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The Effect of Antineoplastic Drugs in a Male
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Stephanie N. Shishido, Emma B. Faulkner, Amanda Beck, Thu A. Nguyen*

Department of Diagnostic Medicine and Pathobiology, College of Veterinary Medicine, Kansas State University, Manhattan, Kansas, United States of America

Abstract

Male breast cancer is a rare disease. The limited number of clinical cases has led to the primary treatments for men being
derived from female breast cancer studies. Here the transgenic strain FVB/N-Tg(MMTV-PyVT)634Mul/J (also known as PyVT)
was used as a model system for measuring tumor burden and drug sensitivity of the antineoplastic drugs tamoxifen,
cisplatin, and paclitaxel on tumorigenesis at an early stage of mammary carcinoma development in a male mouse model.
Cisplatin treatment significantly reduced tumor volume, while paclitaxel and tamoxifen did not attenuate tumor growth.
Cisplatin treatment was shown to induce apoptosis, grossly observed by reduced tumor formation, through reduced Bcl-2
and survivin protein expression levels with an increase in caspase 3 expression compared to control tumors. Tamoxifen
treatment significantly altered the hormone receptor expression levels of the tumor, while additionally upregulating Bcl-2
and Cyclin D1. This suggests an importance in hormonal signaling in male breast cancer pathogenesis. The results of this
study provide valuable information toward the better understanding of male breast cancer and may help guide treatment
decisions.
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Introduction

Male breast cancer accounts for 1% of all breast cancer cases in
the United States, while it causes approximately 0.5% of all male
cancer deaths [1]. Knowledge of this malignancy and appropriate
therapies remain limited due to rarity of large cohorts of male
breast cancer patients. Treatment for male breast cancer is
therefore extrapolated from controlled clinical studies conducted
in women [2]. Male breast cancer most commonly presents as late
stage painless, firm masses in the subareolar location that become
fixed to the pectoralis major muscle and the skin [3]. Male breast
cancer is diagnosed in later stages than female breast cancer,
leading to a tendency of small neoplasms to spread to the axillary
lymph nodes. The 5-year survival rate for metastatic breast cancer
in male patients is less than 20%, while the median survival is only
about 15 months [4,5]. Prognosis of male breast cancer is similar
to stage matched females.

Male breast cancer differs from female breast cancer in many
aspects. Most notably male breast cancer is diagnosed at older
ages, presents at higher stage, has a bimodal age-frequency [4,6],
racial differences [6], distinct histological subtypes, immunophe-
notypic variations [4,6,7], low survival rates [4], and differential
genetic mutations, such as CYP17 polymorphism [8], androgen
receptor (AR) [9], and CHEK2 mutations [10]. Male breast
cancer has also been shown to have a higher frequency of
hormone receptor (HR), estrogen receptor (ER) and progesterone
receptor (PR), expression (80-90%) compared to females (75%)
[4,5]. It is unclear if there is a relationship between ER+ male
breast carcinomas and patient survival [4,11,12]. This may be due
to differences in ER function in males as compared to females
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[13]. There is an up-regulation of ER expression in males due to
the naturally lower estrogen levels in the tissue microenvironment,
leading to an increase in estrogen targets [14]. An example of this
1s Bcl-2, which is an inhibitor of apoptosis, and has also been found
to be overexpressed in male breast cancer [15].

The molecular subtypes of male breast cancers are based on the
expression of certain protein markers in the neoplastic tissue,
which are used to evaluate their association with the observed
pathological features and patient outcome. It is important to note
that the HR positivity of male breast carcinomas may not have the
same prognostic value as female breast cancer. It is unclear
whether the human epidermal growth factor receptor 2 (HER?2)
plays a prognostic or predictive role in male breast cancer [16,17].
In a comparative study between male and female invasive breast
carcinomas, the most common phenotype was luminal A (HR+/
HER2—), while HR— and HER2+ were not identified in male
patients [18]. In another study luminal A tumors were 82.8%,
luminal B (HR—/HER2+) tumors found in 6.2%, and basal-like
(HR—/HER2—-) tumors were found in 9.6% of the male breast
cancer cohort [19]. Contrary to these, another series reported to
have no significant difference between tumor subtypes [20]. These
studies show that the distribution of molecular subtypes in male
breast cancer varies, but that it is also different compared to the
female breast cancer cohorts. This is indicative of a pathological
difference in carcinogenesis between males and females.

Certain populations have a higher risk of developing male
breast cancer. The major risks are either genetic factors or
hormone imbalance. Approximately 20% of males with breast
cancer have a family history of breast or ovarian cancer [21].
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Mutations in the BRCAI or BRCAZ2 genes are the strongest known
genetic risk factors for male breast cancer. More specifically the
BR(CAZ2 gene mutation has a 7% lifetime risk of male breast cancer
[22], which is a greater risk than females with a genetic
predisposition of this disease. A change in the ratio of estrogen
and testosterone is also an important factor contributing to male
breast cancer. Individuals with Klinefelter’s syndrome have low
testosterone levels, increasing the lifetime risk of developing male
breast cancer to approximately 5% [21].

The commonly used therapeutic approach involves mastectomy
with axillary lymph node evaluation and hormonal therapy, with
potentially additional adjuvant chemotherapy. Hormonal therapy,
primarily tamoxifen, is the mainstay of treatment for male breast
cancer and is considered to be the first line treatment for
metastatic male breast cancer, with an overall response rate of
49% [23]. In another study [24], it was reported that tamoxifen
increased the 5-year actuarial survival (61% verse 44%) and
disease free survival (55% verse 28%) rates of 39 male breast
cancer patients compared with the historical control group [25].
Men in general tolerate tamoxifen well, with the most common
side effects reported as decreased libido, weight gain, hot flashes,
mood alteration and depression. However, it is important to note
that there have been no randomized trials to evaluate the real
response rates or the toxicity of tamoxifen in men. The role of
other antineoplastic drugs commonly used for female breast
cancer treatment has yet to be determined in male patients.

Advancements in diagnosis and treatment of female breast
cancer have resulted in a steady decline in incidence and clinical
outcome, while male breast cancer has been on a steady rise in
incidence over the past several decades and a much slower
improvement on clinical outcome [26]. The treatment for male
breast cancer is extrapolated from female clinical trials, despite
distinct clinical and pathological differences, as well as a lack of
clinical improvement in patient outcome. There is a need for new
clinical management of male breast cancer. The major hormonal
differences between male and female patients regarding endocri-
nology and the breast carcinomas’ response, suggests a need to
explore alternate treatment options.

The transgenic mouse strain FVB/N-TgMMTV-PyV'T)634-
Mul/J (referred to as PyV'T) is a novel i vivo model of mammary
tumor formation and metastasis. The PyV'T model has mammary
tissue-specific expression of the Polyoma Virus middle T antigen
driven by the mouse mammary tumor virus promoter [27]. PyVT
premalignant tumors are morphologically heterogeneous with
abnormal microvasculature, highly proliferative with atypical
nuclei, and remain confined within the basement membrane prior
to lung metastasis [28]. Studies show that even at early stages of
mammary development the mammary fat pads were clearly
abnormal with irregular growth of side branches, enlarged
terminal buds, and large tumorous masses. Male animals generally
develop mammary tumors by 15 weeks of age and reach
maximum tumor burden around 25 weeks of age.

This study focuses on utilizing the in situ generation of male
mammary tumors by the PyVT model to determine the efficacy of
antineoplastic drugs, cisplatin, paclitaxel, and tamoxifen in
attenuating tumor growth. The potential benefits of each
treatment option are revealed for a male mammary tumor model.

Materials and Methods

Ethics Statement

Husbandry of animals is conducted by the Comparative
Medical Group (CMG) at the College of Veterinary Medicine at
Kansas State University. The CMG animal facilities are fully
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accredited by the Association for Assessment and Accreditation of
Laboratory Animal Care, International (AAALAC). The compli-
ance to aspects of animal welfare law is regularly monitored by the
veterinary staff. Animal care and use protocols were approved by
the Institutional Animal Care and Use Committee (IACUC) at
Kansas State University (Protocol Number: 2975), Manhattan
following NIH guidelines.

Mouse Model

PyVT mice were purchased from the Jackson Laboratory (Bar
Harbor, Maine). The mice were monitored every other day to
check for the appearance of tumors. The tumor size was measured
in two dimensions with calipers. Mice were observed for abnormal
behavior, appearance or weight loss. If the animals showed any
signs of pain, extreme tumor growth (greater than 1.5 cm) or loss
of body condition, they were humanely euthanized before the end
of the experimentation period. At different time points (10, 15, 20
weeks of age) the mice were sacrificed to examine mammary
epithelium and tumor formation. All treatments were conducted
on mice determined to be in an early tumor development stage,
which was 15 weeks of age. Average weight of this age group was
28-32 grams. Mice were randomly divided into four experimental
groups: (1) control animals given the vehicle solvent (DMSO); (2)
animals treated with 3.5 mg/kg cisplatin; (3) animals treated with
10 mg/kg paclitaxel; and (4) animals treated with 40 mg/kg
tamoxifen. All treatments were administered as an intraperitoneal
injection.

Antibodies

Primary antibodies to Survivin (sc-8807, goat polyclonal),
Caspase 3 (sc-56046, mouse monoclonal), Cyclin D1 (sc-8396,
mouse monoclonal), Bcl-2 (sc-492, rabbit polyclonal), ERa (sc-
8002, mouse monoclonal), ERPB (sc-8974, rabbit polyclonal) and
PR (sc-166170, mouse monoclonal) from Santa Cruz Biotechnol-
ogy (Santa Cruz, CA); anti-GAPDH (2118, rabbit monoclonal)
and anti-HER2 (4290, rabbit monoclonal) from Cell Signaling
(Boston, MA) were used for both western blot and immunohis-
tochemistry (IHC).

Immunohistochemistry

All tumors were fixed in a solution of 10% formaldehyde and
embedded into paraffin prior to sectioning them onto slides at a
5 wm thickness. Paraffin sections (5 pm) were dried at 60°C for 25
minutes. Deparaffinization was performed with 100% xylene and
100%, 90%, 75%, 50% ethanol. Antigen retrieval was performed
in 1x Citrate buffer solution and steam. Slides were then
incubated overnight at room temperature with a polyclonal
antibody (1:50 dilution). After washes in PBS, slides were
successively incubated with biotinylated secondary antibodies
(1:1000) for 15 minutes. Slides were washed and immunostains
were amplified by incubation with Avidin Biotin Complex (ABC)
for 10 minutes accordingly. Cells were visualized with 3,3-
diaminobenzidine (DAB) followed by a hematoxylin counterstain.
The sections were viewed and the images captured with a Nikon
801 microscope.

Western Blot Analysis

Mammary gland tumor tissue were homogenized in 500 mL of
lysis buffer (20 mM Tris pH 7.5,0.5 mM EDTA, 0.5 mM EGTA,
0.5% Triton X-100) at 1:1000 dilution of protease inhibitors
(Sigma-Aldrich, Saint Louis, MO). Tissue was homogenized using
the OMNI Bead Ruptor 24 at a speed of 5.65 m/s for 45 seconds,
followed by centrifugation at 13,000 rpm for 30 minutes at 4°C.
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Twenty-five micrograms of whole-cell extract was resolved by 10%
SDS polyacrylamide gel electrophoresis (PAGE) and transferred to
nitrocellulose membrane (Midwest Scientific, Saint Louis, MO).
Nitrocellulose membranes were blocked with 0.5% milk in Tris-
Buffered Saline and Tween 20 (TBST) using a SNAP i.d. device
(Millipore) at room temperature. Membranes were then incubated
with primary antibody at a 1:1000 dilution, followed by HRP-
linked secondary antibodies (1:2000). Western blots were detected
by enhanced chemiluminescence detection reagents (Pierce,
Rockford, IL) and visualized by Fluorochem E imaging system
(ProteinSimple, Santa Clara, CA).

Statistical Analysis

Data is presented as the mean * the 95% confidence interval of
a minimum of three samples for molecular analysis and six samples
for animal studies. Significance was determined at a P-value
=0.05.

Results

Characterization of the PyVT Mouse Model and Effects of
Treatment on Hormone Receptor Expression

FVB/N-TgMMTV-PyVT)634Mul/] male transgenic mice
developed tumors as early as 14 weeks of age. All 10 mammary
pads developed tumors with the maximum tumor burden achieved
around 25 weeks of age. Tumor development in this spontaneous
model was divided into 3 stages based on the extent of tumor size,
the frequency of tumor formation, and whether it has metastasized
to the lungs. Pre stage of PyV'T tumor development occurred from
10-13 weeks of age and consisted of a pre-cancerous condition
where no tumors were palpated and the mammary tissue appeared
normal on gross observation. The Early stage of development
represents solid tumor formation within the breast tissue at 15-18
weeks of age. This stage consisted of the gross observation of 1-2
solid tumors. The Late stage consisted of the presence of all 10
primary mammary tumors and secondary lung metastasis, which
occurred after 20 weeks of age. The presence of metastases was
confirmed by hematoxylin and eosin (H&E) staining of represen-
tative sections of the lung and histopathological review. This
report focused on the Early stage of tumor formation and
examined the effect of antineoplastic drugs on tumor growth at
this stage.

The mammary tumors were isolated from each treatment group
to determine hormone receptor (ER, PR, and HER2) expression.
Immunohistochemistry of the control tumor sections show weak
positive staining of HER2 and strong positive staining of ERP
(Fig. 1A). Tamoxifen treatment resulted in an increase in positive
nuclear staining of ERa in the tumors isolated, while decreasing
the positive staining of ERB. Western blot analysis was conducted
to determine quantifiable expression levels of each hormone
receptor in treated tissue. Controls tumors were shown to express
ERa, ER, PR, and HER2 (Fig. 1B). Tamoxifen treated animals
had an increased expression of ERat (P-value =0.0021) and PR (P-
value =0.0300; Fig. 1B), while inducing a significant decrease in
HER?2 (P-value = 0.0002) and ERP expression (P-value =0.0002).
Mice receiving paclitaxel treatment had a significant reduction in
ERa and ERP expression compared to control mice (P-
value =0.0201 and 0.0219, respectively), with no change in PR
and HER2 expression. Interestingly animals treated with cisplatin
showed no change in ERa, ERB, PR, or HER2 expression,
suggesting that treatment does not affect expression of the
molecular markers.
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Effect of Cisplatin on Early Development of PyVT Mice

Tumor growth over a 14 day period with cisplatin treatment
every other day indicates a significant effect of treatment on
neoplastic development during the Early stage of tumor formation
(Fig. 2). The initial tumor volume for all mice was
66.86+21.99 mm®. There was a significant difference in tumor
volumes between DMSO and cisplatin treated mice from day 8 to
day 14 (Fig. 2A). The final tumor volume for the control DMSO
treated mice was 293.33=71.39 mm?, while the cisplatin treated
mice had a final volume of 100.18+105.78 mm®. The change in
tumor volume over the 14 day period shows a significant reduction
of 215.59 mm® with cisplatin treatment compared to control (P-
value = 0.00044; Fig. 2B). This is a 90.71% difference between the
overall changes in tumor growth after treatment with cisplatin.

Control mice have a total of 10 mammary fat pads that
developed tumors during the treatment period. Treatment with
cisplatin significantly reduced the number of tumors developed
compared to the control group (P-value <0.0001; Fig. 2C). A total
of 4 tumors developed with cisplatin treatment during the 14 day
period.

Effect of Paclitaxel on Early Development of PyVT Mice

The initial tumor volume for all mice treated with either
paclitaxel or DMSO was 137.34+93.05 mm®. There was not a
significant difference in tumor volumes between treatment groups
at any time during the 14 day treatment period (Fig. 3A). The
change in tumor growth over the 14 day treatment period
indicated that paclitaxel significantly attenuated tumor growth (P-
value = 0.029, Fig. 3B). The control mice had an overall tumor
growth of 237.68+65.78 mm®, while those mice treated with
paclitaxel grew by 75.10+134.57 mm®. Additionally, paclitaxel
treatment significantly reduced the tumor burden by an average of
2.5 tumors (P-value = 0.00022, Fig. 3C).

Effect of Tamoxifen on Early Development of PyVT Mice

The tamoxifen treated mice and respective control mice began
treatment  with  an  initial tumor volume of was
127.91£122.53 mm®. Tamoxifen treatment did not affect tumor
growth compared to the control animals during the treatment
period (Fig. 4A and 4B). There was, however, a significant
reduction in tumor burden by approximately 4 tumors (P-
value = 0.00478, Fig. 4C).

Protein Expression in Isolated PyVT Tumors

Immunoblot analysis was conducted to determine the expres-
sion of molecular markers for male breast cancer, including Bcl-2,
caspase-3, survivin, and cyclin D1 (Fig. 5A). Bcl-2 has been shown
to correlate with low mitotic cell count and lower grade tumors,
suggesting it can be an important biomarker in male breast cancer
pathogenesis [29]. Tamoxifen increased Bcl-2 by 65% compared
to control (P-value =0.0131). Paclitaxel significantly reduced the
expression of Bcl-2 by 22% (P-value =0.0346). There was an
insignificant decrease of 17% in Bcl-2 expression with cisplatin
treatment. Immunohistochemistry indicates strong positive stain-
ing of Bcl-2 in control and treated tumors (Fig. 5B). Tamoxifen
treated tumors appear to have a stronger staining of Bcl-2,
confirming western blot analysis.

The ability to induce apoptotic signaling in the tumor cells was
determined by analysis of caspase expression. Cisplatin increased
caspase 3 expression by 55% (P-value <0.0001) compared to
control tumors (Fig. 5A). Tamoxifen and paclitaxel treatment did
not change the expression of caspase 3. Control tumors have very
weak positive staining for caspase 3. All antineoplastic compounds
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Figure 1. Male PyVT phenotype during early tumor development. A) Inmunohistochemisty of tumor phenotype from PyVT males during
tumor development. Paraffin-embedded sections stained with antibodies against estrogen receptor (ERa and ), progesterone receptor (PR), and
human epidermal growth factor receptor 2 (HER-2) at the early stage of development. Proteins staining: brown, counterstaining: blue (hematoxylin).
Images represent only 1 of 6 animals per group at a 60X magnification. B) Representative Western blot (n=1) for hormone receptor expression in
tumors isolated from male PyVT. Graphical representation shows the percent of control protein expression determined by pixel intensity of ERa, PR,
HER2, and ERB in PyVT male tumors treated with DMSO (control), tamoxifen (40 mg/kg), paclitaxel (10 mg/kg) or cisplatin (3.5 mg/kg) via 7 IPs during
early tumor development. n=4. *P-value <0.05 compared to control.

doi:10.1371/journal.pone.0064866.g001
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Figure 2. Tumor growth (mm?) in PyVT male mice treated with
cisplatin. Tumors measured in two dimensions with calipers every 2
days prior to administration of treatment during early tumor
development. A) The tumor size is expressed over the 14 day treatment
period for the DMSO (control) and cisplatin (3.5 mg/kg) treated PyVT
mice. Days 0-12 represent the days of the 7 IP injections, day 14
represents the end of the study with measurements prior to tissue
harvest. B) The overall change in tumor size after treatment with DMSO
(control) or cisplatin (3.5 mg/kg) via 7 IP injections. C) Number of
developed tumors per PyVT male mouse during development. Tumors
identified grossly during the early stage of tumor development after a
14 day period with either treatment with DMSO (control) or cisplatin
(3.5 mg/kg) via 7 IP injections. *P-value <0.05 compared to control.
doi:10.1371/journal.pone.0064866.9g002

show an increase in positive staining compared to control, but
cisplatin and tamoxifen have the strongest positive staining for
caspase 3 (Fig. 5B).

Tumor cells are highly proliferative; therefore we explored the
expression of cyclin D1 as a biomarker for cell proliferation. Cyclin
D1 is a key cell cycle regulator in which over expression results in
rapid progression from G1 to S phase in mitosis [30]. Analysis of
cyclin D1 expression indicated that tamoxifen significantly
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Figure 3. Tumor growth (mm?) in PyVT male mice treated with
paclitaxel. Tumors measured in two dimensions with calipers every 2
days prior to administration of treatment during early tumor
development. A) The tumor size is expressed over the 14 day treatment
period for the DMSO (control) and paclitaxel (10 mg/kg) treated PyVT
mice. Days 0-12 represent the days of the 7 IP injections, day 14
represents the end of the study with measurements prior to tissue
harvest. B) The overall change in tumor size after treatment with DMSO
(control) or paclitaxel (10 mg/kg) via 7 IP injections. C) Number of
developed tumors per PyVT male mouse during development. Tumors
identified grossly during the early stage of tumor development after a
14 day period with either treatment with DMSO (control) or paclitaxel
(10 mg/kg) via 7 IP injections. *P-value <0.05 compared to control.
doi:10.1371/journal.pone.0064866.9g003

increased expression by 96% (P-value =0.0115), while paclitaxel
and cisplatin did not significantly alter expression levels (Fig. 5A).
Control tumors had weak positive staining for cyclin DI.
Tamoxifen treated tumors had a strong positive staining, while
paclitaxel and cisplatin treated tumors had weak positive staining
for cyclin D1 (Fig. 5B).

Proteins that inhibit apoptosis provide protection for tumor cells
against cytotoxic compounds. Survivin is a member of the
inhibitors of apoptosis protein family that is expressed during
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Figure 4. Tumor growth (mm?) in PyVT male mice treated with
tamoxifen. Tumors measured in two dimensions with calipers every 2
days prior to administration of treatment during early tumor
development. A) The tumor size is expressed over the 14 day treatment
period for the DMSO (control) and tamoxifen (40 mg/kg) treated PyVT
mice. Days 0-12 represent the days of the 7 IP injections, day 14
represents the end of the study with measurements prior to tissue
harvest. B) The overall change in tumor size after treatment with DMSO
(control) or tamoxifen (40 mg/kg) via 7 IP injections. C) Number of
developed tumors per PyVT male mouse during development. Tumors
identified grossly during the early stage of tumor development after a
14 day period with either treatment with DMSO (control) or tamoxifen
(40 mg/kg) via 7 IP injections. *P-value <0.05 compared to control.
doi:10.1371/journal.pone.0064866.g004

embryogenesis and in tumor cells as an anti-apoptotic protein that
is capable of regulating mitosis [31,32,33]. Survivin is highly
expressed in a range of tumors and its expression correlates with
both accelerated relapse and chemotherapy resistance [34].
Tamoxifen and cisplatin treatment significantly reduced survivin
expression by 77% (P-value = 0.0019) and 48% (P-value <0.0001),
respectively (Fig. 5A). Immunohistochemistry of the control
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tumors showed strong positive staining for survivin (Fig. 5B).
Tumors treated with tamoxifen and cisplatin had weak positive
staining for survivin compared to paclitaxel and control tissue.

Pathological Review of Male Mammary Tumors

Pathological review of the mammary tumors was conducted for
each treatment group. The tumors were categorized as either early
carcinoma or late carcinoma. An early carcinoma consisted of a
moderately demarcated neoplasm with closely packed nests and
acini of proliferative neoplastic epithelial cells with cellular atypia
and invasion of the basement membrane. The late carcinoma
featured poorly demarcated neoplasms composed of sheets of
tightly packed nest/acini of neoplastic epithelial cells separated by
fibrovascular stroma with a loss of mammary architecture,
increased proliferation, and more extensive invasion.

Control tumors were characterized by focal hyperplasia with
normal lymph nodes and adipose tissue or early carcinoma lesions.
Treatment with cisplatin and paclitaxel had no significant change
in the histopathology, and tumors remained characteristic of early
carcinoma. Mice treated with tamoxifen developed tumors
characteristic of late carcinoma, suggesting an increase in
malignancy due to treatment.

Discussion

The transgenic PyV'T model was used here for translational
studies of male breast cancer due to its clinically relevant
pathology and protein expression profile. Models for male breast
cancer are limited, but the lack of clinical patients make this
transgenic mouse model vital to gain an understanding about the
pathological differences in male breast cancer compared to the
female counterparts. The male PyVT model has provided an
opportunity to address the efficacy of treatment using the
antineoplastic drugs: tamoxifen, paclitaxel, and cisplatin. Tamox-
ifen is better known as a selective estrogen receptor modulator
(SERM) because of its multiple activities [35]. Due to the high
hormone receptor positivity in male breast cancer, tamoxifen is the
standard adjuvant therapy. Paclitaxel, approved by the Food and
Drug Administration (FDA) to treat ovarian and breast cancer, is a
first-line treatment of female metastatic breast cancer. Paclitaxel
promotes the stable assembly of microtubules and inhibits their de-
polymerization [36], therefore interfering with the normal
function of microtubules and preventing the progression of the
cell cycle [37]. Cisplatin is a platinum based chemotherapy drug
used to treat a variety of cancers through the formation of
platinum-DNA adducts that induce cell cycle arrest [38,39]. These
compounds have drastically different modes of action. Here we
determined the efficacy of each in attenuating mammary tumor
growth in a male model.

This study shows that early male mammary tumor formation is
significantly attenuated by cisplatin treatment, while tamoxifen
and paclitaxel have no effect on tumor growth. This suggests that
treatment options need to be reconsidered for male breast cancer
patients. Tamoxifen is the current primary treatment, but results
indicate that it does not efficiently attenuate tumor growth.
Cisplatin was shown to be the more efficient antineoplastic tested,
suggesting a switch in compounds for primary treatments of male
breast cancer patients. Interestingly all three antineoplastic
compounds, cisplatin, paclitaxel, and tamoxifen reduced the total
number of developed tumors, indicating they could have a
chemopreventive property.

Hormone receptor expression is the primary way to profile
mammary carcinomas. The male PyV'T tumors were shown to be
ERa/B+, PR+, and HER2+. Tamoxifen treatment increased the
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Figure 5. Expression of molecular markers Bcl-2, caspase 3, cyclin D1, and survivin. Tumors isolated from PyVT males treated with DMSO
(control), tamoxifen (20 mg/kg), paclitaxel (10 mg/kg), or cisplatin (3.5 mg/kg). A) Representative Western blot (n= 1) of protein expression in tumors
isolated from male PyVT. Graphical representation shows the percent of control protein expression determined by pixel intensity of Bcl-2, caspase 3,
cyclin D1, and survivin in PyVT male tumors during early tumor development. n =4. *P-value <0.05 compared to control. B) Immunohistochemisty of
tumors from PyVT males. Paraffin-embedded sections stained with antibodies against Bcl-2, caspase 3, cyclin D1, or survivin from PyVT males.
Proteins staining: brown, counterstaining: blue (hematoxylin). Images represent only 1 of 3 samples per group at a 60X magnification.
doi:10.1371/journal.pone.0064866.9g005
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expression of both ERa and PR, while resulting in a decreased
expression of HER2 and ERP, indicating an inverse relationship
between the ER isoforms due to tamoxifen treatment. Hormone
sensitive tumors are typically based on the expression of only ERa.
The role of ERP in the pathology and treatment of breast cancer
remains largely unknown. The functions of these two estrogen
receptors are drastically different in response to both estrogen and
anti-estrogenic compounds [40,41]. Multiple reports show that
estrogen exposure to ERo expressing breast cancer cells lead to an
increase in proliferation, while exposure to ERP expressing cells,
either alone or in combination with ERa, results in inhibition of
cellular proliferation [42,43,44]. This suggests that ERP may
function more as a tumor suppressor than a tumor promoter. The
expression of ERP has been found in 47% of breast tumors
classified as ERo negative [45]. Interestingly paclitaxel also
reduced the expression of ERB, but did not affect expression of
ERa, PR, or HER2. The clinical relevance of ERP expression is
uncertain, multiple studies indicate a correlation with improved
survival [46,47], while others suggest little correlation or worse
prognosis [48,49]. These findings emphasize the need to further
elucidate the function of ERP in the pathology and treatment of
breast cancer.

Tumor regression occurs when the rate of cellular proliferation
1s less than the rate of cellular death. To determine the apoptotic
signaling due to the antineoplastic treatments, caspase 3 expression
levels were measures in all tumors. Cisplatin was the only
compound to induce a significant increase in caspase 3, indicating
induction of apoptosis due to treatment. This is observed grossly
by a significant reduction in tumor size. Tamoxifen and paclitaxel
did not have an observable apoptotic effect. The inhibitor of
apoptosis, survivin, was measured in tumor tissue after treatment
with the antineoplastic compounds. There was a significant
decrease in the expression of survivin after tamoxifen or cisplatin
treatment. This indicates that both treatments reduce the anti-
apoptotic signals, thus promoting cellular death. Cisplatin
treatment therefore promotes and induces apoptosis, resulting in
a decreased tumor volume. Tamoxifen treatment only promotes
apoptosis, thus sensitizing the cell for apoptotic signaling, but not
directly leading to cellular death.

Bcl-2 is another regulator of apoptosis, but has been shown to
be an important biomarker in male breast cancer pathogenesis,
correlating with low mitotic cell count and smaller tumors with
lower histological grade [29]. Bcl-2 is also a critical biomarker for
female breast cancer in predicting patient survival [50]. In this
study tamoxifen was shown to increase Bcl-2 expression, while
paclitaxel and cisplatin decreased expression levels compared to
control tumors. The expression of survivin with other anti-
apoptosis genes like Bcl-2 reduces apoptosis of cancer cells [51].
Bcl-2 expression is expected to correlate with survivin, which was
observed with cisplatin treatment in which both proteins have a
reduced expression compared to control tumors. Interestingly

References

1. Kari B. Wisinski WJG Male Breast Cancer. In: Jay R. Harris MEL, C. Kent
Osborne, Monica Morrow editor. Disease of the Breast. 4 ed: Lippincott
Williams & Wilkins.

2. Volm MD (2003) Male breast cancer. Curr Treat Options Oncol 4: 159-164.

3. Appelbaum AH, Evans GF, Levy KR, Amirkhan RH, Schumpert TD (1999)
Mammographic appearances of male breast disease. Radiographics 19: 559—
568.

4. Giordano SH, Cohen DS, Buzdar AU, Perkins G, Hortobagyi GN (2004) Breast
carcinoma in men: a population-based study. Cancer 101: 51-57.

5. Giordano SH, Buzdar AU, Hortobagyi GN (2002) Breast cancer in men. Ann
Intern Med 137: 678-687.

6. Anderson WF, Althuis MD, Brinton LA, Devesa SS (2004) Is male breast cancer
similar or different than female breast cancer? Breast Cancer Res Treat 83: 77
86.

PLOS ONE | www.plosone.org

Antineoplastic Drugs in a Male Mammary Tumor Model

tamoxifen treated tumors show an inverse relationship between
Bcl-2 and survivin. Bel-2 proteins are found as dimers in the outer
mitochondrial membrane [52]. The physiological role of Bcl-2
expression and control of homeostasis in normal breast tissue is
suggested to involve upregulation by estradiol and down-regula-
tion by progesterone [53]. Additionally in breast cancer cells
estradiol was shown to stimulate, while progesterone inhibited Bcl-
2 protein expression [54]. This suggests Bcl-2 regulation through
the hormone receptors, specifically the upregulation of Bcl-2 by
ERa and down-regulation by PR. Here we show that tamoxifen
treatment increases expression of ERo and decreases ER, which
may lead to the increased expression of Bcl-2.

Highly proliferative neoplastic cells and high histological grade
tumors have been associated with increased expression of cellular
markers for proliferation. Abnormal cyclin D1 expression is
common in female breast cancer [55,56]. Prognostic relevance of
the proliferative proteins cyclinD1 and Ki67 have not been
confirmed in male breast cancer patients. CyclinD1 has been
shown to be overexpressed in 77% of male breast cancer [29].
Interestingly, in a cohort of male breast cancer patients cyclin D1
overexpression was predicative of better patient survival, while
high levels of cyclin A and B expression increase the risk for breast
cancer related death by 2-3 fold [57]. In male PyVT mice,
treatment with tamoxifen increased cyclin D1 expression without
significantly altering tumor growth. This conflicts with the findings
from Nilsson et al. while affirming that cyclin DI may not be a
suitable molecular marker for male breast cancer.

The differences in the physiology of female and male patients
with breast cancer warrant a different treatment approach,
specifically with regards to hormonal therapy. More research is
needed to determine the role of anti-estrogenic compounds such as
tamoxifen in male breast cancer treatment. Scattered reports are
msufficient to recommend treatment guidelines. Based on the
known differences in the biology of male and female breast cancer,
it is only practical to consider treatment options that do not alter
the hormonal signaling or at least not as a single treatment agent
of breast cancer in men.

This study offers a unique opportunity to study the effects of
certain antineoplastic drugs in a male mammary tumor model.
The results show the effects of treatment with three accepted
antineoplastic drugs that have not been effectively assessed in the
male system due to low clinical occurrence rates of male breast
cancer. The results of this study provide valuable information
toward the better understanding of male breast cancer and may
help guide treatment decisions.

Author Contributions

Conceived and designed the experiments: SNS TAN. Performed the
experiments: SNS EBF. Analyzed the data: SNS EBF AB. Contributed
reagents/materials/analysis tools: SNS TAN. Wrote the paper: SNS.

7. Tischkowitz MD, Hodgson SV, Fentiman IS (2002) 19. Male breast cancer:
aetiology, genetics and clinical management. Int J Clin Pract 56: 750-754.

8. Young IE, Kurian KM, Annink C, Kunkler IH, Anderson VA, et al. (1999) A
polymorphism in the CYP17 gene is associated with male breast cancer.
Br J Cancer 81: 141-143.

9. Weiss JR, Moysich KB, Swede H (2005) Epidemiology of male breast cancer.
Cancer Epidemiol Biomarkers Prev 14: 20-26.

10. Meijers-Heijboer H, van den Ouweland A, Klijn J, Wasielewski M, de Snoo A,
et al. (2002) Low-penetrance susceptibility to breast cancer due to
CHEK2#¥1100delC in noncarriers of BRCA1 or BRCA2 mutations. Nature
Genetics 31: 55-59.

11. Goss PE, Reid C, Pintilic M, Lim R, Miller N (1999) Male breast carcinoma: a
review of 229 patients who presented to the Princess Margaret Hospital during
40 years: 1955-1996. Cancer 85: 629-639.

June 2013 | Volume 8 | Issue 6 | 64866



20.

22.

28.

29.

31

32.

34.

. Wang-Rodriguez J, Cross K, Gallagher S, Djahanban M, Armstrong JM, et al.

(2002) Male breast carcinoma: correlation of ER, PR, Ki-67, Her2-Neu, and
p53 with treatment and survival, a study of 65 cases. Mod Pathol 15: 853-861.

. Weber-Chappuis K, Bieri-Burger S, Hurlimann J (1996) Comparison of

prognostic markers detected by immunohistochemistry in male and female
breast carcinomas. Eur J Cancer 32A: 1686-1692.

. Muir D, Kanthan R, Kanthan SC (2003) Male versus female breast cancers. A

population-based comparative immunohistochemical analysis. Arch Pathol Lab

Med 127: 36-41.

. Rayson D, Erlichman C, Suman V], Roche PC, Wold LE, et al. (1998)

Molecular markers in male breast carcinoma. Cancer 83: 1947-1955.

. Bloom KJ, Govil H, Gattuso P, Reddy V, Francescatti D (2001) Status of HER-2

in male and female breast carcinoma. Am J Surg 182: 389-392.

. Kornegoor R, Verschuur-Maes AH, Buerger H, Hogenes MC, de Bruin PC, et

al. (2012) Molecular subtyping of male breast cancer by immunohistochemistry.
Mod Pathol 25: 398-404.

Shaaban AM, Ball GR, Brannan RA, Cserni G, Di Benedetto A, et al. (2012) A
comparative biomarker study of 514 matched cases of male and female breast
cancer reveals gender-specific biological differences. Breast Cancer Res Treat
133: 949-958.

. Foerster R, Foerster FG, Wulff' V, Schubotz B, Lange R, et al. (2009) Prognostic

Significance of Molecular Subtypes in Male Breast Cancer. Cancer Research 69:
6285-629s.

Sanchez-Munoz A, Roman-Jobacho A, Perez-Villa L, Sanchez-Rovira P,
Miramon J, et al. (2012) Male breast cancer: immunohistochemical subtypes and
clinical outcome characterization. Oncology 83: 228-233.

. Korde LA, Zujewski JA, Kamin L, Giordano S, Domchek S, et al. (2010)

Multidisciplinary meeting on male breast cancer: summary and research
recommendations. J Clin Oncol 28: 2114-2122.

Taber KAJ, Morisy LR, Osbahr AJ, Dickinson BD (2010) Male breast cancer:
Risk factors, diagnosis, and management (Review). Oncology Reports 24: 1115~
1120.

. Nahleh ZA (2006) Hormonal therapy for male breast cancer: A different

approach for a different disease. Cancer Treat Rev 32: 101-105.

. Ribeiro G, Swindell R (1992) Adjuvant tamoxifen for male breast cancer (MBC).

Br J Cancer 65: 252-254.
Saibara T, Ogawa Y, Onishi S (1998) Tamoxifen in early breast cancer. Lancet
352: 404.

5. Howlader N, Krapcho M, Neyman N, Aminou R, Waldron W, et al. (2012)

SEER Cancer Statistics Review, 1975-2009 (Vintage 2009 Populations). Based
on November 2011 SEER data submission: National Cancer Institute. Bethesda,
MD. Available: http://seer.cancer.gov/csr/1975_2009_pops09/. August 2012.

. Guy CT, Cardiff RD, Muller W] (1992) Induction of mammary tumors by

expression of polyomavirus middle T oncogene: a transgenic mouse model for
metastatic disease. Mol Cell Biol 12: 954-961.

Maglione JE, Moghanaki D, Young L], Manner CK, Ellies LG, et al. (2001)
Transgenic Polyoma middle-T mice model premalignant mammary disease.
Cancer Res 61: 8298-8305.

Kornegoor R, Verschuur-Maes AH, Buerger H, Hogenes MC, de Bruin PC, et
al. (2012) Immunophenotyping of male breast cancer. Histopathology.

. Jiang W, Kahn SM, Zhou P, Zhang YJ, Cacace AM, et al. (1993)

Overexpression of Cyclin DI in Rat Fibroblasts Causes Abnormalities in
Growth-Control, Cell-Cycle Progression and Gene-Expression. Oncogene 8:
3447-3457.

Adida C, Crotty PL, McGrath J, Berrebi D, Dicbold J, et al. (1998)
Developmentally regulated expression of the novel cancer anti-apoptosis gene
survivin in human and mouse differentiation. Am J Pathol 152: 43-49.

Altieri DC (2003) Validating survivin as a cancer therapeutic target. Nat Rev
Cancer 3: 46-54.

Ambrosini G, Adida C, Altieri DC (1997) A novel anti-apoptosis gene, survivin,
expressed in cancer and lymphoma. Nat Med 3: 917-921.

Dohi T, Beltrami E, Wall NR, Plescia J, Altieri DC (2004) Mitochondrial
survivin inhibits apoptosis and promotes tumorigenesis. Journal of Clinical
Investigation 114: 1117-1127.

. Osborne CK (1998) Tamoxifen in the treatment of breast cancer. N Engl ] Med

339: 1609-1618.

PLOS ONE | www.plosone.org

36.

39.

40.

41.

42.

43.

44.

46.

47.

48.

49.

50.

51.

52.

53.

54.

56.

57.

Antineoplastic Drugs in a Male Mammary Tumor Model

Schiff PB, Horwitz SB (1980) Taxol stabilizes microtubules in mouse fibroblast
cells. Proc Natl Acad Sci U S A 77: 1561-1565.

. Fuchs DA, Johnson RK (1978) Cytologic evidence that taxol, an antineoplastic

agent from Taxus brevifolia, acts as a mitotic spindle poison. Cancer Treat Rep
62: 1219-1222.

Zamble DB, Lippard SJ (1995) Cisplatin and DNA repair in cancer
chemotherapy. Trends Biochem Sci 20: 435-439.

Eastman A (1987) The Formation, Isolation and Characterization of DNA
Adducts Produced by Anticancer Platinum Complexes. Pharmacology &
Therapeutics 34: 155-166.

Waters KM, Rickard DJ, Riggs BL, Khosla S, Katzenellenbogen JA, et al.
(2001) Estrogen regulation of human osteoblast function is determined by the
stage of differentiation and the estrogen receptor isoform. J Cell Biochem 83:
448-462.

Stossi F, Barnett DH, Frasor J, Komm B, Lyttle CR, et al. (2004) Transcriptional
profiling of estrogen-regulated gene expression via estrogen receptor (ER) alpha
or ERbeta in human osteosarcoma cells: distinct and common target genes for
these receptors. Endocrinology 145: 3473-3486.

Secreto FJ, Monroe DG, Dutta S, Ingle JN, Spelsberg TC (2007) Estrogen
receptor alpha/beta isoforms, but not betacx, modulate unique patterns of gene
expression and cell proliferation in Hs578T cells. J Cell Biochem 101: 1125—
1147.

Lazennec G, Bresson D, Lucas A, Chauveau C, Vignon F (2001) ER beta
inhibits proliferation and invasion of breast cancer cells. Endocrinology 142:
4120-4130.

Sotoca AM, van den Berg H, Vervoort J, van der Saag P, Strom A, et al. (2008)
Influence of cellular ERalpha/ERbeta ratio on the ERalpha-agonist induced
proliferation of human T47D breast cancer cells. Toxicol Sci 105: 303-311.

. Mann S, Laucirica R, Carlson N, Younes PS, Ali N, et al. (2001) Estrogen

receptor beta expression in invasive breast cancer. Hum Pathol 32: 113-118.
Esslimani-Sahla M, Simony-Lafontaine J, Kramar A, Lavaill R, Mollevi C, et al.
(2004) Estrogen receptor beta (ER beta) level but not its ER beta cx variant helps
to predict tamoxifen resistance in breast cancer. Clin Cancer Res 10: 5769
5776.

Sugiura H, Toyama T, Hara Y, Zhang Z, Kobayashi S, et al. (2007) Expression
of estrogen receptor beta wild-type and its variant ERbetacx/beta2 is correlated
with better prognosis in breast cancer. Jpn J Clin Oncol 37: 820-828.

Skliris GP, Leygue E, Curtis-Snell L, Watson PH, Murphy LC (2006) Expression
of oestrogen receptor-beta in oestrogen receptor-alpha negative human breast
tumours. Br J Cancer 95: 616-626.

Speirs V, Parkes AT, Kerin MJ, Walton DS, Carleton PJ, et al. (1999)
Coexpression of estrogen receptor alpha and beta: poor prognostic factors in
human breast cancer? Cancer Res 59: 525-528.

Callagy GM, Pharoah PD, Pinder SE, Hsu FD, Nielsen TO, et al. (2006) Bcl-2 is
a prognostic marker in breast cancer independently of the Nottingham
Prognostic Index. Clin Cancer Res 12: 2468-2475.

Lu CD, Altieri DC, Tanigawa N (1998) Expression of a novel antiapoptosis
gene, survivin, correlated with tumor cell apoptosis and p53 accumulation in
gastric carcinomas. Cancer Research 58: 1808-1812.

Hockenbery DM, Oltvai ZN, Yin XM, Milliman CL, Korsmeyer SJ (1993) Bcl-2
functions in an antioxidant pathway to prevent apoptosis. Cell 75: 241-251.
Formby B, Wiley TS (1999) Bcl-2, survivin and variant CD44 v7-v10 are
downregulated and p53 is upregulated in breast cancer cells by progesterone:
inhibition of cell growth and induction of apoptosis. Mol Cell Biochem 202: 53
61.

Kandouz M, Siromachkova M, Jacob D, Chretien Marquet B, Therwath A, et
al. (1996) Antagonism between estradiol and progestin on Bcl-2 expression in
breast-cancer cells. International Journal of Cancer 68: 120-125.

. van Diest PJ, Michalides RJ, Jannink L, van der Valk P, Peterse HL, et al. (1997)

Cyclin D1 expression in invasive breast cancer. Correlations and prognostic
value. American Journal of Pathology 150: 705-711.

Zhang SY, Caamano J, Cooper F, Guo X, Klein-Szanto AJ (1994)
Immunohistochemistry of cyclin D1 in human breast cancer. Am J Clin Pathol

102: 695-698.

Nilsson C, Koliadi A, Johansson I, Ahlin C, Thorstenson S, et al. (2012) High
proliferation is associated with inferior outcome in male breast cancer patients.
Mod Pathol.

June 2013 | Volume 8 | Issue 6 | 64866



