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Abstract. Breast cancer, which is the second leading cause 
of cancer‑associated mortality in women worldwide, develops 
from breast tissue. Chemotherapy is the most commonly used 
therapy to treat breast cancer. However, a number of natural 
plant‑derived products have been suggested as alternative ther-
apies to treat different types of cancer, such as breast cancer. 
The aim of the present study was to determine the anti‑tumor 
effects of ursolic acid and its effect on apoptosis and inflam-
mation in breast cancer cells. The anti‑cancer effects of ursolic 
acid were evaluated in vitro using flow cytometry, western 
blotting and reverse transcription‑quantitative polymerase 
chain reaction. The results suggest that ursolic acid inhibits 
the viability of breast cancer cells by inducing autophagy 
and apoptosis without inducing cell death. Cellular migration 
assays demonstrated that ursolic acid was able to suppress the 
invasive ability of breast cancer cells (P<0.05). In addition, 
the phosphoinositide 3‑kinase (PI3K)/protein kinase B (AKT) 
pathway was downregulated following ursolic acid admini
stration (P<0.05), leading to an upregulation of glycogen 
synthase kinase activity (P<0.05) and downregulation of 
B‑cell lymphoma 2 (P<0.05), subsequently causing autophagy 
and apoptosis via cyclin‑D1 inhibition and caspase‑3 stimu-
lation (P<0.05). Furthermore, the inflammatory response of 
breast cancer cells was assessed by measuring levels of nuclear 
factor (NF)‑κB. Ursolic acid was found to downregulate 
NF‑κB in breast cancer cells, thus inhibiting inflammation 
and preventing the progression of breast cancer (P<0.05). To 
the best of our knowledge, the present study is the first to 
assess the effect of ursolic acid on breast cancer cells through 
PI3K/AKT‑regulated GSK and caspase‑3 accompanied by 

NF‑κB signaling pathways. The results of the present study 
regarding the potential underlying molecular mechanisms of 
ursolic acid may be used to develop novel therapeutic strate-
gies for breast cancer treatment.

Introduction

It has been reported that breast cancer, which is the most 
common cancer in females across the world, accounts for 
~25% of all female malignancies and has a higher incidence 
in developed countries (1,2). Furthermore, breast cancer is 
reportedly the second leading cause of cancer‑associated 
mortality among females worldwide (3). Breast cancer is typi-
cally treated by surgical resection, which may be followed up 
by chemotherapy, radiation therapy or both (4). Treatments 
are constantly evaluated in randomized controlled trials to 
evaluate and compare the effectiveness of drugs used indi-
vidually or in combination, as well as different surgical and 
radiation techniques (5). Investigations include novel forms 
of targeted therapy (6,7). The aim of the present study was 
to identify novel reagents that have the potential to clinically 
treat breast cancer with low toxicity and minimal side effects.

The discovery of novel natural compounds with low 
toxicity the ability to inhibit cancer cells is an important area 
of cancer research (8). Ursolic acid (Fig. 1A) is a pentacyclic 
triterpenoid initially identified in the epicuticular waxes of 
apples in the 1920 s and is widely found in the peel of various 
fruits, as well as in herbs and spices including rosemary and 
thyme (9,10). A number of potential biochemical effects of 
ursolic acid have been investigated, including antiproliferative, 
anti‑inflammatory and anti‑oxidant abilities  (11); however, 
to date there have been no clinical studies demonstrating its 
benefits to human health. In vitro, ursolic acid inhibits the 
proliferation of various cancer cell types by inhibiting the 
signal transducer and activator of transcription 3 activation 
pathway, and may also decrease the proliferation of cancer 
cells and induce apoptosis (12). It has also been demonstrated 
that ursolic acid inhibits c‑Jun N‑terminal kinase expression 
and interleukin (IL)‑2 activation, leading to a reduction in the 
proliferation and activation of T cells (13‑15). At physiological 
concentrations, ursolic acid also induces eryptosis, which is 
the apoptosis‑like suicidal cell death of defective red blood 
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cells (16,17). However, it remains unknown whether ursolic 
acid is able to target breast cancer cells by inhibiting tumor 
cell proliferation.

The phosphoinositide 3‑kinase (PI3K)/protein kinase B 
(AKT) signaling pathway is an important part of intracellular 
signal transduction, cell proliferation, differentiation, apoptosis 
and migration, and is associated with metastasis and cancer 
progression in a variety of tumors (18,19). Glycogen synthase 
kinase (GSK) is a protein downstream of AKT that is associated 
with the pathological progression of many types of cancer (20). 
The PI3K/AKT signaling pathway therefore acts by regulating 
cell growth and proliferation, at least partly via the modulation 
of GSK. Caspase activation and apoptosis, primarily regu-
lated by the B‑cell lymphoma 2 (Bcl‑2) family that consists 
of pro‑ and anti‑apoptotic members, serves a crucial role in 
tumor progression and growth (21,22). The transcription factor 
nuclear factor (NF)‑κB serves a vital role in the inflammatory 
response, immunity, cell proliferation, differentiation and 
survival (23). Given that NF‑κB is considered to be a central 
link in the pathogenic processes of many tumors, it may repre-
sent a potential target for the treatment of breast cancer (24).

In the present study, it was hypothesized that ursolic acid 
may inhibit the proliferation of breast cancer cells in vitro, 
and may induce apoptosis and autophagy to suppress the 
development of breast cancer. It has been demonstrated that 
NF‑κB is associated with inflammation that contributes to the 
development of breast cancer (25), which may be inhibited by 
ursolic acid. By inhibiting proliferation and inflammation, as 
well as inducing autophagy and apoptosis, ursolic acid may be 
developed as a novel method of treating breast cancer.

Materials and methods

Cell culture and treatment. The human breast cancer cell 
lines T47D, MCF‑7 and MDA‑MB‑231 were obtained from 
the Shanghai Institute of Biochemistry and Cell Biology 
(Shanghai, China). T47D, MCF‑7 and MDA‑MB‑231 cell 
lines were cultured for different time in each experiment as 
the following indicated in RPMI‑1640 (Gibco, Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) or Dulbecco's Modified 
Eagle's Medium (DMEM; Gibco; Thermo Fisher Scientific, 
Inc.) with 10% heat‑inactivated fetal bovine serum (Invitrogen; 
Thermo Fisher Scientific, Inc.) and 1% penicillin/streptomycin 
at 37˚C in an atmosphere containing 5% CO2. Ursolic acid 
was purchased from Shanghai Yuanye Biological Technology 
Co., Ltd. (Shanghai, China) and was dissolved in dimethyl 
sulfoxide (DMSO) at various concentrations (0, 10, 20, 40, 80, 
160, and 320 ug/ml) prior to cell administration.

Cell viability assays. The effects on cell viability of ursolic acid 
administration were determined by Sulforhodamine B (SRB) 
assay or assessed by manual counting with a standard hemo-
cytometer followed by trypan blue staining. T47D, MCF‑7 and 
MDA‑MB‑231 cells were seeded in a 96‑well plate a density 
of 3,000 cells/well, allowed to adhere overnight, and treated 
with different doses of ursolic acid (0, 10, 20, 40, 80, 160, and 
320 ug/ml) for 3 days at 37˚C. Cells were subsequently fixed 
with 10% trichloroacetic acid for 1 h at 4˚C, washed with deion-
ized water and stained with 0.4% SRB dye (Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany) for 15  min at room 

temperature. Cells were then washed with acetic acid and the 
SRB dye was dissolved with unbuffered Tris at a concentra-
tion of 10 mmol/l. Optical density was determined at 540 nm 
using a plate reader. To create growth curves, breast cancer 
cells from each cell line were treated with ursolic acid for indi-
cated time (0, 1, 2, 3, 4, 5, and 6 days), and the cell growth was 
measured after each treatment. The total number of cells was 
assessed following trypan blue staining at room temperature 
using a scanning microscope (magnification, x20; FV1200, 
Olympus Corp, Japan) and at least 5 areas were randomly 
selected and analyzed by CellProfiler software (Version 2.1.0; 
Broad Institute, Cambridge, MA, USA).

Measurement of apoptosis. Cell apoptosis was determined 
by flow cytometry (Cytomics FC 500 MCL; Beckman 
Coulter, Inc., Brea, CA, USA). Determination of apoptosis in 
T47D, MCF‑7 and MDA‑MB‑231 cells was performed using 
Annexin V‑FITC and propidium iodide double staining kits 
following the manufacturer's protocol (eBioscience; Thermo 
Fisher Scientific, Inc.). Briefly, 2x105  T47D, MCF‑7 and 
MDA‑MB‑231 cells were pretreated with nicotine and hype-
roside for 48 h at 37˚C. The cells were subsequently harvested 
using trypsin (Gibco; Thermo Fisher Scientific, Inc.) and 
suspended in DMEM. Cell suspensions were centrifuged at 
800 x g for 5 min to remove cellular debris and impurities 
at 4˚C. All cells were washed twice in Hank's buffer (Gibco; 
Thermo Fisher Scientific, Inc.). Cells were subsequently 
double‑stained with Annexin V‑FITC and propidium iodide 
for 30 min at room temperature.

Colony‑forming assay. T47D, MCF‑7 and MDA‑MB‑231 
cells were seeded at a density of 1,000 cells/well in a 6‑well 
plate, allowed to adhere overnight and administered with the 
indicated dosages (0, 160, and 320 µg/ml) of ursolic acid. 
Following 6 days culture at 37˚C, the cells were fixed with 
methanol, stained with crystal violet and the numbers of colo-
nies with >50 cells were counted in 5 random fields using a 
scanning microscope (magnification, x20; Olympus FV1200).

Cell migration assay. The cell migration assay was performed 
using 24‑well Transwell chambers, and untreated cells were 
used as the control group. A total of 1x105 T47D, MCF‑7 
and MDA‑MB‑231 cells were seeded in the top chamber of 
Transwell plates. A total of 600 ml ursolic acid was added to 
the lower chambers in DMEM. Chambers were incubated for 
24 h at 37˚C. PBS was used to wash the upper sides of the 
membrane and the remaining cells were removed. Transwell 
membranes were fixed and stained with 0.1% crystal violet for 
5 min at room temperature and migrated cells were counted 
via light microscopy. The mean number of cells migrated in 
each field was examined by counting ≥4 random fields per 
filter. Each experiment was repeated three times.

Wound healing assay. Human breast cancer cells (1x105) 
were cultured in 24‑well plates and placed into an incubator 
at 37˚C until they reached 90% confluence. Cell migration 
was measured using a wound healing assay. In brief, scratch 
wounds of the same width on each cell monolayer were created 
with a sterile 10 µl pipette tip. The detached cells were removed 
by washing with PBS. Cells were subsequently treated with 
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ursolic acid (0, 160, and 320 µg/ml) to block cellular migra-
tion. Images were captured at 48 h, and the distance traveled 
by the cells indicated the closure of the wounds.

Western blot analysis. Cell proteins were extracted using a 
T‑PER Tissue Protein Extraction Reagent kit (Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol. 
Protein concentrations were determined using a bicincho-
ninic acid protein assay kit (Thermo Fisher Scientific, Inc.) 
and 40 µg equal protein was loaded per lane and separated 
by 10% SDS‑PAGE. Proteins were subsequently transferred 
onto polyvinylidene difluoride membranes. Membranes were 
blocked with Tris‑buffered saline containing 0.05% Tween‑20 
(TBS‑T), supplemented with 5% skim milk (Sigma‑Aldrich; 
Merck KGaA) at room temperature for 2 h on a rotary shaker, 
followed by TBS‑T washing 5 times for 5 min. The membranes 
were incubated at 4˚C overnight with the primary antibodies 
against the following (diluted in TBST): PI3K (1:1,000; ab86714; 
Abcam, Cambridge, UK), phosphorylated (p)‑AKT (1:1,000; 
ab38449; Abcam), AKT (1:1,000; ab8805; Abcam), p‑GSK3β 
(1:1,000; ab75745; Abcam), GSK3β (1:1,000; ab32391; Abcam), 
cyclin‑D1 (1:1,000; ab16663; Abcam), Bcl‑2 (1:1,000; ab59348; 
Abcam), Bcl‑xL (1:1,000, ab32370; Abcam), Bcl‑2‑associated 
death promoter (Bad) (1:1,000; ab32445; Abcam), Bcl‑2‑like 
protein 4 (Bax; 1:1,000; ab32503; Abcam), caspase‑9 (1:1,000; 
ab52298; Abcam), caspase‑3 (1:1,000; ab13847; Abcam), inhi
bitor of κB (IκB)α (1:1,000; ab32518; Abcam), IκB kinase (IKK)
α (1:1,000; ab178870; Abcam), nuclear factor (NF)‑κB (1:1,000; 
ab16502; Abcam), p‑NF‑κB (1:1,000; ab86299; Abcam), IL‑1β 
(1:1,000; 12242; Cell Signaling Technology, Inc., Danvers, 
MA, USA), IL‑18 (1:1,000; ab191152; Abcam) and GAPDH 
(1:2,00, sc‑32233; Santa Cruz Biotechnology, Inc., Dallas, TX, 
USA). The membrane was subsequently washed with TBST 
and incubated with the peroxidase‑conjugated secondary 
antibody (bovine anti‑rabbit IgG‑HRP; 1:5,000; sc‑2370; Santa 
Cruz Biotechnology, Inc.) at room temperature for 1 h. The 
immunoactive proteins were detected by using an enhanced 
chemiluminescence western blotting detection kit (Thermo 
Fisher Scientific, Inc.) according to the manufacturer's protocol. 
Western blot bands were assessed using the ECL Western 
Blotting Analysis System (GE Healthcare Life Sciences, 
Chalfont, UK) and exposed to x‑ray film. Protein expression 
levels were defined as grey value (ImageJ version 1.4.2b; National 
Institutes of Health, Bethesda, MD, USA) and standardized to 

housekeeping genes (GAPDH). All the results are from at least 
three independent experiments.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Breast cancer cells were treated with ursolic acid 
(0, 160, and 320 ug/ml) for 48 h and harvested. Total RNA 
was isolated from breast cancer cells with TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) following the manu-
facturer's protocol. A total of1 µg RNA was reverse transcribed 
into cDNA using the SuperScript First‑Strand Synthesis kit 
(Invitrogen; Thermo Fisher Scientific, Inc.). The reaction was 
carried out at 42˚C for 1 h and terminated by deactivation of 
the enzyme at 70˚C for 10 min. The primers used are listed 
in Table I. All primer sequences were checked in GeneBank 
(https://www.ncbi.nlm.nih.gov/genbank) to avoid inadvertent 
sequence homologies and primers were designed and synthe-
sized by BioGenes GmbH (Berlin, Germany). Reactions were 
performed using the SYBR-Green PCR master mix (Applied 
Biosystems; Thermo Fisher Scientific, Inc.) on a Bio‑Rad iCycler 
iQ Detection system (Bio‑Rad Laboratories, Inc., Hercules, 
CA, USA). The sample cDNA was amplified in 96‑well optical 
reaction plates (Invitrogen; Thermo Fisher Scientific, Inc.) 
containing 2 µl of cDNA, 10 µl of iTaq Universal SYBR-Green 
Supermix (Bio‑Rad Laboratories, Inc.), 1 µl of primers (forward 
and reverse). Amplification of pre‑denatured products was 
conducted at 94˚C for 60 sec; followed by 45 cycles at 95˚C 
for 30 sec, 58˚C for 30 sec and 72˚C for 30 sec; followed by 
95˚C for 10 sec, 65˚C for 45 sec, and 40˚C for 60 sec. GAPDH 
levels were quantified in parallel with target genes as an internal 
control. Normalization and fold change for each of the genes 
were calculated using the 2‑∆∆Cq method (26).

Statistical analysis. Data are expressed as the mean ± standard 
error of the mean. Treated cells, tissues and the corresponding 
controls were compared using GraphPad PRISM software 
(version 6.0; GraphPad Software, Inc., La Jolla, CA, USA). 
One‑way analysis of variance followed by Dunn's least signifi-
cant difference tests was used to analyze data. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Ursolic acid suppresses breast cancer cell viability. To inves-
tigate the optimal ursolic acid concentration to suppress the 

Table I. Primer sequences used for reverse transcription‑quantitative polymerase chain reaction.

Gene	 Forward primers (5'‑3')	 Reverse primers (5'‑3')

LC‑3	 GTCGTTGCAGACTATTCAGAG	 GTATCCGACAGAGTACAGCAT
Caspase‑3	 GGAGGACAACACTTCGAATTA	 CACAGGTATGCACGACTAAAT
TNF‑α	 CAGACCGGACGCTACACC	 GAACACGTCTTGTCCGACCA
IL‑6	 AGAGCACGACATGTAGGCA	 ACGTCCAGTTATTGGGTG
IL‑18	 AGCAGAAGTCAGCCAGGTA	 TCGGCGCAAGTGTTATTGGGT
IFN‑γ	 AGGCGGAACGTGGTGTGGCA	 TGATCCGCCTTGGTCGTGTTCC
GAPDH	 CACAATTGGGACCACAAGGG	 AACTCATCACAGCACGTCACACC

LC‑3, LC3, microtubule‑associated protein 1A/1B‑light chain 3; TNF, tumor necrosis factor; IL, interleukin; IFN, interferon.
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viability of human breast cancer cells, different concentrations 
(0, 50, 100, 150, 200, 250, and 300 ug/ml) of ursolic acid were 
examined in T47D, MCF‑7 and MDA‑MB‑231 cell lines with 
SRB assays. It was observed that 0‑300 µg/ml ursolic acid 
markedly suppressed breast cancer cell viability in all cell 
lines in a dose‑dependent manner (Fig. 1B and C). The IC50 
values were 231, 221 and 239 µg/ml in T47D, MCF‑7 and 
MDA‑MB‑231 cell lines respectively. A dosage of 160 µg/ml 
ursolic acid was found to markedly reduce cell viability in a 
time‑dependent manner compared with the control group for 
all cell lines (Fig. 1D). Based on these results, all subsequent 
experiments were performed using 160 µg/ml ursolic acid. 
Furthermore, a significant increase in apoptosis was observed 
following treatment with ursolic acid (P<0.05). This increase 
was observed in all cell lines and occurred in a dose‑ and 
time‑ dependent manner (Fig. 1E and F). These results suggest 
that ursolic acid is able to significantly inhibit the viability of 
breast cancer cells.

Ursolic acid inhibits the migration of breast cancer cell 
lines. Colony formation was used to assess the migration and 
proliferation of breast cancer cells. It was observed that the 
number of colonies significantly decreased following treat-
ment with ≥160 µg/ml ursolic acid in the T47D (P<0.05), 
MCF‑7 (P<0.01) and MDA‑MB‑231 (P<0.05) cell lines 
(Fig. 2A). Furthermore, cell migration assays were conducted, 

the results of which demonstrated that treatment with 
≥160 µg/ml ursolic acid significantly inhibited cell invasion 
in a dose‑dependent manner in the T47D (P<0.05), MCF‑7 
(P<0.01) and MDA‑MB‑231 (P<0.01) cell lines (Fig. 2B). 
In addition, a wound healing assay was used to analyze the 
migration of cells. The results demonstrated that the wound 
area was significantly reduced in the T47D (P<0.01), MCF‑7 
(P<0.01) and MDA‑MB‑231 (P<0.001) cell lines treated with 
320 µg/ml ursolic acid compared with the control (Fig. 2C). 
These data suggest that ursolic acid may serve a potential 
role in attenuating breast cancer progression by suppressing 
cell migration, invasion and proliferation in vitro.

Ursolic acid inhibits proliferation and induces apoptosis and 
autophagy via the PI3K/AKT signaling pathway. Previous 
studies have suggested that autophagy and apoptosis are 
important in inhibiting tumor growth (27,28) and it has been 
reported that PI3K/AKT serves an essential role in prolifera-
tion via the AKT‑regulated GSK signaling pathway (20). In 
the present study, it was demonstrated that following treatment 
with ursolic acid, the expression of PI3K was markedly down-
regulated in all of the three cell lines and the phosphorylation 
of AKT was markedly inactivated (Fig. 3A). GSK activation 
markedly increased with the decrease in AKT activation, 
which led in turn to a marked downregulation in cyclin‑D1 
expression (Fig. 3A). This downregulation in cyclin‑D1 may 

Figure 1. Effect of ursolic acid on the viability and apoptosis of breast cancer cells. (A) The chemical structure of ursolic acid. (B) SRB assays were used to 
determine the IC50 following the administration of different concentrations of ursolic acid for 3 days. (C) SRB assays were performed to determine the viability 
of breast cancer cells following the administration of different concentrations of ursolic acid for 3 days. (D) The viability of breast cancer cells was examined 
via SRB assay following treatment with 160 µg/ml ursolic acid for 6 days. (E) Flow cytometry was performed to determine the apoptosis of breast cancer cells 
following the administration of different concentrations of ursolic acid for 3 days. (F) Flow cytometry was performed to determine the apoptosis of breast 
cancer cells following treatment with 160 µg/ml ursolic acid for different amounts of times. Data are expressed as the mean ± standard error of the mean. 
#P<0.05, ##P<0.01 and ###P<0.001 vs. control group. SRB, Sulforhodamine B; IC50, half maximal inhibitory concentration. 
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promote cell proliferation due to the activation of PI3K/AKT. 
Furthermore, microtubule‑associated protein 1A/1B‑light 
chain 3 (LC3) is a marker for autophagy. Levels of LC3 
mRNA were significantly upregulated in T47D, MCF‑7 and 
MDA‑MB‑231 cells treated with ursolic acid (P<0.01; Fig. 3B), 
suggesting that autophagy occurred in a dose‑dependent 
manner. The expression of apoptotic proteins was measured 
by western blotting. It was determined that levels of Bcl‑2, 
an important anti‑apoptotic factor and Bcl‑xL, which belongs 
to the Bcl‑2 family, were markedly decreased following the 
administration of ursolic acid in all cell lines (Fig. 3C). Bad 
and Bax are pro‑apoptotic factors that are able to induce apop-
tosis formation via caspase‑3 activation. In the present study, 
levels of Bad and Bax were found to be markedly upregulated 

following ursolic acid stimulation (Fig. 3C). Caspase‑9 and 
caspase‑3 were also significantly activated following ursolic 
acid treatment (Fig. 3C). Levels of caspase‑3 mRNA were 
further assessed to confirm whether ursolic acid was able 
to induce apoptosis and inhibit breast cancer development. 
Levels of caspase‑3 mRNA were found to be significantly 
upregulated in all breast cancer cell lines treated with 160 
or 320 µg/ml ursolic acid (P<0.01 and P<0.001, respectively; 
Fig. 3D) compared with the control cells. These results suggest 
that ursolic acid is able to suppress breast cancer growth via 
induction of autophagy and apoptosis in vitro.

Ursolic acid suppresses the inflammatory response via the 
IKKα/NF‑κB signaling pathway. Inflammation is known 

Figure 2. Ursolic acid inhibits the migration of breast cancer cell lines. (A) Colony formation of breast cancer cells was assessed following the administration 
of different concentrations of ursolic acid for 6 days. (B) Cells were seeded on the Transwell plates and treated with 160 or 320 µg/ml ursolic acid and migrated 
cells were stained and counted using light microscopy (magnification, x40). (C) Wound healing assays were performed to analyze cell migration following 
48 h treatment with ursolic acid. Data are expressed as the mean ± standard error of the mean. #P<0.05, ##P<0.01 and ###P<0.001 vs. control group. Con, control.

https://www.spandidos-publications.com/10.3892/etm.2017.4965
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to serve a vital role in tumor formation and NF‑κB has 
been reported to be crucial for the inflammatory response 
in cancer  (29). In the present study, the NF‑κB signaling 
pathway was investigated to indicate whether ursolic acid 
was able to suppress breast cancer progression via inhibition 
of inflammation. It was observed that IKKα was markedly 
inactivated following administration of 160 or 320 µg/ml 
ursolic acid (Fig. 4A). Due to the downregulation of IKKα, 
IκBα was also markedly decreased following ursolic acid 
treatment and levels of phosphorylated NF‑κB were markedly 
decreased in all cell lines (Fig. 4A). Furthermore, levels of 
pro‑inflammatory cytokines including IL‑1β and IL‑18, were 
markedly downregulated following ursolic acid administra-
tion, compared with the control. RT‑qPCR was performed 
to assess mRNA levels of other pro‑inflammatory cytokines 
and growth factors in breast cancer cells. Levels of TNF‑α 
were significantly reduced following treatment with 160 or 
320 µg/ml ursolic acid in the T47D (P<0.001; Fig. 4B), MCF‑7 
(P<0.05; Fig. 4C) and MDA‑MB‑231 (P<0.05; Fig. 4D) cells. 
Levels of Il‑6 were significantly downregulated in all cell lines 
following the administration of 160 or 320 µg/ml ursolic acid 
(all P<0.01; Fig. 4B‑D). Treatment with ursolic acid induced a 
significant downregulation in both IL‑18 and interferon (IFN) 
‑γ expression in the T47D (P<0.01 and P<0.05, respectively; 
Fig. 4B), MCF‑7 (both P<0.05; Fig. 4C) and MDA‑MB‑231 
(both P<0.05; Fig. 4D) cells. This downregulation occurred 
in a dose‑dependent manner (Fig. 4). These results suggest 

that ursolic acid may ameliorate breast cancer progression by 
suppressing the inflammatory response.

Discussion

Breast cancer is a highly prevalent disease worldwide and 
develops via a complex multistep process (1). There are three 
phases to this process: Initiation, progression and metastasis 
composed of a sequence of events involving self‑renewal apop-
tosis, cell cycle and mobility (30). Ursolic acid is a triterpene 
compound derived from the fruits, berries, leaves and flowers 
of medicinal plants (31). It has been used in throughout Asia 
as an anti‑tumor, anti‑inflammatory, anti‑hyperglycemia and 
immunomodulatory agent (13,14). However, the underlying 
molecular mechanisms responsible for its beneficial effects 
remain unclear, including the mechanism by which it inhibits 
breast cancer progression and growth in humans.

Previous studies have suggested that ursolic acid may 
inhibit the formation and progression of many types of 
cancer, including colorectal, bladder and ovarian cancer, via 
suppression of proliferation (32,33). In the present study, it 
was suggested that ursolic acid is able to inhibit breast cancer 
cell migration, invasion and proliferation, indicating that it 
may have potential applications for clinical treatments in the 
future. Furthermore, the results of the present study implicated 
the PI3K signaling pathway in cell survival and apoptosis. 
Akt is a major effector in the PI3K signaling pathway and an 

Figure 3. Ursolic acid inhibits proliferation and induces apoptosis and autophagy via the PI3K/AKT signaling pathway. (A) Western blot assays were used to 
assess the levels of PI3K, p‑AKT, p‑GSK3β and cyclin‑D1 expression in three different breast cancer cell lines. (B) RT‑qPCR assays were used to determine 
LC3 levels in breast cancer cells following treatment with 160 or 320 µg/ml ursolic acid. (C) Western blot assays were used to assess levels of Bcl‑2, Bcl‑xL, 
Bad, Bax, caspase‑9 and caspase‑3 following ursolic acid administration; (D) Levels of caspase‑3 mRNA in breast cancer cells was assessed via RT‑qPCR. Data 
are expressed as the mean ± standard error of the mean. ##P<0.01 and ###P<0.001 vs. control group. PI3K, phosphoinositide 3‑kinase; AKT, protein kinase B; p, 
phosphorylated; GSK glycogen synthase kinase; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; LC3, microtubule‑associated protein 
1A/1B‑light chain 3; Bcl, b‑cell lymphoma; Bad, Bcl‑2‑associated death promoter; Bax, Bcl‑2‑like protein 4; Con, control. 
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increase in AKT activity blocks the apoptotic pathway (34). 
PI3K activity contributes greatly to cellular transformations 
and the development of cancer (35). The PI3K/AKT signaling 
pathway is thus an important part of the intracellular signal 
transduction, cell proliferation, differentiation, apoptosis 
and migration  (36) and the PI3K/AKT signaling pathway 
has previously been implicated in tumor growth and metas-
tasis (37,38). In the present study, it was demonstrated that 
ursolic acid reduced PI3K expression in the T47D, MCF‑7 
and MDA‑MB‑231 cell lines, consequently inactivating PI3K 
and downregulating AKT levels, which may attenuate breast 
cancer progression. GSK‑3β is an essential downstream 
protein of AKT linked to the pathological process of tissue 
damage and the PI3K/AKT signal transduction pathway may 
affect the activity of GSK‑3β (39). Activated AKT inhibits 
GSK‑3β activity via phosphorylation (20). In accordance with 
previous studies, the results of the present study demonstrated 
that inactivated AKT upregulated GSK‑3β expression in breast 
cancer cells following ursolic acid administration, indicating 
that ursolic acid may suppress breast cancer growth via the 
PI3K/AKT‑regulated GSK signaling pathway. Furthermore, 
cyclin‑D1, a downstream signal of GSK and an essential factor 
contributing to autophagy, was found to be downregulated 
in breast cancer cells following ursolic acid administration. 
Downregulation of cyclin‑D1 inhibits cell proliferation via 
the induction of autophagy or cell death and may result in the 
prevention of breast cancer (40). LC3 is involved in autophago-
some formation during autophagy (41). In the present study, 
LC3 mRNA levels were assessed in all three cell lines and were 

found to be upregulated by ursolic acid in a dose‑dependent 
manner, indicating that autophagy occurs following ursolic 
acid administration.

Apoptosis is a regulated process that promotes the elimina-
tion of dysfunctional cells (42) and is regulated by pro‑ and 
anti‑apoptotic members of the Bcl‑2 protein family (43). It 
is accompanied by the activation of caspase‑3, a member of 
the cysteine protease family, which includes caspase‑9 (44). 
In the present study, the expression of Bcl‑2 and Bcl‑xL, 
another anti‑apoptotic gene belonging to the Bcl‑2 family, 
were significantly reduced following ursolic acid administra-
tion. Furthermore, Bad and Bax, both pro‑apoptotic factors, 
were stimulated by ursolic acid and expression of caspase‑9 
was significantly upregulated. Activated caspase‑9 enhances 
caspase‑3 expression, which is crucial for the initiation of 
apoptosis (45). These results suggest that ursolic acid may 
suppress breast cancer by stimulating apoptosis in breast 
cancer cell lines.

It is well known that NF‑κB serves a key role in inflam-
matory responses (46). Although the factors regulating NF‑κB 
transcriptional activity are not clearly understood, it is known 
that nuclear localization of redox sensitive NF‑κB transcrip-
tion factor is regulated by IκBα expression (47). In the present 
study, it was determined that ursolic acid suppressed the levels 
of IKKα and IκBα, which regulate NF‑κB phosphorylation, in 
turn influencing the inflammatory response. Similarly, NF‑κB 
activity was reduced following the inactivation of IκBα, and 
IL‑1β and IL‑18 were significantly downregulated following 
ursolic acid treatment. Levels of other pro‑inflammatory 

Figure 4. Ursolic acid suppresses inflammation response via the IKKα/NF‑κB signaling pathway. (A) Western blot assays were used to determine levels 
of IKKα, IκBα, p‑NF‑κB, IL‑1β and IL‑18 following treatment with 160 or 320 µg/ml ursolic acid. Inflammatory cytokines were determined via reverse 
transcription‑quantitative polymerase chain reaction in (B) T47D, (C) MCF‑7 and (D) MDA‑MB‑231 cell lines. Data are expressed as the mean ± standard 
error of the mean. #P<0.05, ##P<0.01 and ###P<0.001 vs. control group. IKKα, IκBα kinase; NF, nuclear factor; IκBα, inhibitor of κB; p, phosphorylated; IL, 
interleukin.
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cytokines, including TNF‑α, IL‑6, IL‑18 and IFN‑γ, were 
found to be suppressed, suggesting that ursolic acid is able to 
ameliorate breast cancer progression by inhibiting the inflam-
matory response in breast cancer cells.

In conclusion, the results of the present study demonstrate 
that ursolic acid treatment may inhibit the proliferation of 
breast cancer cells via inactivation of the PI3K/AKT signaling 
pathway. Ursolic acid administration was found to induce 
autophagy and apoptosis via the GSK and Bcl‑2/Caspase‑3 
signaling pathways, and the inhibitory effect of ursolic acid 
on the inflammatory response was also involved in this 
mechanism. Therefore, these findings support the possibility 
of ursolic acid as a potential treatment for breast cancer.
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