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Characterization of spontaneous breast tumor in tree
shrews (Tupaia belangeri chinenesis)
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Abstract: Breast cancer is a common malignant tumor. It is essential to develop suitable animal models for
discovering novel preventive and therapeutic approaches. Tree shrews (Tupaia belangeri chinensis) have a closer
evolutionary relationship with humans than do rodents, which have been widely used in laboratory research. Spontaneous
breast tumors were identified in tree shrews in 1960s; however, no detailed studies about tree shrew breast tumors have
been conducted to date. Here, we characterized a spontaneous breast tumor from tree shrews by Haematoxylin Eosin
(H&E) staining. This tumor was identified as a papillary tumor. Immunohistochemical staining (IHC) for progesterone
receptor (PR), Ki-67 and cleaved caspase-3 showed that tumor cells were positive for PR, highly proliferative, and less
apoptotic compared to normal breast epithelial cells. Thus, the spontancous tumor of tree shrew is very close to human
papillary tumors in terms of morphology and pathology and we concluded that tree shrew may be a suitable animal model
for breast cancer research.
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Breast cancer initiates from mammary epithelial (Jemal et al, 2006), the incidence of breast cancer has
cells located in the lobules or ducts of the breast (Sariego, dramatically increased over the past 30 years in Chinese
2010). Despite a relatively lower incidence of breast urban women (Fan et al, 2009). The primary risk factors
cancer in Asian countries compared to Western countries for breast cancer include sex and age (Thomas &
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Leonard, 2009), genetic background such as gene
mutations of BRCAI/2 (Diamond et al, 2009), lack of
childbearing or breastfeeding (Collaborative Group on
Hormonal Factors in Breast Cancer, 2002), levels of
hormone such as estrogen (Yager & Davidson, 2006),
and race, economic status, and environment (Hulka &
Stark, 1995). Breast cancer is usually divided into four
subtypes according to the molecular profile: luminal A
(ER+ and/or PR+, HER2-), luminal B (ER+ and/or PR+,
HER2+), HER2+ (ER-, PR-, HER2+), and basal-like
(ER-, PR-, HER2-, also known as triple-negative) (Carey
et al, 2006). The traditional treatments for breast cancer
patients include surgery, chemotherapy, radiotherapy,
hormone therapy, and biologically targeted therapy.
However, the five-year survival ratio for breast cancer
patients with metastasis is about 27%. Early diagnosis
and effective targeted therapy are promising approaches
to save breast cancer patients. It is extremely important
to establish appropriate animal models to study the
mechanism and pathogenesis of breast cancer and to
develop novel preventive and therapeutic approaches.

Rodents are widely used for cancer research and
have several advantages, such as small size, rapid
propagation, low cost, the availability of a variety of
inbred strains, and matured transgenic techniques.
However, rodent species are not close to humans in
regards to genetic evolution, anatomy, physiology, and
organ systems. Non-human primates are very similar to
humans in terms of genetic evolution and should be,
therefore, more ideal models for studying the
mechanisms of breast cancer and testing potential
therapeutic drugs. Tree shrews (Tupaia belangeri
chinensis) are considered as primate-like animals and are
more similar to humans compared to rodents. Tree
shrews are classified as a primitive prosimian and belong
to a separate family of Scandentia. Recently, molecular
phylogenetic studies demonstrated that tree shrews
should be given the same rank as the primates, and form
the Euarchonta group together with the orders Primates
and Dermoptera (Janecka et al, 2007). Tree shrews are
small mammals native to the tropical forests of Southeast
Asia, including southwest China, Burma, Indonesia, and
the Philippines. Tree shrews are easy to maintain, small
in size, rapid in propagation, and low in cost compared to
larger non-human primates. Therefore, tree shrews might
be a superior model for cancer research compared to
rodents and non-human primates.

Spontaneous tumors have been previously identified

in tree shrews. In 1966, the first spontaneous breast
cancer was observed in tree shrews (Elliot et al, 1966).
After that, several different types of spontaneous cancers
such as hepatocellular carcinoma (Hofmann et al, 1981),
epidermoid carcinoma (Darai et al, 1982), Leydig cell
tumor (Brack, 1988), and pulmonary tumor (Brack et al,
1996) have been reported. However, there is no detailed
characterization of breast tumors from tree shrews to
date. Here, we characterize a breast tumor from a female
tree shrew. The information may be valuable for
establishing breast cancer models in tree shrews.

1 Materials and Methods

1.1 Animals

Tree shrews were obtained from Kunming Institute
of Zoology, the Chinese Academy of Science or
Kunming Medical University. Normal breast tissue and
tumors were isolated after animals were euthanized. All
tissue samples were immediately frozen by liquid
nitrogen and stored at —80 °C. Animal care and
experimental protocols were approved by the Animal
Ethics Committee of the Kunming Institute of Zoology,
the Chinese Academy of Science, China.
1.2 H&E staining

Surgical specimens were obtained and fixed in 10%
neutral-buffered formalin and embedded in paraffin.
Standard hematoxylin and eosin staining was performed.
1.3 IHC staining

The antibodies used in this study were anti-Ki67
(Maixin, China), anti-cleaved caspase 3 (Cell signaling,
USA), anti-PR (Maixin), and anti-HER2 (Maixin). The 4
pm thick tissue sections were first deparaffinized in
xylene and rehydrated in graded ethanol. Following that,
antigen retrieval was completed by immersing the slides
in 10 mmol/L citrate buffer, pH 6.0, at 120 °C for 8 mins
using an autoclave. Endogenous peroxidase was blocked
with 45 mL of methyl alcohol and 5 mL of 30%
hydrogen peroxide. After three washes with phosphate-
buffered saline (PBS), PBS with 2% BSA was used to
block the non-specific reaction for lh at room
temperature. After three washes with PBS, the slides
were incubated with diluted primary antibodies (anti-Ki-
67 (1:100), anti-cleaved-caspase 3 (1:200), anti-PR
(1:100), or anti-HER-2 (1:100)) in 4% goat serum in
IxPBS with 0.2% Triton-X 100 overnight at 4 ‘C. The
slides were washed three times with PBS and
subsequently incubated with biotinylated, goat anti-
rabbit secondary antibody at a dilution of 1:200 for 20
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mins, followed by three washes with PBS. We used 3,
3’-diaminobenzidine (DAB) as the chromogen to detect
the signal. The
hematoxylin buffer for 3 mins at room temperature and

slides were counterstained with

washed with running water. The slides were stained with
10—-20 drops of ammonium hydroxide and washed with
running water. Finally, the slides were cleaned in xylene
and mounted with permount.

2 Results

2.1 Normal tree shrew mammary glands

Mammary glands from a virgin tree shrew was
isolated and examined by H&E staining. Normal
mammary gland duct from the tree shrew showed two
layers of epithelial cells (Fig. 1). The inner layer was
glandular epidermis and the outer layer was
myoepithelium. The structure of terminal end buds was

also observed.

Fig. 1 Structure of normal breast mammary glands from a
virgin tree shrew

A) Original magnifications (X 20); B) Original magnifications (X 40).

2.2 A mammary gland tumor from the tree shrew

Tree shrew (#0709) was caught from the wild and
experienced artificial domestication. The age of this tree
shrew was estimated to be 1-2 a. This animal showed a
history of mammary swelling over a 3-week period. The
mammary tumor was formed spontaneously and grew
very rapidly. When the tumor size increased to 3.8x2.6
cm (lengthxwidth), the animal was euthanized because
the tumor was scraped by the cage. The tumor was
isolated and observed anatomically. The tumor had an
intact capsule and was well confined by a membrane.
The surface of the tumor was grayish red, solid, and crisp
(Fig. 2).
2.3 Histopathological analysis of the tumor

The tumor from the tree shrew #0709 was
diagnosed as intraductal papilloma in which epithelium
cells grow papillarily with intact basal membrane. The
papilloma consisted of branching fronds of stroma
supporting an epithelium layer composed of epithelial
and myoepithelial cells (Fig. 3)

Fig. 2 Gross anatomy of tree shrew #0709 mammary neoplasia
A) Gross appearance of a mammary neoplasia in tree shrew #0709; B) The
morphology of the tumor.
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Fig. 3 Morphology and structure of mammary intraductal
papilloma from tree shrew #0709

A) Original magnifications (X 10); B) Original magnifications (X 40).
To better compare the structure of intraductal
papillomas from the tree shrew and humans, we
performed H&E staining for a human intraductal
papilloma (Fig. 4). The basic microscopic structure of
human intraductal papilloma consists of the proliferation
of ductal epithelium supported by frond forming
fibrovascular stroma. The most orderly form of
papilloma consists of branching fronds of stroma
supporting an epithelium layer composed of epithelial
cells. A

morphology and structure was observed in the tree shrew

and myoepithelial similar microscopic

intraductal papilloma.
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Fig. 4 Structure of a human intraductal papilloma
A) Original magnifications (X 4);.B) Original magnifications (X 20).
2.4 Immunohistochemistry analysis of the tumor
The Ki-67 protein is
proliferation. The percentage of Ki-67 positive tumor

a biomarker for cell

cells is often positively correlated with the clinical
outcome of cancer patients. In addition, cleaved caspase-
3 is widely used to assess the extent of apoptosis. The
ER, PR, and HER2 were used for breast cancer diagnosis.
We performed THC for Ki-67 and cleaved-caspase 3 to
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analyze the tumor proliferation/apoptosis index. The
percentage of Ki-67 positive cells in the tumor was about
40% while the percentage of cleaved-caspase 3 positive
cells in the tumor was about 1%—3%. In addition, ER,
PR, and HER2 were stained to estimate the type of
spontaneous tumor following human standards.
Unfortunately, two different anti-human ER antibodies
did not work (data not shown). The tree shrew tumor
showed positive for PR and negative for HER2 (Fig 5).

CI-C3

Ki-67

PR
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Fig. 5 Immunohistochemistry staining of the tree shrew
mammary tumor

A) Original magnifications (X 10); B) Original magnifications (X40); Cl-
C3) Cleaved caspase-3.
CI-C3: Cleaved caspase-3; HER-2: Human epidermal growth factor
Receptor 2; PR: Progesterone receptor.

To compare differences between the breast tumor
and normal breast in tree shrew, mammary glands from a
lactating tree shrew were also examined by IHC. The
percentage of Ki-67 positive cells was ~5%, which is
much less than that in the tumor (~40%). In addition, the
mammary gland epithelial cells from the tree shrew in
the lactation stage showed positive PR and CI-C3, but
negative HER?2 staining (Fig. 6).

3 Discussion

Despite spontaneous tree shrew breast cancers being

C1-C3

HER-2

Ki-67

PR

A B

Fig. 6 Immunohistochemistry staining of the tree shrew in
the lactation stage
A) Original magnifications (X 10); B) Original magnifications (X 40) CI-C3)
Cleaved caspase-3.
Cl1-C3:Cleaved caspase-3; HER-2: Human epidermal growth factor

Receptor 2; PR: Progesterone receptor.

reported in 1966 (Elliot et al), there have been no following
studies since then. This may be because the incidence of
spontaneous breast cancer is rare in tree shrews. In this
paper, we analyzed a spontaneous breast tumor from a
wild tree shrew and described its morphological,
pathological, and immunohistochemical features.

Based on H&E staining, the tumor from tree shrew
#0709 was an intraductal papilloma, which is a type of
benign tumor that grows in ducts of the breast. In
humans, the incidence of intraductal papilloma is less
than 10% of benign tumors (Cilotti et al, 1991) and they
are characterized by painless bloody nipple discharge
and a palpable breast mass (Wei et al, 2009). The
papilloma may progress to papillary
carcinoma when mammary gland epidermis infiltrate

intraductal
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into the stroma, with or without invasion (Pal et al, 2010).

The breast tumor reported by Elliot et al (1966) was
adenocarcinoma, which is an epithelium cancer that
originates in glandular tissue.

It is well known that the balance between cell
proliferation and apoptosis determines tumor growth and
progression. The Ki-67 protein is a proliferative biomarker
detected during all active phases of the cell cycle, but not
in resting cells (Lopez et al, 1991). The spontaneous
intraductal papilloma from the tree shrew showed a very
high percentage of Ki-67 positive cells, suggesting that
the tumor cells were highly proliferative. The ratio of
positive Ki-67 cells was very close to that of the human
Ki-67 labeling index in breast cancers (Fasanella et al,
2011). In contrast, apoptosis is the most effective approach
to eliminate transformed cells. The key mediators of
apoptosis are caspases. Caspase 3 is a common effector
caspase activated by upstream initiating caspases. Here
we used cleaved caspase 3 (CI-C3) to detect the index of
apoptosis. A low percentage of positive CI-C3 was found
in the spontaneous intraductal papilloma. The high
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