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Abstract

Background—~Pancreatic neuroendocrine tumors (PNETS) are rare in nonhuman primates and in
humans.

Methods—Twenty-one PNETSs from twelve female baboons (Papio spp.) from the Southwest
National Primate Research Center were evaluated using histopathology and
immunohistochemistry.

Results—Histologically, all tumors were benign and had neuroendocrine packeting.
Immunohistochemical staining for synaptophysin and chromogranin was positive in all tumors
evaluated (17/17). Insulin was positive in 16/21 tumors. Somatostatin was positive in 9/20 tumors.
Multifocal staining for glucagon and pancreatic polypeptide was evident in a minority of tumors
(6/20 and 2/17, respectively). Gastrin and vasoactive intestinal peptide were negative in all tumors
evaluated. Nine tumors expressed more than one hormone marker.

Conclusions—This is the first detailed pathologic study of pancreatic endocrine tumors in the
baboon. The findings suggest that these tumors are generally benign and have similar morphologic
and immunohistochemical features as those described in people, including the ability to express
multiple hormones.
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Introduction

Pancreatic neuroendocrine tumors (PNETS) are uncommon tumors in both humans and
primates.[2, 7, 14, 20] In humans, they comprise approximately 2% of all pancreatic
neoplasms and affect adults between 40 and 60 with no evidence of a sex predilection.[3]
Tumors can arise from any of the cells in the pancreatic islets, and tumors within this group
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include insulinomas, glucagonomas, somatostatinomas, gastrinomas, and VIPomas. Distinct
cellular patterns described in humans include solid, acinar, trabecular, and tubular, but these
morphologic variants do not appear to differ in biologic behavior. Tumors are typically 1-5
cm in size and size directly correlates with biologic behavior, with larger tumors having a
greater risk of malignancy.[3] The three-tiered WHO (2000) classification system for human
PNETSs consists of: 1. well-differentiated endocrine tumor (subclassifed as 1.1 benign and
1.2 uncertain malignant potential), 2. well-differentiated endocrine carcinoma, and 3. poorly
differentiated endocrine carcinoma. [3] The more recent WHO (2010) classification system
for PNETS classifies them as low (NET G1), intermediate (NET G2) and high-grade
(neuroendocrine carcinoma).[17] Morphologic features do not correlate well with
malignancy potential or to tumor type, although amyloid is more likely to be present in an
insulinoma, and psammoma bodies are commonly present in somatostatinomas.[1, 3, 20]
While activation of oncogenes such as k-ras, P53, and Rb have not been detected in PNETS,
molecular and cytogenetic analyses have identified specific chromosomal alterations in
PNETSs.[20]

Physiologically and anatomically, baboons (Papio spp.) are very similar to humans and
share approximately 96% genetic similarity.[23, 24] Baboons have been used for
experimental studies affecting the endocrine system, including studies directly affecting the
endocrine pancreas.[4, 5, 8, 9, 11, 13, 15] Previous studies have documented the occurrence
of pancreatic endocrine tumors in macaques and chimpanzees, [19] owl monkey,[12]
colobus monkey,[16] and baboons, [2, 6, 7, 14, 18, 20] with an incidence as high as 4.6% of
all baboon tumors in one study,[6] but the pathologic features of pancreatic endocrine
neoplasms in Papio spp. have not been reported. The purpose of this study was to
characterize the morphologic and immunohistochemical features of pancreatic endocrine
tumors in the baboon and to compare them with their human counterparts.

Materials and methods

Baboons were housed in two open-top 6-acre metal and concrete corrals with dirt floors,
gang cages with concrete floors, and in individual metal cages if special handling was
required (i.e., for medical care). The commercial monkey chows fed over the years were
supplemented with an enrichment fare of grains, fruits, and vegetables. The baboons are
screened every 6 months for Mycobacterium tuberculosis. All animal care and procedures
were approved by the Texas Biomedical Research Institute Animal Care and the Use
Committee.

A total of twenty-one tumors were analyzed. The tumors were from twelve female baboons
undergoing routine necropsy at the Southwest National Primate Research Center in San
Antonio, Texas. The animals ranged in age from 12 to 25 years. Four animals had more than
one tumor. All tumors were considered incidental findings.

Tissues were fixed in 10% neutral buffered formalin, processed conventionally, embedded
in paraffin, sectioned, and stained with hematoxylin and eosin. Routine
immunohistochemistry was performed. Seven antigens were selected based on their
specificity for the pancreas and neuroendocrine tumors — insulin, gastrin, glucagon,
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somatostatin, vasoactive intestinal polypeptide (VIP), synaptophysin, chromogranin, and
pancreatic polypeptide (manufacturer information in Table 1). Baboon pancreas was used as
a control for insulin, glucagon, somatostatin, synaptophysin, and pancreatic polypeptide.
Gastric antrum was used as a control for gastrin and VIP. All seven stains were not
performed on every tumor because of the small size of the tumors and resulting limited
tissue availability.

Gross Findings

The tumors were small, ranging in size from 0.5mm to 3cm in diameter with most no larger
than 2mm in diameter. Only one tumor was noted at necropsy, measuring approximately
3cm in diameter. The rest of the tumors were not evident at necropsy.

Histology and Immunohistochemistry Findings

Histologic and immunohistochemical findings are summarized in Table 2. The majority of
tumors (20/21) exhibited a solid pattern. Neuroendocrine packeting was evident in all
tumors, and nests of neoplastic cells were separated by delicate fibrovascular trabeculae
(Fig. 1). The cells were similar in all tumors and were predominately small and cuboidal to
columnar with small to moderate amounts of eosinophilic cytoplasm, round to ovoid nuclei
with finely stippled chromatin patterns, and single small nucleoli. There was mild
anisokaryosis and anisocytosis, and mitotic figures were either not evident or up to 1 per 10
high powered fields. There was a thin capsule surrounding the tumor in 7/21 (Fig. 2). In 6/21
tumors, there were clusters of cells with eosinophilic cytoplasmic granularity (Fig. 3). These
tumors generally had cells with a paler staining cytoplasm in the non-granular areas than
tumors without granularity. Amyloid was present within the tumor in 3/21. Amyloid was
seen in the non-neoplastic islets of 6/12 baboons, but did not appear to correlate with the
presence of amyloid in the PNETSs. Diffuse positive insulin staining was seen in 4/21 (Fig.
4), with mild, multifocal insulin staining in 12/21 tumors (Fig. 5). All tumors tested were
positive for synaptophysin (Fig. 6) and chromogranin. Only one tumor was diffusely
positive for somatostatin; it was the only tumor grossly identified at necropsy and the only
neoplasm that was highly vascularized and contained acinar structures (Fig. 7).

Discussion

The cellular features of the tumors in this study are similar to those described in human
PNETSs. The majority of tumors (20/21) had a solid pattern and showed no angioinvasion or
perineural invasion, were less than 2 cm in size, and had less than two mitoses per ten high
power fields, all of which are characteristic of WHO (2000) type 1.1 (well differentiated
endocrine tumor, benign behavior)[3], or WHO (2010) type NET G1 neuroendocrine tumor
(NET) G1.[17] One tumor (Tumor #1) was morphologically distinct, with a larger size (3
cm on gross exam), rich vascular supply, and an acinar pattern, meeting the criteria for a
WHO (2000) type 1.2 (well differentiated tumor, uncertain malignant potential), but still
WHO (2010) type NET G1 due to the low mitotic rate.[17] The newest WHO classification
(2010) is dependent on the mitotic rate, due to the finding that proliferation rate is most
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significant with regards to malignant potential; the criteria for mitotic rates and K167
positive cells are as follows: G1: <2/10 mitoses per hpf or <= 2% K167, G2: 2-20 mitoses
per 10 hpf or 3-20% K167, G3: >20 mitoses per 10 hpf or >20% KI167.[17] The areas of
cytoplasmic granularity in a subset of the tumors could represent neuroendocrine granules or
an increased number of mitochondria, which has been described in human PNETS as an
oncocytic variant.[3] These granules were not further evaluated in this study with
cytochemical stains or electron microscopy.

Pancreatic neuroendocrine tumors can express hormones that are normally produced by the
pancreas (insulin, glucagon, somatostin, pancreatic polypeptide) or ectopic hormones
(gastrin, VIP), and the pattern of staining can greatly differ, with some tumors showing
diffuse staining and others only focal staining.[3] Positivity for multiple hormones is
common. However, over 90% of PNETS are nonfunctional, secreting no hormones.[22] In
this study, insulin was the most common hormone expressed (16/21), and nine tumors
expressed more than one hormone. A wide variety of clinical signs are described in people
with PNETS, although not all tumors are functional and immunopositivity for a hormone
does not imply that the tumor is producing enough hormone to be clinically significant.[1]
Clinical evidence of PNET functionality was not evident in the animals in this study, but
they received minimal clinical workups. Only two animals had blood work performed, and
neither was hypoglycemic.

Whereas the tumors in this paper appeared to be incidental lesions, the knowledge that
baboons have these spontaneous lesions is important from a scientific and toxicologic
standpoint, especially given recent concerns that currently used glucagon-like peptide-1
based therapies could cause adverse events such as cancer or pancreatitis.[21] Notably, in a
large study of baboons at our center, we did not detect neoplasia or pancreatitis in a group of
baboons given continuous infusion of exenatide (a GLP-1 agonist) over 14 weeks.[10]

In humans, a subset of PNETS are associated with several genetic conditions that predispose
to their development, including multiple endocrine neoplasia type 1 (MEN-1), VHL disease,
neurofibromatosis type 1, and tuberous sclerosis complexes 1 and 2. [3] Endocrine lesions in
other organs were identified in only two animals in this study (pituitary hyperplasia/
adenoma in both); however, the presence of multiple very small PNETSs in four animals
suggests the possibility of a genetic predisposition to tumor development in these animals.
Further evaluation of affected baboons for mutations in the MEN-1 gene and other genes
associated with hereditary cancer syndromes is warranted. Human PNETSs are typically 1-5
cm in diameter, and those less than 0.5 cm are called “microadenomas” and are seen most
commonly in patients with genetic disease.[3] Most PNETSs (60-70%) in humans present
with metastatic disease, due to the preponderance of nonfunctioning tumors, and often
present with mass effects at the head of the pancreas, causing pain, jaundice, nausea, and
pancreatitis. However, the tumors in the baboons did not appear to be clinically significant,
but additional study into the potential hormonal, clinical pathological, and genetic
components of these lesions in the baboon seems warranted.
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Baboon pancreatic neuroendocrine tumor, Case # 3, Tumor #7. Neuroendocrine packeting is
evident, with nests of neoplastic cells separated by delicate fibrovascular stroma (arrow)

(H&E, 400x)
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Fig. 2.
Baboon pancreatic neuroendocrine tumor, Case # 5, Tumor # 10. A thin capsule surrounds
the tumor (arrow.) (H&E, 400x)
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Fig. 3.

Baboon pancreatic neuroendocrine tumor, Case # 7, Tumor # 12. Note clusters of cells with
eosinophilic cytoplasmic granularity (arrow). Neuroendocrine packeting is also visible
(H&E, 400x)
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Fig. 4.

Baboon pancreatic neuroendocrine tumor, Case # 11, Tumor #16. Immunohistochemical
staining for insulin. Internal control (islet) indicated by the arrow. The tumor displays a
diffusely positive reaction. (200x)
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Fig. 5.

Baboon pancreatic neuroendocrine tumor, Case # 4, Tumor # 8. Immunohistochemical

staining for insulin. Mild, multifocal positive reaction (black arrows) was seen in 12/21

tumors. Internal control (islet) indicated by the open arrow. (200x%)
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Fig. 6.

Baboon pancreatic neuroendocrine tumor, Case # 2, Tumor # 3. Immunohistochemical
staining for synaptophysin. The tumor displays a diffusely positive reaction. Internal control
(islet) indicated by the arrow. (200x)
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Fig. 7.

Ba?boon pancreatic neuroendocrine tumor, Case # 1, Tumor # 1. (A). Tumor is highly
vascularized and contains acinar structures (arrow). Cells are columnar with oval nuclei, low
mitotic index, and mild anisokaryosis. (200x) (B). Immunohistochemical staining for
somatostatin. The tumor displays a diffusely positive reaction. (200x)
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Table 1

Antibodies used for immunohistochemistry

Primary Antibody

Chromogranin A

Gastrin

Glucagon
Insulin
Pancreatic
polypeptide

Somatostatin

Synaptophysin

Vasoactive intestinal
peptide

Clone

Rabbit
polyclonal

Rabbit
polyclonal

Rabbit
polyclonal

Guinea pig

Goat
polyclonal

Rabbit
polyclonal

Mouse
monoclonal
SY38

Rabbit
polyclonal

Dilution

1:1000

1:400

1:300
1:200

1:100

1:1000

1:500

1:100

Vendor

Dako

Abcam

Cell Marque
Cell Marque

Abcam

Abcam

Dako

AbD-Serotec
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