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Abstract. Milk fat globule‑EGF factor 8 (MFG‑E8) has 
been demonstrated to be associated with the progression 
and metastasis of breast cancer, although the underlying 
mechanisms remain undefined. The aim of the present study 
was to explore the role of MFG‑E8 in human breast cancer 
and examine the underlying molecular mechanisms. Reverse 
transcription‑quantitative polymerase chain reaction analysis 
was used to evaluate the expression levels of MFG‑E8 in 
human breast carcinoma cell lines. An MFG‑E8 small inter-
fering RNA lentiviral vector was constructed and transfected 
into MDA‑MB‑231 cells. The results indicated that the in vitro 
silencing of MFG‑E8 significantly inhibited the viability, 
invasion and migration of breast cancer cells. By using a flow 
cytometric approach, the knockdown of MFG‑E8 was revealed 
to significantly induce cell cycle arrest at the G2/M phase and 
cell apoptosis. Furthermore, the downregulation of MFG‑E8 
induced the activation of apoptosis‑associated proteins, 
and inhibited the expression of matrix metalloproteinase 
and epithelial‑mesenchymal transition‑associated proteins. 
Collectively, the results of the present study emphasize the 
importance of MFG‑E8 deregulation in mammary carcino-
genesis and its potential use as a biomarker for the diagnosis 
of breast carcinomas.

Introduction

Breast cancer is one of the most malignant cancer types and 
the global leading cause of cancer‑associated mortality in 
women (1). The etiology of breast cancer is multi‑factorial 
and there are various associated risk factors, including high 
breast density, a late first birth and education‑associated risk 

factors (2). In recent years, the incidence of breast cancer in 
women has consistently increased (3). The primary causes of 
mortality in patients with breast cancer result from excessive 
proliferation and metastasis of cancer cells (4). Thus, a greater 
comprehension of the mechanisms underlying breast cancer 
has become a matter of urgency.

Milk fat globule‑EGF factor 8 (MFG‑E8), also known as 
lactadherin (5), is a 46 kDa glycoprotein originally found in 
milk and mammary epithelial cells (6). The protein contains 
a signal sequence for secretion, two N‑terminal epidermal 
growth factor domains, and two C‑terminal discoidin domains 
with homology to the C1 and C2 domains found in blood clot-
ting factors V and VIII (7,8). MFG‑E8 is primarily produced by 
macrophages and dendritic cells (9), but is expressed in several 
cell types, including mammary epithelial, myoepithelial (10), 
macrophage (11), dendritic (12), endothelial (13), intestinal 
and retinal epithelial (14) cells. The protein exerts various 
effects on cellular proliferation, differentiation, apoptosis, 
migration and invasion (15). BA46, also known as MFG‑E8, 
has been studied as a potential marker for breast cancer as it 
was identified in the circulation of patients with breast cancer, 
but not in healthy subjects (7,16,17). There is also considerable 
interest in BA46 as a potential target for breast cancer therapy, 
because it is expressed in human breast carcinoma (7,18,19), 
and radioconjugates of monoclonal antibodies that specifically 
recognize BA46 have successfully targeted human breast 
tumors transplanted into mice (20‑22).

In recent decades, numerous studies have examined the 
mechanisms of MFG‑E8 and breast cancer. These studies 
determined that MFG‑E8 was significantly expressed in 
systemic lupus erythematosus (23), lung fibrosis (24), breast 
cancer (19) and melanoma (25,26). Several different functions 
of MFG‑E8 have been proposed in breast cancer cell lines. 
Yang  et  al  (27) identified the expression and function of 
MFG‑E8 in different breast cancer subtypes using a microarray 
analysis of laser capture‑microdissected tissues and in situ 
analysis. As MFG‑E8 expression levels were decreased in 
estrogen receptor (ER)‑positive and receptor tyrosine‑protein 
kinase erbB‑2 (erbB2)‑positive human breast cancer, it was 
concluded that MFG‑E8 may exert an inhibitory function in 
these cancer types (27). In contrast, MFG‑E8 was identified 
to be highly expressed in triple‑negative [ER‑/progesterone 
receptor (PgR)‑/erbB2‑] breast cancer (TNBC) cell lines 
and patient sera compared with non‑triple‑negative cell 
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lines including T47D, ZR75, MCF7, BT474 and SKBR3 
and compared with basal‑like human breast cancer, respec-
tively (27,28). These findings underscore the putative value 
of MFG‑E8 as a potential biomarker and therapeutic target 
for breast carcinoma, although further research is required 
to understand the functional properties of MFG‑E8 in breast 
carcinoma (15). In the present study, to determine the effect of 
MFG‑E8 on the malignant and metastatic potential of TNBC 
cells, biological methods were used to investigate the func-
tion of MFG‑E8 in MDA‑MB‑231 cells in vitro. Cell viability, 
migration, invasion and apoptosis were affected by the down-
regulation of MFG‑E8 in human breast cancer cells.

Materials and methods

Cell culture. The human breast carcinoma cell line lines 
Hs578Bst (non‑breast cancer cell line) (29), Hs 578T, MCF‑7, 
ZR‑75‑30, T47D and MDA‑MB‑231 were purchased from 
the American Type Culture Collection (ATCC, Manassas, 
VA, USA). All cell lines were cultured in Dulbecco's modi-
fied Eagle's medium (DMEM) supplemented with 10% fetal 
bovine serum (FBS) and 1% penicillin/streptomycin at 37˚C 
in an atmosphere with 5% CO2, as recommended by ATCC.

RNA isolation and RT‑qPCR analysis. RNA extraction was 
performed using TRIzol reagent (Life Technologies; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) and reverse tran-
scribed to complementary DNA (cDNA) using the 
PrimeScript™ RT reagent kit (Takara Bio, Inc., Otsu, Japan). 
For RT‑qPCR, cDNA was mixed with the appropriate primers 
and the SYBR‑Green Super mix (Kapa Biosystems, Inc., 
Wilmington, MA, USA) and run on the CFX96 Real‑Time 
system (Bio‑Rad Laboratories, Inc., Hercules, CA, USA). All 
mRNA data were normalized to the expression of GAPDH. 
The primers used in the present study were as follows: Human 
MFG‑E8 forward, 5'‑GTA​ACT​TTG​GCT​CTG​TCC‑3' and 
reverse, 5'‑GTT​CTT​CTT​GTG​GGA​GTG‑3'; human GAPDH 
forward, 5'‑CCA​CTC​CTC​CAC​CTT​TG‑3' and reverse, 5'‑CAC​
CAC​CCT​GTT​GCT​GT‑3'. The procedure for RT‑qPCR 
included 5 min at 99˚C, followed by 40 cycles of 15 sec at 
94˚C, 30 sec at 59˚C and 45 sec at 72˚C. The 2‑∆∆Cq method was 
used to calculate the relative expression of MGF‑E8 (30).

Lentivirus production and oligonucleotide transfection. 
Lentivirus containing MFG‑E8 short hairpin RNA1 and 
RNA2 (shRNA1, shRNA2) or scrambled oligonucleotides 
were obtained from Wuhan Hualian Branch Biotechnology 
Co., Ltd. (Wuchang, Wuhan, China). The cells were divided 
into four groups including the blank control group (Control), 
the scramble group (pSi‑Scramble), the shRNA1 group, and 
the shRNA2 group. The target sequences for the MFG‑E8 
shRNA were as follows: MFG‑E8 shRNA2, forward, 5'‑ tat​
gGG​ACT​GGC​AGC​AGT​AAG​ATC​TTT​CAA​GAG​AAG​ATC​
TTA​CTG​CTG​CCA​GTC​CTT​TTT‑3' and reverse, 5'‑ aat​tAA​
AAA​GGA​CTG​GCA​GCA​GTA​AGA​TCT​TCT​CTT​GAA​
AGA​TCT​TAC​TGC​TGC​CAG​TCC‑3'. The cells were inocu-
lated into 6‑well plates at a concentration of 3x105 cells/ml 
(1.2x106 per well), 4 ml of complete medium was added, 
mixed well, and the plates were placed in a CO2 incubator 
overnight at 37˚C. Two µg of the plasmid (pGMLV‑SC5RNAi; 

Genomeditech, Shanghai, China) to be transfected was 
diluted in 100 µl of serum‑free medium to make solution A 
and 25 µl of Lipofectamine® 2000 was diluted in 100 µl of 
serum‑free medium to make solution B. Solutions A and B 
were mixed and agitated for 30 min at 18‑21˚C (room temper-
ature), then added to the cells for incubation in 6‑well plates 
at 37˚C for 6 h. Following transfection, the cells were washed 
twice with serum‑free medium and cultured for 3 days, after 
which the protein expression in cells was evaluated. A total 
of 50 nM pSi‑MFG‑E8 and 20 nM pSi‑Scramble (Wuhan 
Hualian Branch Biotechnology Co., Ltd.) were diluted in 
Opti‑L‑15 reduced serum medium (Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA); the diluted plasmid 
DNA and Lipofectamine 2000 were then mixed at a ratio of 
1:2.5 and added to MDA‑MB‑231 cells.

MTT assay. Cell viability was measured using a MTT assay. 
MDA‑MB‑231 cells (2x105  cells per well) were plated in 
96‑well plates, allowed to adhere overnight and transfected 
with pSi‑Scramble or pSi‑MFG‑E8 as aforementioned. 
Untreated MDA‑MB‑231 cells were used as the control. 
After transfection for 24, 48 and 72 h, 20 µl MTT (5 mg/ml) 
was added and the plates were incubated for a further 4 h at 
37˚C. Subsequently, 150 µl DMSO was added to dissolve the 
formazan crystals. The optical density (OD) was detected 
at 490 nm using a microplate spectrophotometer. The cell 
survival percentage was calculated as follows: (OD sample/OD 
control) x100%.

Cell cycle assay. The cell cycle distribution was determined 
using flow cytometry. MDA‑MB‑231 cells were fixed in 70% 
cold ethanol at 4˚C for 30 min. Following fixation, the cells 
were washed twice with PBS and collected by centrifuga-
tion at 3,000 x g for 30 sec at 4˚C. The collected pellets were 
suspended and incubated in PBS containing 20 µl/ml of prop-
idium iodide (PI), 0.2% Triton X‑100, and 40 µg/ml RNaseA at 
4˚C for at least 30 min. Finally, the cell cycle phase distribution 
was assessed using a flow cytometer.

Tumor cell migration and invasion assays. Transwell cham-
bers (8‑µm diameter, 24‑well format) (Corning Incorporated, 
Corning, NY, USA) were used in the assay. For the cell 
invasion assay, the internal surface of each polycarbonate 
membrane was coated with Matrigel™ (30 µg) for 30 min 
at 37˚C for gel formation (however, for the cell migration 
assay, the polycarbonate membrane was not coated with 
Matrigel) and then blocked with 500 µl serum‑free DMEM 
media. MDA‑MB‑231 cells (1x105 cells) were seeded into 
the upper chamber in 200 µl of serum‑free medium and the 
lower compartment of the chamber was filled with 600 µl 
DMEM supplemented with 0.2% bovine serum albumin 
(Gibco; Thermo Fisher Scientific, Inc.) and 10% FBS. After 
incubation for 24 h at 37˚C, the cells on the upper surface of 
the membrane were carefully removed using a cotton swab. 
The cells that had migrated to or invaded the lower surface of 
the membrane were fixed in 1 ml of 4% methanol for 10 min 
at 18‑21˚C (room temperature) and stained with 0.1% crystal 
violet for 30 min at 37˚C. A Nikon inverted microscope 
(TS100‑F; Nikon Corporation, Tokyo, Japan) used to observe 
migratory cells in lower chamber (magnification, x200).
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Western blotting. MDA‑MB‑231 cell pellets were lysed in 
ice‑cold radioimmunoprecipitation assay buffer containing 
complete protease inhibitor cocktail (Bio‑Swamp, Shanghai, 
China) for 30 min on ice. The protein concentration was deter-
mined using a BCA protein assay kit. Equal amounts (20 µg) 
of proteins were fractionated on an appropriate percentage 
(10%) SDS‑polyacrylamide gel and transferred onto a polyvi-
nylidene difluoride membrane. After the transfer, non‑specific 
binding to the membrane was blocked by incubation with 
5% nonfat dry milk in Tris‑buffered saline and Tween 20 
(TBST) at room temperature for 2 h, which was followed by 
overnight incubation with primary antibodies in TBST and 5% 
nonfat dry milk on a shaker at 4˚C. The primary antibodies 
were as follows: Anti‑MFG‑E8 (1:1,000; cat. no. ab168733; 
rabbit); anti‑E‑cadherin (1:1,000; cat. no. ab76055; mouse); 
anti‑N‑cadherin (1:500; cat. no. ab18203; rabbit); anti‑vimentin 
(1:500; cat.  no.  ab8978; mouse); anti‑caspase‑3 (1:500; 
cat. no. ab4051; rabbit); anti‑caspase‑9 (1:500; cat. no. ab69514; 
rabbit); anti‑Bcl‑2‑associated X protein (Bax; 1:1,000; 
cat. no. ab53154; rabbit); anti‑B‑cell lymphoma 2 (Bcl‑2; 1:500; 
cat. no. ab32124; rabbit); anti‑β‑actin (1:10,000; cat. no. ab8227; 
rabbit) (all from Abcam, Cambridge, UK); anti‑cleaved 
caspase‑3 (1:500; cat.  no.  9664P; rabbit); anti‑cleaved 
caspase‑9 (1:800; cat. no. 9505P; human) (both from Cell 
Signaling Technology, Inc., Danvers, MA, USA); anti‑matrix 
metalloproteinase (MMP)‑9 (1:800; cat. no. sc‑21733; mouse) 
and anti‑MMP‑2 (1:500; cat.  no.  sc‑13595; mouse) (both 
from Santa Cruz Biotechnology, Inc., Dallas, TX, USA). 
The membranes were incubated with horseradish peroxidase 
(HRP)‑conjugated secondary antibodies [Goat anti‑rabbit 
immunoglobulin (IgG) H&L, 1:5,000, cat. no. ab6721; goat 
anti‑mouse IgG, 1:5,000, cat. no. ab6789; goat anti‑human 
IgG, 1:10,000, cat. no. ab6858; Abcam] at 4˚C overnight and 
the protein bands were visualized by using an Immobilon ECL 
Ultra Western HRP substrate (EMD Millipore, Billerica, MA, 
USA) and using ImageJ 1.8 software (National Institutes of 
Health, Bethesda, MD, USA). The levels of MMP‑2 and MMP‑9 
were detected using an ELISA kit which was purchased from 
AmyJet Scientific, Inc. (cat. no. KA0391; Wuhan, China).

Flow cytometric analysis of apoptosis. The analysis of apop-
totic cells was conducted using annexin V‑fluorescein and 
PI staining. In accordance with the manufacturer's protocol 
(Wuhan Hualian Branch Biotechnology Co., Ltd.), transfected 
or untransfected control MDA‑MB‑231 cells were collected 
by trypsinization, washed with PBS, resuspended in 100 µl 
annexin V FLUOS labeling solution and incubated for 
10‑15 min at 15‑25˚C. Cellular apoptosis was evaluated using 
flow cytometry. Flow cytometric analysis clearly differenti-
ated normal (living) cells, which exhibit low annexin V and 
low PI staining, from apoptotic cells (high annexin V and low 
PI staining) and necrotic cells (high annexin V and high PI 
staining). The data were analyzed by using CellQuest data 
acquisition and analysis software (version 5.1; BD Biosciences, 
Franklin Lakes, NJ, USA).

Statistical analysis. All data are presented as the 
mean ± standard error. Statistical analysis for comparison 
between treated groups and corresponding controls was 
performed using SPSS 19.0 software (IBM Corp., Armonk, 

NY, USA), and the data were analyzed using a two‑sample 
Student's t‑test or analysis of variance followed by the Least 
Significant Difference post hoc test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

MFG‑E8 expression levels in breast carcinomas cell lines. 
RT‑qPCR was used to examine the expression level of 
MFG‑E8 in different breast carcinoma cell lines (Hs578Bst, 
Hs578T, MCF‑7, T47D, ZR‑75‑3, MDA‑MB‑231). According 
to the results, the endogenous expression levels of MFG‑E8 
in MDA‑MB‑231 cells were significantly higher compared 
with that in other cells (P<0.01; Fig. 1). It was concluded that 
MFG‑E8 was expressed in breast carcinoma cell lines and the 
expression level differed across various breast cancer subtypes.

Downregulation of MFG‑E8 in MDA‑MB‑231 cells. MFG‑E8 
is markedly upregulated in certain human breast carcinoma 
cell lines (26); however, little is known about the biological 
function of MFG‑E8 in these cell lines. We hypothesized 
that MFG‑E8 may play a role in breast cancer. To verify 
the hypothesis regarding the function of MFG‑E8 in breast 
cancer cells, MDAMB‑231 cells were selected as a model 
for further studies. Downregulated expression of MFG‑E8 in 
MDA‑MB‑231 cells occurred following infection with lenti-
virus containing shRNAs, including shRNA1 and shRNA2 
for MFG‑E8. The mRNA expression level of MFG‑E8 was 
reduced by 5.06 times and protein expression was reduced 
by 7.37 times following transfection with the lentivirus 
small interfering (si)RNA. RT‑qPCR were used to detect the 
optimal shRNA to target MFG‑E8. As presented in Fig. 2A, 
the mRNA levels of MFG‑E8 were significantly decreased in 
the siRNA‑transfected cells compared with the blank control 
(MDA‑MB‑231 untreated) and scramble control. shRNA2 was 
used for subsequent experiments. Western blotting, which was 
used to further validate the interference efficiency, revealed 
that the protein expression of MFG‑E8 was also markedly 
decreased in the siRNA‑transfected cells compared with the 
blank control‑untransfected MDA‑MB‑231 cells and scramble 
control groups (Fig. 2B). These results indicated that lentivirus 
siRNA successfully downregulated the mRNA and protein 
expression of MFG‑E8 in TNBC cells.

Cell viability is affected by MFG‑E8 in MDA‑MB‑231 cells. 
To explore the effect of MFG‑E8 knockdown in MDAMB‑231 
cells, the morphological changes of MDA‑MB‑231 cells 
were observed under an inverted microscope. Morphological 
observation revealed that the control cells in the pSi‑Scramble 
and untreated groups exhibited normal morphology with 
polygonal shapes, firmly adherent growth, distinct cell borders 
and intercellular tight junction. However, the MDA‑MB‑231 
cells transfected with pSi‑MFG‑E8 exhibited abnormal 
morphology, with small and round in shape characteristics, 
detachment from the cell culture wells, cell debris and an 
increase in intercellular particles in a time‑dependent manner 
following transfection, which are all indicative of apoptosis 
(Fig. 3A). These results indicated that high levels of MFG‑E8 
in MDAMB‑231 cells is important for maintaining normal 
cell morphology and growth in vitro. To understand the effect 
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of MGF‑E8 knockdown on the cell viability, MDA‑MB‑231 
cells were transfected with pSi‑MFG‑E8 for 24 to 72  h, 
and evaluated using a MTT assay. As shown in Fig.  3B, 
MDA‑MB‑231 cell viability was significantly decreased 
in the siRNA‑transfected groups compared with the blank 
control (MDA‑MB‑231 untreated) and scramble control 
24, 48 and 72 h following transfection, while there were no 
significant differences between the pSi‑Scramble and control 
groups. Taken together, the aforementioned results suggested 
that MGF‑E8 lentivirus siRNA significantly suppressed the 
viability of MDA‑MB‑231 cells.

MFG‑E8 expression affects breast cancer cell cycle. To 
determine whether MGF‑E8 downregulation induced growth 
inhibition of MDA‑MB‑231 cells, the cell cycle distribution 
was evaluated by flow cytometry. The results confirmed that 
the cell cycles of MDA‑MB‑231 cells were affected by inhibi-
tion of MGF‑E8, with the cell cycles being arrested at the G2/M 
phase. As shown in Fig. 4, the proportion of MDA‑MB‑231 
cells that accumulated in the G2/M phase were significantly 
increased from 6.59±1.3% in the pSi‑Scramble group and 
6.21±1.9% in the blank control (MDA‑MB‑231 untreated) 
group to 26.48±1.2% in the pSi‑MFG‑E8 group, and reduced 
from 59.64±2.9 and 57.35±3.2%, respectively, to 46.42±1.6% in 
the G0/G1 phase 24 h after transfection. These results revealed 
that MDA‑MB‑231 cell growth inhibition were mediated by 
G2/M cell‑cycle arrest following MGF‑E8 downregulation.

MFG‑E8 expression regulates breast cancer cell migration 
and invasion. To examine the function of MFG‑E8 in cell 
migration and invasion, migration and invasion assays were 
performed in 8‑µm diameter pore size Transwell chambers in 
24‑well plates. In the Transwell migration assay, it was demon-
strated that the number of cells that had migrated to the lower 
chambers was significantly reduced following MFG‑E8 down-
regulation compared with the blank control (MDA‑MB‑231 
untreated) and scramble control groups (Fig.  5A  and  B). 
Furthermore, the cell invasion assays revealed that knockdown 
of MFG‑E8 by siRNA transfection significantly inhibited the 
invasion of MDA‑MB‑231 cells compared with the blank 
control (MDA‑MB‑231 untreated) and scramble control groups 
(Fig. 5A and B). To investigate the underlying mechanism 
of the inhibition of cell migration and invasion by MFG‑E8 
downregulation, western blot analysis was used to detect the 
expression of associated proteins. Compared with the blank 
control (MDA‑MB‑231 untreated) and scramble control 
groups, the expression levels of N‑cadherin and vimentin in 
the MFG‑E8 downregulation group were markedly decreased, 
and the level of E‑cadherin was markedly increased (Fig. 5C). 
In addition, the expression of MMP‑9 and MMP‑2 was mark-
edly decreased, which was confirmed by the results of the 
ELISA, whereby MMP‑2 and MMP‑9 levels were significantly 
decreased compared with the blank control (MDA‑MB‑231 
untreated) and scramble control groups (Fig. 5D).

Knockdown of MFG‑E8 in MDA‑MB‑231 cells induces cell 
apoptosis. According to the aforementioned results, it was 
demonstrated that the MFG‑E8 knockdown cells exhibited the 
typical morphology of apoptosis. Next, the proportion of apop-
totic MDA‑MB‑231 cells under each condition was examined 

using flow cytometry. MGF‑E8 knockdown significantly 
reduced the proportion of viable MDA‑MB‑231 cells from 
94.32±2.13% and 95.41±1.44% to 69.85±3.61% 48 h following 
transfection compared with the blank control (MDA‑MB‑231 
untreated) and pSi‑Scramble groups (Fig. 6A and B). At 48 h 

Figure 1. MFG‑E8 expression level in breast carcinomas cell lines and a 
non‑breast cancer cell line. Reverse transcription‑quantitative polymerase 
chain reaction was used to determine the expression level of MFG‑E8 mRNA 
in a variety of breast carcinomas cell lines and a non‑breast cancer cell line. 
**P<0.01, MDA‑MB‑231 cells vs. T47D cells. ***P<0.001, MDA-MB-231 cells 
vs. MCF-7 cells. MFG‑E8, Milk fat globule‑EGF factor 8.

Figure 2. Downregulation of MFG‑E8 in MDA‑MB‑231 cells. (A) Reverse 
transcription‑quantitative polymerase chain reaction was used to determine 
the expression level of MFG‑E8 following transfection. (B) Western blotting 
was used to determine the protein level of MFG‑E8 after transfection. **P<0.01, 
pSi‑MFG‑E8 group vs. pSi‑Scramble group. Control, non‑transfected cells; 
pSi‑Scramble, cells transfected with control shRNA lentiviral vector; 
pSi‑MFG‑E8‑1, cells transfected with control shRNA1‑MFG‑E8 lentiviral 
vector; pSi‑MFG‑E8‑2, cells transfected with control shRNA2‑MFG‑E8 
lentiviral vector; MFG‑E8, Milk fat globule‑EGF factor 8; shRNA, short 
hairpin RNA.
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Figure 3. Cell viability is affected by MFG‑E8 in MDA‑MB‑231. (A) The morphological changes of MDA‑MB‑231 cells following transfected for 48 h were 
observed under an inverted microscope (magnification, x200). (B) An MTT assay was performed to assess MDA‑MB‑231 cell viability at 24, 48 and 72 h 
following transfection, *P<0.05, pSi‑MFG‑E8 group vs. pSi‑Scramble group. Control, non‑transfected cells; pSi‑Scramble, cells transfected with control 
shRNA lentiviral vector; pSi‑MFG‑E8, cells transfected with control shRNA‑MFG‑E8 lentiviral vector; MFG‑E8, Milk fat globule‑EGF factor 8; shRNA, 
short hairpin RNA.

Figure 4. MFG‑E8 expression affects cell cycle progression in breast cancer. (A) MDA‑MB‑231 cells were transfected with pSi‑Scramble or pSi‑MFG‑E8 
for 48 h, and cell cycle distribution was measured by flow cytometry. (B) Quantification of the proportion of cells in each cell cycle phases (G0/G1, S, G2/M) 
presented as the mean ± standard error. *P<0.05, pSi‑MFG‑E8 group vs. pSi‑Scramble group. Control, non‑transfected cells; pSi‑Scramble, cells transfected 
with control shRNA lentiviral vector; pSi‑MFG‑E8, cells transfected with control shRNA‑MFG‑E8 lentiviral vector; MFG‑E8, Milk fat globule‑EGF factor 8; 
shRNA, short hairpin RNA.
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post‑transfection, the percentage of apoptotic MDA‑MB‑231 
cells transfected with pSi‑MGF‑E8 was 24.20±1.5%, signifi-
cantly higher compared with that of the pSi‑Scramble group 

(4.11±3.9%) and the blank control (MDA‑MB‑231 untreated) 
group (3.76±2.2%). To confirm whether MFG‑E8 knockdown 
affected the expression level of proteins associated with 

Figure 5. MFG‑E8 expression regulates breast cancer cell migration and invasion. (A) Light microscopic examination following Transwell assays revealed the 
effects of MFG‑E8 on the migration and invasion of MDA‑MB‑231 cells (magnification, x200). (B) The migration and invasion rate of MDA‑MB‑231 cells 
that migrated/invaded through the membrane were counted in five random fields per group. (C) Expression levels of MMP‑2, MMP‑9, N‑cadherin, Vimentin 
and E‑cadherin in MDA‑MB‑231 cells following transfection with pSi‑Scramble or pSi‑MFG‑E8 for 48 h were analyzed by western blotting. (D) Levels of 
MMP‑2, MMP‑9 in MDA‑MB‑231 cells were analyzed by ELISA. *P<0.05, **P<0.01, ***P<0.001, pSi‑MFG‑E8 group vs. pSi‑Scramble group. β‑actin was used 
as a loading control. Control, non‑transfected cells; pSi‑Scramble, cells transfected with control shRNA lentiviral vector; pSi‑MFG‑E8, cells transfected with 
control shRNA‑MFG‑E8 lentiviral vector; MFG‑E8, Milk fat globule‑EGF factor 8; shRNA, short hairpin RNA; MMP, matrix metalloproteinase.
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apoptosis, the protein expression levels of caspase‑3, cleaved 
caspase‑3, caspase‑9, cleaved caspase‑9, Bax and Bcl‑2 were 
investigated. After MDA‑MB‑231 cells were transfected with 
pSi‑ MFG‑E8 or pSi‑Scramble for 48 h, the expression levels 
of cleaved caspase‑3, and cleaved caspase‑9 were markedly 
increased in the pSiRNA‑MFG‑E8 group compared with blank 
control (MDA‑MB‑231 untreated) and pSi‑Scramble groups 
(Fig. 6C). Conversely, the expression levels of the precursor 
protein, caspase‑3 and caspase‑9 were decreased. In addition, 
compared with the blank control (MDA‑MB‑231 untreated) 
and pSi‑Scramble groups, MFG‑E8 downregulation markedly 
decreased the level of Bcl‑2 and increased the level of Bax 
resulting in an increase in the Bax/Bcl‑2 ratio.

Discussion

Breast cancer is the most frequently diagnosed cancer and 
the global leading cause of cancer‑associated mortality in 

women  (1). Furthermore, it accounts for 23% of the total 
number of new cancer cases and 14% of the total number 
of cancer mortalities in the USA (31). In the past, numerous 
studies have examined the cellular changes in the different 
types of breast cancer cells. MFG‑E8 is a glycoprotein that is 
expressed in several cell types and human malignancies (32). 
Previous studies have indicated that the function and expres-
sion of MFG‑E8 depends on the subtype of human breast 
carcinoma. MFG‑E8 expression is decreased in ER‑positive 
and erbB2‑positive human cancer, and may serve a suppres-
sive function in these types. In contrast, MFG‑E8 is highly 
expressed in TNBC cell lines and patient sera (15). However, 
as the expression profiles and functions of MFG‑E8 in TNBC 
cells have not yet been thoroughly analyzed, further studies 
are required (33).

The aim of the present study was to explore the role 
of MFG‑E8 in TNBC cells and examine the underlying 
molecular mechanisms. Western blotting and RT‑qPCR 

Figure 6. Knockdown of MFG‑E8 in MDA‑MB‑231 cells induces cell apoptosis. (A) Representative plots of MFG‑E8 knockdown‑induced apoptosis in 
MDA‑MB‑231 cells as determined using flow cytometry. MDA‑MB‑231 cells were transfected with pSi‑Scramble or pSi‑MFG‑E8, and apoptosis were evalu-
ated by flow cytometry using FITC and PI staining 48 h after transfection. (B) The percentage of viable and apoptotic cells as presented as the mean ± standard 
error. *P<0.05, pSi‑MFG‑E8 group vs. pSi‑Scramble group. (C) Expression levels of caspase‑9, cleaved caspase‑9, caspase‑3, cleaved caspase‑3, Bcl‑2 and 
Bax in MDA‑MB‑231 cells after transfection with pSi‑Scramble or pSi‑MFG‑E8 for 48 h were analyzed by western blotting. β‑actin was used as loading 
control. Control, non‑transfected cells; pSi‑Scramble, cells transfected with control shRNA lentiviral vector; pSi‑MFG‑E8, cells transfected with control 
shRNA‑MFG‑E8 lentiviral vector; MFG‑E8, Milk fat globule‑EGF factor 8; shRNA, short hairpin RNA; Bcl‑2, B‑cell lymphoma 2; Bax, Bcl‑2‑associated 
X protein; FITC, fluorescein isothiocyanate; PI, propidium iodide.
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were used to detect the expression levels of MFG‑E8 
in different human breast carcinoma cell lines. The 
gene expression data revealed that MFG‑E8 was highly 
expressed in TNBC cells, including MDA‑MB‑231 (34,35), 
compared with in other cell lines. A MFG‑E8 siRNA 
lentiviral vector was constructed and transfected it into 
MDA‑MB‑231 cells. It was confirmed that the expression 
of MFG‑E8 mRNA and protein was effectively down-
regulated in MDA‑MB‑231 cells following transfection. 
Biological methods were used to evaluate the consequences 
of MFG‑E8 downregulation in breast cancer cells. The 
morphological changes were observed using an inverted 
microscope that demonstrated cell shrinkage and deforma-
tion in the breast cancer MDA‑MB‑231 cells transfected 
with pSi‑MFG‑E8, with a time‑dependent increase in the 
number of round, and detached cells. This was consistent 
with the features of apoptosis and suggested that the trans-
fection of pSi‑MFG‑E8 was effective in the downregulation 
of MFG‑E8 expression, and the induction of breast cancer 
cell death. The viability of MFG‑E8 siRNA‑transduced 
cells was significantly inhibited, which indicated that 
MFG‑E8 downregulation impaired cell growth in  vitro. 
The inhibition of MFG‑E8 induced G2/M cell cycle arrest. 
The effect of MGF‑E8 on MDA‑MB‑231 cell migration 
and invasion was assessed using a Transwell assay, and the 
results revealed that knockdown of MFG‑E8 significantly 
inhibited the migration and invasion of MDA‑MB‑231 cells 
compared with the control groups. To further establish the 
effect of MFG‑E8 on cell migration and invasion, western 
blotting and ELISA were used to detect the expression of 
migration and invasion‑associated proteins. The expression 
of N‑cadherin, vimentin, MMP‑2 and MMP‑9 was mark-
edly downregulated in the MFG‑E8 downregulation group, 
and the expression of E‑cadherin was markedly upregulated 
compared with the control groups. In addition, the levels of 
MMP‑9 and MMP‑2 was markedly decreased, which was 
confirmed by the results of the ELISA compared with the 
control groups. The results demonstrated that the repression 
of MFG‑E8 by siRNA significantly affected MDAMB‑231 
cell cycle progression and cell invasion activity via key 
proteins in the cell cycle and invasion associated pathway.

Apoptosis is an active process of cellular self‑destruc-
tion, to explore the mechanism underlying MDA‑MB‑231 
cell apoptosis induced by MFG‑E8 downregulation, 
the expression of apoptosis‑associated proteins were 
analyzed by western blotting. After MFG‑E8 knock-
down in MDA‑MB‑231 cells, the proportion apoptotic 
cells were significantly higher in the pSi‑MFG‑E8 group 
compared with in the pSi‑Scramble and control groups. 
After MFG‑E8 silencing, the expression of Bax, cleaved 
caspase‑3, and cleaved caspase‑9 in the pSi‑MFG‑E8 group 
was markedly upregulated, whereas the protein expression 
of Bcl‑2, caspase‑3, and capase‑9 was markedly reduced. 
The downregulation of caspase‑3 and the upregulation of 
cleaved caspase‑3 provided supporting evidence of apop-
tosis, thus suggesting that the knockdown of MFG‑E8 
induced cell apoptosis through an increase in the expres-
sion of apoptosis‑associated proteins. These results 
indicated that the MFG‑E8 lentivirus siRNA decreased 
the viability of MDA‑MB‑231 cells through the induction 

of apoptosis. This study explored the effect of MFG‑E8 
on TNBC cell viability, invasion, migration and apoptosis 
in only one TNBC cell line, MDA‑MB‑231. Thus, we will 
further investigate the effects of MFG‑E8 on proliferation, 
invasion, migration and apoptosis in other TNBC cell lines 
in subsequent studies to confirm the results of the present 
study.

In conclusion,  MFG‑E8 inter ference sign i f i-
cantly suppressed the viability, migration, invasion of 
MDA‑MB‑231cells, and caused cell cycle arrest at the G2/M 
phase, and ultimately leading to apoptosis. The data indicated 
that MFG‑E8 expression was significantly associated with 
the viability and invasive potential of TNBC. Furthermore, 
the inhibition of MFG‑E8 may provide a novel target for the 
prevention and treatment of human breast carcinoma. In this 
study, the biological consequences of MFG‑E8 downregula-
tion in breast cancer cells were focused upon, but further 
in vivo and in vitro experiments are required to uncover the 
mechanisms of differential gene regulation in the patho-
genesis of human breast carcinoma and provided potential 
targets associated with MFG‑E8 for novel strategies for 
clinical treatment with human breast carcinoma.
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