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Background: 1,25(OH)2D3/vitamin D3 receptor (VD3/VDR) signaling pathway can inhibit the 
occurrence of breast cancer in many ways. We used vitamin D3 to interfere with Hyperplasia of mammary 
glands (HMG) model rats, and to explore the intervention effect of vitamin D3 on HMG.
Methods: We divided 42 female rats into six groups randomly: blank control group, hyperplasia model 
group, negative control group, and vitamin D3 (VD3) groups of low-dose (LVD, 5 μg/kg), medium-dose 
(MVD, 10 μg/kg), and high-dose (HVD, 20 μg/kg). We established HMG model in all groups except for the 
blank control group, then different dose of VD3 was intraperitoneal injected for VD3 groups and normal 
saline (NS) was given to the negative control group. After the experiment, the body weights, heights and 
diameters of nipples, and the thickness of the mammary gland of rats were measured. The serum content 
of sex hormone and VD3 were detected by enzyme-linked immunosorbent assay (ELISA). The tissues 
of mammary glands were analyzed by hematoxylin and eosin (HE) stain, and the expression of estrogen 
receptor α (ERα), progesterone receptor (PR), and VDR were detected by immunohistochemical (IHC) 
stain. Similarly, the total protein expression of ERα, PR, and VDR were measured by western blot.
Results: Compared with the hyperplasia group, rats in the VD3 groups displayed a marked decrease of 
the thickness of the mammary glands and the height and diameter of the nipples. The serum estrogen (E2), 
testosterone (T), luteinizing hormone (LH), and VD3 was markedly decreased in all VD3 groups (P<0.05). 
The IHC results showed that ERα and PR was decreased in all three VD3 groups; however, VDR was 
increased. Western blot demonstrated that both ERα and PR were reduced in VD3 groups, while the VDR 
level was significantly enhanced. Overall, the findings suggested that VD3 could be used in HMG treatment.
Conclusions: Supplementation of VD3 could markedly decrease the mammary gland thickness, nipple 
diameter, and nipple height of rats, accompanied by the decrease of serum E2, T, and LH. Intervention with 
VD3 can lead to decreased expression of ERa and PR, in conjunction with the increase of VDR.
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Introduction

Hyperp la s i a  o f  mammary  g l ands  (HMG)  i s  the 
abnormal quantity and morphology of mammary gland 
structure caused by different degrees of hyperplasia and 
degeneration of parenchyma and stroma of mammary 
gland lobules, and is caused by secretion disorder of 
estrogen (E2) and progesterone (P) (1,2). The changes 
and development process from normal breast tissue to 
breast cancer include the usual ductal hyperplasia (UDH), 
atypical ductal hyperplasia (ADH), ductal carcinoma  
in situ (DCIS), and infiltrating ductal carcinoma (IDC). 
The HMG in clinic mostly refers to the UDH and ADH 
of the breast. To date, a large number of studies have 
shown that HMG is closely related to the occurrence of 
breast cancer and had a history of HMG is an important 
risk factor for IDC (3-6).

In recent years, there have been increasing reports 
on the molecular mechanisms of vitamin D in reducing 
cancer risk and inhibiting tumor development. Studies 
have shown that vitamin D deficiency is significantly 
associated with the development of several types of cancer, 
including colorectal, breast, pancreatic, and lung, and 
increased vitamin D intake, which inhibits the body’s 
carcinogenic response to breast tumors, can significantly 
reduce a woman’s risk of developing breast cancer (7,8). 
Vitamin D is a fat-soluble vitamin, and vitamin D3 (VD3) 
is the active form of vitamin D. The binding of VD3 
and its receptor VDR into the nucleus can exert a wider 
range of biological effects. Increasing numbers of studies 
have focused on the development of VD3 in vivo active 
form and vitamin D analogs as clinical drugs for tumor 
prevention and treatment (9-11), but the preventive and 
therapeutic effects of VD3 on female breast hyperplasia 
have not yet been reported. In this study, an HMG model 
was established in experimental female rats, and different 
doses of VD3 were administered to the rats during the 
period of mammary gland hyperplasia. By observing the 
changes of mammary gland appearance, estradiol (E2) and 
progesterone (P) level, mammary glands histopathology 
and expression differences of estrogen receptor α (ERα), 
progesterone receptor (PR), and vitamin D3 receptor 
(VDR) after intervention, the feasibility of alleviating 
or treating HMG with VD3 was explored. We present 
the following article in accordance with the ARRIVE 
reporting checklist (available at https://gs.amegroups.com/
article/view/10.21037/gs-21-851/rc).

Methods

Preparation of rat HMG model

We purchased 42 4–6 weeks old (weight 86–162 g) specific-
pathogen-free (SPF) female Sprague Dawley (SD) rats from 
Beijing Weitong Lihua Experimental Animal Technology 
Co., Ltd. (Beijing, China). SD rats were fed under SPF 
condition in experimental Animal Center of PLA General 
Hospital. After adaptive feeding for 1 week before the 
experiment, during the sexual maturity of rats (6–8 weeks 
old), they were randomly divided into six groups: blank 
control group (Blank, n=5), hyperplasia model group 
(Hyper, n=5), negative control group (Negative, n=5), and 
VD3 group (VD3, n=27) (n=9 in low, medium, and high 
dose groups). Except for the blank control group, HMG 
modeling was established in the other five groups by way 
of intraperitoneal injection of E2 (Sigma-Aldrich, St. 
Louis, MO, USA) 0.5 mg/kg for 25 days, followed by 
injection of progesterone (Sigma-Aldrich, USA) 4 mg/kg 
for 5 days. From the 10th day of modeling, the Negative 
group was injected with the same volume of normal 
saline (NS) (Solarbio, Beijing, China) and at the same 
time, 5 μg/kg VD3 (Sigma, USA) was administered to 
the low vitamin D3 group (LVD), 10 μg/kg VD3 (Sigma) 
was given to the medium vitamin D3 group (MVD), 
and 20 μg/kg VD3 (Sigma) was administered to the high 
vitamin D3 group (HVD) for 30 days (12).

After the experiment, the weight of each rat, the 
diameter and height of the ipsilateral second pair of nipples, 
and the thickness of the ipsilateral second pair of mammary 
glands were measured.

The tissue of the ipsilateral second pair of mammary 
glands of each rat was divided into two parts. One part was 
fixed with 4% paraformaldehyde (Solarbio, China), and the 
ER, PR, and VDR levels were analyzed by hematoxylin and 
eosin (HE) staining and immunohistochemistry (IHC). The 
other part was preserved with liquid nitrogen (Tianshun, 
Beijing, China), and the protein expression levels of ER, 
PR, and VDR were detected by western blot.

Serum was collected from each rat and the levels of sex 
hormone [follicle-stimulating hormone (FSH), luteinizing 
hormone (LH), E2, P, Testosterone (T), Prolactin (PRL)] 
and VD3 were detected by enzyme-linked immunosorbent 
assay (ELISA).

Experiments were performed under a project license (No. 
2018-X14-11) granted by Ethics Board of the Chinese PLA 

https://gs.amegroups.com/article/view/10.21037/gs-21-851/rc
https://gs.amegroups.com/article/view/10.21037/gs-21-851/rc
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General Hospital, in compliance with Chinese national 
guidelines for the care and use of animals. A protocol was 
prepared before the study.

Measurement of mammary gland thickness in rats

Aixplorer ultrasound imaging (Supersonic Imagine, Aix-en-
Province, France) was used, the probe was SL15-4, and the 
condition was set for small parts.

We adjusted the depth of ultrasonic field to center 
the image as far as possible and adjusted the focus to the 
interest region. Thick coupling gel (DOVE, Beijing, China) 
was applied to the surface of the ipsilateral second pair of 
mammary glands of rats, the probe was placed above the 
nipple without pressure, and the angle and direction of 
the probe were adjusted so that the ultrasonic image of the 
mammary gland was located in the center of the ultrasound 
display screen. After freezing the screen, the thickness 
of all subcutaneous soft tissue behind the rat nipple was 
measured, repeated 3 times, and the mean value was taken.

Statistical analysis

All statistical analyses were completed using the software 
SPSS 17.0 (IBM Corp.,  Chicago, IL, USA). Each 
experiment was carried out 3 times, and the quantitative 
data was expressed as mean ± standard deviation (x±s). The 
discontinuous measurement data between groups were 
compared by rank-sum test, the continuous measurement 
data between groups were calculated and analyzed by single 
factor variance, and the differences between groups were 
calculated by Student’s t-test. The level of statistically 
significant difference was set at P<0.05. 

Results

Effects of VD3 on nipple diameter, height, and mammary 
gland thickness in rats with HMG

The results showed that after 30 days of estrogen-
progesterone stimulation, HMG was significantly 
induced in rats, and the mammary gland thickness, nipple 
diameter, and nipple height increased significantly. After 
the intervention of VD3 for 30 days, the mammary gland 
thickness of the three VD3 groups was significantly 
reduced and close to the 1.85 mm of the blank control 
group, and the difference was statistically significant 
(P<0.001). The thickness in LVD group decreased to 

1.76 mm, MVD group to 1.71 mm, and HVD group to 
1.86 mm, but there was no significant difference among 
the three groups. The nipple diameter in LVD group 
decreased to 1.26 mm, MVD group to 1.27 mm, and 
HVD group to 1.32 mm, which was significantly lower 
than that in Hyper group (1.90 mm), but slightly higher 
than that in blank control group (1.06 mm). After VD3 
intervention, the nipple height in LVD group decreased 
to 1.46 mm, MVD group to 1.37 mm, and HVD group to 
1.57 mm, which was significantly lower than that in Hyper 
group (2.47 mm). Among them, the nipple height in LVD 
group and MVD group were close to the blank control 
group (1.4 mm), while the HVD group was slightly higher 
than the blank control group, but there was no significant 
difference among the three groups (Figure 1, Table 1). 

Effects of VD3 on serum sex hormone and VD3 levels in 
rats with HMG

The serum E2 and P were detected by ELISA. The results 
showed that after 30 days of E2 and P combined modeling, 
the serum E2 increased significantly (P<0.05), and decreased 
significantly after the intervention of VD3, especially in the 
MVD group; however, there was no significant difference 
among the 3 VD3 groups. The level of T in the Hyper 
group was significantly higher than that in the blank control 
group, suggesting that the secretion of endogenous estrogen 
was insufficient, and there were no significant changes 
in P, LH, FSH, and PRL in the Hyper group and blank 
control group. After the intervention of VD3, the levels 
of T and LH in the VD3 groups were significantly lower 
than those in the Hyper group (P<0.05), but there was no 
significant difference among the 3 VD3 groups. There 
was no significant difference in FSH, PRL, and P among 
groups. The content of serum VD3 in the Hyper group was 
significantly higher than that in the blank control group, 
but the serum VD3 in the 3 VD3 groups was lower than 
that in the Hyper group, which is different from that in 
theory, and its specific mechanism needs further discussion 
(Figure 2).

Effects of VD3 on microstructure of mammary gland tissue 
in rats with HMG

The microscopic morphology of each group was observed 
under microscope after HE staining. The results showed 
that there were more ducts in the visual field of the Hyper 
group, and the morphological characteristics of HMG 
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such as hyperplasia and disordered arrangement of ductal 
epithelial cells, enlarged lumen of ducts be seen under 
high power microscope, while in the VD3 groups, the 
lobules decreased significantly, the lumen of the lobular 
ducts shrank, and the epithelial cells arranged neatly. The 
microscopic morphology of the MVD and HVD groups 
was basically the same as that of the blank control group, 
suggesting that the HMG can be relieved obviously after 
the intervention of VD3 (Figure 3).

Effects of VD3 on IHC staining of related proteins in 
mammary gland tissue of rats with HMG

The staining of VDR was analyzed by IHC staining. 

Compared with the blank control group, the nucleus of 
some mammary duct epithelial cells in the Hyper group 
showed obvious staining, suggesting the high expression 
of VDR. After the intervention of VD3, the expression 
of VDR was significantly increased. VDR staining could 
be seen in the nucleus of mammary duct epithelial 
cells in the LVD, MVD, and HVD groups, especially 
in the HVD group, indicating that the intervention of 
VD3 effectively up-regulated the expression of VDR in 
mammary duct epithelial cells. It was suggested that VDR 
plays an important role in the remission of mammary gland 
hyperplasia.

The expression and distribution of ERα showed that 
only some of the mammary duct epithelial cells in the blank 

Figure 1 Comparison of mammary gland thickness and nipple size in blank control group (A1,A2), Hyper group (B1,B2), and VD3 group 
(C1,C2). After VD3 intervention, the mammary gland thickness of the VD3 group (C1) was lower than that of the Hyper group (B1), which 
was close to that of the blank control group (A1), and the nipple size of the VD3 group (C2) was smaller than that of the Hyper group (B2). 
VD3, vitamin D3. R1, R2, R3: the first, second, third pair of nipples on the right. 

A1 B1 C1

A2 B2 C2
D=0.14 cm D=0.31 cm D=0.17 cm

Table 1 Effects of VD3 on mammary gland thickness, nipple diameter, and height in HMG rats

Group Weight (g) Thickness (mm) Diameters (mm) Height (mm)

Blank 239.60±15.31 1.85±0.20 1.06±0.17 1.40±0.10

Hyper 270.83±15.63 2.24±0.40* 1.90±0.17*** 2.47±0.42*

LVD 249.14±19.77 1.76±0.08## 1.26±0.13### 1.46±0.27###

MVD 234.14±27.19 1.71±0.16## 1.27±0.20### 1.37±0.24###

HVD 246.83±48.05 1.86±0.35# 1.32±0.21### 1.57±0.40##

*P<0.05, ***P<0.001 vs. Blank group; 
#
P<0.05, 

##
P<0.01, 

###
P<0.001 vs. Hyper group. HMG, hyperplasia of mammary glands; LVD, low 

vitamin D3; MVD, medium vitamin D3; HVD, high vitamin D3.
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control group were slightly stained, and most of them were 
uniformly distributed in the nucleus, but in the Hyper 
group, ERα was highly expressed in the mammary gland 
tissue, most of the mammary duct epithelial cells were 
strongly stained, and mainly distributed in the nucleus, 
suggesting that ERα entered the nucleus and played a role. 

After the intervention of VD3, the staining of ERα was 
significantly reduced, and there was no staining in some 
cells in the LVD group and MVD group, suggesting that 
the expression of ERα was inhibited after the intervention 
of VD3, thus alleviating the state of mammary gland 
hyperplasia (Figure 4). In addition, it was observed that 

Ctrl Hyper LVD

MVD HVD

200×

200× 200×

200× 200×

Figure 2 Detection of E2 and VD3 in rat serum by ELISA. After the intervention of VD3, the levels of serum E2 in LVD, MVD, and HVD 
groups were significantly lower than those in the Hyper group, and the levels of serum VD3 also decreased. Data are presented as mean ± 
standard deviation, n=5. *, P<0.05 vs. Blank; #, P<0.05 vs. Hyper; ##, P<0.01 vs. Hyper; ###, P<0.001 vs. Hyper. E2, estradiol; VD3, vitamin 
D3; ELISA, enzyme-linked immunosorbent assay; LVD, low VD3; MVD, medium VD3; HVD, high VD3.

Figure 3 Results of HE staining of mammary glands tissue in each group (200×). After the intervention of VD3 in LVD, MVD, and HVD 
groups, the hyperplasia of mammary glands was relieved, which was consistent with that of the blank control group (Ctrl). HE, hematoxylin 
and eosin; LVD, low VD3; MVD, medium VD3; HVD, high VD3.
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the staining of ERα in mammary duct epithelial cells was 
still dark in HVD group, which may be related to material 
selection or differences between groups, which requires 
further investigation.

To further study the mutual regulation mechanism 
of ERα and VD3 in mammary gland hyperplasia, we 
analyzed the IHC staining of PR in mammary gland 
tissue sections of rats in each group. The results showed 
that compared with the blank control group, most of the 
mammary duct epithelial cells in the Hyper group were 
strongly stained by PR staining, and the staining was 
mainly concentrated in the nucleus, which was consistent 
with the staining results of ERα, indicating that the 
activation of ERα effectively recruits PR and participates 
in the transmission of downstream signal pathways. 
After the intervention of VD3, the staining of PR in the 
nucleus decreased in varying degrees, and the staining in 
the LVD, MVD, and HVD groups showed a decreasing 
pattern, indicating that the activation of VDR caused by 
the increase of the dose of VD3 could effectively inhibit 
the expression of PR in the nucleus, which was consistent 
with the decrease of the expression of ERα in the nucleus 

after the intervention of VD3.

Effects of VD3 on protein expression in mammary gland 
tissue of rats with HMG

We detected the total protein in mammary gland tissue 
of rats in blank control group, Hyper group, and all VD3 
groups (LVD, MVD, and HVD) by western blot, and 
analyzed the expression of ERα, PR, and VDR. The results 
showed that compared with the Hyper group, the expression 
of ERα and PR in the LVD, MVD, and HVD groups 
decreased significantly, of which the decrease of ERα was 
the most significant in the MVD group, and the decrease of 
PR expression in LVD group was the most significant. The 
protein expression of VDR in the mammary gland of rats in 
the LVD, MVD, and HVD groups was significantly higher 
than that in the Hyper group, especially in the MVD group, 
followed by the LVD group (Figure 5), indicating that VD3 
can effectively up-regulate the expression of VDR in the 
mammary gland, and then inhibit the expression of ERα 
and its downstream PR protein, resulting in the relief of 
mammary gland hyperplasia.

NC Ctrl Hyper

LVD MVD HVD

400×

400×

400×

400×

400×

400×

Figure 4 Detection of ERα expression in paraffin sections of mammary gland tissues by IHC (400×). After VD3 intervention, the staining 
of ERα in mammary gland ductal epithelial cells in LVD, MVD and HVD groups was significantly less than that in Hyper group. ERα, 
estrogen receptor α; IHC, immunohistochemistry; VD3, vitamin D3; LVD, low VD3; MVD, medium VD3; HVD, high VD3.
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Discussion

In women, HMG is a frequently occurring disease. Studies 
have shown that HMG can account for 75% of all breast 
diseases. On account of its high incidence and the risk of 
breast cancer, HMG has become one of the important 
harmful factors to women’s health (13,14). Data show that 
the relative risk of breast cancer in UDH is 1.5–2 times 
higher than that in patients without proliferative breast 
disease, and the risk of ADH transforming into breast 
cancer is 4–5 times higher than that in UDH (4,15-17).

The pathogenesis of HMG is not fully understood, and 
more and more studies have proved that there is a close 
relationship between HMG and sex hormones. Current 
studies have shown that E2 can dilate and extend breast 
ducts, on the basis of which P can further promote the 
development of breast lobules, and PRL can promote 
the growth of mammary duct epithelial cells. the three 
hormones maintain the physiological hyperplasia or decline 
of the mammary gland during puberty and perinatal period. 
However, due to various internal and external factors 
leading to the imbalance of sex hormone levels in the 
body, especially the absolute or relative increase of E2, the 
mammary tissue cannot be changed from hyperplasia to 
restoration or incomplete restoration, which eventually 
leads to HMG (18,19). At present, in vitro breast models 
are mainly prepared by using E2 and P. According to 
literature reports and previous studies, the rat model of 
HMG was established by intraperitoneal injection of 
estrogen 0.5 mg/kg for 25 days and progesterone 4 mg/kg 
for 5 days. In the selection of animals, female rats are often 

the first choice for the preparation of HMG models because 
of their strong reproductive ability, simple operation, and 
the changes of mammary tissue after the preparation of the 
model are similar to those of human HMG (20,21). After 
30 days of combined use of estrogen and progesterone, 
we found that the diameter of the nipple, the height 
of the nipple, and the thickness of the mammary gland 
were significantly increased, and the appearance changes 
were consistent with HMG. The levels of E2, VD3 and 
testosterone in serum of rats were significantly increased. 
HE staining showed that the volume of mammary lobules 
increased, the epithelial cells thickened and were arranged 
disorderly, and the lobular ducts dilated obviously in the 
Hyper group, which suggested that the mammary gland 
hyperplasia was obvious. The protein western blot analysis 
in the mammary gland tissue showed that the expression 
of ERα and VDR in mammary gland tissue of rats in 
Hyper group was significantly increased, which indicated 
that mammary gland hyperplasia was obvious in rats and 
suggested that VDR played an important role in HMG.

VDR is the intracellular receptor for VD3, a steroid 
hormone receptor that is essential for normal mammary 
gland development (22). Recent studies have shown that 
VD3 can induce apoptosis, block cell cycle, and inhibit 
tumor cell proliferation through its receptor VDR in 
many ways (23-25). In wild type cells, low dose of VD3 
could induce G0/G1 cycle arrest and apoptosis, while 
VDR knockout cells did not produce cell cycle arrest and 
apoptosis even under the action of high dose of VD3. 
Research shows that VDR plays a key role in mammary 
gland development as a steroid hormone receptor. Knockout 
of VDR in mice can lead to obvious overgrowth of 
mammary gland, showing accelerated growth of mammary 
duct and occurrence of branching morphology. The results 
of isolation of primary mammary gland cells showed that the 
deletion of VDR could make the cells more sensitive to the 
stimulation of exogenous estrogen and progesterone (26,27). 
And IL-6 secreted by mammary duct cells can increase cell 
proliferation and decrease cell apoptosis through autocrine 
and paracrine effects, leading to mammary duct extension 
and collateral formation, which means that E2 and VDR 
play an important role in mammary gland development (28). 
In addition, in the mouse VDR knockout cell model, the 
cell growth was significantly inhibited and the expression of 
VD3 target gene was restored after exogenous introduction 
of stable human VDR expression vector (29), indicating that 
VDR signal transduction pathway plays an important role 
in mammary gland development.

Figure 5 Detection of the expression of ERα, PR, and VDR in rat 
mammary gland by western blot. The expression of ERα and PR in 
mammary gland tissue of the LVD, MVD, and HVD groups was 
significantly lower than that of Hyper group, while the expression 
of VDR was significantly higher than that of Hyper group. ERα, 
estrogen receptor α; PR, progesterone receptor; VDR, vitamin D3 
receptor.

BlankHyper LVD MVD HVD
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48 kD
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In order to study the role and mechanism of VDR in 
the occurrence and development of HMG. On the basis 
of rat HMG model, we intervened with VD3 for 30 days. 
The LVD group was injected with 5 μg/kg VD3, the MVD 
group was injected with 10 μg/kg VD3, and the HVD group 
was injected with 20 μg/kg VD3. The results showed that 
after the intervention of VD3 for 30 days, the mammary 
gland thickness of the 3 VD3 groups was significantly 
reduced, the nipple diameter was significantly lower than 
that of the Hyper group, and the nipple height decreased 
significantly after the intervention of VD3, but there was 
no significant difference among the three VD3 groups, 
indicating that 5 μg/kg VD3 could effectively alleviate the 
mammary gland hyperplasia in rats. It further shows that 
the VD3/VDR signal pathway can play an inhibiting role 
in HMG. In addition, the detection of sex hormone in the 
serum of rats in each group showed that the serum E2, 
T, and LH decreased significantly after the intervention 
of VD3, but there was no significant difference in FSH, 
PRL, and P among the three groups, suggesting that the 
inhibitory effect of VD3 on mammary gland hyperplasia 
did not affect the secretion of serum FSH, PRL, and P. The 
detection of the content of VD3 in serum of rats showed 
that the content of VD3 in serum of rats after intervention 
with VD3 was significantly lower than that in the Hyper 
group, which was different from that in theory, and its 
specific mechanism requires further investigation and 
discussion.

In order to further study and analyze the specific 
mechanism of VD3 regulating HMG in rats, paraffin 
sections of mammary gland tissues of rats in each group 
were stained with IHC staining. The results showed 
that after the combined stimulation of estrogen and 
progesterone, the staining of ERα, PR, and VDR in the 
mammary glands of rats was significantly enhanced. After 
the intervention of VD3, the expression of ERα and PR 
was significantly inhibited, the HMG was significantly 
alleviated, while the staining of VDR was increased, which 
further indicates that VD3 can resist the stimulation 
of exogenous estrogen and progesterone by activating 
intracellular VDR and inhibiting HMG-inducing factors 
such as ERα and PR. ERα and PR respectively present 
the signal transduction of estrogen and progesterone in 
mammary tissue, and they can directly or indirectly combine 
with a variety of transcription factors to play the role of 
transcriptional regulation and many intracellular signal 
pathways. In the transmission of ERα signaling pathway in 

mammary epithelial cells, PR/PRL presents ERα signaling 
and plays a key role in downstream cell functions. It can activate 
the activities of JAK and STAT proteins, and then participate 
in the proliferation and differentiation of mammary cells to 
maintain normal physiological functions of the breast (30).  
Similarly, this function also plays a key role in the 
occurrence and development of breast diseases, especially 
that of breast cancer. We analyzed the expression of ERα, 
PR, and VDR by western blot. The results showed that the 
expression of ERα and PR decreased significantly after the 
intervention of VD3, while the protein expression of VDR 
increased significantly, indicating that the upregulation of 
VDR can inhibit the expression of ERα and its downstream 
PR protein. It weakens the proliferation and division of 
mammary duct epithelial cells, inhibits the promoting 
effect of estrogen and progesterone on mammary gland 
hyperplasia, and finally inhibits the HMG of rats. 

To date, a number of studies have confirmed that the 
VD3/VDR signal pathway can be involved in breast 
development and breast cancer. Zinser et al. found in VDR 
knockout mice that VDR deficient mice had less resistance 
to the carcinogen dimethylbenzanthracene (DMBA) 
in vitro, and were more likely to be induced into breast 
cancer and a higher proportion of hormone independent 
mice than wild-type mice. In addition, VDR deficient 
mice had more significant tumorigenesis in epidermis and 
lymphoid tissues. It is suggested that the deletion of VDR 
increases the susceptibility of tumor in mice (7). Primary 
cells were isolated from breast cancer in wild type and 
VDR knockout mice, and the malignant degree of cells was 
further observed by VD3 stimulation. The results showed 
that wild-type primary cells could normally express VDR 
and showed strong response to VD3, cell cycle arrest and 
apoptosis were obvious, while cells in VDR knockout 
group had no response to exogenous VD3, indicating 
that VD3 was involved in the regulation of breast cancer 
cell proliferation and apoptosis through VDR (31). In an 
organ culture experiment, it was found that the addition of 
exogenous VD3 could inhibit the formation of breast tumor 
induced by carcinogens in mice, while high VD3 diet and 
VDR agonists showed resistance to chemical carcinogens  
in vivo and inhibited breast tumor formation (7). 

So far, there is no definite treatment for HMG. At 
present, most of the treatment of HMG is to use drugs to 
inhibit the function of estrogen, but this treatment can only 
alleviate the symptoms of mammary gland hyperplasia, not 
really eradicate, and the tissue that has already proliferated 
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is difficult to recover and many adverse reactions have 
been associated. However, surgical treatment often causes 
greater injury or even sacrifice of the breast and has a 
high recurrence rate, so it is not easy for patients to accept 
such an intervention (32). The treatment of traditional 
Chinese medicine (TCM) has a good clinical effect, but 
there are many kinds of TCM decoction and there are 
often modified and subtractive prescriptions, and its fixed 
decoction is less, which is not conducive to the screening 
of effective prescriptions, thus the therapeutic effect may 
vary widely (33,34).

In addition to maintaining calcium and phosphorus 
metabolism and bone development in vivo, VD3 can play 
a wider range of biological effects after binding to the 
receptor VDR into the nucleus, including inhibiting the 
proliferation of many types of cells, inducing apoptosis 
and differentiation, and regulating the function of the 
immune system. Our research showed that VD3 can inhibit 
the signal transduction of ERα and PR by inducing the 
expression of VDR in rat mammary gland tissue, resulting 
in the inhibition of mammary gland tissue cell hyperplasia, 
thus alleviating the proliferative effect of estrogen and 
progesterone on mammary gland tissue, which provides 
a new idea and research target for the prevention and 
treatment of clinical breast proliferative lesions. Vitamin D is 
an essential fat-soluble vitamin for the human body. VD3 is 
the active form of vitamin D. Vitamin D is mainly obtained 
from the synthesis of skin epidermis and dermis and a small 
amount of vitamin D is absorbed by food. As a kind of 
necessary nutrients for human body, VD3 has less side effect, 
cheap and easy to obtain. Appropriate amount of vitamin D 
supplementation for adult women (400–600 IU/d) (35) may 
be a new method for the treatment of HMG.

Conclusions

It has been shown that VD3 can effectively induce the 
expression of VDR and inhibit the expression of ERα 
and PR in rat mammary gland tissue, and finally inhibit 
the proliferation of cells in rat mammary gland tissue and 
alleviate the promoting effect of estrogen and progesterone 
on mammary gland hyperplasia.
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