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Abstract. In the present study, a rat model of breast hyperplasia 
was established via the administration of estradiol benzoate 
and progesterone. Subsequent changes associated with breast 
hyperplasia were then investigated by measuring the diameter 
and height of the nipples and by staining breast tissue with 
hematoxylin and eosin. The proliferation and apoptosis of 
hyperplastic cells in the breast tissue were then determined by 
analyzing the expression of proliferating cell nuclear antigen 
(PCNA) and cleaved‑caspase‑3 by immunohistochemistry 
and TUNEL staining. We also determined the expression 
of proteins associated with the phosphatase and tensin 
homolog (PTEN)/protein kinase B (AKT) signaling pathway 
by western blotting. Melatonin treatment led to a significant 
reduction in the degree of breast hyperplasia (P<0.05), a 
significant reduction in PCNA, a significant increase in the 
level of apoptosis (P<0.05), a significant increase in PTEN 
(P<0.05), and a significant reduction in AKT/p‑AKT (P<0.05). 
Furthermore, melatonin significantly decreased the aggrava‑
tion of breast hyperplasia induced by application of a PTEN 
inhibitor. Melatonin reduced the degree of breast hyperplasia, 
reduced the proliferation of hyperplastic breast tissue cells, 
and promoted cell apoptosis in hyperplastic tissue. These 
effects were achieved by the specific regulation of proteins in 
the PTEN/PI3K/AKT axis.

Introduction

Breast hyperplasia is a common disease that generally occurs 
in women and accounts for more than 90% of all breast 
diseases. Breast hyperplasia is characterized by proliferative 
pathological changes in the breast acini, epithelial cells lining 
the breast ducts, and fibrous connective tissue. The clinical 
manifestations of breast hyperplasia are breast pain, local 
thickening of the breast tissue, or multiple nodules of different 
sizes (1,2). The occurrence of breast hyperplasia can be associ‑
ated with an increased risk for breast cancer. The incidence of 
breast cancer in patients with severe breast hyperplasia, atypical 
breast hyperplasia, and cystic breast hyperplasia, is signifi‑
cantly higher (3). However, the etiology of breast hyperplasia 
is not fully understood. The breast is one of the most complex 
endocrine target organs in the human body and represents the 
principal target for many hormones. The expression levels of 
the estrogen receptor (ER) and the progesterone receptor (PR) 
in breast tissue have been associated with the regulation of 
self‑sensitivity in breast tissue (4). There is a general consensus 
of opinion among researchers that the occurrence of breast 
hyperplasia is closely related to the disruption of hormones and 
hormone receptors across the body (5,6). Currently, the prin‑
ciple treatment for this disease is drug or surgical treatment. 
However, because these lesions generally adopt a diffuse distri‑
bution, it is usually impossible to remove all of the hyperplastic 
lesions. It is therefore impossible to cure this disease completely 
by surgery alone. It is vital that we develop appropriate drugs 
for the treatment of breast hyperplasia.

Melatonin (N‑acetyl‑5‑methoxytryptamine) is an indole‑
amine, which is predominantly synthesized by the mammalian 
pineal gland. The synthesis and secretion of melatonin is 
controlled by light and dark conditions (7). Previous research 
has shown that melatonin can regulate the reproductive 
activities of several photoperiodic animals (8,9). Early work 
indicated that the main function of melatonin was to regulate 
sleep (10,11). However, subsequent studies have reported that 
melatonin has a multitude of effects against tumors (12) and 
in the regulation of immunity (13). With regards to the treat‑
ment of breast cancer, melatonin has been shown to reduce 
the growth rate of breast tumor cells and inhibit the invasion 
and metastasis of tumor cells. Indeed, such work indicated that 
melatonin could be a highly appropriate drug candidate for the 
treatment of breast tumors (14).
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Phosphatase and tensin homolog (PTEN) is an effective 
tumor‑suppressor gene located on chromosome 10q23.31 (15); 
this is the only tumor‑suppressor gene that has been identified 
to exhibit phosphatase activity. AKT (also referred to as protein 
kinase B) is a serine‑threonine kinase and is considered to act as 
a proto‑oncogene (16). The abnormal expression of these kinases 
has been previously linked to tumorigenesis (15,17). Previous 
studies have reported that breast cancer is associated with the 
abnormal activation of the PTEN/AKT pathway (14). In the 
present study, we investigated the molecular mechanisms under‑
lying the effects of melatonin on breast hyperplasia. Our research 
identified the abnormal activation of PTEN/AKT in the hyper‑
plastic breast tissue and that the degree of breast hyperplasia was 
significantly reduced following treatment with melatonin.

Materials and methods

Animals and the administration of treatments. Seventy‑six 
virgin female Wistar rats were purchased from Cavens Lab 
Animal Co., Ltd. (Changzhou, China), weighing 180‑220 g, 
were fed adaptively for one week and then randomly divided into 
two groups: A control group (n=13) and a model group (n =63). 
All animals were maintained under 12‑h light and 12‑h dark 
cycles at 22‑24˚C with free access to food and water. All rats 
in the model group, but not the control group, were treated with 
estrogen and progesterone to establish the rat model of breast 
hyperplasia. In brief, we injected 0.5 mg of estradiol benzoate 
into the muscles of the hind legs alternately for 25 days. Then, 
we injected 4 mg of progesterone for 5 consecutive days. Rats 
in the control group were injected with 0.1 ml of saline into the 
muscles of the hind legs for 30 days. After fasting for 12 h on the 
30th day, we selected three rats from the control group and three 
rats from the model group. Using these animals, we removed 
the second pair of the right mammary glands to prepare patho‑
logical sections for analyses. We then used sections stained 
with hematoxylin eosin (H&E) staining to verify the successful 
creation of the rat model of breast hyperplasia. During such 
analysis, we focused on the acini, ductal epithelium, and the 
mammary lobules. We observed obvious acinar and ductal 
epithelial hyperplasia, an increase in the diameter and number 
of mammary acini, an increase in the average diameter of the 
mammary lobules, and an increase in the number of mammary 
lobules. These results proved that the model had been success‑
fully established. Rats in which the model had been successfully 
established were then randomly divided into a model group 
(n=10), a negative control group (n=10), a positive control 
group (n=10), a melatonin group (n=10), a PTEN‑inhibitor 
group (n=10), and an melatonin+PTEN‑inhibitor group (n=10). 
Saline was used as a solvent.

We administered the PTEN inhibitor bpV (HOpic, EMD 
Biosciences) at a dose of 500 µg/kg by local injection every 
10 days. The negative control group was administered with 
normal saline, while rats in the positive control group were 
given tamoxifen. Saline was used as a control. The clinically 
equivalent dose was calculated as a dose reference (a factor of 
6.25 of the adult unit body weight). The diameter and height 
of the second pair of nipples were measured using a preci‑
sion Vernier caliper every 10 days. The overall duration of 
the experiments was 60 days. Prior to the experiment, the rats 
were fasted for 12 h and then anesthetized by intraperitoneal 

injection of a mixture of ketamine (100 mg/kg) and xylazine 
(5 mg/kg). During injection, we closely monitored the corneal 
reflex, muscle relaxation, and pain response. Following the 
induction of anesthesia, we applied hair removal cream to 
remove the fur around the second pair of mammary glands 
and aseptically removed the second pair of right mammary 
gland tissues. Some of these tissues were immediately stored 
in a freezer at ‑80˚C to await western blotting experiments. The 
rest of the tissues were fixed with 4% paraformaldehyde for 
3 days, embedded in paraffin, and sectioned for H&E staining. 
These sections were subsequently used to investigate histo‑
pathological changes in response to the different treatments. 
At the end of the experiment and under continuous anesthesia, 
the animals were euthanized by overdose of pentobarbital 
(125 mg/kg). All of the experiments were carried out in accor‑
dance with the Chinese regulations on the use and breeding 
of experimental animals and were approved by the Animal 
Experiment Center. All animal experiments complied with 
the ARRIVE guidelines and were carried out in accordance 
with the U.K. Animals (Scientific Procedures) Act, 1986 and 
associated guidelines.

Immunohistochemistry assay. First, we placed the paraffin‑
embedded tissue sections into a 60˚C incubator for 20 min. 
These were then dewaxed twice in xylene for 10 min. Next, the 
sections were hydrated with a graded series of ethanol concen‑
trations (from high to low). The dewaxed and hydrated sections 
were then treated with citrate buffer (sodium citrate antigen 
retrieval solution; 10 mM citric acid, pH 6.0) for 10 min and 
then washed three times in phosphate‑buffered solution (PBS). 
The sections were then immersed in 3% H2O2 at 37℃ for 
10 min and washed three times in PBS. The sections were 
incubated with 5% goat serum at 37℃ for 15 min before being 
incubated overnight with a primary antibody at 4˚C. Two 
monoclonal antibodies were used: Rabbit anti‑PCNA [dilution 
1:500; cat. #13110, Cell Signaling Technology, Inc. (CST)] and 
rabbit anti‑cleaved‑caspase‑3 (dilution 1:1,000; cat. no. 9664, 
CST). The following morning, the sections were rinsed three 
times and then incubated with a goat anti‑rabbit IgG second 
antibody (dilution 1:1,000; cat. no. ab7090, Abcam) at 37˚C for 
15 min. The sections were then washed three times in PBS, 
incubated in Strept Avidin Biotin Complex for 15 min at 37˚C, 
and then stained with 3,3‑diaminobenzidine tetrahydrochlo‑
ride (DAB) at 37˚C for 5 min. After staining with DAB, 
the sections were re‑stained with H&E and mounted with 
Permount (Thermo Fisher Scientific, Inc.). Finally, the sections 
were observed using an Olympus 1x70 light microscope 
(at magnifications of x200 and x400).

TUNEL assay. Paraffin‑embedded tissue sections were placed 
in a 60˚C incubator for 20 min and then dewaxed twice in 
xylene for 10 min. We then hydrated the sections with ethanol 
with a gradient series of ethanol concentrations (from high to 
low). The dewaxed and hydrated sections were then incubated 
with 20 µg/ml of Protease K for 20 min. TUNEL assay kits 
were purchased from Abcam and were used in accordance 
with the manufacturer's instructions. In brief, the TUNEL 
reaction was carried out at 37˚C for 1 h. After the reaction, 
the sections were washed three times with PBS, incubated 
with anti‑fluorescein antibody‑peroxidase (POD) for 30 min, 



ONCOLOGY REPORTS  45:  66,  2021 3

stained with DAB for 10 min, washed three times with PBS, 
and then re‑stained with H&E. Finally, sections were mounted 
with Permount. Sections were observed using an Olympus 
1x70 light microscope (at magnifications of x200 and x400). 
Cells showing brown‑stained nuclei were recorded as being 
positive. According to the distribution of apoptotic cells, we 
photographed 7 positive visual fields from each treatment 
group under a x400 objective. We then counted 200 cells in 
each visual field using Image‑pro Plus 6.0 (Image‑pro Plus, 
Media Cybernetics, Inc., USA). Then, we calculated the mean 
proportion of apoptotic cells (in %) as the apoptotic index (AI) 
using Equation 1.

Equation 1: AI = the number of apoptotic cells/total number cells

Western blotting assays. Fresh breast tissues were crushed 
by grinding in liquid nitrogen. We then extracted whole 
cell proteins in RIPA buffer (CST) and determined protein 
concentrations using a BCA protein concentration detection 
kit (Thermo Fisher Scientific, Inc.). Protein lysate (20 µg) was 
mixed with 4X SDS‑PAGE loading buffer and boiled at 99˚C 
for 5 min. The proteins were then separated by 12% SDS‑PAGE 
electrophoresis alongside a protein marker. Separated proteins 
were then transferred, along with the protein marker, onto a 
PVDF membrane. After transfer, the PVDF membrane was 
incubated with 5% skimmed milk at 37˚C for 1 h. The PDVF 
membrane was then incubated with several monoclonal anti‑
bodies at 4˚C overnight: Rabbit anti‑PTEN (dilution 1:1,000; 
cat. no. ab267787, Abcam), rabbit anti‑p‑AKT/AKT (dilution 
1:500, cat. #4060, CST), and rabbit anti‑GAPDH (dilution 
1:2,000; cat. no. ab8245, Abcam). After incubation with the 
primary antibody, the membrane was rinsed three times in 

Tris‑buffered saline Tween (TBST) for 10 min. The rinsed 
membrane was then incubated with a secondary antibody, 
goat anti‑rabbit IgG (dilution 1:2,000; cat. no. ab7090, Abcam), 
at 37˚C for 2 h. After incubation, the membrane was rinsed 
three times with TBST for 10 min. After rinsing, positive 
antibody binding was revealed by an enhanced chemilu‑
minescence (ECL) immunoblotting photoluminescence kit 
(Thermo Fisher Scientific, Inc.). The levels of each protein 
were then analyzed by Quantity One software version 4.4.0 
(Bio‑Rad Laboratories) and normalized to controls.

Statistical analysis. SPSS version 19.0 statistical software 
(SPSS Inc.) was used to analyze all experimental data. 
Experimental results are expressed as the mean ± standard 
deviation (SD). Different groups were compared by one‑way 
analysis of variance (ANOVA). We also carried out tests 
to determine the homogeneity of variance. If variances 
were uniform, then we carried out Fisher's least significant 
difference (LSD) analysis. However, if the variance was not 
uniform, then we used the Games‑Howell test. Differences 
were considered to be statistically significant if P<0.05.

Results

Changes in nipple diameter, height, and case characteristics. 
We found that nipple height and diameter were directly propor‑
tional to the severity of breast hyperplasia, and therefore, 
represent an intuitive index with which to reflect the degree of 
hyperplasia in mammary glands. As shown in Fig. 1A and B, 
both nipple diameter and nipple height in the model group 
were significantly wider and higher, respectively, than those 
in the control group (P<0.05). Compared to the model group, 

Figure 1. Height and diameter of the left and right nipples and the pathological features of rat breast tissue in each group. (A) Nipple length and (B) nipple 
diameter. (C) Hematoxylin and eosin staining (magnification, x400 and x200). Results are shown as means ± SEM of three independent experiments. *P<0.05 
vs. control; #P<0.05 vs. saline group.
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all of the drug treatments led to a significant reduction in both 
nipple diameter and height in all groups, except for the nega‑
tive control (saline) group (P<0.05). The therapeutic effect 
in the melatonin group was similar to that observed in the 
tamoxifen group.

Next, we investigated histological changes in each group 
by microscopy (Fig. 1C). We found that in the control group, 
the breast tissue was in a quiescent state, the epithelial cells of 
the mammary duct were arranged regularly, the ductal lumen 
and the acinar lumen were not dilated. In addition, there were 
only small numbers of lobular acini, and there was no inter‑
stitial hyperplasia. In the model group, there was significant 
hyperplasia of the breast acini and ductal epithelium, and the 
diameter and number of breast acini and breast lobules had 
increased significantly. In addition, we were able to visualize 
exfoliated epithelial cells and secretions in the breast acini and 
duct. In the melatonin and tamoxifen treatment groups, the 
degree of breast tissue hyperplasia was significantly alleviated, 
the arrangement of the epithelium cells in the mammary duct 
was slightly irregular, the acinar cavity and the ductal lumen 
were slightly dilated, a small number of acini were slightly 
hyperplastic, and the breast acini and ductal endocrine secre‑
tions were reduced. Our results demonstrated that melatonin 
can improve the pathological changes observed in breast tissue.

Melatonin inhibits cell proliferation in rats with breast 
hyperplasia. In order to determine the effect of melatonin 

on breast cell proliferation, we determined the expression 
of proliferating cell nuclear antigen (PCNA) and apoptotic 
protein cleaved‑caspase‑3 by immunohistochemistry. Analysis 
showed that PCNA was weakly positive in the ductal and 
acinar epithelial cells in the control group (shown as yellow or 
brown granular staining). Analysis also showed that there was 
a significantly lower number of cells that stained positive for 
cleaved‑caspase‑3 in the model group than that noted in the 
control group, and also that this positive staining was distrib‑
uted wider and was more intense. Compared with the other 
treatment groups, we found that the number of PCNA‑positive 
cells was significantly lower in the melatonin and tamoxifen 
groups, and that the number of cells that showed positive 
staining for cleaved‑caspase‑3 was significantly higher than 
that in the model group (Fig. 2, P<0.05). Following TUNEL 
staining, we re‑stained sections with hematoxylin. Cells 
showing brown nuclei were considered to be apoptotic. 
Analysis showed that there were almost no apoptotic cells in 
the control group (Fig. 2); however, the numbers of apoptotic 
cells in the melatonin group and the tamoxifen group were 
significantly higher.

Melatonin regulates the PTEN/AKT pathway in rats with breast 
hyperplasia. In order to investigate whether melatonin regu‑
lates breast hyperplasia via the PTEN/AKT pathway, western 
blotting was performed to determine the expression of PTEN, 
AKT, and phosphorylated (p‑)AKT proteins in each group. As 

Figure 2. Melatonin inhibits cell proliferation in rats with breast hyperplasia. Immunohistochemistry was used to investigate the relative expression of genes 
associated with proliferation and apoptosis (magnification, x200). Results are shown as means ± SEM of three independent experiments. *P<0.05 vs. control; 
#P<0.05 vs. saline group. PCNA, proliferating cell nuclear antigen.
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shown in Fig. 3, the expression of PTEN in the control breast 
tissue was significantly higher than in the model group, and the 
expression of p‑AKT/AKT in normal breast tissue was signifi‑
cantly lower than that in the model group (P<0.05). Changes 
were also detected in the expression of PTEN and p‑AKT/AKT 
in each treatment group. Results showed that the expression of 
PTEN was significantly increased in the tamoxifen and mela‑
tonin groups (P<0.05) while the expression of p‑AKT/AKT 
was significantly decreased (P<0.05). These results suggested 
that the effect of melatonin on hyperplasia in the mammary 
glands of rats is achieved via the PTEN/AKT pathway.

Melatonin weakens the effects of a PTEN inhibitor in rats with 
breast hyperplasia. In order to further confirm that melatonin 

regulates cell proliferation in hyperplastic breast tissue via 
the PTEN/AKT signaling pathway, our rat model was admin‑
istered a special PTEN inhibitor bpV (HOpic). Expression 
of PTEN was significantly inhibited and that the expression 
of p‑AKT/AKT had significantly increased in the PTEN‑in 
group compared with the control group (P<0.05). In addition, 
expression of PTEN in the melatonin+PTEN‑in group was 
significantly higher than that in the PTEN‑in group (P<0.05), 
while expression of p‑AKT/AKT was significantly inhibited 
(P<0.05). These data suggested that melatonin can weaken 
the activity of the PTEN/AKT signaling pathway (Fig. 4A). 
We also measured changes in nipple diameter and height 
across the different groups. Results showed that nipple height 
and nipple diameter increased significantly in the PTEN‑in 

Figure 3. Expression of PTEN/AKT pathway proteins in hyperplastic breast tissue and normal breast tissue. Western blotting was used to detect the expression 
of PTEN/AKT protein in breast tissue. Results are shown as means ± SEM of three independent experiments. *P<0.05 vs. control; #P<0.05 vs. saline group. 
PTEN, phosphatase and tensin homolog; AKT, protein kinase B; p‑, phosphorylated.

Figure 4. Melatonin weakens the effects of a PTEN inhibitor (PTEN‑in) on the height and diameter of the left and right nipples, and the pathological features 
of rats with breast hyperplasia. (A) Western blotting was used to detect the expression of PTEN/AKT protein in breast tissue. (B) Nipple length. (C) Nipple 
diameter. (D) Hematoxylin and eosin staining (magnification, x400 and x200). Results are shown as means ± SEM of three independent experiments. *P<0.05, 
#P<0.05 vs. PTEN‑in treated group. PTEN, phosphatase and tensin homolog; AKT, protein kinase B; p‑, phosphorylated.
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group. Furthermore, in the melatonin+PTEN‑in group, we 
found that nipple diameter and height was significantly lower 
than these parameters in the PTEN‑in group (P<0.05), thus, 
suggesting that breast hyperplasia was significantly reduced 
(Fig. 4B and C). We used H&E staining to investigate the effect 
of melatonin on the degree of breast hyperplasia under the 
intervention of a PTEN‑inhibitor. In the melatonin+PTEN‑in 
group, we observed that the breast hyperplasia had been 
significantly alleviated and was not affected by the PTEN 
inhibitor (Fig. 4D). These results suggested that melatonin can 
weaken the aggravation of breast hyperplasia caused by the 
administration of PTEN inhibitor.

The expression of PCNA and cleaved‑caspase‑3 were 
detected by immunohistochemistry in the PTEN‑in group 
and the melatonin+PTEN‑in group. Data showed that 
the expression of PCNA was significantly higher in the 
PTEN‑in group while the expression of cleaved‑caspase‑3 
was significantly lower (P<0.05; Fig. 5). Compared with the 
PTEN‑in group, the expression of PCNA was significantly 
lower in the melatonin+PTEN‑in group, while the expres‑
sion of cleaved‑caspase‑3 was significantly higher (P<0.05). 
TUNEL staining results were consistent with the expression 
of cleaved‑caspase‑3. This suggested that melatonin can 
reduce the proliferation of breast tissue cells caused following 
administration of the PTEN inhibitor.

Discussion

Breast hyperplasia refers to hyperplasia of the breast epithe‑
lium and fibrous tissue caused by endocrine imbalance 
and the structural degeneration of breast ducts and breast 
lobules (18,19). Breast hyperplasia is a common benign disease 
of the breast and occurs during the normal development and 
degeneration of female breasts. Globally, breast hyperplasia 
is ranked as the leading cause of female breast disease. If 
the disease persists for a long period of time, it can develop 
into pre‑cancerous lesions or even the development of breast 
cancer, thus, representing a serious risk for public health and 
the safety of women (20). Over recent years, there has been 
a gradual increase in the incidence of breast hyperplasia; 

furthermore, the age at onset has become younger. It is 
commonly believed that the increases incidence of this condi‑
tion is related to changes in social rhythm and life pressure. 
Moreover, this condition causes serious adverse effects on the 
physical and mental health of women of childbearing age (21). 
A recent study showed that the incidence of breast hyperplasia 
is increasing by 2.7‑fold each year, while the probability of 
breast cancer in patients with breast hyperplasia is 1.4‑ to 
1.5‑fold higher than that of healthy women (22). At present, 
tamoxifen, toremifene, and other drugs, are predominantly 
used for the treatment of breast hyperplasia (23,24). However, 
patient compliance for such treatment is poor. This is due to 
the requirements for long‑term treatment and the associated 
risk of a series of side effects (25). Therefore, there is a critical 
need to identify new drugs that are effective for the treatment 
of breast hyperplasia, but with fewer side effects and better 
outcomes.

In the present study, we found that melatonin performed 
well in alleviating breast hyperplasia and achieved the same 
therapeutic effect as tamoxifen. We established a rat model of 
breast hyperplasia induced by estradiol benzoate and proges‑
terone and then explored the molecular mechanisms underlying 
the effects of melatonin in the treatment of breast hyperplasia. 
By measuring changes in nipple height and diameter, and 
by investigating the pathological changes of breast tissue 
following H&E staining; we found that the degree of breast 
hyperplasia was significantly reduced after melatonin treat‑
ment. Next, we determined the expression of proliferating cell 
nuclear antigen (PCNA) and cleaved‑caspase‑3 protein, and 
evaluated proliferation and apoptosis in breast tissue. PCNA is 
an essential requirement for DNA replication. The expression 
and synthesis of PCNA is closely related to cell proliferation, 
and is therefore, an important index with which to evaluate 
the state of cell proliferation (26). Our results showed that 
the expression of PCNA in the model group was significantly 
higher (P<0.05). These data showed that the breast tissue had 
high rates of proliferation during the onset of breast hyper‑
plasia. After treatment, we found that the expression of PCNA 
decreased, thus, indicating that melatonin can significantly 
reduce cell proliferation in breast hyperplasia. Caspase‑3 is the 

Figure 5. Melatonin weakens the effects of PTEN inhibitor (PTEN‑in) on cell proliferation in rats with breast hyperplasia. Immunohistochemistry was used 
to detect the expression of genes associated with proliferation and apoptosis (magnification, x200). Results are shown as means ± SEM of three independent 
experiments. *P<0.05, #P<0.05 vs. PTEN‑in treated group. PTEN, phosphatase and tensin homolog; PCNA, proliferating cell nuclear antigen.
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most important executor of apoptosis in the caspase family, 
and represents the final common substrate of both endogenous 
and exogenous apoptosis pathways. Activated caspase‑3 can 
cleave substrate to induce apoptosis, and therefore, represents 
an important parameter with which to reflect apoptosis. By 
measuring the expression levels or the activity of activated 
caspase‑3, we can indirectly reflect the level of apoptosis (27). 
By detecting the expression levels of cleaved‑caspase‑3, we 
found that the expression levels of cleaved‑caspase‑3 were 
lower in the disease model group, thus suggesting that apop‑
tosis had been inhibited. We also found that the expression of 
cleaved‑caspase‑3 had increased significantly in the treatment 
group, thus suggesting that melatonin can promote apoptosis 
in hyperplastic breast tissue cells. In the present study, we also 
used TUNEL staining and the expression of cleaved‑caspase‑3 
to provide evidence for apoptosis; these two techniques 
yielded similar results. Consequently, our data suggested that 
the effects of melatonin in the treatment of breast hyperplasia 
are similar to, or even better than, tamoxifen.

Previous studies have found that melatonin has a signifi‑
cant effect on breast cancer and is a good candidate drug for 
the treatment of breast cancer (14). Furthermore, experimental 
studies have found that melatonin inhibits cell prolif‑
eration and induces apoptosis by inhibiting the COX‑2/PGE2, 
p300/NF‑κB, and PI3K/AKT signaling pathways, and by 
activating the APAF‑1/caspase‑dependent apoptotic pathways 
in breast cancer cells (28). We found that the phosphatase and 
tensin homolog (PTEN)/protein kinase B (AKT) signaling 
pathway was abnormally activated in breast hyperplasia and 
observed low levels of PTEN protein in the disease model 
group; however, the levels of PTEN protein increased signifi‑
cantly after melatonin treatment. PTEN is a widely studied 
tumor‑suppressor gene. Many human cancers are associ‑
ated with somatic deletion or mutation of the PTEN gene, 
including endometrial carcinoma (29), skin (30), breast (31) 
and prostate cancer (32). The inactivation of PTEN gene 
protein products in breast cancer is associated with tumor 
cell invasion and metastasis (33). PTEN is a phosphatase (34), 
which is the main negative regulator of class I phosphati‑
dylinositol‑3‑kinases (PI3Ks) (35). PTEN can inhibit the 
conversion of phosphatidylinositol‑4‑diphosphate (PIP2) to 
phosphatidylinositol‑3‑triphosphate (PIP3) (36). The reduc‑
tion or total loss of PTEN activity is known to contribute to 
the activation of the PI3K pathway (37). An increase in the 
levels of PIP3 in cancer cells can inhibit apoptosis and affect 
the growth and proliferation of tumor cells (38). In our study, 
the expression levels of PTEN protein in the model of breast 
hyperplasia were low. In contrast, the expression levels of 
PTEN protein were high in normal breast tissue. There was a 
significant difference between the two groups (P<0.05), thus, 
indicating that breast hyperplasia is associated with low levels 
of PTEN protein.

AKT is a key gene in the PTEN/AKT pathway and acts 
as a proto‑ncogene that encodes a 58‑kDa protein that is 
overexpressed in numerous human malignancies (39). The 
AKT protein contains 480 amino acids, with catalytic sites at 
both the N‑terminal and C‑terminal that are phosphorylated 
by PDK and PI3K, respectively (40). Once activated, AKT 
produces p‑Akt, which can promote tumor progression (41). 
PTEN exerts its role mainly via the PI3K/AKT signaling 

pathway. When PTEN is expressed at high levels, PIP2 is 
phosphorylated by PI3K; levels of PIP2 increase in the nucleus 
and therefore inhibit the PI3K/AKT pathway. When PTEN is 
expressed at low levels, there is a large‑scale accumulation of 
PIP3. This also leads to a significant reduction in the level of 
apoptosis. The reason for this is because AKT is always in a 
state of activation, thus inducing a variety of tumors (41‑43). 
Western blotting data further showed that the expression 
levels of PTEN consistently opposed those of p‑AKT/AKT. 
The expression of p‑AKT/AKT was upregulated in the disease 
model group, but significantly inhibited in the treatment 
groups (P<0.05). In the present study, we applied a special 
PTEN inhibitor bpV (HOpic) to inhibit PTEN activity in our 
rat model. Data showed that the extent of breast hyperplasia 
was significantly higher in the PTEN‑in group, as compared 
with the disease model group. Furthermore, the height and 
diameter of the nipple were significantly higher (P<0.05), the 
proliferation of breast tissue cells was significantly increased, 
and the extent of apoptosis was inhibited. These data indicated 
that PTEN had a regulatory effect on the proliferation of breast 
tissue cells. In the melatonin and PTEN‑in groups, it was clear 
that melatonin significantly attenuated the breast hyperplasia 
induced by a PTEN inhibitor, thus, suggesting that melatonin 
can alleviate breast hyperplasia via PTEN.

In regards to the limitations, in our study, we did not 
conduct a detailed study of the therapeutic window and side 
effects during melatonin treatment of breast hyperplasia. 
Thus, further in‑depth studies will be conducted to provide 
more research information in order to timely promote the use 
of melatonin in clinical treatment.

To conclude, our results indicate that melatonin is an 
effective means of treating breast hyperplasia, and that the 
PTEN/AKT pathway shows abnormal activation in breast 
hyperplasia. Our data also showed that the expression levels 
of proteins associated with the PTEN/AKT pathway were 
related to the degree of breast hyperplasia. Our data indicate 
that melatonin can play a therapeutic role by regulating the 
PTEN/PI3K/AKT axis. Our data indicate that melatonin 
may represent an ideal drug for the treatment of breast 
hyperplasia.
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