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Abstract. Human breast cancer is a malignant type of cancer 
with high prevalence. In the present study, the anticancer effects 
of alantolactone, a sesquiterpene lactone, on the human breast 
cancer cell line MCF‑7 were investigated in vitro. The MCF‑7 
cell morphology changed from diamond to round subse-
quent to treatment with alantolactone, and the cell viability 
reduced significantly compared with that of the control cells. 
Alantolactone induced apoptosis of MCF‑7 cells by regulating 
the protein expression levels of B‑cell lymphoma 2 (Bcl‑2), 
Bcl‑2‑associated X protein, p53, caspase‑3 and caspase‑12, 
which are associated with the apoptotic pathway, and 
suppressed colony formation and migration by regulating the 
protein expression of matrix metalloproteinase (MMP)‑2, 
MMP‑7 and MMP‑9. Cell signaling pathway analysis 
confirmed that alantolactone increased the phosphorylation of 
p38, and decreased the nuclear expression levels of p65 and 
nuclear factor erythroid 2‑related factor 2 (Nrf2), suggesting 
that the apoptosis‑promoting and migration‑suppressing 
effect of alantolactone may partially depend on regulating the 
p38 MAPK, NF‑κB and Nrf2 pathways. These results also 
suggested that alantolactone may become a potential thera-
peutic strategy for treating breast cancer.

Introduction

Cancer is a global health problem responsible for one in four 
mortalities worldwide (1,2). According to the World Health 
Organization, breast cancer accounts for approximately 1/3 of 
all cancer cases diagnosed in women (3). There are a number 
of risk factors for breast cancer, including hereditary factors, 
abnormal hormone levels, smoking history and alcohol 
consumption (4,5). Breast cancer is typically treated using 

chemotherapy, biological immune treatments and traditional 
Chinese medicine, however, there is no definitive therapeutic 
target for breast cancer treatment (6). The treatment options 
used currently are accompanied by a number of side effects, 
and thus a great deal of research has been dedicated to iden-
tifying novel drugs with the therapeutic potential in breast 
cancer in recent years (4). However, the pathogenesis of breast 
cancer remains unknown (6). Much attention had been given 
to the medicinal value of natural compounds, and plant‑based 
drugs have been successfully used in the treatment of cancer 
and other diseases (7‑9). Herbal drugs, such as phenolic acids, 
flavonoids and sesquiterpene, have been demonstrated to be 
cytotoxic to cancer cells, acting via a range of mechanisms (4).

Inula helenium L. is a flower of the Compositae herba-
ceous family, whose roots have historically been used as 
a medicine (10). This plant has been investigated since the 
1970s, and certain studies have reported that it contains >40 
different compounds, with the terpenoids being the main 
components (11‑13). Alantolactone is a sesquiterpene lactone 
extracted from Inula helenium L. that exhibits a number of 
biological effects, including anti‑inflammatory, antibacterial 
and anticancer activities (14,15). It has previously been reported 
that alantolactone induces apoptosis in a number of cancer 
cell lines, including in the colorectal cancer RKO cell line via 
the mitogen‑activated protein kinase (MAPK) pathway (10), 
and in the liver cancer HepG2 cell line via regulating the 
nuclear factor (NF)‑κB signaling pathway (15). Alantolactone 
has also been demonstrated to inhibit cell cycle progression 
in SK‑MES‑1 cells (16). This compound may therefore be a 
promising candidate as a chemotherapeutic drug for cancer 
therapy (17).

Although the effects of alantolactone have been studied in 
a variety of human cancer cell lines, the potential anticancer 
activity of alantolactone in human breast cancer remains 
unclear. The aim of the present study was to investigate the 
function and molecular mechanisms of alantolactone in 
repressing cell proliferation and inducing apoptosis in MCF‑7 
cells, in order to provide a theoretical basis for its use as a 
clinical cancer treatment.

Materials and methods

Chemicals and materials. Alantolactone (purity, 99%) was 
purchased from Chengdu Must Bio‑Technology Co., Ltd. 
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(Chengdu, China). Acrylamide, penicillin, streptomycin, 
phosphate‑buffered saline (PBS), Carnoy's solution, Giemsa, 
BCA kit, enhanced chemiluminescence (ECL) and dimethyl 
sulfoxide (DMSO) were obtained from Beijing Dingguo 
Changsheng Biotechnology Co., Ltd. (Beijing, China). 
Hoechst 33258 staining kit and Annexin V‑FITC cell apop-
tosis assay kits were purchased from Nanjing KeyGen Biotech 
Co., Ltd. (Nanjing, China). Paraformaldehyde (4%), and 
antibodies against B‑cell lymphoma 2 (Bcl‑2; cat. no. sc‑509), 
Bcl‑2‑associated X protein (Bax; cat.  no.  sc‑23959), p53 
(cat.  no.  sc‑71820), matrix metalloproteinase (MMP)‑2 
(cat.  no.  sc‑13594), MMP‑7 (cat.  no.  sc‑80205), MMP‑9 
(cat. no. sc‑21733), nuclear factor erythroid 2‑related factor 2 
(Nrf2; cat. no. sc‑518033), proliferating cell nuclear antigen 
(PCNA; cat.  no.  sc‑25280), caspase‑3 (cat.  no.  sc‑271028) 
and caspase‑12 (cat. no. sc‑21747) were obtained from Santa 
Cruz Biotechnology, Inc. (Dallas, TX, USA). Anti‑p38 
(cat.  no.  sc‑271028), anti‑phospho‑p38 (cat.  no.  9215), 
phospho‑inhibitor of NF‑κB (p‑IκBα; cat. no. 2859), IκBα 
(cat. no. 9247), anti‑NF‑κB (p65) antibodies (cat. no. 8242) and 
β‑actin (cat. no. 4970S) were purchased from Cell Signaling 
Technology, Inc. (Danvers, MA, USA). Fetal bovine serum, 
radioimmunoprecipiation (RIPA) lysis buffer, nuclear protein 
extraction kit, horseradish peroxidase (HRP)‑conjugated goat 
anti‑rabbit IgG (cat. no. SE134) and HRP‑conjugated goat 
anti‑mouse IgG secondary antibodies (cat. no. SE131) were 
obtained from Beijing Solarbio Science & Technology Co., 
Ltd. (Beijing, China). Plates (6 cm in diameter) were obtained 
from Corning Incorporated (Corning, NY, USA). Dulbecco's 
modified Eagle's medium (DMEM) was purchased from 
Gibco (Thermo Fisher Scientific. Inc., Waltham, MA, USA).

Cell culture. The human breast cancer cell line MCF‑7 was 
obtained from the Cell Bank of Type Culture Collection of 
Chinese Academy of Sciences (Shanghai, China), and cultured 
in Dulbecco's modified Eagle's medium containing 10% (v/v) 
fetal bovine serum, 100 U/ml penicillin and 100 µg/ml strep-
tomycin. MCF‑7 cells were maintained at 37˚C in an incubator 
with 5% CO2. Subculture was performed when cells reached 
80‑90% confluence (18).

Cell proliferation assay. The harvested cells were seeded at a 
density of 3x103 cells/well in a 96‑well plate. MCF‑7 cells were 
treated with various concentrations of alantolactone or with 
10 mg/ml fluorouracil (5‑Fu) for 24 and 48 h, following which 
cells were stained with 20 µl MTT solution for 4 h at 37˚C. The 
medium was removed from each well, and the purple formazan 
crystals were dissolved in 150 µl DMSO for 10 min using vibra-
tion. Absorbance was assessed at 490 nm using a microplate 
reader (19). 5‑Fu was used to determine the inhibitory effect of 
alantolactone on MCF‑7 cells. Cells were observed and images 
were captured under an Olympus CX22LED microscope 
(magnification, x10; Olympus Corporation, Tokyo, Japan) at 24 
and 48 h, the adherent cells were counted. All measurements 
were performed at least in triplicate. MCF‑7 cells treated only 
with cell medium were used as the control.

Apoptosis assay. Annexin V‑FITC/PI double staining was used 
to determine the percentage of apoptotic MCF‑7 cells. Briefly, 
cells were treated with 10, 20 and 30 µM alantolactone for 

24 h and washed twice with PBS, then, 5 µl Annexin V‑FITC 
and PI were added to the cells for 15 min (20). The percentage 
of apoptotic MCF‑7 cells was assessed using flow cytometry 
(FACSCalibur; BD Biosciences, Franklin Lakes, NJ, USA). 
MCF‑7 cells treated only with cell medium were used as the 
control.

Hoechst 33258 fluorescence staining. MCF‑7 cells were seeded 
at a density of 8x104 cells/well in 12‑well plates, then the cells 
were treated with 10, 20 and 30 µM alantolactone for 24 h. 
Next, cells were obtained and fixed in 4% paraformaldehyde 
solution for 30 min. The cells were then washed twice with 
Buffer A from a Hoechst 33258 staining kit, and stained with 
30 µl Hoechst 33258 for 10 min in the dark and observed under 
a fluorescence microscope (magnification, x20) (21). MCF‑7 
cells treated only with cell medium were used as the control.

Wound‑healing assay. When the cells reached 80‑90% conflu-
ence, the cell layer was scratched with a 10 µl sterile pipette 
tip and the wells were washed twice with PBS. Subsequently, 
10, 20 and 30 µM alantolactone was added to the medium, and 
cell migration was observed under a microscope (magnifica-
tion, x10) at 24 and 48 h. MCF‑7 cells treated only with cell 
medium were used as the control.

Colony‑forming assay. Cells were seeded at a density of 
1x103 cells/plate and cultured with 5 ml medium for 24 h. 
Next, cells treated with 10, 20 and 30 µM alantolactone were 
left to cultivate for 15 days until visible colonies formed (22). 
Following fixation with Carnoy's solution for 30 min and 
staining with 5 ml Giemsa stain for 10 min, the number of 
cell colonies was counted. MCF‑7 cells treated only with cell 
medium were used as the control.

Western blot assay. Following treatment with alantolactone for 
24 h, cells were harvested and lysed with a RIPA lysis buffer 
for total protein and the nuclear protein was prepared with 
nuclear protein extraction kit. Protein concentrations were 
measured using a BCA protein assay. Equal amounts of protein 
were separated by 12% SDS‑PAGE and transferred to PVDF 
membranes. The membranes were blocked with 5% non‑fat 
milk for 1 h at room temperature, and then incubated with 
the primary antibodies (1:2,000) overnight at 4˚C, followed 
by incubation with the secondary antibodies for 1 h at room 
temperature. Finally, bands were observed using an enhanced 
chemiluminescence kit. The relative level of total protein was 
normalized to β‑actin and the relative level of nuclear protein 
was normalized to PCNA. The gray intensity was analyzed 
with ImageJ software (National Institutes of Health, Bethesda, 
MD, USA). MCF‑7 cells treated only with cell medium were 
used as control.

Statistical analysis. Data are presented as the mean ± stan-
dard deviation of at least three independent experiments. 
Statistical analyses were performed using one‑way analysis 
of variance with SPSS software, version 20.0 (IBM SPSS, 
Armonk, NY, USA). Comparisons between groups were 
assessed using a post hoc Tukey's test and correlation analysis. 
P<0.05 was considered to indicate a statistically significant 
difference.
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Results

Effect of alantolactone on cell morphology and viability. An 
MTT assay was used to further verify the inhibitory effect 
of alantolactone on cell proliferation. As shown in Fig. 1A, 
treatment with different concentrations of alantolactone (5, 10, 
20, 30, 40 and 80 µM) for 24 and 48 h significantly reduced 
the cell viability in a concentration‑ and time‑dependent 
manner compared with the control group and the cell viability 
at 40 µM was similar to the group treated with 5‑Fu. The 

half maximal inhibitory concentration (IC50) was 35.45 µM 
at 24 h and 24.29 µM at 48 h. The number of adherent cells 
decreased with alantolactone treatment in a concentra-
tion‑ and time‑dependent manner (Fig. 1B). Therefore, the 
concentrations of 10, 20 and 30 µM and the treatment time of 
24 h were selected for subsequent experiments.

Alantolactone induces apoptosis in MCF‑7 cells. 
Hoechst 33258 staining was used to examine the cell apop-
tosis, since the nuclei of apoptotic cells exhibit fluorescent blue 

Figure 1. Effects of alantolactone on MCF‑7 cell proliferation. (A) Cell viability was determined by an MTT assay. (B) The percentage of adherent cells was 
expressed as the percentage of the control. Data are expressed as the mean ± standard deviation from three independent experiments. Group with the same 
letter were not significantly different. Groups with different letters were significantly different, P<0.05. 5Fu, fluorouracil.

Figure 2. Induction of apoptosis in MCF‑7 cells with alantolactone. (A) Fluorescence images and (B) fluorescence intensity of MCF‑7 cells subjected to 
Hoechst 33258 staining of nuclei following treatment with various concentrations of alantolactone for 24 h (magnification, x20). (C) Flow cytometry and 
(D) percentage of apoptotic cells examined by Annexin V‑FITC and PI assay following treatment with various concentrations of alantolactone for 24 h. 
Alantolactone induces early/late apoptosis in breast cancer. Data are expressed as the mean ± standard deviation. **P<0.01, vs. control group.
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staining, whereas live cells have uniformly light blue nuclei. 
Cells were treated with different concentration of alantolactone 
(10, 20 and 30 µM) for 24 h, and the number of live cells was 
reduced as the concentration of alantolactone increased. The 
treated cells exhibited brighter fluorescence in comparison 
with the control cells, and the fluorescence intensity of treated 
cells decreased significantly as the concentration of alanto-
lactone increased (Fig. 2B). Furthermore, the percentage of 
apoptotic cells was determined using the Annexin V‑FITC/PI 
double staining method. It was observed that the percentage of 
apoptotic cells was increased following treatment with alanto-
lactone for 24 h in a concentration‑dependent manner compared 
with that observed in the control cells (Fig. 2C and D).

Alantolactone inhibits the migration of MCF‑7 cells. 
The effect of alantolactone on MCF‑7 cell migration was 
analyzed using a wound healing assay. Compared with the 
control group, alantolactone significantly decreased cell 
migration in a dose‑ and time‑dependent manner (P<0.05; 
Fig. 3A and B).

Colony‑forming assay. Compared with the control cells, 
colony formation was significantly lower in cells treated 
with alantolactone (P<0.01). The colony formation was 
inhibited by alantolactone in a concentration‑dependent 
manner (Fig. 3C and D).

Expression levels of apoptosis‑ and migration‑associated 
proteins. Following treatment with alantolactone, the expres-
sion levels of p53, Bax and Bcl‑2 protein in MCF‑7 cells were 
measured using western blotting. Treatment with 10, 20 or 
30 µM alantolactone significantly reduced the expression of 
Bcl‑2 and significantly increased the expression levels of Bax 
and p53 compared with those in control cells (Fig. 4A and B). 
Alantolactone also decreased the expression of the caspase 
precursor and significantly enhanced the expression of 
cleaved‑caspase‑3 and cleaved‑caspase‑12 in a concentra-
tion‑dependent manner  (P<0.05 and P<0.01; Fig.  4C‑E). 
In addition, alantolactone at 10, 20 and 30 µM significantly 
downregulated the expression levels of MMP‑2, MMP‑7 and 
MMP‑9 protein (Fig. 4F and G).

Effect of alantolactone on the p38 MAPK signaling pathway. 
To further explore the mechanism by which alantolac-
tone affects MCF‑7 cells, the expression levels of p38 and 
p‑p38 protein were measured. The results revealed that the 
expression of p‑p38 was significantly increased by alantolac-
tone in a dose‑dependent manner, while alantolactone had no 
evident effect on the expression of p38 (Fig. 5A and B).

Effect of alantolactone on the NF‑κB signaling pathway. The 
expression of p65 protein was measured to explore the role of the 
NF‑κB pathway in alantolactone‑mediated MCF‑7 cell damage. 

Figure 3. Inhibition of migration and colony formation ability by alantolactone treated in MCF‑7 cells. (A) MCF‑7 cells were seeded in 12‑well plates, and the 
cell layer was scratched with a 10 µl sterile tip. (B) Cell migration was observed with a microscope (magnification, x10) at 24 and 48 h. (C) Colony formation 
and (D) number of colonies in cells were treated with different concentrations (10, 20 and 30 µM) of alantolactone and cultivated for 15 days until colonies 
formed. Data are expressed as the mean ± standard deviation from three independent experiments. Group with the same letter were not significantly different. 
Groups with different letters were significantly different, P<0.05.
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Treatment with 10, 20 and 30 µM alantolactone significantly 
downregulated the nuclear expression of p65 (Fig. 5C and D). 
However, at these concentrations, alantolactone had no signifi-
cant effect on the total expression of p65. The expression of 
p‑IκBα was significantly decreased following treatment with 
10, 20 and 30 µM alantolactone, whereas no marked effects on 
IκBα expression were observed (Fig. 5C and E).

Nrf2 signaling pathway serves a role in alantolactone‑ 
regulated proliferation. To investigate the role of the Nrf2 
pathway in alantolactone‑mediated MCF‑7 cell damage, 
the expression of Nrf2 protein was measured. As shown in 
Fig. 5F and G, treatment with 10, 20 and 30 µM alantolactone 
significantly upregulated the nuclear expression of Nrf2, while 
the total Nrf2 expression was significantly downregulated.

Figure 4. Induction of apoptosis in MCF‑7 cells by alantolactone treatment. (A) Western blot analyses and (B) quantified protein expression levels of Bcl‑2, Bax 
and p53 in MCF‑7 cells treated with different concentrations of alantolactone for 24 h, compared with the control group. (C) Western blot analyses and quanti-
fied protein levels of (D) caspase‑3 and cleaved caspase‑3, and (E) caspase‑12 and cleaved caspase‑12. (F) Western blots and (G) quantified protein expression 
levels of MMP‑2, MMP‑7, MMP‑9 and β‑actin. Levels are presented relative to β‑actin. *P<0.05 and **P<0.01, vs. control group. Bcl‑2, B‑cell lymphoma 2; 
Bax, Bcl‑2‑associated X protein; MMP, matrix metalloproteinase.



LIU et al:  ALANTOLACTONE EXHIBITS ANTITUMOR ACTIVITY ON MCF-7 CELL1852

Discussion

Breast cancer is known to be one of the most common malig-
nant types of cancer affecting women, and the morbidity of 
breast cancer has been increasing since the 1970s  (14,21). 
Recently, a great deal of attention has been paid to the poten-

tial of natural compounds as novel treatments for cancer (5). 
Pharmacological agents extracted from plants have been 
reported to have good therapeutic effects in the treatment 
and prevention of cancer (23). Alantolactone, a sesquiterpene 
lactone compound extracted from Inula helenium L., had 
been reported to have anticancer activities (24). In the present 

Figure 5. Protein expression levels in MCF‑7 cells treated with alantolactone. (A) Western blot analyses and (B) quantified levels of p38 and p‑p38 in MCF‑7 
cells treated with different concentrations of alantolactone for 24 h. (C) Western blots, and quantified protein levels of (D) total‑p65 and nuclear‑p65, and 
(E) IκBα and p‑IκBα. (F) Western blots and (G) quantified protein expression levels of total‑Nrf2 and nuclear‑Nrf2. Data are expressed as the mean ± standard 
deviation from three independent experiments, and are presented relative to β‑actin level. *P<0.05 and **P<0.01 vs. control group. Nrf, nuclear factor erythroid 
2‑related factor 2.
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study, the biological effect of alantolactone on MCF‑7 cells 
was investigated by measuring the levels of apoptosis markers, 
colony formation and migration.

To investigate whether alantolactone is able to inhibit 
MCF‑7 cell growth, the cell morphology was observed and 
cell viability was measured. Alantolactone significantly 
reduced the viability of MCF‑7 cells (Fig. 1A), with an IC50 of 
35.45 µM at 24 h and 24.29 µM at 48 h, which indicated that it 
is a promising compound for clinical application. Previously, 
Kumari et al (25) reported that the IC50 value of coralyne was 
76.4±0.92 µM in MCF‑7 cells for 24 h. Nikhil et al (26) also 
reported that the IC50 value of pterostilbene was 65±0.42 µM 
in MCF‑7 cells for 24 h. Furthermore, tangeretin inhibited the 
proliferation of MCF‑7 cells, and the IC50 value of tangeretin 
was 39.3±1.5 µM (27). Compared with these natural prod-
ucts, alantolactone is more effective as the IC50 value was 
lower (25‑27).

Changes in the balance between cell proliferation and 
apoptosis serve a role in a number of diseases (28). Three 
types of cell death occur, including autophagy, apoptosis and 
cell necrosis (29). Apoptosis serves a vital role in the evolu-
tion of organisms, the stability of internal environments and 
the development of multiple systems, particularly in cancer 
development (30). Cancer occurs as a result of insufficient 
apoptosis (31), and thus apoptosis is a common target for a 
number of anticancer treatments (32). Alantolactone has been 
reported to induce apoptosis in various cancer cell lines (33). 
In the present study, Hoechst  33258 and Annexin  V/PI 
staining were used to detect cell apoptosis, and the results 
demonstrated that alantolactone significantly increased the 
percentage of apoptotic MCF‑7 cells (Fig. 2), suggesting that 

alantolactone induces apoptosis in human breast cancer cells. 
Apoptosis occurs via the extrinsic or intrinsic pathways in 
mammalian cells, and mitochondria serve an important role 
in the intrinsic apoptotic process  (34). The mitochondrial 
apoptotic pathway is controlled by the Bcl‑2 family proteins, 
including pro‑apoptotic and anti‑apoptotic proteins, such 
as Bax and Bcl‑2 (35). Alantolactone is able to induce the 
apoptosis of HepG2 cells via modulating Bcl‑2 family 
proteins (15). A similar trend was observed in the present 
study. The results shown in Fig. 4A revealed that alantolac-
tone significantly downregulated the expression of Bcl‑2 and 
significantly upregulated the expression of Bax, suggesting 
that alantolactone induces apoptosis via the mitochondrial 
apoptotic pathway. In addition, p53 is critical in the evolution 
from normal cellular function to tumorigenesis and has been 
identified as a common mutated cancer suppressor in human 
tumorigenesis (36). In the present study, p53 expression was 
increased following treatment with alantolactone, suggesting 
that p53 may serve an important role in alantolactone‑induced 
MCF‑7 cell apoptosis via the cellular apoptotic pathway. The 
cellular apoptotic pathway is mediated by caspase family 
proteins, including caspase‑3 and cleaved‑caspase‑3, as 
well as caspase‑12 and cleaved‑caspase‑12. Alantolactone 
has the ability to induce apoptosis in HepG2 cells via 
modulating caspase family proteins  (37). The current 
study results demonstrated that alantolactone significantly 
enhanced the expression levels of cleaved‑caspase‑3 and 
cleaved‑caspase‑12 proteins. However, the effect of alanto-
lactone on the caspase precursor was weak, suggesting that 
alantolactone induces cell apoptosis via the apoptotic cellular 
pathway (Fig. 4C).

Figure 6. Alantolactone induced apoptosis and suppressed migration of MCF‑7 human breast cancer cells through regulating the p38 MAPK, NF‑κB or Nrf2 
signaling pathways. MAPK, mitogen‑activated protein kinase; NF‑κB, nuclear factor‑κB; Nrf, nuclear factor erythroid 2‑related factor 2.
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Chemotherapy is a commonly used clinical treatment for 
cancer, however, the risk of recurrence and metastasis remains 
a problem in patients with breast cancer (38). The majority of 
cancer‑associated mortalities occur as a result of metastatic 
cancer and tumor growth at distant sites (39). Therefore, the 
migration and invasion inhibiting effects of plant‑based drugs 
may serve an important role in cancer treatment (40). To further 
evaluate the anticancer effect of alantolactone in MCF‑7 cells, 
colony formation and migration were assessed in the present 
study. The results revealed that alantolactone significantly 
inhibited colony formation and migration in breast cancer 
cells. MMPs, a major proteinase family associated with tumor-
igenesis, are key kinases in cell migration during invasive and 
metastatic processes (4). A number of studies have reported 
that MMP‑2, MMP‑7 and MMP‑9 are able to degrade the 
basement membrane and extracellular matrix (18). Therefore, 
to further investigate the inhibitive effect of alantolactone on 
the migration and invasion of breast cancer cells, the current 
study measured the expression levels of MMP‑2, MMP‑7 
and MMP‑9. The results (Fig. 4F) revealed that alantolactone 
significantly downregulated MMP‑2, MMP‑7 and MMP‑9 in 
MCF‑7 cells, and blocked cell migration and invasion.

The pathogenic mechanisms of cancer include changes to 
signal transduction pathways. As such, molecules involved in 
abnormal signaling pathways may be targets for cancer treat-
ments (2). MAPK is an important signal transduction pathway 
that regulates a number of physiological processes and 
serves an important role in the induction of cell damage (40). 
Three major MAPK signaling pathways have been identi-
fied, including extracellular signal‑regulated kinase, c‑Jun 
N‑terminal kinase and p38 MAPK pathways  (41). MAPK 
activation leads to the phosphorylation of p38, activates 
transcription factors and promotes apoptosis (22). In addition, 
p38 MAPK has been identified as the vital signaling pathway 
that activates Bax subsequent to its translocation to the mito-
chondria, and p38 MAPK signaling pathways are responsible 
for cell proliferation  (42). In the current study  (Fig.  5A), 
alantolactone significantly upregulated the phosphorylation of 
p38, suggesting that the anticancer effects of alantolactone in 
MCF‑7 cells may occur partially via regulating the p38 MAPK 
pathway.

MAPKs are closely associated with a number of other 
signaling pathways, including NF‑κB  (p65), which is a 
downstream target of p38 MAPK. NF‑κB is regarded as an 
important factor in physiological and pathological processes, 
including proliferation and apoptosis, and a key regulator of 
oncogenesis (7). Normally, NF‑κB is retained in the cyto-
plasm in its inactive form, and is released and translocated 
to the nucleus when activated. A number of carcinogens are 
able to activate the NF‑κB signaling pathway, and activated 
p65 blocks apoptosis and promotes proliferation  (43). It 
also had been reported that NF‑κB activation is associated 
with resistance to various chemotherapeutic agents (44). In 
the present study, it was demonstrated that alantolactone 
significantly downregulated nuclear NF‑κB in cancer cells 
and downregulated p‑IκBα and its phosphorylation. The 
results  (Fig. 5C) also revealed that alantolactone induces 
apoptosis in part by blocking the translocation of NF‑κB 
from the cytoplasm into the nucleus and promoting the phos-
phorylation of IκBα.

Nrf2 is an essential signaling molecule that serves a 
role in the biological defense mechanism. As a central 
transcription factor, Nrf2 is also involved in the suppression 
of tumorigenesis, and Nrf2 upregulation is associated with 
treatment resistance in cancer (45). In the present study, the 
results (Fig. 5F) demonstrated that the expression of Nrf2 was 
significantly increased in the nucleus. These findings suggest 
that alantolactone promotes the translocation of Nrf2 from 
the cytoplasm into the nucleus, and that Nrf2 is a risk factor 
in breast cancer that may be considered to be a promising 
target in cancer diagnosis. In addition, the results suggested 
that alantolactone modulates the NF‑κB signaling pathway, 
resulting in p‑IκB downregulation and reduced migration of 
MCF‑7 cells. Cell death is induced via the p38 MAPK and 
Nrf2 pathways in MCF‑7 cells (Fig. 6).

In conclusion, the present study demonstrated that alan-
tolactone has anticancer effects in human breast cancer cells. 
The results confirmed that alantolactone is able to inhibit 
proliferation and apoptosis, as well as to suppress colony 
formation and cell migration. In addition, the mechanism 
by which alantolactone acts may involve the p38 MAPK, 
NF‑κB or Nrf2 signaling pathways. Taken together, the 
results of the present study suggested that alantolactone is 
an antineoplastic drug, and these findings may be used as a 
clinical basis for the application of alantolactone as a novel 
cancer treatment.
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