart le-
sions are often more severe than the left side.
Generalized lymphadenopathy has also been
reported. Chronically infected animals often
present with generalized cardiomegaly with
thinning of the ventricular free walls and a se-
rosanguineous fluid in the pericardial, pleural,
and abdominal cavities. Microscopic findings
include multifocal to diffuse histiocytic to
lymphoplasmacytic myocarditis with varying
stages of cardiomyocyte degeneration and ne-
crosis with fibrosis. The presence of intracar-
diomyocytic amastigotes is a very helpful but
can be difficult to find especially in chronic
cases.!®

A recent study documenting the histologic
findings of T. cruzi in domestic cats docu-
mented lymphoplasmacytic myocarditis with
fibrosis in 42.1% of seropositive cats com-
pared to 28.6% of seronegative cats. In the
same study, PCR for T. cruzi was performed
on a variety of tissues from seropositive and
seronegative cats. PCR-positive tissues in-
cluded heart, biceps femoris muscle, sciatic
nerve, esophagus, and mesentery.® Although
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Figure 3-3. Heart, macaque. Occasionally cardiomyocytes contain a large cytoplasmic pseudocyst
containing numerous 2-3um round trypanosomal amastigotes with a central nucleus and poorly
discernable kinetoplasts. (HE, 727X)

CNS disease is considered an uncommon
manifestation of T. cruzi infection in non-hu-
man mammals, disseminated trypanosomiasis
with central nervous system (CNS) involve-
ment was recently reported in four dogs, with
CNS involvement confirmed by quantitative
PCR. Lymphohistiocytic myocarditis and his-
tiocytic meningoencephalitis with rare to nu-
merous intralesional and intracellular
amastigotes were reported in all 4 dogs, while
gross lesions within the CNS were observed in
2/4 dogs.®

Contributing Institution:

Walter Reed Army Institute of Research; De-
partment of Pathology;
https://www.wrair.army.mil/

JPC Diagnosis:

Heart: Pancarditis, lymphoplasmacytic and
histiocytic, chronic, multifocal to coalescing,
marked, with fibrosis and numerous intrmyo-
cytic amastogotes.

JPC Comment:

At first glance, this section of heart is nonde-
script save for the random, coalescing regions
of basophilia (Figure 3-1) that represent the
inflammatory cells in the myocardium that
the contributor describes. On higher magnifi-
cation however, there are a plethora of
changes occurring in this case that provide
some zest to the pathology palate. To wit, we
ran special stains (Giemsa, PTAH, Masson’s
trichrome) for this case and they did not dis-
appoint. The degree of fibrosis in this case is
not surprising given the loss of cardiac myo-
cytes secondary to both rupture of
amastigote-laden cells and the marked in-
flammatory response (figures 3-2 and 3-3),
though cardiac fibrosis can also be a back-
ground lesion in aged macaques. In this case,
trypanosomal amastigotes were obvious on
H&E, though they were also highlighted met-
achromatically by Giemsa with the kineto-
plasts being a sharp red against the medium
blue background. We also ran a modified
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Gram stain (Brown-Brenn, Brown-Hopps)
and fungal stains (GMS, PAS Light Green)
which did not identify any concurrent infec-
tions in this animal. Although tinctorially
similar to the myofibers, there are also two fi-
brin thrombi nestled within the ventricle as
the contributor points out. Conference partic-
ipants overall liked the quality of this slide
and the descriptive features as they felt they
were rewarding to discuss.

Natural infection of non-human primates
with Chagas disease has been described in
the veterinary literature previously. 245
Given the preponderance of primate facilities
in Texas similar to where the animal in this
case originated, discussion of trypanosomia-
sis and its impacts on medical research re-
mains relevant. A similar case of trypanoso-
mal myocarditis in a rhesus macaque was
previously covered in Conference 17, Case 2,
2013-2014.

Finally, another important rule out for this
case is leishmaniasis which appears nearly
identically to trypanosomes histologically. In
theory, the orientation of the kinetoplast (par-
allel to the nucleus for trypanosomes, perpen-
dicular for Leishmania) might help to dis-
criminate these entities, though PCR is pref-
erable if available. The advancing range of
reduviid bugs has implications on animal and
human health that are not lost on us at the
JPC. Given that the Department of Defense’s
Military Working Dog Program is anchored
in San Antonio, Texas®, we see several cases
of canine trypanosomiasis each year when
such cases were rarer previously. Given
worldwide deployment of Military Working
Dogs, discerning T. cruzi infection against
other agents remains an important task.
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Figure 4-1. Oral cavity, rhesus macaque. A4x
2 cm mass extends from the caudal aspect of
the hard palate into the soft palate and phar-
ynx (arrow). The mass was soft with an irreg-
ular surface that was mottled light and dark
gray. (Photo courtesy of: NIH, 9000 Rockville
Pike, Building 28A, Room 117, Bethesda, MD
20892)

CASE 1V:

Signalment:
18 year-old, male, rhesus macaque, Macaca
mulatta

History:

During a physical examination, a mass was
found at the back of the mouth and was biop-
sied. A week later, based on the biopsy result,
the monkey was euthanized.

Gross Pathology:

A 4 x 2 cm mass extended from the caudal as-
pect of the hard palate into the soft palate and
pharynx. The mass was soft with an irregular
surface that was mottled light and dark gray.
The draining lymph nodes appeared to be en-
larged. Photo of fixed tissue: arrows delineate
the extension of the mass from the ulcerated
hard palate into the pharynx.

The liver was markedly enlarged and diffusely
pink and had a white texture on cut section.
Along the apical margins of the liver were
white well demarcated firm foci that also were
waxy in texture. Lungs, heart, spleen, kidneys
and GI were grossly normal.

Microscopic Description:

Moderately pleomorphic neoplastic cells ex-
panded the submucosa and extended to the cut
edges of the sections. The cells were round to
oval to stellate and ranged in size from 15-
50um. Nuclei were round to oval and had
prominent nucleoli. Cells had abundant wispy
cytoplasm with small vesicles and a few had
faint brown pigment granules. Mitoses aver-
aged 2/HPF although some fields had as many
as 5 mitotic figures. Some of the mitoses had
an unusual appearance. In addition, hyphae
consistent with candida and bacterial cocci
were present in ulcerated areas [not present in
all slides]

Submandibular lymph nodes were largely ef-
faced by similar cells. A section of lung had
microscopic metastasis.

Liver: The liver had severe amyloidosis with
tumorous deposits at the apical margins.
Heart, spleen, kidney and salivary glands were
normal.

Special stains:
Fontana-Masson: biopsy, tumor, and lymph

node had scattered positive cells.
Giemsa: (-)

Immunohistochemistry:
S-100, SOX-10, Melan A, PNL, HM45: (+)
Cytokeratin AE1/AES3: (-)

TEM: One percent of the tumor cells were
positive for melanin and “contained 1 to 50
granules. All four stages of melanin granules
were present with stages 3 and 4 predominat-
ing. The enclosed image shows all four stages.
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Figure 4-2. Oral cavity, rhesus macaque. A su-
perficial section of the mass is submitted for
examination. Neoplastic cells efface the lam-
ina propria and extend to the overlying muco-
sal epithelium. (HE, 9X)

Contributor’s Morphologic Diagnosis:
Amelanotic melanoma

Contributor’s Comment:

Melanocytes arise from neural crest cells and
reside not only in the basal cells of the epider-
mis and hair follicles, but also the eyes and
meninges. Melanin synthesis occurs in mela-
nosomes, lysosome-like organelles in melano-
cytes. Two major melanin pigments synthe-
sized are pheomelanin (red/yellow in color)
and eumelanin (brown/black). Both pigments
arise from L-tyrosine which, when acted upon
by tyrosinase, leads to DOPA (dihydroxy-
phenylalanine) formation. Production of
DOPA from L-tyrosine is the rate limiting step
in melanogenesis.® Oxidation and polymeriza-
tion of DOPA leads to the formation of
pheomelanin. Further enzymatic action by ty-
rosinases produces eumelanin. The percentage
of eumelanin and pheomelanin determines the
color of the skin/hair.3®

Packaging of melanin into melanosomes oc-
curs in four identifiable stages as seen by elec-
tron microscopy. Early melanosome stages |
and Il do not contain melanin but fibers
formed during these stages give melanosomes
their ovoid shape. Deposition of melanin be-
gins in stage 111 and completely fills the mela-
nosome in stage IV melanosomes.> Once
formed, melanosomes are transferred to

keratinocytes and are moved into the supranu-
clear area to form melanin caps which protect
nuclei against UV damage. Melanin degrades
as keratinocytes undergo squamous matura-
tion.®®

Melanoma is called the “great imitator” as the
cells can have epithelioid, spindloid, clear,
signet ring—like, myxoid, desmoplastic,
rhabdoid, ballooning, and plasmacytoid
forms.”%1% Additional features of melanoma
include high mitotic rate, unusual morphology
of mitotic figures and the presence of junc-
tional change by neoplastic cells.5?

Some common stains used for diagnosis are
Fontana-Masson which stains melanin gran-
ules brown in tumors that have little pigmen-
tation. Bleach clears melanin in deeply pig-
mented tumors to examine the morphology of
the cells. Giemsa is another stain to rule out
mast cell tumors

Since melanomas, and other pigmented
masses, may express more than one marker
and immunohistochemistry can stain more
than one cell type, including non-neoplastic
cells, “cocktails” of markers are used to make
diagnoses, identify micrometastases in senti-
nel lymph nodes, determine prognosis, and de-
velop treatment strategies.?>’ Specific mark-
ers include:

Figure 4-3. Oral cavity, rhesus macaque. Ne-
oplastic round cells are arranged in sheets (HE,
91X)
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Figure 4-4. Oral cavity, rhesus macaque. Neoplastic cells have round nuclei with prominent nucle-
oli and few cells contain cytoplasmic melanin (arrow). (HE, 581X)

Cytokeratin: expressed in epithelial origin tu-
mors.

S-100: is expressed in all subtypes of mela-
noma and identifies cells derived from the
neural crest.” S-100 may also be expressed in
other tumors.

Melan-A: (aka melanoma-associated antigen
recognized by T cells) plays an important role
in the formation of stage Il melanosomes
which have structural proteins.?’

MITE: (microphthalmia-associated transcrip-
tion factor) is the central regulator of melano-
genesis. It is essential for melanocyte develop-
ment and regulates genes for melanogenesis,
cell survival, and differentiation.>’ MITF
stain is sensitive but not specific. It is used as
part of a cocktail because the staining pattern
is nuclear and most other stains are cytoplas-
mic.>’

HMB-45: (human melanoma black) is associ-
ated with the structural organization of mela-
nosomes and with the fibrillar matrix and the
maturation in stages I to 11 melanocytes.’

SOX10: (sry-related HMg-box genel0) is a
nuclear transcription factor that regulates the
differentiation of neural crest progenitor cells
into melanoblasts and melanocytes.®’

A pigmented, perioral melanoma with metas-
tases to the lymph nodes, lung, liver, and kid-
ney has been reported in a mountain gorilla.*
Oral melanoma has not been reported in ma-
caques and reports of melanoma involving
other sites are rare. There is one report of mel-
anoma in the choroid with no metastases in a
cynomolgus macaque® and one report of cuta-
neous melanoma with metastases to local
lymph nodes, also in a cynomolgus macaque.®

In humans, melanoma can be separated into
three categories based on the amount of sun
exposure: high cumulative sun damage, low
cumulative sun damage and sun protected.
Sun protected areas are further divided into
acral (i.e. palms of the hands, soles of the feet,
and the nails), mucosal/genital, uveal and
CNS. The type and number of mutations can
vary based on the location of the primary tu-
mor.213
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Figure 4-5. Oral cavity, rhesus macaque. Neoplastic melanocytes demonstrate multiple stages of
melanosomes, ranging from Stage 1 (lightest) to Stage 4 (darkest). (TEM, 5000k)

While the incidence of cutaneous melanoma
has increased over the last 50 years, the inci-
dence of mucosal melanoma has remained
fairly constant.2*®* Mucosal membrane mela-
nomas are rare and are more aggressive with a
less favorable outcome compared to cutaneous
melanomas. The low survival rate is due to
lack of clinical signs and the likelihood that
melanoma has already spread to local lymph
nodes at the time of diagnosis.>**? In addition
to local lymph nodes, melanoma tends to me-
tastasize to the lungs and liver.2

Malignant melanoma has been reported to de-
velop in a variety of mammalian and nonmam-
malian species including dog, rabbit!*, shark,
parrot, pig and monkey.?*? In the dog, malig-
nant melanoma is the most common oral tu-
mor®, is locally aggressive and tends to metas-
tasize to local lymph nodes and lung.%°
Breeds that are more likely to develop oral

melanoma are Poodle, Golden and Labrador
retrievers, Rottweilers and Yorkshire terriers.®

Some aspects of canine oral melanoma are
similar to humans. In both, the etiology is un-
known, clinical course is aggressive and defin-
itive treatment for oral melanoma is lacking.?°
The appearance of the neoplastic cells is vari-
able and combinations of immunohistochem-
istry markers are used to diagnose the subtype
of melanoma more definitively.”® For exam-
ple, a cocktail of Melan-A, PNL2, TRP-1(ty-
rosinase related protein-1), and TRP-2 (tyrosi-
nase related protein-2) has been found to be
useful in the diagnosis of amelanotic mela-
noma in dogs.°

Treatment may include surgical excision, ra-
diotherapy, and chemotherapy but none have
been particularly effective as the behavior of
oral melanoma differs from that of cutaneous
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melanoma.?® Immunotherapy with checkpoint
inhibitors that allow T-cells to become acti-
vated against tumor cells has been successful
in treating cutaneous melanoma in man, but
less so for oral melanoma.? In dogs, the poten-
tial of identifying checkpoint inhibitors and
developing immunotherapy is being ex-
plored.®!

Contributing Institution:
NIH

9000 Rockville Pike
Building 28A, Room 117
Bethesda, MD 20892

JPC Diagnosis:

Oral cavity: Melanoma.

Oral mucosa: Stomatitis, ulcerative, focally
extensive, marked with numerous yeast, pseu-
dohyphae, hyphae, and cocci.

JPC Comment:

We repeated the same list of IHC and special
stains outlined by the contributor and got
nearly identical results. In particular, neo-
plastic cells were strongly and diffusely im-
munoreactive for PNL2, Melan-A Red, and
SOX10, though they did not react with HMB-
45 which may reflect a difference in lab assay
performance. With our Fontana-Masson stain
applied, approximately 5-10% of neoplastic
cells have intracytoplasmic black granules
(melanin) which is also evident on H&E to a
lesser extent (figure 4-4). Conference partici-
pants felt that these results were consistent
with the diagnosis of a melanoma but felt that
there were enough granules evident on H&E
alone to forgo the ‘amelanotic’ label. The ex-
act cutline for having little melanin present
may vary per pathologist and many hypopig-
mented lesions probably fall into the
amelanotic camp. At the JPC, we typically
withhold the qualifier of ‘amelanotic’ for
cases that have no discernable melanin on
H&E. To our knowledge, published reports of

oral melanoma in the non-human primate re-
main rare in line with what the contributor
notes.

The inclusion of electron microscopy in this
case workup is a welcome addition (figure 4-
5). Recognizing melanosomes on EM is help-
ful as they characteristically have an oblong
shape that Dr. Bruce Williams swears looks
like a watermelon (or perhaps a football) in
second of the four phases of melanin synthesis
that contributor highlights.

In addition, conference participants honed in
on a second aspect of this case that the con-
tributor may have curtailed given the lengthy
write up on melanoma they provided. In the
bottom left (approximately 8 o’clock on figure
4-2), the oral mucosa is ulcerated, edematous,
and has several small blood vessels with clear
indications of vasculitis. Immediately adja-
cent, there are numerous fungal mats that con-
tain yeast, pseudohyphae, and hyphae as well
as colonies of cocci. Participants felt that these
changes were consistent with ulcerative sto-
matitis secondary to Candida. In the history
provided for this case, there was no mention
of immunosuppression (i.e. SHIV infection)
or antibiotic use though both of these are rea-
sonable differentials for this lesion alone. Af-
ter careful discussion, we added a second mor-
phologic diagnosis for this case (a rarity for
neoplasms) as we felt that this process was not
directly connected to the melanoma in this
case given the lack of junctional activity and
condition of the remaining portion of the oral
mucosa. Lastly, tissue ID for this case was
aided by the presence of plant material (food)
in section, though other similar tissues with
stratified epithelium in a primate include the
vagina and sex skin.
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