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Abstract. Breast cancer (BC) is one of the most common 
types of cancer with the highest morbidity rate amongst all 
cancers in women worldwide. Arctigenin is isolated from the 
seeds of Asteraceae lappa and exhibits anti‑inflammatory and 
anti‑viral effects. The present study aimed to investigate the 
effect of arctigenin on BC cells and to explore the regulation 
of arctigenin on eukaryotic translation initiation factor 4E 
binding protein 1 (4EBP1) expression. To do so, MDA‑MB‑231 
and BT549 cells were treated with arctigenin at various 
concentrations (0, 5, 10, 20 and 40 µM). Cells treated with 
40 µM arctigenin were transfected with pcDNA3.1‑4EBP1 or 
NC control. Cell Counting Kit‑8 assay was used to determine 
cell proliferation, reverse transcription quantitative PCR was 
used to evaluate the transfection efficiency, western blotting 
was used to detect relative protein expression and Transwell 
assays were performed to evaluate the migratory and invasive 
abilities of BC cells. The results demonstrated that arcti‑
genin could inhibit the proliferation, migratory and invasive 
abilities, and epithelial to mesenchymal transition  (EMT) 
of MDA‑MB‑231 and BT549 cells. Furthermore, arctigenin 
downregulated the expression of 4EBP1 in MDA‑MB‑231 and 
BT549 cells, whereas 4EBP1 overexpression could reverse the 
inhibiting effect of arctigenin on proliferation, migratory and 
invasive abilities, and EMT in MDA‑MB‑231 and BT549 cells. 
The findings suggested that arctigenin may inhibit human BC 
cell proliferation, migratory and invasive abilities, and EMT 
by targeting 4EBP1.

Introduction

Breast cancer (BC) is one of the most common and deadly 
cancers in women worldwide (1‑3), and >20 distinct subtypes 
of breast cancer have been identified  (4). Next‑generation 
sequencing studies have drawn comprehensive molecular BC 
portraits, and >1600 driver mutations have been identified in 
93 BC genes (5). Among all cases, hormone‑receptor‑positive 
BCs account for half of the disease subtypes (6). According 
to the presence or absence of molecular markers for estrogen 
or progesterone receptors and human epidermal growth 
factor  2 (ERBB2; formerly HER2), BC is divided into 
three major subtypes (luminal, basal‑like and Her‑2+)  (7). 
The subtype would determine the type of systemic therapy 
given to patient, including endocrine therapy, chemotherapy, 
and ERBB2‑targeted antibody or small‑molecule inhibitor 
therapy combined with chemotherapy (8). In addition, surgical 
resection is also considered for patients with non‑metastatic 
BC (9). At present, palliative care can improve the quality of 
life and prolong the life in patients with metastatic BC treated 
according to subtypes (10). It is therefore necessary to iden‑
tify new therapeutic targets and to determine the underlying 
mechanisms of BC.

Arctigenin, a bioactive lignin, can be isolated from 
the seeds of Asteraceae  lappa and has exhibited some 
anti‑inflammatory and anti‑viral effects  (11). Furthermore, 
arctigenin has been reported to increase the chemosensitivity 
of several cancer cells, including HepG2, HeLa and K562 (12). 
Arctigenin has also been applied to the treatment of various 
types of cancer, and the anti‑tumor function has been illus‑
trated in various cancers, including gallbladder cancer (13), 
human retinoblastoma cells (14), lung cancer (15) and prostate 
tumor (16). Wang et al  (17) reported that arctigenin could 
trigger autophagy, induce apoptosis and enhance the sensi‑
tivity of colorectal cancer cell to chemotherapy. In addition, 
arctigenin can inhibit the migratory and invasive abilities 
of breast cancer cells by downregulating heparanase and 
matrix metalloproteinases (MMPs) 2 and 9 in MDA‑MB‑231 
cells (18). Huang et al (12) also demonstrated that arctigenin 
could promote the anti‑metastasis effect and inhibit 
triple‑negative breast cancer by downregulating the protein 
cancerous inhibitor of protein phosphatase 2A. In addition, it 
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was demonstrated that arctigenin can target the transcription 
factor signal transducer and activator of transcription 3, which 
is involved in epithelial to mesenchymal transition (EMT) (19). 
However, limited studies have focused on the underlying 
mechanism of arctigenin on metastasis, migration and EMT 
in BC.

Eukaryotic translation initiation factor 4E binding protein 1 
(4EBP1) is a type of translation‑repressor protein and represents 
one of the main downstream effector of mammalian target of 
rapamycin (mTOR) (20). As a tumor suppressor, 4EBP1 serves 
crucial roles in various types of cancer. For example, 4EBP1 
can be reactivated by mTOR inhibition and act as a tumor 
suppressor in head and neck squamous cell carcinomas (21). 
Furthermore, overexpressed 4EBP1 is an independent predictor 
of outcome for patients with ovarian cancer (22). There is also 
some evidence that 4EBP1 is overexpressed in BC cells where 
it might serve as an oncogene (23,24). However, the underlying 
mechanism of 4EBP1 in BC remains unknown.

Therefore, the present study aimed to investigate the effect 
and underlying mechanisms of arctigenin on BC cells and to 
explore the regulation relationship between arctigenin and 
4EBP1.

Materials and methods

Chemicals and reagents. Arctigenin (purity, up to 98%) was 
obtained from Shanghai Yuanye Bio‑Technology Co., Ltd. 
Arctigenin was dissolved in DMSO at a stock solution of 
50 mM and stored at ‑20˚C. The solution was then diluted in 
culture medium to the appropriate final concentrations prior to 
use (5, 10, 20 and 40 µM).

Cell treatment and transfection. The human breast cancer 
cell lines MDA‑MB‑231 and BT549 were purchased from 
the American Type Culture Collection. Cells were cultured 
in DMEM (Gibco; Thermo Fisher Scientific, Inc.), containing 
10% FBS (Gibco; Thermo Fisher Scientific, Inc.), and 100 µg/ml 
streptomycin and 100 U/ml penicillin (Gibco; Thermo Fisher 
Scientific, Inc.) and placed at 37˚C in a humidified incubator 
containing 5% CO2. MDA‑MB‑231 and BT549 cells were 
treated with arctigenin at various concentrations (5, 10, 20 and 
40 µM) or vehicle as the control for 24, 48 and 72 h.

For 4EBP1 overexpression, 50 nM pcDNA3.1‑4EBP1 or 
pcDNA3.1‑NC (Invitrogen; Thermo Fisher Scientific, Inc.) 
were diluted by 250 µl of serum‑free Opti‑MEM and incubated 
at room temperature for 5 min and mixed with 5‑µl aliquot of 
Lipofectamine® 3000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) for another 20 min at room temperature and added to 
culture well of MDA‑MB‑231 or BT549 cell (5x104/well). 
Subsequently, the cells were cultured for 6‑8 h at 37˚C with 
5% CO2, the complete medium was refreshed and the cells 
were cultured for a further 48 h prior to the following experi‑
ments.

Cell proliferation assay. MDA‑MB‑231 and BT549 cells 
were seeded at the density of 5x103 cells per well in 96‑well 
plates and cultured in DMEM medium containing 10% FBS 
overnight. Subsequently, cells were treated with different 
concentrations of arctigenin and cultured for various times 
(24, 48 and 72 h). Cell Counting Kit‑8 (CCK8; 10 µl; Dojindo 

Molecular Technologies, Inc.) reagent, which was used to 
assess cell proliferation, was added to the wells and cells were 
incubated for 3 h at 37˚C. Absorbance was measured at a 
wavelength of 450 nm on a microplate reader.

Transwell migration and invasion assay. To evaluate the migra‑
tory and invasive abilities of cells, 24‑well Transwell chambers 
(8‑µm pore size; Corning Inc.) were used. MDA‑MB‑231 
and BT549 cells were treated with different concentrations 
of arctigenin for 48 h. For the migration assay, 1x105 treated 
cells were resuspended in serum‑free medium containing 1% 
bovine serum albumin (Sigma‑Aldrich; Merck KGaA) and 
seeded in the upper chamber of the Transwell, while DMEM 
with 10% FBS was added to the lower chamber. After incuba‑
tion at 37˚C for 24 h, cells in the lower chamber were fixed 
with 4% paraformaldehyde and stained with 1% crystal violet 
for 15 min at 37˚C (JRDUN Biotechnology Co., Ltd.), whereas 
cells in the upper wells were removed. For the invasion assay, 
the method was similar to the cell migration assay, but the 
Transwell membrane was pre‑treated with Matrigel (BD 
Biosciences) at a concentration of 2 mg/ml. In addition, the 
results were assessed 36 h after incubation. For qualification, 
five random fields per filter were counted under a light micro‑
scope at a magnification of x100 (Leica Microsystems GmbH).

RNA extraction and reverse transcription quantitative (RT‑q) 
PCR. MDA‑MB‑231 and BT549 cells were collected and 
total RNA was extracted using TRIzol® reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.). PrimeScript RT reagent Kit 
(Takara Biotechnology Co., Ltd.) was used for reverse tran‑
scription. RT‑qPCR was conducted with SYBR green master 
reagent (Toyobo Life Science). The PCR reactions were 
conducted as follows: Initial denaturation at 95˚C for 2 min 
followed by 28 cycles at 95˚C for 30 sec, 58˚C for 30 sec, and 
72˚C for 30 sec. The sequences of the primers used were as 
follows: 4EBP1, forward 5'‑GAT​ACC​TCC​TTG​TGC​CTC​
CA‑3', reverse 5'‑TCG​TTC​TTG​TCC​ACT​TCC​TG‑3'; and 
GAPDH, forward 5'‑ATC​CCA​TCA​CCA​TCT​TCC​AG‑3' and 
reverse 5'‑TTC​TAG​ACG​GCA​GGT​CAG​GT‑3'. The relative 
expression levels of 4EBP1were normalized to endogenous 
control GAPDH and were expressed as 2‑ΔΔCq (25).

Western blotting. Western blotting was performed to detect 
the protein expression of E‑cadherin, N‑cadherin, vimentin 
and 4EBP1. Cells were harvested, washed with PBS and 
lysed in RIPA buffer (Sigma‑Aldrich; Merck KGaA) and 
1% protease inhibitors cocktail (Merck KGaA). Protein 
concentration was determined using BCA protein reagent 
(Pierce; Thermo Fisher Scientific, Inc.). Proteins (20  µg) 
were separated by 10% SDS‑PAGE gel and transferred onto 
PVDF membranes (Merck KGaA). Membranes were blocked 
with 5% skimmed milk for 1 h at 37˚C and were incubated 
overnight at 4˚C with primary antibodies against E‑cadherin 
(cat. no. ab1416; 1:100), N‑cadherin (cat. no. ab76057; 1:1,000), 
vimentin (cat. no. ab92547; 1:1,000), 4EBP1 (cat. no. ab32024; 
1:5,000) and GAPDH (cat. no. ab181602; 1:10,000; all from 
Abcam). Membranes were then incubated with a diluted 
horseradish peroxidase‑labeled goat anti‑rabbit secondary 
antibody (cat. no. SE134; 1:2,000, Beijing Solarbio Science 
and Technology Co., Ltd.) at room temperature for 1  h. 
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SuperSignal® West Pico Trial kit (Pierce; Thermo Fisher 
Scientific, Inc.) was used to detect the signal on the membrane 
and optical densities of the bands were measured using ImageJ 
software (version 1.38; National Institutes of Health).

Statistical analysis. Statistical analyses were performed using 
SPSS 22.0 software (IBM Corp.). The data were presented as 
the means ± standard deviation. Comparison among three or 
more groups was conducted using one‑way ANOVA followed 
by Tukey's post‑hoc test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Arctigenin inhibits the proliferation of MDA‑MB‑231 and 
BT549 cells. CCK‑8 assay was used to measure the prolif‑
eration of MDA‑MB‑231 and BT549 cells treated with 
arctigenin (0, 5, 10, 20, and 40 µM) for 24, 48 and 72 h. As 
presented in Fig. 1A and B, arctigenin significantly decreased 
the proliferation of MDA‑MB‑231 and BT549 cells in a 
concentration‑dependent manner compared with the control. 
Subsequently, the concentrations of 20 and 40  µM were 
selected to further evaluate the effects of arctigenin on the 
migratory and invasive abilities and EMT of cells.

Arctigenin inhibits the migratory and invasive abilities and 
EMT of MDA‑MB‑231 and BT549 cells. As presented in 
Fig. 2A, the migration ability of MDA‑MB‑231 and BT549 
cells following treatment with 20 and 40  µM arctigenin 
was significantly decreased compared with the control. 
Furthermore, the migration ability of MDA‑MB‑231 and 
BT549 cells treated with 40 µM arctigenin was significantly 
decreased compared with cells treated with 20 µM arctigenin. 
The results from Fig. 2B demonstrated that arctigenin could 
also inhibit the invasive ability of MDA‑MB‑231 and BT549 
cells in a concentration‑dependent manner. In addition, as 
presented in Fig. 2C, the protein expression of N‑cadherin and 
vimentin was significantly decreased in MDA‑MB‑231 and 
BT549 cells following treatment with 20 and 40 µM arctigenin 
compared with the control. The expression of E‑cadherin was 
significantly increased in MDA‑MB‑231 and BT549 cells. 
These results demonstrated also that arctigenin may inhibit 
EMT in a dose‑dependent manner. Taken together, these find‑
ings indicated that arctigenin may serve a crucial role in the 
processes of migration, invasion and EMT of MDA‑MB‑231 
and BT549 cells.

Arctigenin downregulates the expression of 4EBP1 in 
MDA‑MB‑231 and BT549 cells. The effect of arctigenin on 
4EBP1 expression in BC cells was evaluated. As seen in Fig. 3, 
the expression of 4EBP1 was significantly decreased in 
MDA‑MB‑231 and BT549 cells following treatment with 20 
and 40 µM arctigenin compared with the control. In addition, 
4EBP1 expression in cells treated with 40 µM arctigenin was 
significantly decreased compared with cells treated with 20 µM 
arctigenin.

4EBP1 overexpression can reverse the inhibitory effect 
of arctigenin on the proliferation, migratory and invasive 
abilities and EMT in MDA‑MB‑231 and BT549 cells. The 

effect of 4EBP1 on cell migratory and invasive abilities and 
EMT in MDA‑MB‑231 and BT549 cells was subsequently 
further investigated. 4EBP1 was overexpressed by transfec‑
tion with pcDNA‑4EBP1, and the transfection efficiency was 
examined by RT‑qPCR and western blotting. As presented 
in Fig. 4A, the mRNA and protein expression of 4EBP1 was 
significantly increased in transfected MDA‑MB‑231 and 
BT549 cells compared with NC. Furthermore, MDA‑MB‑231 
and BT549 cell proliferation was significantly decreased 
following treatment with arctigenin, which was reversed 
following 4EBP1 overexpression (Fig. 4B). The results from 
Transwell assays demonstrated that 4EBP1 overexpression 
could reverse the inhibitory effect of arctigenin on the cell 
migratory and invasive abilities (Fig. 4C and D). In addition, 
4EBP1 overexpression significantly increased the expression 
of E‑cadherin but decreased the expression of N‑cadherin 
and vimentin in MDA‑MB‑231 and BT549 cells treated with 
arctigenin (Fig. 4E). These findings suggested that overexpres‑
sion of 4EBP1 may reverse the inhibitory effect of arctigenin 
on the proliferation, migratory and invasive abilities and EMT 
in MDA‑MB‑231 and BT549 cells.

Discussion

BC is one of the most prevalent carcinomas in women 
worldwide, and the development of BC metastasis leads to 
a high mortality rate. However, there is no Food and Drug 
Administration‑approved targeted therapy for BC (26). It is 

Figure 1. Arctigenin inhibited the proliferation of MDA‑MB‑231 and BT549 
cells. (A and B) Proliferation of MDA‑MB‑231 and BT549 cells treated 
with arctigenin (0, 5, 10, 20, and 40 µM) for 24, 48 or 72 h detected by Cell 
Counting‑Kit 8 assay. **P<0.01 vs. Control group. 
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therefore urgent to identify new targeting therapy and drugs 
against BC. In the last decades, arctigenin and 4EBP1 have been 
reported in several studies. As previously reported, arctigenin 
inhibits the degradation of topoisomerase IIα and reduces the 
expression of GRP78 in solid tumors, which can attenuate 
anticancer drug resistance (27). Maheshwari et al (28) also 
found that arctigenin shows anti‑tumor activity against a set 
of human solid tumor cell lines, including pancreatic‑PANC‑1, 
colon‑H116, lung‑H125, liver‑HepG2, OVC‑5 and brain‑U251N. 
However, the role and underlying mechanism of arctigenin 
and 4EBP1 in the proliferation, migratory and invasive abili‑
ties and EMT of BC cells remain unclear. The present study 
demonstrated that arctigenin could inhibit the proliferation, 
migratory and invasive abilities and EMT of BC cells, which 
was reversed following 4EBP1 overexpression.

Arctigenin is a member of the Asteraceae family that could 
inhibit the growth of several cancer cells (29). Previous studies 

Figure 2. Arctigenin inhibited the migratory and invasive abilities and EMT of MDA‑MB‑231 and BT549 cells. (A) Migratory ability of MDA‑MB‑231 
and BT549 cells treated with arctigenin assessed by Transwell assay (scale bar, 150 µm). (B) Invasive ability of MDA‑MB‑231 and BT549 cells treated with 
arctigenin assessed by Transwell assay (scale bar, 150 µm). (C) Protein expression of N‑cadherin and vimentin in MDA‑MB‑231 and BT549 cells treated with 
arctigenin evaluated by western blotting. *P<0.05 **P<0.01 and ***P<0.001 vs. Control group or 20 µM group. 

Figure 3. Arctigenin downregulated the expression of 4EBP1 in MDA‑MB‑231 
and BT549 cells. Protein expression of 4EBP1 in MDA‑MB‑231 and BT549 
cells treated with arctigenin was assessed by western blotting and quantified 
by densitometric analysis. ***P<0.001 vs. Control group.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  21:  547,  2021 5

revealed that arctigenin has anti‑viral, anti‑inflammatory and 
anti‑tumor activities  (30,31). Furthermore, arctigenin was 
reported to be a therapeutic agent against cancer and to inhibit 
some oncogenic signaling pathways (32). As demonstrated by 
Maxwell et al (33), arctigenin has some anti‑metastatic effects 
on human BC cells by inhibiting MMP‑9 and urokinase plas‑
minogen activator via the Akt, NF‑κB, and MAPK signaling 
pathways. Lee et al  (34) also demonstrated that arctigenin 
can decrease the proliferation of MCF‑7 and MDA‑MB‑231 
human BC cells and induce apoptosis in MCF‑7 cells. In the 

present study, arctigenin inhibited the proliferation and migra‑
tory and invasive abilities of MDA‑MB‑231 and BT549 cells. 
These results were consistent with the study of Lou et al (18), 
in which the effect of arctigenin on the inhibition of BC cell 
migration and invasion is confirmed. Another study reported 
that arctigenin can inhibit the proliferation of MDA‑MB‑231 
cells in a dose‑dependent manner and from a concentration 
as low as 0.4 µΜ (19). In the present study, arctigenin was 
found to inhibit BC cell proliferation at the low concentration 
of 5 µΜ and to inhibit BC cell migratory and invasive abilities 

Figure 4. 4EBP1 overexpression could reverse the inhibitory effect of arctigenin on the proliferation, migratory and invasive abilities and EMT in MDA‑MB‑231 
and BT549 cells. (A) Transfection efficiency was examined by reverse transcription quantitative PCR and western blotting. (B) Cell proliferation of transfected 
MDA‑MB‑231 and BT549 cells treated with arctigenin was detected using Cell Counting‑Kit 8 assay. Transwell assay was used to evaluate the (C) migratory 
ability or (D) invasive ability of MDA‑MB‑231 and BT549 cells treated with arctigenin and following transfection with pcDNA3.1‑NC or pcDNA3.1‑4EBP1 
(scale bar, 150 µm). (E) Western blotting was used to evaluate the protein expression of E‑cadherin, N‑cadherin and vimentin in MDA‑MB‑231 and BT549 
cells treated with arctigenin and following transfection with pcDNA3.1‑NC or pcDNA3.1‑4EBP1. ***P<0.001 vs. pcDNA3.1‑NC group, Control group or 
Arctigenin (40 µM) + pcDNA3.1‑NC group. 
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at the low concentration at 20 µΜ. The difference may be due 
to detection methods and cell culture conditions. As reported 
by Xu et al (15), arctigenin can inhibit TGF‑β‑induced EMT 
and suppress the progression and metastasis of lung cancer 
cells. Lu et  al  (35) also demonstrated that arctigenin can 
attenuate tumor metastasis by inhibiting EMT in hepatocel‑
lular carcinoma. However, only a few studies have investigated 
the effect of arctigenin on EMT in BC cells. To the best of our 
knowledge, the present study was the first to demonstrate that 
arctigenin could inhibit EMT in MDA‑MB‑231 and BT549 
cells.

As a major substrate of mTORC1, 4EBP1 plays an essen‑
tial role in the regulation of cancer cell proliferation (36). In 
addition, 4EBP1 can slow tumor progression in phosphatase 
and tensin homolog  (PTEN)‑driven prostate cancer  (37). 
Significant upregulation and dephosphorylation of 4EBP1 
serve an important role in the promotion of pancreatic cancer 
cell death (38). The results from these studies suggest that 
4EBP1 might serve as a tumor suppressor factor and inhibit 
the migratory and invasive abilities of various cancer cells. 
However, only limited studies have investigated the role 
and underlying mechanism of 4EBP1 in BC cells in the last 
decades. Conversely, it was reported that integrated analysis 
of PTEN and p4EBP1 protein levels could be considered as 
predictors for pathological complete response in patients 
with HER2‑positive BC receiving neoadjuvant therapy (39). 
Besides, 4EBP1 is considered as an oncogene and was found to 
be upregulated in BC cells (23,24). The present study demon‑
strated for the first time that overexpressing 4EBP1 could 
reverse the inhibitory effect of arctigenin on the proliferation, 
migratory and invasive abilities and EMT of BC cells. These 
result suggested that 4EBP1 may promote tumor progression 
and act as an oncogene in BC. All these results indicated that 
4EBP1 might serve different roles in cell proliferation, migra‑
tion, invasion and EMT in various types of cancer cell. Further 
investigation is therefore essential.

In summary, the present study demonstrated that arctigenin 
could inhibit human BC cell proliferation, migratory and inva‑
sive abilities and EMT by targeting 4EBP1. These findings 
may bring a new direction for the development of targeting 
therapy against BC.
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