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Abstract. Triple negative breast cancer (TNBC) has the 
lowest survival rate of the breast cancer subtypes owing to its 
aggressive and metastatic behavior. It has been reported that 
peritumoral adipose tissue contributes to the cell invasiveness 
and dissemination of TNBC. Emodin is an active anthraquinone 
derivative isolated from Rheum palmatum, with anticancer 
properties that have been reported to inhibit lung metastasis in 
a nude mouse xenograft model. In the present study, the effects 
of emodin on human TNBC cells and adipocytes were investi-
gated in vivo and in vitro. The TNBC cell lines MDA‑MB‑231 
and MDA‑MB‑453 were co‑cultured with human adipocytes 
and treated with either emodin or epirubicin. Cell prolifera-
tion was assessed by MTT assay and migration and invasion 
were examined using a wound healing assay and a Transwell 
assay. interleukin‑8, CC‑chemokine ligand  5 (CCL5) and 
insulin‑like growth factor‑1 levels in the culture supernatants 
were detected by ELISA. The epithelial‑mesenchymal transi-
tion (EMT) or metastasis associated markers were determined 
by western blot analysis. Nude mice fed with a high fat and 
sugar diet were used investigate the in vivo effect of emodin. 
The results showed that emodin inhibited TNBC proliferation 
and invasion more efficiently than epirubicin when co‑cultured 
with adipocytes by downregulating the level of CCL5 in adipo-
cyte supernatants; inhibiting the expression level of protein 

kinase B (AKT); and activating glycogen synthase kinase‑3i 
(GSK3) and β‑catenin. This led to the suppressed expression 
of EMT‑ and invasion‑associated markers, including vimentin, 
snail, matrix metalloproteinase (MMP)‑2 and MMP‑9, and 
upregulation of E‑cadherin, contributing to the inhibition 
of invasion. The in vivo assay showed that emodin inhibited 
tumor growth, and suppressed the lung and liver metastasis of 
TNBC cells by decreasing the secretion of CCL5 in mice fed 
a high fat and sugar diet more efficiently when compared with 
epirubicin. In conclusion, emodin inhibited the secretion of 
CCL5 from adipocytes, inhibited the EMT of TNBC cells, and 
inhibited tumor growth and lung and liver metastasis, which 
indicated a novel role of emodin in preventing the metastasis 
of TNBC.

Introduction

Breast cancer is the most frequently diagnosed cancer and the 
leading cause of mortality among women worldwide (1,2), 
accounting for 23% of total cancer cases and 14% of 
cancer‑associated mortality, according to the global cancer 
statistics for 2011 (3). Triple negative breast cancer (TNBC) is 
a subtype of breast cancer lacking the expression of estrogen 
receptor (ER), human epidermal growth factor receptor type 2 
(HER2) and progesterone receptor (4), and accounts for ~15% 
of all breast cancer cases (5). Women with TNBC have rela-
tively poor prognoses, and specific treatment guidelines are 
not available for these patients. In addition, due to its specific 
molecular expression features, TNBC is resistant to existing 
endocrine therapies and HER2‑targeted therapies, including 
trastuzumab  (6). Therefore, the development of possible 
therapeutic targeted agents for TNBC is urgently required.

Substantial effort has focused on deconstructing the 
molecular mechanisms underlying the development and 
progression of TNBC, and developing more efficient and 
effective therapies. A growing body of evidence indicates 
that adipose tissue, and more specifically adipocytes, which 
represent the most abundant cell type of the breast cancer 
microenvironment, are involved in the initiation, growth and 
metastasis of breast cancer (7‑9). In previous studies, cancer 
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cell growth and metastasis were found to occur predominantly 
in adipocyte‑rich microenvironments. All adipocyte‑derived 
factors, including adipokines, proinflammatory cytokines, 
chemokines, growth factors, hormones, proangiogenic factors 
and extracellular matrix constituents, may be considered 
as contributing factors for the growth, development and 
metastasis of breast cancer (10‑12). CC‑chemokine ligand 5 
(CCL5), which is upregulated in breast cancer and peritumoral 
adipose tissue, has been demonstrated to be associated with 
metastasis and poorer overall survival rates in patients with 
TNBC (13‑16). Accumulated evidence suggests that adipocytes 
promote the proliferation, migration and invasion of TNBC 
cells by inducing the expression of mesenchymal markers and 
promoting the epithelial‑mesenchymal transition (EMT) of 
TNBC cells (17). E‑cadherin is an epithelial‑related protein, 
and vimentin and snail are mesenchymal‑related proteins. 
The phosphorylation of protein kinase B (AKT) can inhibit 
glycogen synthase kinase‑3β (GSK3β) and stabilize β‑catenin, 
which can translocate to the nucleus and engage the transcrip-
tion factors lymphoid enhancer‑binding factor 1 (LEF) and 
T‑cell factor (TCF), promoting the transcription of a series of 
EMT‑related genes (18).

Emodin (1,3,8‑trihydroxy‑6‑methylanthraquinone) is a 
biologically active anthraquinone derivative isolated from the 
roots and bark of Rheum palmatum, Polygonum cuspidatum 
medicine, and other Chinese herbs  (19). Emodin has been 
widely investigated for its anti‑atherogenic, antibacterial, 
anti‑inflammatory, diuretic and immunosuppressive proper-
ties (20,21), in addition to its anticancer effects against a variety 
of cancer types, including breast (22‑24), pancreatic (25,26), 
lung (27), liver (28), prostate (29), ovarian (30), colon (31) and 
gallbladder (32) cancer, among others. It has been demon-
strated that emodin induces the apoptosis of human breast 
cancer MDA‑MB‑231  (33) and MDA‑MB‑453  (34) cells, 
although the potential mechanisms remain to be elucidated. In 
addition, the effects of emodin on the migration and invasion 
of TNBC cells require elucidation.

In the present study, MDA‑MB‑231 and MDA‑MB‑453 
TNBC cells were co‑cultured with human adipocytes and 
treated with emodin. The results revealed that emodin inhib-
ited the secretion of CCL5 from adipocytes, suppressed EMT 
of TNBC cells, and inhibited TNBC cell proliferation and 
metastasis in vitro and in vivo. These observations suggest 
that emodin may serve as a potential therapeutic agent for 
TNBC.

Materials and methods

Reagents. CCL5 protein was purchased from R&D systems, 
Inc. (Minneapolis, MN, USA; cat. no. 278‑RN‑050), Rabbit 
anti‑mouse immunoglobulin G (IgG) H&L horseradish 
peroxidase (HRP; cat. no. ab6728; 1:5,000), goat anti‑rabbit 
IgG H&L HRP (cat. no. ab6721; 1:5,000), goat anti‑mouse 
IgG H&L (Alexa Fluor® 594; cat.  no.  ab150116; 1:5,000) 
CCL5 (cat. no. ab56709; 1:1,000), phosphorylated (p‑)CCR5 
(cat.  no.  ab63411; 1:1,000), and CCR5 (cat.  no.  ab65850; 
1:1,000) antibodies were purchased from Abcam (Cambridge, 
UK), p‑AKT (cat. no. 4060; 1:2,000), AKT (cat. no. 9272), 
p‑extracellular signal‑regulated kinase (Erk) (cat. no. 4370; 
1:1,000), Erk (cat. no. 4695; 1:1,000), matrix metalloproteinase 

(MMP)‑2 (cat. no. 87809; 1:1,000), MMP‑9 (cat. no. 13667; 
1:1,000), E‑cadherin (cat. no. 14472; 1:1,000) and vimentin 
(cat. no. 5741; 1:1,000) antibodies were purchased from Cell 
Signaling Technology, Inc. (Danvers, MA, USA).

Cell culture. MDA‑MB‑231 and MDA‑MB‑453 TNBC 
cells, purchased from the Cell Bank of the Chinese Science 
Institute (Shanghai, China) were cultured in 1640 medium 
supplemented with 10% fetal bovine serum (FBS; Gibco; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) and 1% 
penicillin‑streptomycin and maintained at 37˚C and 5% CO2. 
Human adipocytes were cultured in DMEM (Gibco; Thermo 
Fisher Scientific, Inc.).

Human adipose tissue. Human adipose tissue samples were 
obtained from mammary adipose tissue biopsies of healthy 
women (n=12; age 25‑63 years; body mass index 24.2‑29.0) 
undergoing surgical mammary reduction. All women were 
otherwise healthy and free of metabolic or endocrine diseases. 
Informed consent was obtained from every patient prior to 
the surgical procedure. The Ethics Committee of Longhua 
Hospital Affiliated to Shanghai University of Traditional 
Chinese Medicine (Shanghai, China) approved the present 
study. The adipose tissue was digested with collagenase, 
and adipose‑derived stromal vascular fraction (SVF) cells 
were isolated and differentiated as previously reported (35). 
Informed consent was obtained from the patients for participa-
tion in the study.

MTT assay. An MTT assay was used to detect the effect of 
human adipocytes on TNBC cell viability. The supernatants of 
the SVF cells or adipocytes were collected, and MDA‑MB‑231 
or MDA‑MB‑453 cells were incubated with the supernatant 
in 96‑well plates at a density of 5,000 cells per well. After 
24 h, epirubicin at concentrations of 0.01, 0.1, 0.5, 1 or 10 µM 
or emodin at concentrations of 1, 10, 50, 100 or 200 µM were 
added to the cell supernatant at 37˚C, using three wells per 
concentration. After 24 h, MTT solution (10 µl) at a concen-
tration of 5 mg/ml was added to 90 µl of culture media and 
incubated for 4  h at 37˚C in a humidified atmosphere of 
5% CO2. The supernatant was removed and 100 µl per well 
of DMSO was added to the plates. The optical density was 
measured at 492 nm in a microplate reader. The experiment 
was performed in triplicate.

Transwell invasion assay. The invasive capacity of the cells 
was evaluated with a Transwell assay in 24‑well plates 
(Corning Life Sciences, Corning, NY, USA) according to the 
manufacturer's protocol. Briefly, the upper chambers were 
coated with Matrigel (BD Biosciences, Franklin Lakes, NJ, 
USA). The MDA‑MB‑231 or MDA‑MB‑453 cells were seeded 
in the upper chamber of the Matrigel‑coated Transwell culture 
system in 200 µl serum free‑medium, and human SVF cells 
or adipocytes were seeded in the lower chamber in 500 µl 
medium with 10% FBS. The cells were then allowed to invade 
the Matrigel matrix for 24 h. Subsequently, the transmigrated 
cells were fixed and stained with crystal violet and counted in 
five randomly selected microscopic fields using an IX71 light 
microscope (Olympus Corporation, Tokyo, Japan). All experi-
ments were performed in triplicate.
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Wound healing assay. The MDA‑MB‑231 or MDA‑MB‑453 
cells were seeded in the lower chamber of a Transwell culture 
system, with human SVF cells or adipocytes in the upper 
chamber. When cellular confluence reached ~90%, wounds 
were created in the confluent cells using 10‑µl pipette tips. The 
cells were then rinsed with medium to remove any free‑floating 
cells and debris. Wound healing was observed at 12 and 24 h 
within the scrape line, and representative images of the scrape 
lines were captured.

ELISA. The levels of interleukin-8 (IL‑8), insulin‑like growth 
factor‑1 (IGF‑1) and CCL5 in the supernatant of the SVF cells, 
adipocytes, MDA‑MB‑231 and MDA‑MB‑453 cells were 
detected by ELISA according to the manufacturer's protocol 
(RayBiotech, Norcross, GA, USA). The TNBC cells co‑cultured 
with human adipocytes were treated for 24 h with 0.50 µM 
epirubicin and 50 µM emodin (for MDA‑MB‑231) or with 
0.25 µM epirubicin and 25 µM emodin (for MDA‑MB‑453). 
The levels of CCL5 in the supernatant of the SVF cells, 
adipocytes, and co‑cultures were detected using ELISA.

Western blot analysis. The MDA‑MB‑231 cells were seeded in 
the lower chamber of a Transwell culture system, with human 
SVF cells or adipocytes in the upper chamber. When cellular 
confluence reached ~90%, the MDA‑MB‑231 cells were treated 
with 6 µg/ml CCL5 antibody (cat. no. 2988; Cell Signaling 
Technology, Inc.), 100  pg/ml CCL5 (cat.  no.  96‑300‑06; 
PeproTech, Inc., Rocky Hill, NJ, USA), and 0.50 µM epirubicin 
or 50 µM emodin for 24 h at 37˚C and 5% CO2. The protein 
lysates were obtained from the MDA‑MB‑231 cells treated 
with a lysis buffer (cat. no. 78501; Thermo Fisher Scientific, 
Inc.) with a protease inhibitor cocktail. The proteins were 
quantified using a BCA Kit (cat. no. 23225; Thermo Fisher 
Scientific, Inc.) and 10 µg protein was loaded and separated 
by 8‑12% SDS‑PAGE according to the protein weight and 
blotted onto a PVDF nitrocellulose membrane (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA). The membrane was 
blocked in 5% milk in PBST for 1 h and then probed with 
primary antibodies overnight at 4˚C, followed by incubation 
with secondary antibodies for 1 h at room temperature. The 
signal was then visualized with enhanced chemiluminescence 
reagent, following the manufacturer's protocol (cat. no. 34080; 
Thermo Fisher Scientific, Inc.).

Tumor xenograft experiments. All mouse experiments were 
performed in accordance with approved protocols from the 
Shanghai Medical Experimental Animal Care Commission 
(Shanghai, China). A total of 72 female Balb/C nude mice (age, 
4‑6 weeks; weight, 18‑21 g) were obtained from Shanghai 
BiKai Bio‑Technology (Shanghai, China) and housed under 
specific pathogen‑free conditions at constant temperature 
(22±2˚C) and humidity (55±5%) in a 12 h light/dark schedule 
with ad libitum access to water and standard laboratory chow. 
These mice were divided into six groups. Of the mice, 36 were 
fed with a basic diet and 36 received a high fat and sugar diet 
for 20 days. All mice were inoculated subcutaneously with 
MDA‑MB‑231 cells (1x107) in 100 µl of 1640‑Matrigel mixture 
(1:1 ratio) in the thoracic fat pad. When the tumor volumes 
reached an average of ~100 mm3, the mice were treated with 
saline orally (p.o.), three times per week, 40 mg/ml emodin 

p.o., once a day for 21 days, or 5 mg/ml epirubicin intravenously 
(i.v.) weekly for 3 weeks. The tumor volumes were measured 
every 5 days in two dimensions with vernier calipers. The 
tumor volumes were calculated using the following formula: 
Length x width2 x 0.5. There were 12 mice were in each group, 
6 of the 12 tumor samples were immersed in 4% paraformal-
dehyde for hematoxylin and eosin (H&E) staining, and 6 of 
12 tumor samples were separated from liver and lung tissues 
and weighed. Tumor tissues from the in vivo experiments were 
collected for immunohistochemical analysis. The experiments 
were approved by the Ethics Committee of Longhua Hospital 
Affiliated to Shanghai University of Traditional Chinese 
Medicine.

Cellular immunofluorescence. The cells were cultured over-
night on coverslips in 6‑well plates. The coverslips were then 
removed and maintained in 4% polyformaldehyde for 15 min, 
and then washed three times in PBS solution. The coverslips 
were then treated with 0.2% Triton X-100 for 15 min, and then 
blocked with 3% goat serum (Gibco; Thermo Fisher Scientific, 
Inc.) at room temperature for 1 h. The coverslips were then 
incubated with E‑cadherin antibody (1:1,000) at 4˚C for 2 h, 
and then with secondary antibody linked with Alexa Fluor 594 
(1:200) for 1 h. Following staining with DAPI, the cells on the 
coverslips were observed under a confocal microscope.

H&E staining. Tissues were immersed in 4% paraformalde-
hyde for 4 h, and then transferred to 70% ethanol. Individual 
lobes of the tissues biopsy materials were placed in processing 
cassettes, dehydrated through a serial alcohol gradient, and 
then stained with H&E. Following staining, the sections were 
dehydrated through increasing concentrations of ethanol and 
xylene.

Statistical analysis. All statistical analyses were performed 
using SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA). 
All data are presented as the mean ±  standard deviation. 
Statistical significance was determined using a paired or 
unpaired Student's t‑test in cases of standardized expression 
data. One‑way analysis of variance was performed for multiple 
group comparisons, and comparisons between two groups 
were made using the least significant difference method. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Emodin inhibits TNBC cell proliferation and metastasis 
more efficiently than epirubicin under adipocyte‑rich condi‑
tions. The present study investigated the effects of epirubicin 
and emodin on TNBCs in the supernatant of SVF cells or 
adipocytes. The MTT assay results suggested that the IC50 
values of epirubicin and emodin against MDA‑MB‑231 were 
0.55 and 55.2 µM respectively, and when the MDA‑MB‑231 
cells were incubated in the supernatant of adipocytes, the IC50 
values were 5.1 and 67.1 µM, respectively. Similar trends were 
observed with the MDA‑MB‑453 cells, demonstrating that, 
when co‑cultured with adipocytes, the IC50 of epirubicin was 
~9.27 times higher, compared with the value obtained without 
adipocytes, whereas the IC50 of emodin was only ~1.21 times 
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Figure 1. Emodin inhibits proliferation and invasion of TNBC cells co‑cultured with adipocytes more markedly than epirubicin. (A) Cytotoxicity of epirubicin 
and emodin against TNBC cells for 72 h was assessed using an MTT assay. (B) TNBC cells co‑cultured with human adipocytes were treated with 0.50 µM 
epirubicin and 50 µM emodin for MDA‑MB‑231 cells, or with 0.25 µM epirubicin and 25 µM emodin for MDA‑MB‑453 cells for 16 h, and cell invasion was 
detected using a Transwell assay. The images were observed by light microscopy and images were captured at magnification, x200. (C and D) TNBC cells 
co‑cultured with human adipocytes were treated with 0.50 µM epirubicin and 50 µM emodin for MDA‑MB‑231 cells or with 0.25 µM epirubicin and 25 µM 
emodin for MDA‑MB‑453 cells for 16 h, cell migration was detected by a wound healing assay. The images were observed by light microscopy and images 
were captured at magnification, x100. Results are presented as the mean ± standard deviation of independent experiments performed in triplicate. *P<0.05, vs. 
control; #P<0.05, vs. adipocyte group. TNBC, triple negative breast cancer; SVF, adipose‑derived stromal vascular fraction.
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higher, a finding which suggested that adipocytes led to resis-
tance of TNBC to epirubicin, but not to emodin (Fig. 1A). 
The Transwell and wound healing assays demonstrated that 
adipocytes assisted in human TNBC MDA‑MB‑231 and 
MDA‑MB‑453 cell migration and invasion, and emodin 
caused more marked inhibition of TNBC cell migration and 
invasion, compared with epirubicin in the supernatant of 
adipocytes (Fig. 1B and C). Taken together, these findings 
showed that emodin inhibited TNBC cell proliferation and 
metastasis more efficiently than epirubicin in the supernatant 
of adipocytes.

Emodin inhibits the release of cytokines/chemokines and 
growth factors by human mammary adipocytes. It has been 
reported that the secretion of IL‑8, CCL5 and IGF‑1 by 
adipocytes can promote the migration of TNBC cells (16,17). 
In the present study, the results of the ELISA showed that 
the levels of IL‑8, CCL5 and IGF‑1 were higher in the cell 
supernatant of the adipocytes. The levels of these proteins 
were also measured in the cell culture supernatants following 
treatment with emodin or epirubicin. The results suggested 
that only CCL5 was downregulated following emodin 
treatment (Fig. 2A‑F); however, no changes were observed 
following epirubicin treatment, indicating that emodin may 
inhibit TNBC proliferation and migration by decreasing the 
release of CCL5.

Emodin inhibits TNBC invasion by antagonizing the secre‑
tion of CCL5 from adipocytes. To investigate whether emodin 
inhibited TNBC cell invasiveness by antagonizing the secre-
tion of CCL5 from adipocytes, TNBC cells were treated with 
6 µg/ml CCL5 antibody, CCL5 100 pg/ml, and 0.5 µM epiru-
bicin or 50 µM emodin for MDA‑MB‑231 cells, or 0.25 µM 
epirubicin or 25 µM emodin for MDA‑MB‑453 cells. The 
MTT assay results suggested that CCL5 antibody at a concen-
tration of 6 µg/ml inhibited cell proliferation and that CCL5 
reversed the inhibitory effect of emodin treatment (Fig. 3A). 
The Transwell assay suggested that CCL5 antibody inhibited 
cell invasion (Fig. 3B); however, CCL5 reversed the inhibitory 
effect of emodin treatment. The above results suggested that 
emodin may inhibit the proliferation and invasion of TNBCs 
by partially downregulating the secretion of CCL5.

Downst ream s ignal ing pa thways of  CCR5 and 
EMT‑associated markers. To investigate the mechanism 
underlying the inhibitory effect of emodin on TNBC prolif-
eration, migration and invasion via the CCL5/CCR5 pathway, 
the TNBC cells were treated with CCL5 antibody, emodin, or 
epirubicin, and the downstream signaling pathways of CCR5 
and EMT‑associated markers were analyzed by western blot 
or immunofluorescence assays. The results suggested that 
emodin inhibited the phosphorylation of AKT, activated 
GSK3β, downregulated the expression of β‑catenin and 

Figure 2. Levels of IL‑8, IGF‑1 and CCL5 in cell culture supernatants detected by ELISA. Levels of (A) IL‑8, (B) IGF‑1 and (C) CCL5 in supernatant of SVF 
cells, adipocytes, MDA‑MB‑231 and MDA‑MB‑453 cells were detected using ELISA. Triple negative breast cancer cells co‑cultured with human adipocytes 
were treated with 0.50 µM epirubicin and 50 µM emodin (for MDA‑MB‑231 cells) or with 0.25 µM epirubicin and 25 µM emodin (for MDA‑MB‑453 cells) 
for 24 h, and levels of (D) IL‑8, (E) IGF‑1 and (F) CCL5 in the supernatant of SVF cells, adipocytes or co‑cultures were detected using ELISA. Results are 
presented as the mean ± standard deviation of independent experiments performed in triplicate. **P<0.01 and ***P<0.001, vs. control; and ###P<0.001, vs. 
adipocyte group. IL‑8, interleukin‑8; IGF‑1, insulin‑like growth factor‑1; CCL5, CC‑chemokine ligand 5; SVF, adipose‑derived stromal vascular fraction.
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mesenchymal‑related proteins vimentin and snail, and upregu-
lated the expression of epithelial‑related protein E‑cadherin. 
Epirubicin inhibited the phosphorylation of CCR5, promoted 
the phosphorylation of AKT, downregulated the expression of 
MMP‑9 and snail, and upregulated the expression of GSK‑β, 
β‑catenin and E‑cadherin. CCL‑5 antibody downregulated 
the expression of CCL5, β‑catenin, MMP‑2, MMP‑9 and 
snail, upregulated the expression of GSK3β and E‑cadherin, 
and inhibited the phosphorylation of CCR5 and AKT. CCL5 
promoted the phosphorylation of CCR5 and AKT, and upregu-
lated the expression of CCL5, β‑catenin, MMP‑2, MMP‑9 and 
snail. Emodin+CCL5 upregulated the expression of CCL5, 
activated GSK3b, MMP‑2 and snail, and promoted the phos-
phorylation of CCR5 and AKT (Fig. 4A and B). These results 
indicated that emodin negatively regulated the downstream 
signaling pathways of CCR5 and EMT‑associated markers, 
thereby inhibiting invasion and migration.

In vivo evaluation of the effect of emodin on TNBC tumor 
growth and metastasis. The in vivo assay showed that emodin 

inhibited the tumor growth and metastasis of TNBC cells by 
decreasing levels of CCL5 in the serum of mice fed a high fat 
and sugar diet. The nude mice were fed a high fat and sugar 
diet for 20 days and then inoculated with TNBC cells in the fat 
pad. After 7 days, the mice were treated with 40 mg/ml emodin 
p.o. once a day for 21 days, or 5 mg/ml epirubicin i.v. weekly 
for 3 weeks. The results suggested that emodin downregulated 
the level of CCL5, whereas epirubicin did not affect the level 
of CCL5 (Fig. 5A). Emodin had a similar effect on control 
nude mice bearing MDA‑MB‑231 with epirubicin; however, 
the efficacy of emodin was significantly higher on the nude 
mice fed a high fat and sugar diet than epirubicin according to 
the body weight (Fig. 5B), primary tumor (Fig. 5C), liver metas-
tasis (Fig. 5D) and lung metastasis (Fig. 5E) tumor weight. The 
H&E staining data suggested that compared with the vehicle 
and epirubicin groups the emodin reduced lung (Fig. 5F) and 
liver metastasis  (Fig. 5G) of the TNBC tumor. The above 
results indicated that emodin inhibited tumor growth and the 
lung and liver metastasis of TNBC cells by decreasing levels 
of CCL5 in mice fed a high fat and sugar diet (Fig. 5).

Figure 3 Emodin inhibits TNBC cell viability and invasion by antagonizing secretion of CCL5 from adipocytes. (A) Cell viability of TNBC cells treated 
with 6 µg/ml CCL5 antibody, 50 pg/ml CCL5, 0.50 µM epirubicin, or 50 µM emodin (for MDA‑MB‑231), or 0.25 µM epirubicin or 25 µM emodin (for 
MDA‑MB‑453) was detected using an MTT assay. (B) Invasion of TNBC cells co‑cultured with human adipocytes was detected using a Transwell assay. 
The images were observed by light microscopy and images were captured at magnification, x200. Results are presented as the mean ± standard deviation of 
independent experiments performed in triplicate. *P<0.05, **P<0.01, ***P<0.001, vs. control; #P<0.05, ##P<0.01 and ###P<0.001, vs. emodin+CCL5 group. TNBC, 
triple negative breast cancer; CCL5, CC‑chemokine ligand 5; Emo, emodin; Ab, antibody.
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Discussion

Breast cancer is the most common malignant tumor in women 
worldwide. The majority of patients with advanced breast 
cancer have serious systemic metastasis, which results in a 
high mortality rate (1,2). Adipose tissue represents a major 
component of the tumor microenvironment, particularly for 
breast cancer  (7,8). In addition to providing an insulating 
and mechanically supportive site for energy storage, adipose 
tissue has endocrine functions, regulating systemic energy 
and metabolic homeostasis through a complex network 
of signals  (8,36). Data from previous investigations have 
suggested that the release of CCL5 by adipocytes contributes 
to increase motility and invasiveness of breast cancer cells. 
CCL5 is detectable in peritumoral adipose tissue of TNBCs, 
and correlates with lymph node and distant metastases, and 
reduced overall survival rates (16). The process of EMT is 
involved in embryogenesis, underlying mesoderm formation 
and neural crest development (37), and is known to be involved 
in wound healing, fibrosis and tumor progression by enhancing 

tumor cell migration and invasion  (9,38). Adipocytes may 
contribute to EMT in breast cancer cells through the secretion 
of CCL5 (16).

The results of the present study suggested that emodin 
inhibited TNBC proliferation, migration and metastasis more 
effectively than epirubicin in adipocyte co‑culture condi-
tions. Therefore, the present study investigated the underling 
mechanisms. The ELISA results showed that emodin inhibited 
the release of CCL5 from human adipocytes, leading to the 
investigation of whether emodin inhibited TNBC prolifera-
tion, migration and invasion by downregulating the secretion 
of CCL5. The results of the investigations confirmed this.

In the present study, TNBC cells co‑cultured with 
adipocytes were treated with CCL5 antibody, emodin, or 
epirubicin, and the downstream signaling pathways of CCR5‑ 
and EMT‑associated markers were analyzed by western blot 
analysis and confocal microscopy. The phosphorylation of 
AKT can inhibit GSK3h, which may stabilize β‑catenin. The 
latter may translocate to the nucleus and engage the tran-
scription factors TCF and LEF1, and promote transcription 

Figure 4. Downstream signaling pathways of CCR5 and EMT‑associated markers, analyzed using western blot analysis. (A) Western blot analysis to detect 
CCL5/CCR5 and downstream signal pathways and EMT‑associated markers in MDA‑MB‑231 cells treated with 6 µg/ml CCL5 antibody, 100 pg/ml CCL5, 
0.50 µM epirubicin or 50 µM emodin when co‑cultured with human adipocytes or adipose‑derived stromal vascular fraction cells. *P<0.05, vs. control. 
(B) Immunofluorescence assay detection of the expression of E‑cadherin in TNBCs. The images were observed by confocal microscopy and the images were 
captured at magnification, x1,000. EMT, epithelial‑mesenchymal transition; TNBC, triple negative breast cancer; CCL5, CC‑chemokine ligand 5.
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Figure 5. In vivo assay to evaluate the effect of emodin on MDA‑MB‑231 tumor growth and metastasis. (A) CCL5 levels were measured every week. (B) Body 
weights of mice were measured every week. (C) Weight of primary tumor was measured. (D) Weight of liver metastasis was measured. (E) Weight of lung 
metastasis was measured. (F) H&E staining of liver and (G) lung metastasis of MDA‑MB‑231 xenograft. Arrows indicate tumor cells. The images were 
observed by light microscopy and images were captured at magnification x200. Results are presented as the mean ± standard deviation of independent 
experiments performed in triplicate. **P<0.01 and ***P<0.001, vs. control; #P<0.05, ##P<0.01 and ###P<0.001, vs. control of high fat and sugar diet mice. CCL5, 
CC‑chemokine ligand 5; H&E, hematoxylin and eosin.
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of a series of EMT‑related genes (18). The data in the present 
study suggested that emodin inhibited the phosphorylation of 
CCR5 and AKT, downregulated the expression of β‑catenin, 
vimentin and snail, and upregulated the expression of 
E‑cadherin. The above results indicated that emodin inhib-
ited invasion and migration by suppressing the downstream 
signaling pathways of CCR5‑ and EMT‑associated markers.

The in vivo data showed that a high fat and sugar diet 
contributed to tumor growth and metastasis. Emodin inhibited 
tumor growth, and inhibited the lung and liver metastasis of 
TNBC cells in vivo by decreasing the secretion of CCL5 in the 
serum of mice fed a high fat and sugar diet.

In conclusion, emodin was shown to antagonize the secre-
tion of CCL5 from adipocytes and inhibit EMT of TNBC cells, 
further inhibiting tumor growth, and lung and liver metastasis. 
However, the mechanism underlying the negative regulation of 
CCL5 release by emodin requires elucidation in future inves-
tigations. The above data suggest a novel therapeutic agent for 
preventing TNBC metastasis.
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