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Case Report

Adenocarcinoma of the Ileocolic Junction and
Multifocal Hepatic Sarcomas in an Aged Rhesus
Macaque (Macaca mulatta)

Cynthia D Lang,"” Judith S Daviau,' Daniel A Merton,” and Susan M Caraker®

An aged male rhesus macaque in our colony had decreased appetite and a loss of interest in behavioral testing. CBC analysis
revealed a regenerative, microcytic, hypochromic anemia with thrombocytosis, consistent with iron deficiency. A fecal occult blood
test was positive. Ultrasound imaging revealed numerous, vascularized focal liver lesions that suggested metastases. The macaque’s
appetite continued to decrease, and he became more lethargic. At this point, the investigator elected to euthanize the macaque. At
necropsy, the ileocolic junction was white and abnormally thickened, and the liver was pale tan with approximately 18 discrete white
masses randomly scattered throughout the hepatic parenchyma. Histologically, the mass at the ileocolic junction was identified as
an intestinal adenocarcinoma, whereas the liver masses were confirmed to be undifferentiated hepatic sarcomas. This case report
describes a rhesus macaque that had 2 unrelated primary neoplasms. A review of the literature indicates that this rhesus macaque
is the first reported to have an adenocarcinoma of the ileocolic junction and multiple hepatic sarcomas simultaneously.

Rhesus macaques (Macaca mulatta) are genetically similar to
humans, have a similar aging phenotype at approximately 3 times
the rate of those in humans, and develop spontaneous cancers
similar to those in humans.* In humans, gastrointestinal carcino-
mas are relatively common, but most of these lesions arise in the
colon and rectum with only a small percentage in the small in-
testine and ileum.*'2'5!8 Although the ileocolic junction is consid-
ered a common site for intestinal adenocarcinomas in aged rhesus
macaques, this tumor has also been found in the duodenum, je-
junum, distal ileum, cecum, and colon.*'*?%2% Intestinal adeno-
carcinomas also occur in aged cynomologus macaques (Macaca
fasicularis),* cotton-top marmosets (Saguinus oedipus),*'° common
marmosets (Callithrix jacchus),*” and a squirrel monkey (Saimiri
sciureus).?* Cotton-top marmosets often develop adenocarcinomas
of the colon, including the cecum~colon, and rectum.®'® Common
marmosets have been reported to develop adenocarcinomas of
the small intestine.®”” Adenocarcinoma of the cecum in a squirrel
monkey has been reported.?

Spontaneous hepatic tumors unrelated to carcinogenic fac-
tors, such as aflatoxin B1,% occur only rarely in nonhuman pri-
mates. In the United States, primary malignant hepatic tumors
in humans are rare, and fewer than 1% are reported to be hepatic
sarcomas.!**’ Review of the nonhuman primate literature re-
vealed reports of hepatic cholangiocarcinoma in a 25-y-old male
capuchin monkey (Cebus albifrons),” hepatocellular carcinoma in
a 24-y-old male squirrel monkey (Saimiri boliviensis)® and in a
female squirrel monkey (Saimiri sciureus) older than 13 y,* and
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hepatocellular carcinoma and cholangiocarcinoma in an African
green monkey (Cercopithecus aethiops).* Spontaneous hepatocellu-
lar carcinomas were reported to occur in 2 adolescent male cyno-
mologus macaques younger than 5 y.*' Hepatic hemangiosarcoma
was diagnosed in 3-y-old female rhesus macaque,* and hepatic
cholangiocarcinoma was found in a rhesus macaque that also had
an intestinal adenocarcinoma.*

The aged male rhesus macaque (Macaca mulatta) in the current
case study was found to have adenocarcinoma of the ileocolic
junction and multiple, random, discrete neoplasms in the liver,
which were identified as undifferentiated sarcomas. No metas-
tases from the intestinal adenocarcinoma were detected, but neo-
plastic cells similar to those of the undifferentiated hepatic cells
were identified in an intestinal artery. The frequency of multiple
tumor types in aged nonhuman primates is relevant to the use of
older animals in research.

Case Report

This male rhesus macaque was approximately 23.7 y old at
presentation. He was born at the California National Primate Re-
search Center, arrived at our facility in October 2008, and was
placed on an IACUC-approved Parkinsonian research protocol
that included behavioral testing at our AAALAC-accredited facil-
ity. The macaque was individually housed in a stainless-steel cage
in a room with other rhesus macaques and managed consistent
with the regulations of the Animal Welfare Act,> Animal Welfare
Regulations,® and Public Health Service Policy on Humane Care
and Use of Laboratory Animals® in accordance with standards
published in the Guide for the Care and Use of Laboratory Animals.® The
room was environmentally controlled, with a temperature of 21 °C,
humidity 45% to 50%; and a 12:12-h, light:dark photoperiod.
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The macaque was fed a commercial monkey chow (Lab Diet 5045,
PMI Nutrition International, Brentwood, MO) and supplemented
with fresh fruits, vegetables, and other enrichment items several
times weekly. He received a daily chewable multivitamin contain-
ing 18 mg of iron (Centrum Kids Complete, Wyeth Consumer
Healthcare, Madison, NJ). At the time of his arrival, he was ap-
parently healthy. He had a hypertrophied frenulum that caused
his tongue to protrude forward but it did not cause any physical
impairment. Previous records indicated that this macaque had
undergone dental work, including extractions and pulpotomies,
on multiple occasions, but the previous research history was un-
known.

In April 2011, the macaque began to lose weight gradually and
had become uninterested in behavioral testing and some food
items. To facilitate physical examination, the macaque was sedat-
ed by using ketamine hydrochloride (4 mg/kg IM; Ketaset, Fort
Dodge Animal Health, Fort Dodge, IA) and dexmeditomidine
(0.01 mg/kg IM, Dexdomitor, Fort Dodge Animal Health). After
completion of a physical exam, dexmeditomidine was reversed
by using atipamezole hydrochloride (0.1 mg/kg IM; Antisedan,
Fort Dodge Animal Health). Physical exam of the macaque re-
vealed pale mucous membranes, face, and skin. The macaque
was thin and had a body condition score of 1.5 (maximum, 5).
CBC analyses indicated a regenerative, microcytic, hypochromic
iron-deficiency anemia with thrombocytosis. Clinical chemis-
tries revealed extremely elevated creatine phosphokinase values,
elevated low-density lipoprotein concentrations, decreased
serum iron concentrations, hypoalbuminemia, and hyper-
phosphatemia. A fecal occult blood test (Hemoccult, Beckman
Coulter, Fullerton, CA) was positive. Antibody serologic viral
testing was positive for Epstein—-Barr virus, simian virus SA11,
simian vacuolating virus 40, Macacine herpesvirus 1 (B virus),
and foamy virus. Supportive care was begun and included sup-
plementing the animal’s diet with a larger variety of fruits and
vegetables.

Approximately 2 wk later, the macaque was prepared for ra-
diography and ultrasonography after anesthesia was induced by
using ketamine hydrochloride (4 mg/kg IM) and dexmeditomi-
dine (0.01 mg/kg IM). Isoflurane (IsoSol, Abbott Laboratories,
Chicago, IL) was administered via face mask at a concentration
of 0.5% to 1.0%, to provide additional anesthesia. Thoracic radio-
graphs were unremarkable. Abdominal radiographs revealed an
enlarged liver, but no masses were visible. Grayscale ultrasound
imaging revealed numerous masses in the liver that demonstrat-
ed blood flow on color Doppler imaging (Figure 1 A and B). The
largest 2 lesions were approximately 16 mm in longest diameter.
The so-called ‘target” appearance of the focal liver lesions (that
is, hypoechoic rim surrounding an echogenic center®) raised our
concern that metastases were present. At completion of the imag-
ing studies, anesthesia was reversed with atipamezole hydrochlo-
ride (0.1 mg/kg).

The macaque was scheduled for an ultrasound-guided biopsy
of the liver lesions approximately 7 d later. However, over the in-
terim, his appetite continued to decrease, and he became more le-
thargic. To make the macaque more comfortable, buprenorphine
(0.005 to 0.01 mg/kg IM once or twice daily; Buprenex, Reckitt
Benckiser Pharmaceuticals, Richmond, VA) was administered. At
this point, the investigator elected to euthanize the macaque. He
was sedated with ketamine hydrochloride (10 mg/kg IM) and
euthanized with sodium pentobarbital (150 mg/kg IV; Nembutal,
Abbott Laboratories, North Chicago, IL).
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Pathology

The liver was pale tan and had approximately 18 discrete white
masses randomly scattered throughout the hepatic parenchyma.
The masses varied in size; the largest was approximately 16 mm
in its longest diameter. The ileocolic junction was white and ab-
normally thickened. The lungs had a fine, diffuse, black-mesh
coloration. The other internal organs were unremarkable in ap-
pearance.

Samples of lung, heart, stomach, duodenum, small intestine,
large intestine, spleen, kidneys, adrenal glands, liver, gall bladder,
pancreas, testes, urinary bladder, skeletal muscle, bone marrow,
axillary lymph node, mesenteric lymph node, ileocolic junction,
and liver masses were collected. Tissue samples were fixed in 10%
neutral buffered formalin and sent to an outside commercial labo-
ratory (IDEXX RADIL, Columbia, MO) for processing. After fixa-
tion, the tissues were embedded in paraffin blocks, sectioned, and
stained with hematoxylin and eosin. Histologically, the ileocolic
junction was a tubular schirrhous adenocarcinoma (Figure 2),
with loss of the regular architecture of the ileocolic junction due
to invasion of the mucosa, submucosa, muscularis mucosa, and
tunica muscularis layers, with basophilic neoplastic cells forming
tubular structures. Neoplastic tubules were surrounded by dense
fibrous connective tissue, which was infiltrated with lymphocytes
and newly formed blood vessels. Neoplastic cells lining the tu-
bules were columnar, with abundant basophilic cytoplasm and
basal oval to round nuclei with clumped chromatin. Cells were
arranged 1 to 4 cell layers thick, with 1 to 4 mitotic figures per
field (400x magnification). The mucosa of the ileocolic junction
bordering the adenocarcinoma was proliferative with goblet cell
hyperplasia.

The liver had multiple unencapsulated expansile masses of
pleomorphic, neoplastic round to polygonal cells (Figure 3 A and
B) that had abundant basophilic cytoplasm and medium to large
bizarre nuclei with numerous nucleoli (Figure 3 C). Many of the
neoplastic cells were multinucleated, and mitotic figures were
present at 8 to 10 per field (400x magnification). Neoplastic cells
were strongly positive when probed with antibodies to vimentin,
a surface marker type Il intermediate filament protein, indicating
the cells were of mesenchymal origin (Figure 4). In addition, 75%
to 90% of the tumor cells were immunoreactive for intermediate
cytokeratin filament proteins, which are structural components
of epithelial cells (Figure 5). Additional immunohistochemical
assays performed to further characterize the liver tumor were
negative and ruled out primary hepatocellular carcinoma, adeno-
carcinoma, neuroendocrine tumors, smooth and striated muscle
tumors, and endothelial tumors (Table 1). In addition, large po-
lygonal neoplastic cells in the lumen of a large intestinal artery
in the area of the adenocarcinoma were similar in morphology
to the undifferentiated cells of the liver and were suggestive of a
very early aggregate of metastatic cells. Because these cells were
not in any additional sections used for immunohistochemical as-
says, further characterization was impossible. From these data,
we concluded that the hepatic masses were not metastases from
the intestinal carcinoma but were undifferentiated sarcomas with
epithelial differentiation.

Other abnormalities included cardiomyopathy, characterized
by multifocal large areas of myocyte loss and fibrosis. Hypertrophied
myocytes bordering the areas of fibrosis had large, elongated nu-
clei, and vaculolated eosinophilic (and sometimes fragmented
and pale eosinophilic) striated cytoplasm. The myocytes in these
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Figure 1. (A) Grayscale ultrasound imaging demonstrates a focal liver lesion (arrows) that measures approximately 16 mm in largest diameter and a
smaller lesion (arrowheads) measuring approximately 6 mm. In another view, (B) color Doppler imaging demonstrates vascularity around and within
multiple liver lesions (arrows). In this image, red indicates blood flow directed towards the ultrasound transducer whereas blue indicates blood flow
directed away from the transducer. These lesions were pathologically proven to represent undifferentiated hepatic sarcomas.

Figure 2. Adenocarcinoma of the ileocolic junction. Hyperplastic muco-
sa (H) with moderate lymphocytic infiltrate and neoplastic cells forming
glands (G) invading the muscularis mucosae. Hematoxylin and eosin
stain.

areas were in disarray, with some abnormal myofibrillar branch-
ing. The lungs contained multifocal perivascular infiltrates of
macrophages with black granular pigment that was birefringent
when viewed with polarized light.

Discussion

Intestinal adenocarcinomas in macaques (for example, Macaca
mulatta, Macaca fasicularis)®1321-33234%5383 are often found in aged
geriatric animals but have also been diagnosed in younger ani-
mals. When discovered, metastasis primarily involves invasion
of regional mesentery lymph nodes'>*#32%%3 but has also been
reported to occur in colonic'®* and thoracic lymph nodes.* Me-
tastases to the liver were found in an aged female rhesus macaque
that had a mucinous adenocarcinoma of the ileocecal region' and

to the regional mesentery lymph nodes, liver, lung, and spleen
occurred in a second aged female rhesus macaque that had an
adenocarcinoma of the distal ileum."” A 13-y-old female rhesus
macaque with adenocarcinoma of the ileocecocolic junction had
metastases to the mesenteric lymph nodes and the lung,” and
a 19-y-old female rhesus macaque with adenocarcinoma of the
descending colon had hepatic metastases.?? Over 25 mo at a single
institution, 12 female and 1 male rhesus macaques were diag-
nosed with intestinal adenocarcinoma, 9 of these tumors were
located at the ileocecocolic junction, 2 in the small intestine, and
2 in the colon.® Of these 13 rhesus macaques, only 1 (a 24-y-old
female) had metastases, which affected the peritoneum, liver,
kidneys, adrenal glands, diaphragm, and intercostal muscles. A
retrospective case review involving 2660 rhesus macaques from
the Wisconsin National Primate Research Center and the National
Institute on Aging reported that 37% of the primates (average
age, 22.2 y) had adenocarcinomas of the colon and ileocecocolic
junction, and 5 of those cases had invasion of the regional co-
lonic and mesentery lymph nodes.*® Another retrospective case
review, which described 301 rhesus macaques, reported 4 cases
of mucinous adenocarcinoma in the cecum and colon in 13- to
19-y-old animals and 21 cases in 20- to 37-y-olds, with metastases
to the ileocecal and mesenteric lymph nodes in 2 cases.* A retro-
spective case review at the California Regional Primate Center
included 30 rhesus macaques and 2 cynomologus macaques that
had intestinal carcinomas; with the exception of 2 animals that
were younger than 12 y, tumors were most prevalent between 13
and 31 y of age (median age, 23.5 y; mean age, 22.1 y); metastases
to the regional lymph nodes, liver, lungs, pancreas, and adrenal
glands were present.”

On occasion, multiple primary tumors have been reported. One
group described a 23-y-old female rhesus macaque with 2 prima-
ry adenocarcinomas (duodenum and colon),” and another® re-
ported 4 rhesus macaques with intestinal carcinomas and various
unrelated primary tumors, including a squamous cell carcinoma
of the cheek pouch, gastric adenocarcinoma, renal adenocarci-
noma, and hepatic cholangiocarcinoma.
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ma. (A and B) Neoplastic cells (N) with lymphocytic
infiltrates adjacent to normal liver parenchyma (L). (C) Mitotic figures
(F) and large bizarre multinucleated cells (M) of the liver sarcoma.
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Figure 4. Vimentin immunohistochemical assay of liver sarcoma. Neo-
plastic cells (N) uniformly labeled with vimentin. N, Neoplastic cells.

Inset, Vimentin immunohistochemical assay with negative control an-
tibody.
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Figure 5. Cytokeratin AE1/AE3 immunohistochemical assay of liver
sarcoma. Neoplastic cells labeled with cytokeratin AE1/AE3. N, Neo-
plastic cells. Inset, cytokeratin AE1/AE3 immunohistochemical assay
with negative control antibody.

The macaque we report here was positive for several vi-
ruses. Foamy viruses are ubiquitous in adult macaques in the
absence of clinical disease."” Macacine herpesvirus 1 (B virus) and
lymphocryptoviruses (closely related to Epstein—Barr virus, Hu-
man herpesvirus 4) both produce persistent latent infections and
are ubiquitous in adult macaque populations, with greater than
90% seropositivity for lymphocryptoviruses’ and 70% to 100%
seropositivity for Macacine herpesvirus 1."* Reactivation of Maca-
cine herpesvirus 1 is usually asymptomatic but can occasionally
cause oral herpetic lesions' and rarely disseminated disease con-
sisting of inflammation and necrosis.®*® In immunocompetent
macaques, lymphocryptoviruses infections are normally asymp-
tomatic but can produce atypical lymphocytosis with experimen-
tal infections.” Immunocompromised macaques infected with
lymphocryptovirusus can develop oral hairy leukoplakia, non-
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Table 1. Results of immunohistochemical assays used to characterize a hepatic mass in an aged rhesus macaque

Antigen Specificity /reactivity Result

Vimentin Surface marker type III intermediate filament protein is expressed in cells of mesenchymal origin, 4+
including fibroblasts, smooth muscle, and endothelium.

Cytokeratin AE1/AE3  Intermediate filament protein, cytokeratin, is expressed in simple and stratified epithelia. 3+
Cytokeratins 1-8, 10, 14-16, and 19 are included.

Synaptophysin Neuronal synaptic vesicle membrane glycoprotein is expressed in neuroendocrine cells and neoplasms. no reactivity

CD31 Platelet endothelial cell adhesion molecule 1 is expressed on the surface of endothelial cells. no reactivity

Smooth muscle actin
and some stromal cells.

Desmin
HepPar 1 (hepatocyte)
MOC31

o smooth muscle actin is expressed in smooth muscle cells, pericytes, myoepithelial cells,

Type Il intermediate filament protein is expressed in striated and smooth muscle cells.
Antibody to a hepatocyte mitochondrial protein that is reactive to cells of hepatocellular carcinoma.
Epithelial surface glycoprotein expressed on most epithelial cells except hepatocytes; used to

no reactivity

no reactivity
no reactivity
no reactivity

distinguish metastatic adenocarcinoma from hepatocellular carcinoma or reactive mesothelial cells.

4+,>90% of tumor cells have intense staining; 3+, 75% to 90% of tumor cells have intense staining.

Hodgkin lymphoma, mycosis fungoides-like lymphoma, and B
cell lymphoproliferative disorder after organ or bone marrow
transplantation.’ Simian rotavirus strain SA11 rarely causes
disease in the natural host; disease when induced in the experi-
mental state manifests as diarrhea.”” SV40 polyoma virus is in-
digenous in macaques as well. Concurrent infection with simian
type D retrovirus can cause demyelinating CNS disease, known
as progressive multifocal leukoencephalopathy.”” Although we
cannot completely rule out the possibility, these viruses were not
a likely cause of the intestinal adenocarcinoma or hepatic sarco-
mas in our macaque.

Kaposi sarcoma is a tumor caused by human herpesvirus 8
and occurs in various organs including the liver.>*” Rhadinovi-
rus 1 (retroperitoneal fibrosis-associated herpesvirus) and rhadi-
novirus 2 (rhesus rhadinovirus) are related to HHV8."” Macaques
infected with rhesus rhadinovirus alone or coinfected with SIV
may develop lymphadenopathy, but concurrent lymphomas
and retroperitoneal fibromatosis (a Kaposi-sarcoma-like lesion)
have not been reported. Retroperitoneal fibromatosis has been
reported to occur in macaques coinfected with simian type D
retrovirus 2.”# Serologic assays are unavailable for rhadinovirus
1 and 2.77#! Our macaque was seronegative for SIV, and his sero-
logic status for simian retrovirus was unknown. However, the
histology of this lesion was not characteristic of retroperitoneal
fibromatosis.

In the macaque we present, the animal’s pale color on physical
exam, CBC results, serum chemistry data, and occult fecal tests
all suggested iron-deficiency anemia. One of the primary causes
of iron-deficiency anemia is chronic gastrointestinal bleeding
associated with neoplasia such as carcinoma, lymphoma, leio-
myoma, and leiomyosarcoma. Other conditions that can cause
gastrointestinal tract bleeding include gastroduodenal ulceration,
which is often associated with vomiting and heavy endoparasite
burdens.” Our macaque was diagnosed as having an intestinal
adenocarcinoma at the ileocolic junction. His abdominal ultra-
sound imaging combined with his recent clinical presentation
(that is, gradual weight loss and loss of appetite) suggested that
the multiple masses in the liver were gastrointestinal tract me-
tastases. The liver is a site of distant metastasis, particularly for
cancers of the large bowel.* However, histology revealed that
the liver lesions in our macaque were undifferentiated sarcomas.
Because this animal’s study history before arriving to our insti-
tution was unknown, exposure to hepatic Carcinogens cannot be

ruled out. Nevertheless, our macaque did not have metastatic
tumors in the liver but rather 2 unrelated primary malignancies.
In conclusion, this case study appears to be the first published
report that describes a nonhuman primate with concurrent pri-
mary intestinal adenocarcinoma and hepatic sarcomas.
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