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Abstract

Background: Mammary hyperplasia is one of the most common benign breast disorders. Although traditional
Chinese medicine has a vast experience in the treatment of mammary hyperplasia, it is not accepted widely due to its
unclear mechanism.

Methods and Materials: To address the mechanism, we developed a mouse model of mammary hyperplasia. We gave
mice estradiol valerate tablets and progesterone capsules sequentially for one month by intragastric administration.
Results: Mice treated by this method had a series of pathological changes which are similar to those detected in women
with mammary hyperplasia, including ectopic level of estradiol and progesterone in serum, hyperplasia of mammary
glands and increased expression of ERa and PR.

Conclusion: This model will facilitate the mechanical study of traditional medicine on mammary hyperplasia.
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Introduction

Mammary hyperplasia, whose prevalence increases annually, is one of the leading benign breast disorders among
women of reproductive age (Ferrara, 2011). Women with mammary hyperplasia are at increased risk for developing
breast cancer (Silvera et al., 2008). In some areas of China, the incidence of mammary hyperplasia is almost close to
30% (Mo, 2011), constituting a severe threat to women's physical/mental health and life quality.

Traditional Chinese medicine has a vast experience in treating mammary hyperplasia (Hu and Li, 2015), but the
underneath mechanisms are not clear yet, which limiting its application worldwide. Suitable animal models are
versatile experimental system to unravel these mechanic questions.

Rodents are commonly used in the field of breast research, because the mammary gland development of these
animals closely resembles that of the human breast (Hovey et al., 2004; Macias, H. and Hinck, L., 2012). A rat model
of mammary hyperplasia has been reported (Chen et al., 2015), whereas how to set up a mouse model is still not clear.
The rat model, in certain ways, is easier to use and is very reproducible. However, the mouse model has the advantage
of manipulating genetic mutations within the mammary epithelial cell. Thus, the suspected mechanism of the traditional
medicine can be effectively investigated in the mice with specific gene mutations. In addition, mice require less
consumption of food and drug, and the corresponding research cost is also lower. Therefore, it is necessary to establish
a mammary hyperplasia model in mice.

Estrogen and progesterone are pivotal hormones for mammary ductal elongation and branching during puberty
(Arendt et al., 2015). Their concentrations and receptors are elevated in the mammary glands of patients with benign
breast disease (Schillace et al., 2014). In adult mice, if the proliferation of mammary gland is arrested by ovariectomy,
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exogenous estrogen alone provides a weak signal, whereas treatment with estrogen and progesterone fully rescues
glandular proliferation (Diep et al., 2015). Besides, intramuscular injection of estrogen and progesterone leads to
mammary hyperplasia in rats (Chen et al., 2015). Based on these facts, we plan to induce mammary hyperplasia in mice
by giving extra estrogen and progesterone.

As mice are smaller than rats, intramuscular injection is not suitable for frequent administrations. Intragastric
administration may be a better option. Here, we chose estradiol valerate tablet and progesterone soft capsule, which are
two common oral hormones in clinic. We treated mice sequentially with these two drugs by intragastric administration
and successfully induced a hyperplasia phenotype in mammary gland. Moreover, ectopic expressions of estrogen
receptor o (ERa) and progesterone receptor (PR) were detected in the glands with hyperplasia. We believe that the
mouse model of mammary hyperplasia will be an excellent alternative for the study of traditional medicine.

Materials and Methods
Reagents

Estradiol valerate tablet (PROGYNOVA®, Bayer), progesterone soft capsule (URTOGESTAN®, Laboratoires
Besins International), carmine (Sigma), Permount (Thermo), anti-mouse estradiol Elisa kit and anti-mouse
progesterone Elisa kit (AMEKO, Shanghai Lianshuo Biological Technology Co., Ltd).

Animals

Female C57BL/c mice (age: 6weeks; weight: 15-17g) were purchased from Vital River Laboratory (Beijing,
China) and housed in a SPF room with a 12h light/dark cycle at a temperature of 22-25°C and relative humidity of
40-60%. Mice were allowed access to food and water ad libitum. All procedures were approved by the Institutional
Animal care and Use Committee at Liaoning University of Traditional Chinese Medicine (permission N0.20150308).

Drug preparation

An estradiol suspension was made by dissolving the estradiol valerate tablets in water to a final concentration of
0.25 mg/ml estradiol, while a progesterone suspension were prepared by cutting open the progesterone soft capsules
and resuspending the contents in sesame oil to a final concentration of 2mg/ml progesterone. All the suspensions were
stored at 4°C, warmed up to 37°C and mixed several times upon using to treat animals.

Treatments

At age of 7 weeks, the mice were randomly divided into 2 groups of 20 mice each: vehicle-treated (control) and
hormone-treated. Hormone-treated mice were orally administered estradiol (2.5 mg/kg body weight) once every two
days for 12 times, followed by progesterone (20 mg/kg body weight) once a day for 5 consecutive days. The amount of
drugs referenced that used in women (Ulrich et al., 1994). Vehicle-treated mice were first treated with water and
subsequently with sesame oil. One hour after the last administration, 10 mice of each group were sacrificed. The rest of
mice were maintained for 30 more days and then sacrificed. Blood and mammary glands were collected when the
animals were sacrificed.
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Mammary gland whole mount staining

Mammary glands No.4 (left inguinal) were spread on glass slides, fixed in Carnoy’s fixative overnight, washed in
70% ethanol for 30 min, changed gradually to distilled water, and stained overnight in carmine alum. Tissues were then
dehydrated in a graded series of ethanol solutions, immersed in xylene until the fat was cleared off, and mounted with
Permount. Images of mammary gland whole mounts were taken with a digital camera for morphological detection.
Secondary and tertiary branch points within five fields per mammary gland were manually counted under the 4x
objective of a microscope.

Histochemistry

Mammary glands No.4 (right inguinal) were fixed in Carnoy’s fixative, embedded in paraffin, sectioned at 6
microns. Tissue sections were processed for a standard hematoxylin-eosin staining. Signals were visualized with
Olympus microscope BX41-32P02-FLB3.

Western blot

Mammary glands NO.3 were ground into a fine powder in liquid nitrogen. The total protein was extracted from
the powder using the RIPA buffer (Beyotime Biotechnology) supplemented with proteinase inhibitor (Roche).
Approximately 50 pg of protein per sample was separated in an 8% SDS-PAGE and transferred to a PVDF membrane.
The membrane was subjected to immunoblotting with anti-ERa antibody (Cell Signaling Technology, 8644, 1:1000),
anti-PR antibody (Santa Cruz Biotechnology, sc-398898, 1:1000) and anti-tubulin antibody (Vazyme Biotech). HRP
conjugated secondary antibodies (Vazyme Biotech) and ECL (Beyotime Biotechnology) was used to detect the protein
existence. The pictures were analyzed with Image J.

Analyses of serum estradiol and progesterone

Blood was collected by removing one eyeball. After coagulating for 90 min at room temperature, the blood was
centrifuged at 2000 x g for 30 min and serum stored at —80°C until assayed. Serum level of estradiol and progesterone

were measured by Elisa kits according to the supplier’s protocol. Each group contains data from 10 animals.

Statistical analysis

Data were analyzed by one-way ANOVA. Results were considered significantly different at P < 0.05. Values are
expressed as mean + standard deviation.

Results and discussion

To mimic the pathological conditions of patients with mammary hyperplasia, we treated the mice sequentially
with a suspension of estradiol valerate tablets and a suspension of progesterone capsules by intragastric administration.
By the time of the last administration, the serum concentration of estradiol in vehicle-treated group was 9.55+0.59 ng/L,
while that in hormone-treated group was as high as 135.37+12.75 ng/L (Figure 1A). Similarly, the progesterone
concentration after hormone treatment was significantly elevated from 282.80+£19.06 pmol/L to 1242.6+75.02 pmol/L
(Figure 1A). Although the estradiol and progesterone levels in hormone-treated group dropped dramatically within 30
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days, they were still noticeably higher than those in vehicle-treated group (Figure 1A). These confirmed that
intragastric administration of estradiol valerate and progesterone could increase estradiol and progesterone level
abnormally in the serum of mice and this increase could be maintained for a month.

Next, we performed whole mount staining to check if the increased level of estradiol and progesterone could
affect the morphology of mammary glands. Compared with vehicle-treated glands, hormone-treated mammary glands
displayed an evident hyperplasia characterized by an increased number of branches, side-branches and terminal end
buds and an appearance of alveolar structures as well (Figure 1B). To quantify the morphological changes, the numbers
of the secondary and tertiary branch points of mammary glands were counted under the microscope. As shown in
Figure 1C, hormone treatment resulted in a notable increase in the number of branch points (p<0.05). Further, HE
staining showed that hormone-treated glands had an extended lumen with more liquid, the ducts were composed of
multiple layers of epithelial cells, and the alveolar buds were fully formed compared to vehicle-treated glands (Figure
1D). These morphological changes were not recovered after 30 days of hormone withdrawal (Figure 1B and 1D). Thus,
intragastric administration of estradiol valerate tablets and progesterone capsules can induce mammary hyperplasia in
mice.
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Figure 1: Mammary hyperplasia induced by estradiol valerate and progesterone. A. Serum levels of estradiol and
progesterone were measured by Elisa on Day 0 and Day 30 after the last administration. Comparison was made
between hormone-treated group and vehicle-treated group. **, p<0.001; *, p<0.05 (n=10). B. Whole mount staining
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was preformed to detect the morphological changes after hormone treatment. Representative samples were shown.
Scale bar: 0.5 cm. C. The number of branch points was quantified under microscope. One dot represents the number of
branch points in one field. (n=5). D. HE staining was applied to observe the histological changes inside the mammary
gland. Scale bar: 50 micrometer.

In mammary epithelial cells, estradiol acts through it receptor ERa, and progesterone functions through PR
(Arendt et al., 2015). We then checked the expression of ERa and PR to determine if they were involved in the
morphological changes observed above. We found that the expression levels of ERa and PR were increased in
mammary gland due to hormone treatment (Figure 2), which is in line with Gupta’s study (Gupta et al., 2015). Gupta
and her colleagues have proven that the expression of ER and PR parallels the intensity of hyperplasia in benign breast
diseases.
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Figure 2: The expression of ERa and PR after hormone treatment. Protein lyses from 3 animals of each group were
used to determine the expression level of ERa (A) and PR (B) by western blot. The numbers beneath western blots
stand for the ratio of the intensity of target band to that of their own loading reference bands.

PR has two isoforms: PRA and PRB. PRA overexpressed in mice induces ductal hyperplasia (Shyamala et al.,
1998), whereas mice lacking PRB, but not PRA, exhibit marked defects in branching and alveologenesis
(Mulac-Jericevic et al., 2003), suggesting that PRB is the predominant isoform required for mammary gland
development and expansion. We detected that both PRA and PRB were weakly expressed in vehicle-treated gland at the
similar level (Figure 2B). They were upregulated after hormone treatment and the ratio of PRB: PRA was also
increased (Figure 2B). The imbalanced PRA and PRB expression is linked to high risk of breast cancer in women
(Mote et al., 2002). Therefore, the mammary hyperplasia induced by estradiol valerate and progesterone shows the
similar pattern of ER and PR to that detected in women with breast hyperplasia.

In conclusion, we successfully established a mammary hyperplasia model in mice by intragastric administration of
estradiol valerate and progesterone. This model will facilitate research pertaining to the mechanism study of traditional

medicine.
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