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Abstract. Ampelopsis megalophylla has been found to 
demonstrate anticancer activities in human cancer cells; 
however, the effect of total flavone extract (TFE), commonly 
used in Traditional Chinese Medicine, remains unclear. 
Furthermore, there is limited information on its effects on 
breast cancer cell lines. The present study aimed to investigate 
the inhibitory effects of TFE in different human cancer cell 
lines. In addition, the underlying mechanisms and the signaling 
pathways involved were also investigated by determining 
tumor cell morphological changes, and differences in the cell 
cycle, apoptosis, mitochondrial transmembrane potential, and 
related protein expression levels in a breast cancer cell line. 
It was found that TFE inhibited proliferation in seven cancer 
cell lines (HeLa, A549, MCF‑7, HepG2, A2780, SW620 and 
MDA‑MB‑231 and demonstrated a strong inhibitory effect on 
MCF‑7 cell proliferation. Cell morphological changes were also 
observed and arrested at the G2/M phase following treatment 
with TFE at different concentrations. In addition, TFE disrupted 
the mitochondrial membrane potential and upregulated the 
expression level of apoptotic proteins, including caspase‑3, 
‑8 and ‑9, the Bax/Bcl‑2 ratio, and Apaf‑1 in time‑dependent 
manner. These results indicated that TFE induced apoptosis 
of the MCF‑7 cells via a mitochondrial‑mediated apoptotic 
pathway. In conclusion, TFE is potentially effective in treating 
breast cancer.

Introduction

Cancer is one of the most prevalent public health issues and 
a lethal disease worldwide, posing a serious hazard to the 
public (1,2). Based on statistics data available from the Global 
Burden of Diseases, in 2018, ~18,100,000 new cancer cases 
were diagnosed globally, and nearly a quarter of new cancer 
cases in women worldwide are breast cancer (3). Furthermore, 
breast cancer has become the most common malignancy in 
Chinese women, with an estimated 272,000 women diagnosed 
and ~70,000 cancer‑associated deaths per year (4,5). Alcohol 
abuse, obesity, a lack of exercise, a later pregnancy or infertility 
and artificial feeding have been reported to have a marked 
effect on breast cancer incidence (5).

Currently, the available breast cancer therapeutic strate-
gies include surgery, chemotherapy, radiotherapy, and their 
combinations  (6). However, the therapeutic effects are still 
limited, particularly with triple‑negative and advanced breast 
cancer. Therefore, novel therapies or new and effective drugs are 
urgently required for patients with metastatic breast cancer (7). 
Previous studies have reported that natural medicines could be 
utilized in breast cancer therapy (8). Compounds, such as cordy-
cepin, quercetin, berberine, polyphenols, and neem seed oil have 
shown antitumor effects in human breast cancer cells (9‑13). 
Studies have shown that cordycepin could induce cancer cell 
death by inhibiting RNA synthesis and DNA double‑strand 
breaks (11). Neem seed oil inhibited breast cancer cell growth 
by inducing apoptosis and cell cycle arrest at G1 stage (13).

Ampelopsis megalophylla Diels et Gilg (A. megalophylla) 
is a Chinese traditional herb, which is used as a folk medi-
cine. Its tender leaves and stems are commonly used as a 
herbal tea and to prevent hypertension, particularly in the 
west of Hubei province (14). Pharmacological research has 
suggested that A. megalophylla has hypertensive, antiinflam-
matory, antiviral, antitumor, hyperglycemic, antimicrobial, 
hepatoprotective, neuroprotective, and antioxidant activi-
ties (15‑17). Notably, its principal effective components are 
flavonoids and total flavone extract (TFE), which contains 
compounds, such as ampelopsin, myricetin and myricitrin. 
TFE was extracted and isolated from A.  megalophylla 
using the percolation method (18). Statistically, ampelopsin 
inhibited cell growth and induced apoptosis in the MCF‑7, 
MDA‑MB‑231, HepG2, PC‑3, EJ, A549, MG‑63, HCT‑116 and 
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HCT‑8 cell lines (19‑25). Notably, out previous study found 
that ampelopsin induced apoptosis in the HeLa cell line by the 
mitochondrial signaling pathway (15). In addition, myricetin 
has been widely investigated and demonstrated to have 
effective anticancer activity (cell proliferation) in several types 
of cancer, including papillary thyroid, anaplastic thyroid, 
ovarian, colon, prostate, breast, liver, and lung cancers (26‑33). 
Furthermore, a high number of flavones have been reported 
to exhibit antitumor effects in different types of cancer 
cells  (33‑38). For example, the flavonoid components of 
Radix Tetrastigma Hemsleyani and Hippophae rhamnoides 
have demonstrated anti‑proliferative activity in lung cancer 
cells (34,35). The total flavones of Choerospondias axillaris 
improved ischemia/reperfusion‑induced apoptosis via the 
MAPK signaling pathway (38). Based on these reports, it has 
been suggested that total flavones are a promising candidate 
for treating malignancies (39). We hypothesized that TFE may 
inhibit tumor cell proliferation and in the present study, its 
antitumor activity and underlying molecular mechanisms in 
breast cancer cell lines was investigated in vitro.

Materials and methods

Chemistry and reagents. DMEM (cat.  no.  AC10253739), 
RPMI‑1640 (cat. no. AC13431275), 100 IU/ml streptomycin 
and 100  IU/ml penicillin (cat.  no.  J180014) and FBS 
(cat.  no.  42G9072K), were purchased from Thermo 
Fisher Scientific, Inc.. Newborn bovine serum (NBS; 
cat.  no.  11011‑7811) was obtained from Hangzhou 
Sijiqing Biological Engineering Materials Co., Ltd.. The 
Annexin V‑FITC (cat. no. KGA108) apoptosis detection kit was 
procured from the Nanjing Jiancheng Bioengineering Institute. 
MTT (cat. no. M‑2128), Hoechst 33258, PI (cat. no. P‑4170), 
Rhodamine 123 (Rh 123; cat. no. C2007) were purchased 
from Sigma‑Aldrich (Merck KGaA). Cleaved‑caspase‑8 
(43  kDa; cat.  no.  ab32351), Bcl‑2‑associated X protein 
(Bax; 20 kDa; cat. no. ab25901), B‑cell lymphoma‑2 (Bcl‑2; 
26 kDa; cat.  no.  ab202068), apoptotic protease activating 
factor‑1 (Apaf‑1; 135 kDa; cat. no. ab692), caspase‑9 (49 kDa; 
cat. no. ab32539), cleaved‑caspase‑9 (37 kDa; cat. no. ab133504), 
and cleaved‑caspase‑3 (17 kDa; cat.  no.  ab2000) were all 
purchased from Abcam. Caspase‑3 (30 kDa; cat. no. 14220T) 
and caspase‑8 (43 kDa; cat. no. 4790T) were all purchased 
from Cell Signaling Technology Inc.. GAPDH (36 kDa; cat. 
no. 60004‑1‑Ig) was purchased from ProteinTech Group, Inc.

Cell lines and culture. The HeLa, A549, MCF‑7, A2780, 
SW620 cell lines, and the liver cancer cell line, HepG2 
were purchased from the China Center for Typical Culture 
Collection. The MDA‑MB‑231 cells were purchased from 
Procell Life Science and Technology Co., Ltd.. The HeLa cells 
were cultured in DMEM supplemented with 10% (v/v) NBS, 
100 µg/ml streptomycin, and 100 IU/ml penicillin at 37˚C in 
a humidified incubator with 5% CO2. The A549 cells were 
maintained in RPMI‑1640, supplemented with 10% (v/v) FBS, 
while the MCF‑7, HepG2, A2780, SW620, MDA‑MB‑231 cells 
were maintained in DMEM supplemented with 10% (v/v) FBS. 

Plant materials. A. megalophylla was collected from Laifeng 
(Hubei, China), which is a county in Hubei province, rich in 

natural resources and open for the public, and was identified 
by Professor Xiuqiao Zhang, Department of Pharmacognosy, 
School of Pharmaceutical Sciences, Hubei University of 
Chinese Medicine (Wuhan, China). The plant materials were 
air‑dried and the samples (100 g dry weight) were soaked in 
70% ethanol for 24 h at 25˚C. The crude extract was prepared 
using the percolation method and collected at 2 ml/min, and 
the alcohol was recovered using decompression. The residual 
water was volatilized, followed by vacuum drying at 60˚C. 
Finally, TFE was obtained (672.38 mg/g in the preliminary 
study), as previously described (18).

Cell proliferation assay. Cell proliferation was analyzed using 
the MTT assay. The HeLa, A549, MCF‑7, HepG2, A2780 and 
SW620 cells were seeded in 96‑well plates, at a density of 
5x103 cells per well for 24 h. TFE, at final concentrations of 
0, 5, 10, 20, 40, 80, and 100 µg/ml was added to the corre-
sponding wells and incubated for 12, 24 and 48 h. Next, 20 µl 
MTT (5 mg/ml) was added to each well, incubated for 4 h, then 
the medium was replaced with dimethly sulfoxide (DMSO; 
cat. no. RNBF8134; 100 µl/well), to dissolve the formazan crys-
tals. The optical density (OD) was measured at 490 nm using a 
microplate reader (Bio‑Rad Laboratories, Inc.). The experiment 
was repeated three times. The cell viability was calculated as 
cell proliferation inhibition ratio (%)=(1‑ODtreated/ODcontrol) 
x100%. Cytotoxicity was expressed as the half‑maximal inhibi-
tory concentration (IC50), which was calculated using Excel 
(v2010; Microsoft Corporation), defined as the concentration of 
TFE inhibiting cell proliferation by 50%.

Cell apoptosis assay. Apoptotic cells were determined using 
the Annexin  V‑FITC apoptosis detection kit. Briefly, the 
MCF‑7 cells were treated with TFE (0, 5, 10, 20 and 30 µg/ml) 
and 5‑fluorouracil (5‑Fu; cat. no. E1712174) for 10 h. The cells 
were collected, washed twice with cold PBS (cat. no. 8118334), 
then resuspended in 500  µl binding buffer. Finally, 5  µl 
Annexin V‑FITC and 5 µl PI was added to the cells, then left 
in the dark for 10 min at 37˚C. The stained cells were analyzed 
using a flow cytometer (Accuri C6) and the data was analyzed 
using the FlowJo software (v10) (both from BD Biosciences).

Morphological changes in the apoptotic cells were exam-
ined under a microscope after staining the nuclei with Hoechst 
33258. After treatment with TFE (0, 5, 10, 20 and 30 µg/ml) 
and 5‑Fu for 10 h, the cells were washed twice with cold PBS 
and fixed in methanol/acetic acid (3:1 v/v) for 13 min at room 
temperature. Next, 500 µl Hoechst 33258 (5 µg/ml) solution 
was added to each well and incubated in the dark for 30 min for 
staining at room temperature. Finally, changes in the cell nuclei 
were observed and images were obtained using a charge‑coupled 
device camera (DP70; Olympus Corporation) attached to a 
fluorescent microscope (IX51; Olympus Corporation).

Detection of the cell cycle. The MCF‑7 cells were treated 
as aforementioned. To analyze the cell cycle, the cells were 
washed twice with PBS and fixed with cold 75% ethanol over-
night at ‑20˚C. The cells were then labeled with PI (50 µg/ml) 
in the presence of 0.1% RNAse A for 30 min at room tempera-
ture. The stained cells were detected using a flow cytometer 
(Accuri C6) and the DNA content was analyzed using FlowJo 
software (v10) (both from BD Biosciences).
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Table I. The IC50 values in six cell lines following TFE treatment for 12, 24 and 48 h.

	 IC50 values, µg/ml
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ -------------------------------------------------------------------------------------‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Cell lines	 12 h	 24 h	 48 h

HeLa	 70.27±2.85	 49.11±1.4a	 31.01±1.93a

A549	 59.68±3.04	 43.66±2.24a	 31.77±3.06a

MCF‑7	 70.98±7.04	 33.45±1.09a	 27.32±0.24a

HepG2	 80.5±10.38	 79.14± 3.98a	 53.05±3.15a

A2780	 43.41±3.29	 22.74±2.3a	 16.98±1.56a

SW620	 55.14±2.48	 42.73±2.05a	 21.39±1.47a

aP<0.01 vs. 12 h.

Figure 1. Inhibition of cell growth by TFE in six cell lines and morphological changes in the MCF‑7 cell line treated with TFE. (A) MTT assay analysis of 
the inhibition ratio in six cell lines following 12, 24, 48 h treatment with TFE at different concentrations (0, 5, 10, 20 40, 60, 80 and 100 µg/ml). (B) The 
MCF‑7 cells were treated with different concentrations of TFE (0, 5, 10, 20 and 30 µg/ml) and 20 µg/ml 5‑Fu for 10 h, then observed using a light microscope 
(magnification, x100). TFE, total flavone extract; 5‑Fu, 5‑fluorouracil. 
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Detection of mitochondrial transmembrane potential (ΔΨm) 
variation using flow cytometry. The ΔΨm was determined 
using Rh‑123. The MCF‑7 cells were treated with TFE (0, 5, 
10, 20 and 30 µg/ml) and 5‑Fu for 10 h, harvested, then Rh‑123 
solution (1.0 µg/ml) was subsequently added to the cells and 
were incubated at 37˚C for 30 min. The results were detected 
using a flow cytometer (Accuri C6) and analyzed using the 
FlowJo software (v10) (both from BD Biosciences).

Western blot analysis. For western blot analysis, the 
TFE‑treated MCF‑7 cells (0, 5, 10, 20 and 30 µg/ml for 12 h, 
or with 20 µg/ml for 6, 12, 24 h) were washed twice with 
PBS and lysed in RIPA lysis buffer (PAB180006; Bioswamp 

Wuhan Beinle Biotechnology Co., Ltd.). The cell debris was 
removed using centrifugation at 13,523 x g for 10 min at 
4˚C. The supernatant was harvested and the concentration 
was measured using a BCA protein assay kit (PAB180007; 
Shanghai, China). Protein samples (10 µg) were separated 
using 15% SDS‑PAGE, performed at 80 V for 40 min, followed 
by 120 V for 50 min. After separation, the proteins were trans-
ferred onto PVDF membranes (IPVH00010; EMD Millipore). 
The membranes were blocked in TBS‑Tween‑20 (TBST) 
buffer containing 5% (w/v) skimmed milk for 1.5 h at room 
temperature and incubated overnight at 4˚C with the primary 
antibodies (caspase‑8, 1:1,000; cleaved‑caspase‑8, 1:1,000; 
caspase‑9, 1:2,000; cleaved‑caspase‑9, 1:1,000; caspase‑3, 

Figure 2. Cell cycle analysis of TFE‑treated MCF‑7 cells. (A) Cell cycle measurement of the MCF‑7 cells following treatment with TFE for 10 h at different 
concentrations (5, 10, 20 and 30 µg/ml) and 20 µg/ml 5‑Fu. (B) Quantification of G0/G1, S and G2/M phases in the TFE‑treated MCF‑7 cells. The data are 
presented as the mean ± SD. TFE, total flavone extract; 5‑Fu, 5‑fluorouracil. 
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1:5,000; cleaved‑caspase‑3, 1:1,000; Bax, 1:1,000; Bcl‑2, 1:500; 
Apaf‑1, 1:1,000; GAPDH, 1:5,000) diluted in TBST, followed 
by incubation with HRP‑conjugated secondary antibodies 
(goat anti‑rabbit IgG, PAB160011; 1:10,000; goat anti‑mouse 
IgG, PAB160009; 1:10,000) (both from Bioswamp Wuhan 
Beinle Biotechnology Co., Ltd.) for 1 h at room temperature. 
Finally, the signal was developed using an enhanced chemi-
luminescence plus kit (EMD Millipore) and detected using 

the ChemiDoc Touch imaging system (Tanon‑5200; Tanon 
Science and Technology Co., Ltd.). The ImageJ software 
1.48v (National Institutes of Health) was used to calculate the 
relative density of the proteins.

Statistical analysis. All the data are presented as the mean ± SD 
and analyzed using the SPSS v17.0 (SPSS Inc.,). The experi-
ments were performed in triplicate. One‑way ANOVA followed 

Figure 3. TFE induces MCF‑7 cell apoptosis. (A) Representative flow cytometry plots of apoptosis in the TFE‑treated (0, 5, 10, 20 and 30 µg/ml) MCF‑7 cells 
and with 20 µg/ml 5‑Fu. (B) The apoptotic rate in TFE‑treated MCF‑7 cells was statistically analyzed. (C) Nuclei staining with Hoechst 33258 in TFE‑treated 
(0, 5, 10, 20 and 30 µg/ml) MCF‑7 cells, and with 20 µg/ml 5‑Fu. The data are presented as the mean ± SD. **P<0.01. vs. Con. TFE, total flavone extract; 5‑Fu, 
5‑fluorouracil; Con, control. 
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by Tukey's post hoc test was used to compare the differences 
between continuous data (>3 groups), while differences between 
2 groups were compared using a Student's t‑test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

TFE inhibits the proliferation of the MCF‑7 cells. First, the 
effect of TFE on the proliferation of the HeLa, A549, MCF‑7, 

HepG2, A2780, and SW620 cells was investigated using 
a MTT assay. It was found that the six types of cell lines 
treated with TFE (0, 5, 10, 20, 40, 60, 80, and 100 µg/ml) 
at 3 time intervals (12, 24 and 48 h) demonstrated a notable 
decrease in cell proliferation (Fig. 1A). In particular, the IC50 
values were 31.01±1.93, 31.77±3.06, 27.32±0.24, 53.05±3.15, 
16.98±1.56 and 21.39±1.47 µg/ml for HeLa, A549, MCF‑7, 
HepG2, A2780 and SW620 cells, respectively at 48  h 
(Table I). 

Figure 4. Changes in the mitochondrial transmembrane potential (ΔΨm) in the MCF‑7 cells. (A) TFE decreases the relative fluorescence intensity in MCF‑7 
cells. (B) Quantification of the relative fluorescence intensity in TFE‑treated (0, 5, 10, 20 and 30 µg/ml)) MCF‑7 cells, and with 20 µg/ml 5‑Fu. The data are 
presented as the mean ± SD. **P<0.01. vs. Con. TFE, total flavone extract; 5‑Fu, 5‑fluorouracil; Con, control. 
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Figure 5. Expression level of the apoptosis‑related proteins in TFE‑treated MCF‑7 cells. (A and C) The relative expression levels of the apoptotic proteins in 
TFE‑treated (0, 5, 10, 20 and 30 µg/ml for 12 h, or with 20 µg/ml for 6, 12, 24 h) MCF‑7 cells. (B and D) Quantification of the relative protein expression level 
in the TFE‑treated MCF‑7 cells. The data are presented as the mean ± SD. *P<0.05, **P<0.01. vs. Con. TFE, total flavone extract; 5‑Fu, 5‑fluorouracil; Con, 
control.
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The A2780 and SW620 cells showed sensitivity to TFE 
treatment compared with that in the MCF‑7 cell line. Notably, 
the mechanism of apoptosis for ampelopsin/myricetin (prin-
cipal effective components of TFE) have been reported in 
ovarian and colon cancer (22,32). Therefore, the breast cancer 
cell line was selected as a priority, as it had not been inves-
tigated in this cell line before. To investigate the efficacy of 
TFE in breast cancer, the MDA‑MB‑231 cell line was assessed 
using the MTT assay. The IC50 values were 84.74±0.747% at 
48 h.

Furthermore, separately and simultaneously, the cellular 
morphological changes were observed using light microscopy. 
Increasing concentrations of TFE, caused cell shrinkage, 
cell size reduction, sloughing and increased cell death; 
however, the control cells were normal. Morphological 
changes (cell shrinkage) were also observed in the positive 
control (Fu‑5‑treated) cells (Fig.  1B). Therefore, further 
experiments were performed using the MCF‑7 cell line and 
TFE concentration between 5 and 30 µg/ml. 

TFE induces apoptosis of MCF‑7 cells. The cell cycle plays 
a significant role in apoptosis, particularly in the intrinsic 
mitochondrial‑related pathway. Therefore, the effect of TFE 
treatment on cell cycle arrest in the MCF‑7 cell line was 
investigated using PI staining. The results indicated that the 
cells were arrested at the G2/M phase (Fig. 2A). There was a 
notable increase in the proportion of cells in the G2/M phase 
(from 7.64±0.98 to 22.24±1.43%) and a decrease in the number 
of cells in the G0/G1 phase (from 51.79±2.03 to 31.13±1.03%; 
Fig. 2B) compared with that in the control group. These results 

indicated that TFE induced cell cycle arrest in the MCF‑7 
cells.

Next, it was investigated whether TFE induced apoptosis 
in the MCF‑7 cells. Annexin V‑FITC/PI staining was used 
to evaluate the apoptotic rate of MCF‑7 cells following TFE 
treatment for 10 h. The results showed an increased in the 
apoptotic rate, and the percentage of apoptotic cells signifi-
cantly increased from 12.49±3.72 (5 µg/ml) to 15.45±2.07, 
29.28±2.45, and 30.11±3.87% after treatment with 10, 20 and 
30 µg/ml TFE, respectively. The apoptotic rate of the positive 
control was 26.40±6.17%, whereas in the control cells it was 
7.47±1.24% (P<0.05) (Fig. 3A and B). 

To visually observe apoptosis, the MCF‑7 cells were 
treated with TFE and Fu‑5 (20  µg/ml), then stained with 
Hoechst 33258. As shown in Fig. 3C, apoptotic morphological 
changes were observed, including nuclear chromatin conden-
sation and fragmentation, with increase in the light blue 
fluorescence observed compared with that in the control, and 
decrease in normal cell number. 

TFE ΔΨm of the MCF‑7 cells. Subsequently, it was investi-
gated whether TFE altered the ΔΨm using Rh‑123 staining. 
As shown in Fig. 4A and B, compared with that in the control 
cells, with a relative fluorescence intensity of 22.54±2.16%, the 
MCF‑7 cells, treated with different TFE concentrations (5, 10, 
20, 30 µg/ml), demonstrated decreased relative fluorescence 
intensity, from 14.44±5.45 to 3.34±0.41%, indicating a notable 
decrease in ΔΨm.

TFE regulates relative protein expression level in apoptosis. 
To investigate the possible mechanism of TFE‑induced 
apoptosis in the MCF‑7 cells, the expression level of related 
proteins, including anti‑apoptotic Bcl‑2, pro‑apoptotic Bax 
and caspase‑3. In addition, several other proteins involved in 
the related pathways were also investigated, such as caspase‑8, 
Apaf‑1 and caspase‑9. The results, shown in Fig. 5A and C, 
demonstrated that treatment with TFE decreased the protein 
expression level of Bcl‑2 and increased the expression level 
of Bax, caspase‑3, ‑8 and ‑9 and Apaf‑1. TFE demonstrated 
regulatory effects on these apoptosis‑related proteins in a 
time‑dependent manner (Fig. 5B and D). 

Discussion

Breast cancer, which has been reported to be the most 
malignant tumor in women, has no specific drug treatment. 
Furthermore, triple‑negative breast cancer is the worst type 
and has poor therapeutic response due to the lack of specific 
receptors (25,30). Presently, targeted drugs, such as inhibitors 
and antagonists are used in clinical practice. However, these 
types of drugs are susceptible to resistance (7). Currently, an 
increasing number of natural products are under investigation 
in cancer research. A. megalophylla, is a Chinese traditional 
herb used as a folk medicine and it has a long history of use 
in Hubei province. Total flavonoids are the major components 
extracted from A. megalophylla (18). 

In the present study, the antitumor activity of TFE in 
six cancer cell lines (HeLa, A549, MCF‑7, HepG2, A2780 
and SW620) was investigated using the MTT assay and 
followed by microscopic observations. Furthermore, the flow 

Figure 6. Schematic diagram of the intracellular signaling mechanism during 
TFE‑induced apoptosis in MCF‑7 cells. TFE, total flavone extract.
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cytometric analysis suggested that TFE notably inhibited 
tumor cell proliferation and induced apoptosis in the 
MCF‑7 cells. 

In addition, these findings were supported by western blot 
analysis and Rh‑123 staining, which revealed the expression of 
key apoptotic proteins and the change in ΔΨm induced by TFE. 
The Bcl‑2 family members are critical regulators of apoptosis, 
including the anti‑apoptotic proteins Bcl‑2 and pro‑apoptotic 
Bax proteins (33). The increased of Bcl‑2 has been associated 
with the induction of apoptosis by the alteration in ΔΨm (36). 
As shown in Fig. 5 there was an upregulation in the Bax/Bcl‑2 
ratio in TFE‑treated MCF‑7 cells, indicating apoptosis. 
Notably, the relative fluorescence intensity was decreased 
following TFE treatment (Fig. 4). These results indicated that 
TFE treatment of the MCF‑7 cells induced apoptosis, possibly 
through the mitochondrial pathway.

Apoptosis is a complex process, that involves several 
signaling pathways  (10). Based on the results from the 
present study, the mitochondrial pathway was the main target 
of TFE; however, further research is important to elucidate 
the pathway mediating the effects of TFE in the MCF‑7 
cells. Subsequently, the caspase family members and mito-
chondria‑related proteins were also investigated to verify 
that apoptosis occurred and to determine the possible role 
of this pathway. Caspase‑3 activates apoptosis by cleaving 
a number of cellular proteins and is characteristically 
proteolyzed during the apoptotic process (37). TFE induced 
a dose‑dependent decrease of ΔΨm and the expression level 
of Bcl‑2 (Fig. 5). Bcl‑2 is expressed in the membranes of the 
nucleus and endoplasmic reticulum (5). It has been reported 
that cytochrome c sequentially binds to Apaf‑1 to stimu-
late the apoptotic protease cascade, forming an activation 
complex with caspase‑9 and activating caspase‑3  (30,33). 
The activation of pro‑caspase‑8 cleaves the pro‑apoptotic 
Bcl‑2 family member (40). In the current study, TFE treat-
ment significantly upregulated cleaved caspase‑8 and Bax, 
and downregulated Bcl‑2 expression level, and promoted 
Apaf‑1 expression level (Fig. 5). Collectively, the results from 
the present study indicated that treatment with TFE induced 
caspase‑8, which may have directly activated Bax/Bcl‑2, 
caused ΔΨm loss, and the binding of Apaf‑1, to then activate 
the caspase‑9/3 cascade. These effects ultimately induced 
apoptosis of the MCF‑7 cells (Fig. 6).

In the present study, on the one hand the effect of cell 
cycle stage was only examined; therefore, further investiga-
tion is required into the mechanism involved. For example, 
the expression levels of cell cycle and apoptosis‑associated 
proteins could be detected with immunohistochemistry. 
On the other hand, to further elucidate the signal pathway 
in‑depth, detailed studies into the mitochondrial apoptosis 
pathway, the expression level of the cytochrome c protein in 
mitochondria/cytoplasm fractions, and into the activity and 
mechanism of TFE in vivo are also required in the future.

In summary, it was found that TFE inhibited seven 
cancer cell lines (HeLa, A549, MCF‑7, HepG2, A2780, 
SW620 and MDA‑MB‑231). These findings indicated that the 
mitochondria‑mediated apoptotic pathway was involved in 
TFE‑induced apoptosis of the MCF‑7 cells. Furthermore, the 
results provided an experimental basis for the use of TFE, as 
an agent for the treatment of breast cancer. To further elucidate 

this signal pathway in‑depth, in vivo studies are in progress to 
investigate the activity of TFE.
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