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​Abstract. The present study aimed to investigate whether 
rhamnetin induced apoptosis in human breast cancer cells and 
the underlying molecular mechanism of this anti cancer effect. 
The treatment of MCF‑7 cells with rhamnetin was able to 
significantly inhibit cell proliferation and induce caspase‑3/9 
activity in a dose‑ and time‑dependent manner, compared 
with untreated cells. In addition, treatment with rhamnetin 
was able to significantly promote the expression of p53 protein 
and microRNA (miR‑)34a compared with untreated cells. 
The treatment with rhamnetin also suppressed the expression 
of Notch1 protein in MCF‑7 cells compared with untreated 
cells. Subsequently, miR‑24a expression was promoted in 
rhamnetin‑treated MCF‑7 cells using a miR‑34a plasmid. 
The overexpression of miR‑34a was able to significantly 
inhibit cell viability and induce caspase‑3/9 activity in MCF‑7 
cells following treatment with rhamnetin. Furthermore, the 
overexpression of miR‑34a was able to significantly promote 
the expression of p53 protein and miR‑34a, and suppress the 
expression of Notch1 protein in rhamnetin‑treated MCF‑7 
cells. Therefore, the results of the present study demonstrated 
that rhamnetin induced apoptosis in human breast cancer cells 
via the miR‑34a/Notch‑1 signaling pathway. 

Introduction 

Breast cancer is the most common type of malignancy in 
women, of which the incidence and mortality rates rank first 
in cancer cases in females worldwide (1). In spite of early 
treatment, ~30% patients with breast cancer will experience 
relapse and metastasis  (1). For patients diagnosed with 

metastatic breast cancer, the conventional treatment typically 
controls the development of the disease effectively at first; 
however, over time, the majority of patients will deteriorate (2). 
To decrease mortality rates and develop novel therapeutic 
strategies, the molecular biological characteristics of breast 
cancer cells require further investigation.

microRNA (miRNA/miR), a small non‑coding RNA 
molecule between 21 and 23 nucleotides in length, serves 
important regulatory functions in a number of types of 
biological processes, including inflammation, apoptosis and 
autophagy (3). miRNAs may inhibit the expression of proteins 
or induce mRNA degradation by complementary base pairing 
with the mRNA of target genes at specific binding sites, so 
as to participate in gene regulation (4). miRNAs are able to 
regulate cancer‑associated genes, serving possibly as a cancer 
suppressor gene (5). In various tumor tissues, including breast, 
colon and liver cancer tissues, decreased expression of miRNA 
shas been observed  (6); therefore, regulating the levels of 
miRNA in cancer cells, particularly in cancer stem cells, may 
be used to identify a novel treatment strategy. 

The miR‑34 family includes miR‑34a, ‑34b and ‑34c (7,8). 
Previous studies have demonstrated that the cancer suppressor 
gene p53 directly induced the expression of miR‑34, which 
promoted apoptosis and induced cell cycle arrest (7,8). miR‑34a 
serves an important function in the proliferation, invasion and 
metastasis of breast cancer cells (9,10). Previous studies have 
revealed that miR‑34a may inhibit proliferation of pancreatic 
and stomach cancer stem cells (9,10).

The involvement of the Notch1 signaling pathway in tumor 
chemoresistance has been gaining increasing attention. A 
previous study demonstrated that the inhibition of Notch1 
in prostate cancer may increase the sensitivity of cells to 
docetaxel. Furthermore, oxaliplatin may induce the Notch1 
signaling pathway in colon cancer (11). In addition, a signifi-
cantly increased expression of Notch1 was observed in the 
patients with cisplatin resistance in ovarian cancer, cervical 
cancer, head and neck squamous cell carcinoma tumors (12). 
Silencing Notch1 significantly increased the toxic effect of 
cisplatin on tumor cells, such as breast cancer, lung cancer or 
liver cancer (12). 

The Notch signaling pathway has been conserved 
throughout evolution and serves an important function in 
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embryonic development, organ maturation and tumorigen-
esis (13). Notch1 is a Notch receptor that is associated with 
the occurrence, metastasis and drug resistance of breast 
cancer (13). A previous study revealed that Notch1 serves an 
important function in maintaining self‑renewal and regulating 
the differentiation of breast cancer stem cells (13). Notch1 
a target gene of miR‑34a; therefore, the miR‑34a/Notch1 
signaling pathway may serve functions in the cell proliferation 
of breast cancer cells and stem cells (14,15).

Isorhmnetin and glycosides are present in a variety of 
plants, including sea buckthorn, Salix matsudana, orientin, 
Gynostemma yixingense, camel thorn and wolfberry  (16). 
Sea buckthorn is rich in rhamnetin, which is one of the 
main monomers in sea buckthorn, and is typically used as 
a standard for the determination of flavonoid content  (17). 
Previous studies have identified that rhamnetin exhibited 
multiple cardiovascular prevents myocardial ischemia and 
ischemia, angina, arrhythmia, oxygen free radicals and serum 
cholesterol (18,19). However, to the best of our knowledge, the 
tumor inhibitory effect of rhamnetin as a monomer remains 
unknown. Rhamnetin exhibits strong anti‑tumor effects (20). 
The present study aimed to investigate whether rhamnetin 
induced apoptosis in human breast cancer cells and the 
underlying molecular mechanism of this anticancer effect. 

Materials and methods

Cells and materials. MCF‑7 breast cancer cell lines were 
obtained from the School of Medicine, Nankai University 
(Tianjin, China) and Dulbecco's modified Eagle's medium 
(DMEM; Invitrogen; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA), supplemented with 10% fetal bovine serum 
(Invitrogen; Thermo Fisher Scientific, Inc.) at 37˚C in an 
atmosphere containing 5% CO2.

MTT proliferation assay. The MCF‑7 cells cultured with 
DMEM were subcultured into 96‑well culture microplates 
(1x104 cells/well) at 37˚C in an atmosphere containing 5% 
CO2. After 24 h incubation, the medium was discarded and 
replaced with 100 µl fresh DMEM containing 0, 5, 10, 15, 
25 µM rhamnetin and incubated for 24, 48 and 72 h at 37˚C. 
Subsequently, 20 µl MTT test solution was added to each well. 
After 4 h incubation at 37˚C in an atmosphere containing 5% 
CO2, the medium was discarded and 150 µl dimethyl sulfoxide 
was added to each well. After 20 min incubation in an incubator 
at 37˚C, absorbance was determined at 490 nm on an ELISA 
reader (Molecular Devices, LLC, Sunnyvale, CA, USA).

Caspase‑3/9 activity. The cultured MCF‑7 cells with 
DMEM were subcultured into 6‑well culture microplates 
(1x106 cells/well) at 37˚C in an atmosphere containing 5% 
CO2. After 24 h incubation, the medium was discarded and 
replaced with 100  µl fresh DMEM with 0, 5, 10, 15 and 
25 µM rhamnetin for 48 h at 37˚C. MCF‑7 cells were lysed 
using the radioimmunoprecipitation assay (RIPA) lysis buffer 
(Beyotime Institute of Biotechnology, Haimen, China) for 
30 min at 4˚C. Total protein concentration was quantitated 
using the BCA method (Beyotime Institute of Biotechnology), 
and 20 µg total protein was incubated with Ac‑DEVD‑pNA 
(Caspase‑3; C1116, Beyotime Institute of Biotechnology) or 

Ac‑LEHD‑pNA (Caspase‑9; C1158, Beyotime Institute of 
Biotechnology). After 2 h incubation at 37˚C, the absorbance 
was determined at 405 nm on an ELISA reader (Molecular 
Devices, LLC). 

Western blot analysis. The cultured MCF‑7 cells with 
DMEM were subcultured into 6‑well culture microplates 
(1x106 cells/well) at 37˚C in an atmosphere containing 5% 
CO2. After 24 h incubation, the medium was discarded and 
replaced with 100 µl fresh DMEM with 0, 5, 10, 15 and 25 µM 
rhamnetin for 48 h at 37˚C. MCF‑7 cells were lysed using 
with RIPA lysis buffer (Beyotime Institute of Biotechnology) 
for 30 min at 4˚C. Total protein concentration was quantified 
using the BCA method (Beyotime Institute of Biotechnology). 
Subsequently, 50 µg total protein concentration was separated 
using SDS‑PAGE (8‑12% gels) and electro transferred to poly-
vinylidene fluoride membranes (EMD Millipore, Billerica, 
MA, USA). The membranes blocked with 5% non‑fat milk 
in TBST for 1 h at 37˚C and immunoblotted with primary 
antibodies against p53 (sc‑71817, dilution, 1:500; Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA), Notch‑1 (sc‑71719, 
dilution, 1:500; Santa Cruz Biotechnology, Inc.) and GAPDH 

Figure 3. Rhamnetin induces caspase‑3/9 activity in MCF‑7 cells. **P<0.01 
vs. 0 µM rhamnetin.

Figure 1. Chemical structure of rhamnetin.

Figure 2. Rhamnetin suppresses the viability of human breast cancer MCF‑7 
cells. **P<0.01 vs. 0 µM rhamnetin.
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(sc‑51631, dilution, 1:1,000; Santa Cruz Biotechnology, Inc.) 
overnight at 4˚C, followed by incubation with anti‑rabbit 
secondary antibodies (sc‑2004, dilution, 1:5,000; Santa Cruz 
Biotechnology, Inc.) for 1 h at 37˚C following washing for 
15 min using TBSTween‑20. The membranes were visualized 
using an enhanced chemiluminescence kit (GE Healthcare, 
Chicago, IL, USA).

Reverse transcription‑quantitative (RT‑qPCR). TRIzol 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was used 
to isolate total RNA from MCF‑7 cells. A total of 2 µg RNA 
was reverse transcribed into cDNA using the Takara RNA 
PCR set (Takara Bio, Inc., Otsu, Japan) at 37˚C for 30 min 
and 85˚C for 1 min according to the manufacturer's protocol. 
qPCR was performed using the StepOne and StepOnePlus 
Real‑Time PCR system (Applied Biosystems; Thermo Fisher 
Scientific, Inc.). The primer sequences for miR‑34a were as 
follows: Forward, 5'‑TGG​CAG​TGT​CTT​AGC​TGG​TTG​T‑3'; 
and reverse, 5'‑GGC​AGT​ATA​CTT​GCT​GAT​TGC​TT‑3'. The 
primer sequences for U6 were as follows: Forward, 5'‑CTC​
GCT​TCG​GCA​GCA​CA‑3'; and reverse, 5'‑AAC​GCT​TCA​
CGA​ATT​TGC​GT‑3'. PCR was performed for 40 cycles of 
95˚C for 30 sec and 60˚C for 30 sec. The expression relative 
was determined using the 2−ΔΔCq method relative to U6 (21).

Plasmid construction and transfection. miR‑34a mimics 
(5'‑UGG​CAG​UGU​CUU​AGC​UGG​UUG​U‑3') and negative 
control miRNA mimic (5'‑CCC​CCC​CCC​CCC​CCC‑3') were 
purchased from Shanghai GeneChem Co., Ltd. (Shanghai, 
China). A total of 100 ng of miR‑34a mimics and the negative 
control miRNA mimic were used to transfect MCF‑7 cells 
using Lipofectamine® 2000 transfection reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.). Following 4 h of transfection, 
old DMEM was substituted with new DMEM without fetal 
bovine serum and was added into the cell. 

Statistical analysis. Data are expressed as the mean ± standard 
error of the mean using SPSS 17.0 (SPSS, Inc., Chicago, IL, 

USA). One‑way analysis of variance was used for evaluating 
the statistical significance between groups followed by the 
Bonferroni post hoc test. P<0.05 was considered to indicate a 
statistically significant difference.

Results 

Rhamnetin suppresses the proliferation of MCF‑7 human 
breast cancer cells. The chemical structure of rhamnetin is 
presented in Fig. 1. First, the anti‑cancer effects of rhamnetin 
on the cell viability of MCF‑7 cells were examined. As 
presented in Fig. 2, rhamnetin suppressed the cell viability 
of human breast cancer cells MCF‑7 in a time‑ and dose‑
dependent manner. When MCF‑7 cells were treated with 
various 10‑25 µM rhamnetin for 72 h, or 15‑25 µM rhamnetin 
for 48 h, the proliferation of MCF‑7 cells was significantly 
decreased compared with the untreated cells. Therefore, these 
findings indicated that treatment with rhamnetin was able to 
suppress the proliferation of human breast cancer MCF‑7 cells.

Rhamnetin induces caspase‑3/9 activity in MCF‑7 cells. 
Subsequently, the effect of rhamnetin on caspase‑3/9 activity 
in MCF‑7 cells was examined using various concentrations of 
rhamnetin (0, 15, 20 and 25 µM) ELISA. The results of the 
present study indicated that 20 and 25 µM rhamnetin were 
able to significantly increase the caspase‑3/9 activity in MCF‑7 

Figure 5. Rhamnetin promotes miR‑34a expression in MCF‑7 cells. **P<0.01 
vs. 0 µM rhamnetin. miR, microRNA.

Figure 4. Rhamnetin treatment affects p53 and Notch‑1 expression in MCF‑7 cells. The expression of (A) p53 was increased and (B) Notch‑1 was decreased 
following rhamnetin treatment in MCF‑7 cells as indicated by western blot analysis. **P<0.01 vs. 0 µM rhamnetin.
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cells in a dose‑dependent manner compared with the untreated 
cells (Fig. 3). 

Rhamnetin induces p53 protein expression in MCF‑7 cells. 
To investigate whether apoptosis is promoted following rham-
netin treatment in MCF‑7 cells, p53 protein expression was 
examined using western blot analysis. As presented in Fig. 4, 
p53 expression was significantly increased in MCF‑7 cells 
compared with the untreated cells following the treatment of 
MCF‑7 cells with 20 and 25 µM rhamnetin for 48 h. 

Rhamnetin suppresses Notch‑1 protein expression in MCF‑7 
cells. The anti‑effect mechanism of rhamnetin on Notch‑1 
expression in MCF‑7 cells was evaluated; 20 and 25 µM rham-
netin were able to significantly decrease Notch‑1 expression in 
MCF‑7 cells compared with the untreated cells (Fig. 4). 

Rhamnetin promotes miR‑34a expression in MCF‑7 cells. To 
evaluate the anti‑effect mechanism of rhamnetin in MCF‑7 
cells, miR‑34a expression was determined using RT‑qPCR. 
miR‑34a expression in MCF‑7 cells was significantly increased 
following treatment with 20 and 25 µM rhamnetin for 48 h 
compared with the untreated cells (Fig. 5).

Overexpression of miR‑34a inhibits the proliferation of 
MCF‑7 cells following treatment with rhamnetin. According 
to the previous results in the present study, it was hypoth-
esized that miR‑34a may mediate the anti‑cancer effects of 
rhamnetin in MCF‑7 cells. As presented in Fig. 6A, transfec-
tion with miR‑34a mimics significantly increased miR‑34a 
expression in MCF‑7 cells that were treated with rhamnetin 
(25 µM) compared with MCF‑7 cells that were treated with 
25 µM rhamnetin alone. Subsequently, the overexpression of 
miR‑34a significantly inhibited the cell viability of MCF‑7 
cells compared with the 25‑µM rhamnetin treatment group 
(Fig. 6B). 

Overexpression of miR‑34a increases caspase‑3/9 activity in 
MCF‑7 cells following treatment with rhamnetin. The effect 
of rhamnetin on the activity of caspase‑3/9 in MCF‑7 cells that 
were treated by rhamnetin was subsequently examined. As 
presented in Fig. 7, the overexpression of miR‑34a was able to 
significantly increase caspase‑3/9 activity in MCF‑7 cells that 
were treated with 25 µM rhamnetin, compared with treatment 
with 25 µM rhamnetin alone. 

p53 protein expression increases following overexpression of 
miR‑34a and rhamnetin treatment. To validate the association 
between miR‑34a and p53, MCF‑7 cells were treated with 
rhamnetin and transfected with miR‑34a mimic. Subsequently, 
p53 protein expression was determined using western 
blot analysis. The induction of p53 protein expression was 
significantly increased following overexpression of miR‑34a in 
rhamnetin‑treated MCF‑7 cells compared with cells that were 
treated with 25‑µM rhamnetin alone (Fig. 8).

Overexpression of miR‑34a and rhamnetin treatment 
decreases Notch‑1 expression. To investigate the association 
between miR‑34a and Notch‑1 following the overexpression 
of miR‑34a in MCF‑7 cells, Notch‑1 protein expression was 
determined using western blot analysis in MCF‑7 cells. The 
results from the western blot analysis revealed that Notch‑1 
expression was significantly suppressed by the overexpression 
of miR‑34a in MCF‑7 cells that were treated with rhamnetin 
compared with MCF‑7 cells that were treated with 25‑µM 
rhamnetin alone (Fig. 8). 

Discussion

Breast cancer is a life‑threatening disease for women worldwide, 
and the advancements in early diagnosis and treatment of breast 
cancer has markedly reduced mortality rates (22). However, 
the recurrence, metastasis and resistance to chemotherapy of 
breast cancer present challenges for treatment (23). Statistics 
reveal that breast cancer accounts for ~15% of all cancer‑asso-
ciated mortalities worldwide, and the number of patients 

Figure 6. Activation of miR‑34a affects the proliferation of MCF‑7 cells that were treated with rhamnetin. (A) Treatment with 25 µM rhamnetin increased 
miR‑34a expression, and overexpression of miR‑34a with 25 µM rhamnetin treatment induced this effect further. (B) Treatment with 25 µM rhamnetin 
decreased the viability of MCF‑7 cells, and overexpression of miR‑34a with 25 µM rhamnetin induced this effect further. **P<0.01 vs. 0 µM rhamnetin; 
##P<0.01 vs. 25 µM rhamnetin. 0 µM, control; 25 µM + miR‑34a, 25 µM rhamnetin with miR‑34a plasmid; miR‑34a, microRNA 34a.

Figure 7. Activation of miR‑34a increases caspase‑3/9 activity in MCF‑7 cells 
that were treated with rhamnetin. **P<0.01 vs. 0 µM rhamnetin; ##P<0.01 vs. 
25 µM rhamnetin. 0 µM, control; 25 µM + miR‑34a, 25 µM rhamnetin with 
miR‑34a plasmid; miR‑34a, microRNA 34a.
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with breast cancer is increasing by >1.3 million/year (22,24). 
Therefore, studies that focus on the search for novel and 
effective diagnostic and treatment methods remain prevalent 
in breast cancer research. Pieme et al (25) demonstrated that 
rhamnetin induced mitochondrial‑dependent apoptosis and 
G0/G1 phase arrest in human leukemia HL‑60 cells. In the 
present study, it was revealed that treatment with rhamnetin 
was able to suppress the cell viability of MCF‑7 cells and 
induce caspase‑3/9 activity, suggesting that rhamnetin serves 
an anti‑cancer function.

miR‑34a is capable of regulating proliferation, apoptosis, 
invasion and migration of tumor cells by targeting multiple 
genes, which indicates that it may be more beneficial in 
gene therapy compared with short‑interfering RNA (8). At 
present, a number of studies have focused on increasing the 
understanding of the tumor suppressor effects of miR‑34a with 
the aim of improving prognosis for patients (26). It has been 
identified that nanoparticles may be used to deliver miRNA 
or the miRNA mimetic into the body effectively. The delivery 
of the miR‑34a mimetic by nanoparticles using intravenous or 
intratumoral injection method was able to significantly inhibit 
tumor growth, without serious toxicities or adverse immune 
reactions, in various cancer types, including breast, prostate, 
pancreatic cancer and non‑small cell lung cancer (10,26). 

Kang et al (27) reported that rhamnetin and cirsiliol induce 
radiosensitization by miR‑34a‑mediated of p53 and Notch‑1. 
The present study demonstrated that treatment with rhamnetin 
was able to significantly induce miR‑34a expression in MCF‑7 
cells. Therefore, the upregulation of miR‑34a may represent 
a novel mechanism for the anti‑cancer effect of rhamnetin in 
human breast cancer. 

As a downstream target of p53, miR‑34a serves an impor-
tant function in regulating the p53 network. Upregulating 
miR‑34a induced apoptosis and cell cycle arrest, and p53 
may enhance this affect by a positive feedback loop that 

involves the p53‑miR‑34a‑sirtuin 1 signaling pathway (28). In 
addition, miR‑34a is subject to regulation by p53‑dependent 
and p53‑independent pathways (29,30). The aforementioned 
findings suggest that rhamnetin is able to induce p53 protein 
expression in MCF‑7 cells. Therefore, it has been suggested 
that p53‑associated apoptotic factors are involved in mediating 
the apoptotic effect of rhamnetin in MCF‑7 cells (29,30). 

The Notch pathway is an evolutionarily conservative 
signaling pathway and is associated with cell proliferation, 
apoptosis, epithelial‑mesenchymal transition, and self‑renewal 
and differentiation of stem cells  (31). The Notch signaling 
pathway is activated by the combination of a ligand and a 
receptor between adjacent cells (32). Following receptor and 
ligand binding, Notch intracellular domain (NICD) is released 
by enzyme action and NICD enters the nucleus to activate 
the transcription of downstream target genes (33). The Notch 
signaling pathway primarily exhibits tumor‑promoting effects, 
but it has been suggested that its function varies in different 
types of tumor (34).

The Notch1 pathway is a highly conservative signaling 
pathway, which is widely expressed in vertebrates and 
invertebrates, and which serves an important function in 
embryonic development, organ maturation and tumor develop-
ment process (35). In mammals, the Notch signaling pathway 
molecules includes four transmembrane receptors (Notch1‑4) 
and five ligands (delta‑like 1, 3 and 4, and jagged‑1 and 2). A 
previous study demonstrated that the activated forms of contin-
uous expression of Notch1 or Notch4 induced the formation of 
spontaneous mammary tumors in mice, which suggested that 
activation of the Notch signaling pathway is associated with 
the occurrence of breast cancer (36). Bioinformatics analysis 
revealed that Notch1 is a target gene of miR‑34a, suggesting 
that Notch1 may serve a function in the regulation of miR‑34a 
in breast cancer (13). The results of the present study identified 
that the overexpression of miR‑34a was able to significantly 

Figure 8. Overexpression of miR‑34a affects the expression of p53 and Notch‑1 in MCF‑7 cells that were treated with rhamnetin. (A) Treatment with 25 µM 
rhamnetin increased p53 expression, and the overexpression of miR‑34a and treatment with 25 µM rhamnetin induced this effect further. (B) Treatment with 
25 µM rhamnetin decreased Notch1 expression, and the overexpression of miR‑34a with 25 µM rhamnetin induced this effect further. (C) Western blots 
indicating p53 and Notch‑1 expression in MCF‑7 cells that were treated with rhamnetin and transfected with miR‑34a plasmid. **P<0.01 vs. 0 µM rhamnetin; 
##P<0.01 vs. 25 µM rhamnetin. 0 µM, control; 25 µM + miR‑34a, 25 µM rhamnetin with miR‑34a plasmid; miR‑34a, microRNA 34a.
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promote the expression of p53 protein and suppress the expres-
sion of Notch1 protein in MCF‑7 cells, following treatment 
with 25 µM rhamnetin compared with the cells that were 
treated with 25 µM alone. Jia et al  (20) demonstrated that 
rhamnetin induced sensitization via miR‑34a and the Notch‑1 
signaling pathway in hepatocellular carcinoma cells. 

To the best of our knowledge, the present study was the 
first to demonstrate that treatment with rhamnetin was able 
to significantly inhibit cell proliferation, induce caspase‑3/9 
activity, promote the expression of p53 protein and miR‑34a, 
and suppress the Notch1 expression in MCF‑7 cells. Therefore, 
it was revealed that rhamnetin suppresses the growth of human 
breast cancer cells and may be used for clinical applications. 
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