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Abstract
Background—Study of endocrine pathology in animal models is critical to understanding
endocrine pathology in humans.

Methods—We evaluated 434 endocrine-related diagnoses from 4,619 baboon necropsies,
established the incidence of spontaneous endocrine pathology, and analyzed the clinical and
biochemical data associated with the individual cases.

Results—The most common diagnoses in descending order, were pancreatic islet cell
amyloidosis (n=259), ovarian cysts (n=50), pituitary adenoma (n=37), pancreatic islet cell
adenoma (n=20), granulosa cell tumor (n=15), thyroid adenoma (n=11), adrenal hyperplasia
(n=10), thyroid carcinoma (n=8), and pheochromocytoma (n=6). The incidence of pancreatic islet
cell amyloidosis progressively increased with age. Pheochromocytomas were associated with renal
and heart failure. The incidence of pancreatic islet cell amyloidosis and adrenal pathology was
similar to humans; the incidence of pituitary adenoma and thyroid pathology was lower than in
humans.

Conclusions—Endocrine disease in baboons is common and shares clinical and biochemical
characteristics with endocrine disease in humans.
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INTRODUCTION
Baboons have greater than 97% genetic similarity to humans, and therefore, have great
potential to serve as models of human disease [9]. They have been proposed as a model for
the study of obesity and its related co-morbidities and spontaneously develop a variety of
endocrine diseases that occur in humans such as insulin resistance, pancreatic amyloid
deposits, type 2 diabetes [7,11,12,22], and cancer [8]. Previous reports have described
baboons with spontaneous proliferative and neoplastic endocrine disease such as ovarian
tumors, including granulosa cell tumors [16], and adrenal lesions including hyperplasia, and
neoplasia [19]. Primary hyperparathyroidism has also been described in the baboon [13].
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These observations confirm that the baboon may present spontaneously with many of the
endocrine diseases that are seen in humans.

In this work, we describe endocrine diseases diagnosed in baboons over a 27-year period
and compare the baboon disease with that seen in humans.

MATERIAL AND METHODS
We searched the Southwest National Primate Research Center at the Southwest Foundation
for Biomedical Research (SFBR) computerized pathology database (apath) for endocrine-
related diagnoses, which included all 4,619 baboon necropsies done over 27 years (1980 to
2007). All endocrine-related diagnoses were based on histological analysis of the tissues
obtained during the necropsy of each baboon.

Over the 27 year period, the baboon colony population averaged approximately 4,000
animals, 63% female and 37% male. Baboons were housed in two 6-acre corrals and metal
and concrete gang cages; individual metal cages were used for special handling. Commercial
monkey chows fed over the years were supplemented with an enrichment fare of grains,
fruits, and vegetables; water was provided ad libitum. If there was any question that the
endocrine diagnosis could be related to experimental use of the baboon, the baboon was
excluded from this analysis. All animal care and procedures were approved by the
Southwest Foundation for Biomedical Research Institutional Animal Care and the Use
Committee in this AAALAC (Association for Assessment and Accreditation of Laboratory
Animal Care, International) accredited facility.

Baboons that died or were euthanized were necropsied and a complete gross examination
was performed for all tissues. Tissues collected for histologic evaluation were fixed in 10%
neutral buffered formalin, processed conventionally, embedded in paraffin, cut at 5 microns
and stained with hematoxylin and eosin or other stains as required diagnostically. All of the
tissues and the vast majority of the necropsies were evaluated by two board certified
veterinary pathologists (GBH and EJD, Jr). All the pathological findings were classified
according to conventional nomenclature. If deemed necessary, cases were referred to the
Armed Forces Institute of Pathology (AFIP) or other individual pathologists with expertise
in the specific organ system involved.

We evaluated clinical and biochemical data from the last 3 to 6 months of life for each
baboon using a computerized data base (EZPro Micromedical Interface Inc., Ft Worth, TX)
retrieval system.

Statistics
Data are presented as mean±SEM, proportions, and/or percentages. ANOVA and chi square
or exact fisher test were used for comparisons between the different groups. Groups with 2
or less cases were excluded from the statistical analysis

RESULTS
Table 1 provides summary statistics for baboons with endocrine disease. Table 2
summarizes the occurrence of disease in the endocrine system by organ. Table 3 lists the
total number of cases for each specific diagnosis.

Figure 1 presents the clinical and biochemical data grouped by disease diagnosis occurring
in at least three baboons, but excluding the baboons with pancreatic islet cell amyloidosis as
these are presented elsewhere [12,15].
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Pancreatic Disease
There were 259 baboons with amyloid deposits in the pancreatic islets (Figure 2C), with a
prevalence of 6.98% in the whole population, which increased to 11.0% in adult baboons (>
8 years of age). Other findings included pancreatic islet cell adenoma (n=20, 4.6%),
pancreatic islet cell carcinoma (n=1, 0.23%; Figure 2F), and pancreatic islet cell hyperplasia
(n=1, 0.23%).

Ovarian Disease
The most common ovarian pathology was cystic change (n=50, 74.6% of all ovarian lesions;
Figure 2A); 15 baboons (22.4%) had granulosa cell tumors (Figure 2D). One baboon had a
gonadal stromal tumor with sertoli cell differentiation and one had a luteinized sex cord
stromal tumor; these two baboons were older than the baboons in all the groups (32 and 28.5
years, respectively), but were not included for the statistical analysis because an n of 1
lacked sufficient power.

Pituitary Disease
The only pituitary disease found was pituitary adenoma (n=37, 100%; Figure 2B). It was
more common in females. Lesions were not observed in the pineal gland.

Thyroid Disease
Cases of thyroid disease included 11 (42.3%) adenomas, 8 (30.8%) carcinomas (Figure 2E),
5 (19.2%) cases of thyroiditis, and 2 (7.7%) cases of goiter. Included in the carcinomas was
a neuroendocrine carcinoma (carcinoid) of the thyroid in a 27 year old female baboon. The
neoplastic cells were positive for kermix and chromogranin, and negative for TTF1,
thyroglobulin, calcitonin, and synaptophysin.

Adrenal Disease
Adrenal pathology included adrenal hyperplasia (n=10, 50%), pheochromocytoma (n=6,
30%), adenoma (n=3, 15%), and adrenal carcinoma (n=1, 5%). Of note, most of the baboons
with pheochromocytomas had clinical signs of hypertension; four presented with clinical
signs of pulmonary congestion (increased heart rate and difficulty breathing), and one had a
seizure as a cause of death; all this was accompanied by higher levels of BUN, creatinine
and potassium (n=3). The female baboons with adrenal hyperplasia were younger and
heavier than the rest of the baboons with adrenal disease, but this was not statistically
significant.

Parathyroid Disease
Parathyroid disease included parathyroid hyperplasia (n=2, 66.7%) and parathyroid adenoma
(n=1, 33.3%); none were included for the statistical analysis because an n of 2 lacked
sufficient power.

Incidence of Endocrine Disease in Baboons
The most common endocrine diagnosis was pancreatic islet cell amyloidosis, with a global
incidence of 11.0%. As shown in Figure 3, the next most common were cystic ovaries and
pituitary adenomas, with an incidence of 19.8 and 14.6 in 1000, respectively; the least
common endocrine diagnoses were parathyroid adenoma, adrenal carcinoma, pancreatic islet
cell carcinoma, and pancreatic islet cell hyperplasia, with an incidence of less than 1 in
1,000.
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Multiple Endocrine Diseases in the Baboon
Several baboons had multiple endocrine diseases. The presence of adrenal hyperplasia was
associated with ovarian cysts (n=2), sex cord stromal tumor and pituitary adenoma (n=1),
and pituitary and thyroid adenoma (n=1). Adrenal adenomas were associated with ovarian
cysts (n=1), pituitary adenoma (n=1), and granulosa cell tumor (n=1). Pheochromocytomas
were associated with pituitary adenoma (n=1), adrenal carcinoma (n=1), and pituitary
adenoma and parathyroid adenoma (n=1). Thyroid carcinoma was associated with thyroiditis
and ovarian cysts (n=1), and thyroid adenoma was associated with pituitary adenoma (n=2).

Pancreatic islet amyloidosis was associated with pituitary adenoma (n=11), ovarian cyst
(n=10), adrenal hyperplasia (n=5), thyroid adenoma (n=5), adrenal adenoma (n=3),
granulosa cell tumor (n=3), thyroid carcinoma (n=2), sex cord stromal tumor (n=1), gonadal
stromal tumor (n=1), and goiter (n=1). Of the baboons with pancreatic islet amyloidosis, 4.2
and 3.8% had pituitary adenomas and ovarian cyst, respectively. Of the baboons with
pituitary adenoma and ovarian cyst, 27 and 22%, respectively, had pancreatic islet
amyloidosis.

DISCUSSION
The incidence of adrenal hyperplasia that we found was 3.9/1,000, a little bit higher than the
most common form of adrenal hyperplasia in humans (nonclassic form, 1/1,000) [24]. This
difference could be explained because this work was a necropsy study, and since we don’t
have the biochemical and molecular confirmation of the cases, they could be less than what
we are reporting.

Pheochromocytomas are catecholamine-producing tumors that arise from chromaffin cells.
Most of them are situated within the adrenal medulla, although in between 9 and 23% of
cases, tumors develop from extraadrenal chromaffin tissue. In clinical human studies the
incidence of pheochromocytoma has been reported to be around 0.01–0.02/1,000 per year
and as high as 12/1,000. However, in an autopsy study, also in humans, the reported
incidence was 1 pheochromocytoma per 2,031 autopsies (0.5/1000) [14]. Here we found an
incidence of 2.38/1,000 over the 27-year period studied, lower than the clinical and
biochemical studies [3,14,20,21], and higher than the autopsy studies in humans [14]. Also,
the clinical presentation in the baboons coincides with the clinical presentation frequently
observed in humans [4]. On the other hand, the reported incidence of adrenal carcinoma in
humans has been around 0.0016/1,000, here we found an incidence of 0.39/1,000, which is
higher than the one reported in human autopsy studies [18]. Pheochromocytoma was the
only condition that exhibited changes in the biochemical parameters. This is not unexpected
as the majority of endocrine diseases encountered in this study do not present with altered
biochemistry values in humans.

Regarding ovarian disease, the most common finding in baboons was ovarian cysts, but
without any evident clinical or biochemical data of polycystic ovary syndrome (increased
weight or hyperglycemia), these cysts may be part of a preclinical or asymptomatic stage of
this condition [5]. Also, it is possible that some of these cysts are actually parovarian. We
found several cases with testicular atrophy, 1 seminoma and 1 giant cell tumor in the testes
of male baboons, however as these did not involve endocrine tissues, they were not included
in this report.

In baboons, we found an incidence of pituitary adenomas of 14.68/1,000, lower than the
reported in autopsy studies in humans, which has been between 50 – 200/1,000. We don’t
have any information about the clinical presentation in the baboons, perhaps because most
of them were asymptomatic, as in humans [2].
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The reported incidence of thyroid nodules in humans is about 50/1,000, from which 95% are
adenomas and only 5% carcinomas, [23], here we found a lower incidence in baboons
(7.53/1,000 including both pathologies), with the thyroid adenomas being the most common
(Fig. 3). In humans, both pathologies are more common in females. However, in these
baboons only thyroid carcinomas were more common in females [23]. The male baboons
with thyroid adenoma weighed more than the rest of the groups, which could mean,
indirectly, the presence of a certain degree of hypothyroidism, since we know that one of the
clinical manifestations of hypothyroidism is the increase in weight and decreased physical
activity.

The pancreatic islet cell amyloidosis and its association with hyperglycemia has been
reported previously in baboons [12] and in humans [10]. Now, we are reporting an estimated
prevalence in the pancreatic islet cell amyloidosis according to age. Of note, pancreatic
amyloid deposits increase directly proportional to age, with a global incidence of 11%. The
association that we found between pancreatic islet cell amyloidosis and ovary cyst is not
surprising, since in humans an association between type 2 diabetes and polycystic ovary
syndrome has been shown [1,17].

The co-existence of different endocrine pathologies in some baboons opens the possibility of
exploring multiple endocrine neoplasia in this species, particularly involving the pituitary,
thyroid and adrenal glands [6]. Although we do not have more data to confirm these
findings, there is an opportunity for the research of molecular biology and tumorogenesis of
different endocrine tissues in this nonhuman primate model.

The disadvantage of the present study is that it is a retrospective necropsy study, and hence
we don’t have much of the clinical and biochemical data that usually are used in humans for
the diagnosis of these diseases. A second disadvantage is that not all tissues from all animals
were evaluated histologically. It is probable that some lesions that were only visible upon
histologic exam were not identified. As a result, the incidence rates described above likely
undercount the true incidence of these various lesions in the baboon. This however does not
detract from the value of this species as a model of endocrine diseases, as even with this
limitation, many pathologies in the baboon were identified at rates comparable to those
reported in the human population. We believe this incidence data, even with this limitation,
is important and could open a new window in the research area for the study of endocrine
pathology in nonhuman primates.
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Figure 1.
Clinical chemistry values for baboons with endocrine disease (mean ± SEM). Dashed lines
indicate normal values ± 2 SD (based on data from Hainsey et al. [11]).
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Figure 2.
Selected endocrine pathologies of the baboon. A) Pituitary adenoma. B) Ovarian cysts. C)
Pancreatic islet cell amyloidosis. D) Granulosa cell tumor. E) Thyroid neuroendocrine
carcinoma (carcinoid). F) Pancreatic islet cell carcinoma. H&E (C–F).
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Figure 3.
Incidence (× 1000) of endocrine diagnoses in baboons.
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Table 2

Number of cases of disease by the organ involved.

Organ Cases

No. %

Pancreatic islets 281 64.8

Ovary 67 15.4

Pituitary 37 8.5

Thyroid 26 6.0

Adrenal 20 4.6

Parathyroid 3 0.7

Total 434 100
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Table 3

Number of cases by endocrine disease.

Disease Cases

No. %

Pancreatic islet cell amyloidosis 259 59.6

Ovarian cyst 50 11.6

Pituitary adenoma 37 8.6

Pancreatic islet cell adenoma 20 4.6

Granulosa cell tumor 15 3.4

Thyroid adenoma 11 2.5

Adrenal hyperplasia 10 2.3

Thyroid carcinoma 8 1.8

Pheochromocytoma 6 1.4

Thyroiditis 5 1.2

Adrenal adenoma 3 0.7

Parathyroid hyperplasia 2 0.46

Goiter 2 0.46

Adrenal carcinoma 1 0.23

Gonadal stromal tumor 1 0.23

Parathyroid adenoma 1 0.23

Pancreatic islet cell carcinoma 1 0.23

Pancreatic islet cell hyperplasia 1 0.23

Sex cord stromal tumor 1 0.23

Total 434 100
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