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Abstract. Quinalizarin has been demonstrated to exhibit potent 
antitumor activities in lung cancer and gastric cancer cells, but 
currently, little is known regarding its anticancer mechanisms 
in human breast cancer cells. The aim of the present study was 
to investigate the apoptotic effects of quinalizarin in McF-7 
cells and to analyze its molecular mechanisms. The MTT assay 
was used to evaluate the viability of human breast cancer cells 
that had been treated with quinalizarin and 5‑fluorouracil. 
Flow cytometric analyses and western blotting were used to 
investigate the effects of quinalizarin on apoptosis and cycle 
arrest in McF-7 cells with focus on reactive oxygen species 
(roS) production. The results demonstrated that quinalizarin 
exhibited significant cytotoxic effects on human breast cancer 
cells in a dose-dependent manner. accompanying roS, quinal-
izarin induced McF-7 cell mitochondrial-associated apoptosis 
by regulating mitochondrial-associated apoptosis, and caused 
cell cycle arrest at the G2/M phase in a time-dependent 
manner. Furthermore, quinalizarin can activate p38 kinase 
and JnK, and inhibit the extracellular signal-regulated kinase, 
signal transducer and activator of transcription 3 (STaT3) 

and nF-κB signaling pathways. These effects were blocked 
by mitogen-activated protein kinase (MaPK) inhibitor and 
n-acetyl-l-cysteine. The results from the present study 
suggested that quinalizarin induced G2/M phase cell cycle 
arrest and apoptosis in McF-7 cells through roS-mediated 
MaPK, STaT3 and nF-κB signaling pathways. Thus, 
quinalizarin may be useful for human breast cancer treatment, 
as well as the treatment of other cancer types.

Introduction

Breast cancer is the most frequently diagnosed malignancy in 
women worldwide and the second leading cause of cancer-asso-
ciated mortality in women after lung cancer; breast cancer is 
responsible for over one million of the estimated 10 million 
neoplasms diagnosed worldwide each year in both sexes (1,2). 
Breast cancer is commonly treated with anti- estrogens, 
surgical resection, radiotherapy and chemotherapy (3,4). 
Tamoxifen, aromatase inhibitors, metformin, 5‑fluorouracil 
(5-Fu) and cisplatin are widely used in the treatment of breast 
cancer (5). However, these drugs not only kill cancer cells, but 
also affect human normal cells. Thus, there is an imperative 
need to develop more effective and less toxic antitumor drugs.

inducing cancer cell apoptosis via chemotherapy is a 
commonly used method in the treatment of various different 
types of cancer. apoptosis targets that are currently being inves-
tigated for chemotherapy include the mitogen-activated protein 
kinases (MaPK), signal transducer and activator of transcrip-
tion-3 (STaT3) and nF-κB signaling pathways (6,7). The 
MaPK signaling pathways include extracellular-signal-regu-
lated kinase (erK), c-Jun n-terminal kinase (JnK) and p38, 
which regulate a variety of cellular behaviors (8). JnK and p38 
are activated in response to several stress signals and are asso-
ciated with the induction of apoptosis. erK can antagonize 
apoptosis by phosphorylating pro-apoptotic Bcl-2-associated 
death promoter (Bax) and anti-apoptotic Bcl-2 proteins, and 
inhibiting their functions (9). numerous studies have revealed 
that STaT3 expression is higher in tumor tissues compared 
with in normal tissues, and its prolonged activation is asso-
ciated with a number of different types of malignancy (10). 
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nF-κB, a family of signal-responsive transcription factors, can 
be maintained in an inactive state within the cytoplasm through 
interactions and binding to inhibitor of κB (i-κB) proteins in 
normal cells, and has been demonstrated to be activated in 
cancer cells, including prostate and lung cancer (11,12). These 
pathways may be triggered in response to extra- or intracel-
lular stimuli, such as reactive oxygen species (roS) (13).

roS is an important second messenger in apoptosis and 
cell signaling (14), and high roS levels have been suggested 
to activate intrinsic pathways and induce cell apoptosis (15). a 
number of studies have used oxidation therapy to treat patients 
with cancer through increasing roS generation to induce 
cancer cell apoptosis (16-19) Therefore, roS are highly prom-
ising drug targets for cancer therapy.

Quinalizarin is an anthraquinone component isolated from 
Rubiaceae; its anthraquinone ring is similar to the nuclei of 
antitumor drugs such as doxorubicin and daunorubicin (20). 
Previous studies have demonstrated that it promotes apoptosis 
in a549 lung cancer cells, aGS gastric cancer cells, and 
Huh 7 hepatoma cells via the MaPK and STaT3 signaling 
pathways (21,22). However, to the best of our knowledge, there 
are currently no detailed reports describing the effects of 
quinalizarin in human breast cancer.

in the present study, in order to determine whether 
quinalizarin induced human breast cancer cell mortality and 
decreased normal cells toxicity, the cytotoxic effects, apoptotic 
effects, cell cycle, roS effects and key molecular signaling 
proteins involved in regulation of apoptosis were investigated 
in human breast cancer cells.

Materials and methods

Chemicals and reagents. in the present study, 5-fluo-
rouracil (5-Fu; Medchem express) was dissolved in 
20 mM 100% dimethyl sulfoxide (dMSo). Quinalizarin 
(Sigma-aldrich; Merck KGaa) was prepared as a stock solu-
tion in DMSO and stored at ‑20˚C until use.

Cell cultures. Human breast cancer estrogen-dependent cell 
lines (McF-7, T47d and Mda-MB231) were purchased from 
the american Type culture collection and normal human 
cells (l-02, iMr-90 and 293-T) were obtained from Sai Qi 
(Shanghai) Biological engineering co., ltd. The human 
normal liver cells (L‑02), human lung fibroblast cells (IMR‑90) 
and normal kidney epithelial cells (293-T) were used as 
controls as the liver and kidneys are major target organs for 
drug toxicity testing, and iMr-90 cells have not transformed 
from embryonic cells, which can directly reflect the effects of 
toxicity in toxicity studies. McF-7, T47d and Mda-MB231 
cells were grown in dulbecco's modified eagle's medium 
(DMEM; Gibco; Thermo Fisher Scientific, Inc.). L‑02, IMR‑90 
and 293-T cells were grown in rPMi-1640 medium (Gibco; 
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS 
(Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml penicillin 
(Gibco; Thermo Fisher Scientific, Inc.) and 100 µg/ml strepto-
mycin (Gibco; Thermo Fisher Scientific, Inc.), and incubated at 
37˚C with 5% CO2 for 24 h.

MTT assay. McF-7, T47d, Mda-MB231, l-02, iMr-90 
and 293-T cells were harvested in the logarithmic growth 

phase and then seeded in 96-well culture plates at a density 
of 6x103 cells/per well. After 24‑h incubation at 37˚C, the 
cells were treated with different concentrations (1, 3, 10, 30 
and 100 µmol/l) of 5‑FU or quinalizarin for 24 h. Cells in the 
control group were treated with dMSo. The cells were then 
incubated with 20 µl MTT (5 mg/ml) for 2 h at 37˚C. The intra-
cellular formazan crystals were solubilized with 100 µl DMSO 
and incubated for 15 min at 37˚C, after which the absorbance 
of the solutions was measured at 490 nm (BioTek instruments, 
inc.). The half maximal inhibitory concentration (ic50) values 
were calculated using GraphPad Prism version 5.01 (GraphPad 
Software, inc.).

Hoechst 33324 staining. apoptosis was analyzed using 
Hoechst 33324 (Beyotime institute of Biotechnology) 
staining. McF-7 cells were seeded onto cell slides in 6-well 
plates (1x105 cells/per well) and treated with 10 µmol/l 
5‑FU or 10 µmol/l quinalizarin for 3, 6, 12 and 24 h at 37˚C. 
after washing twice with PBS, cells were resuspended in 
5 µl Hoechst 33324 binding buffer, and dual staining was 
performed with 5 µl propidium iodide (PI; Beyotime Institute 
of Biotechnology) for 5 min at 37˚C. Cells were incubated with 
Hoechst 33324 stain for 5 min at 37˚C and observed under 
a fluorescence microscope DM 2500 (Leica Microsystems 
GmbH) at magnification, x400.

Annexin V‑fluorescein isothiocyanate (FITC)/PI double 
staining and flow cytometry. early and late apoptosis were 
analyzed by flow cytometry. MCF‑7 cells were seeded onto 
cell slides in 6-well plates (1x105 cells/well) and treated with 
10 µmol/l 5‑FU or 10 µmol/l quinalizarin at 3, 6, 12 and 24 h, 
as aforementioned. cells were centrifuged at 5,000 x g for 
5 min at 4˚C and washed three times with PBS. A total of 
10 µl FITC and 5 µl PI were incubated with the cell suspension 
for 20 min at 37˚C in the dark and analyzed by flow cytometry 
(Beckman coulter, inc. Brea, ca, uSa). cytexpert soft-
ware 2.0 (Beckman coulter, inc.) was used for analysis.

Cell cycle analysis. MCF‑7 cells were treated with 10 µmol/l 
quinalizarin for 3, 6, 12 and 24 h at a density of 1x105 cells/per well. 
Subsequently, the cell culture rPMi-1640 medium (10% FBS; 
100 U/ml penicillin; 100 µg/ml streptomycin) was removed, 
and the cells were trypsinized (0.05% trypsin-edTa in PBS), 
washed twice with cold PBS and fixed in 70% ethanol for 12 h 
at ‑20˚C. Cell suspensions were then incubated with RNase A 
and Pi (both Beyotime institute of Biotechnology) for 30 min 
at 37˚C in the dark. The stained cells were analyzed for DNA 
content using flow cytometry (Beckman Coulter, Inc.). The cell 
cycle was analyzed using cytexpert software 2.0 (Beckman 
coulter, inc.).

Western blot analysis. McF-7 cells were pre-incubated for 1 h 
with FR180204 (ERK inhibitor, 12 µmol/liter) or SP600125 
(JNK inhibitor, 12 µmol/liter) or SB203580 (p38 inhibitor, 
12 µmol/liter) (MedChem Express) dissolved in PBS and 
then treated with 10 µmol/l quinalizarin for 3, 6, 12 or 24 h. 
Proteins were extracted with cell lysis buffer (1 M HePeS, 
pH 7.0; 5 M nacl; 0.5% Triton X-100; 10% glycerol; 20 mM 
β-mercaptoethanol; 20 mg/ml aeBSF; 0.5 mg/ml pepstatin; 
0.5 mg/ml leupeptin; and 2 mg/ml aprotinin) for 30 min at 37˚C 
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and centrifuged at 12,000 x g for 30 min at 4˚C. The protein 
concentration was quantified using Coomassie blue staining. 
Equivalent proteins (30 µg) were separated via SDS‑PAGE 
(8-12% gel) and transferred onto nitrocellulose membranes, 
which were incubated in blocking solution [fresh 5% non-fat 
milk in 10 mM Tris-Hcl containing 150 mM nacl and 
Tris-buffered saline (TBS); pH 7.5] and TBS+0.2% Tween-20 
(TBST) for 1 h at room temperature. The membranes were 
incubated for 12 h at 4˚C with the following primary anti-
bodies: Mouse monoclonal antibodies against α-tubulin 
(1:2,500; cat. no. sc-8035; internal control), Bax (1:1,500; 
cat. no. sc-493), Bcl-2 (1:1,500; cat. no. sc-7382), caspase-3 
(1:1,500; cat. no. sc-373730), cleaved (cle)-poly (adP-ribose) 
polymerase (ParP; 1:1,500; cat. no. sc-8007), phosphory-
lated (p)-JnK (Tyr183 and Tyr185; 1:1,500; cat. no. sc-6254), 
JnK (1:1,500; cat. no. sc-7345), p-p38 (Tyr182; 1:1,500; 
cat. no. sc-7973), p-erK (Tyr204; 1:1,500; cat. no. sc-8059), 
p-STaT3 (Tyr705; 1:1,500; cat. no. sc-8059) and STaT3 
(1:1,500; cat. no. sc-8019); and rabbit polyclonal antibodies 
against cdK1/2 (1:2,500; cat. no. sc-163), cyclin B1 (1:2,500; 
cat. no. sc-4073), p27 (1:2,500; cat. no. sc-528), p21 (1:1,500; 
cat. no. sc-397), erK2 (1:1,500; cat. no. sc-154), p38α/β 
(1:1,500; cat. no. sc-7194), nF-κB (1:2,500; cat. no. sc-1190) 
and iκB (1:2,500; cat. no. sc-7977; all from Santa cruz 
Biotechnology, inc.). The membranes were incubated with 
horseradish peroxidase conjugated anti mouse (1:5,000; 
cat. no. ZB 2301) and anti rabbit (1:5,000; cat. no. ZB 2305; 
both from oriGene Technologies, inc.) secondary antibodies 
for 2 3 h at room temperature followed by washing with 
TBST. Proteins were visualized using Pierce ecl Western 
Blotting Substrate (Thermo Fisher Scientific, Inc.) and the 
ai600 chemiluminescence imager (Ge Healthcare), and 
were semi‑quantified using ImageJ software (version 1.46r; 
national institutes of Health). Protein levels were normalized 
to the matching densitometry value of α-tubulin as the internal 
control. The change in the expression levels of p-p38, p-JnK, 
p-erK and p-STaT3 was based on the expression levels of 
p38, JnK, erK and STaT3.

Measurement of intracellular ROS levels. McF-7 cells were 
seeded in 6-well culture plates (1x105 cells/per well) and 
incubated for 24 h, and then treated with 10 µmol/l quinal-
izarin for 3, 6, 12 and 24 h, as aforementioned. McF-7 cells 
were pretreated with n-acetyl-l-cysteine (nac; Beyotime 
Institute of Biotechnology) for 30 min at 37˚C and then 
treated with 10 µmol/l quinalizarin for 12 h at 37˚C. ROS 
levels were estimated using a fluorescent probe comprising 
2',7'-dichlorofluorescin diacetate (dcFH-da; Beyotime 
institute of Biotechnology). The cells were harvested and 
centrifuged at 5,000 x g for 5 min at room temperature and 
incubated with DCFH‑DA for 30 min at 37˚C in the dark. The 
substrate solution was subsequently removed and the cells 
were washed three times with PBS. Flow cytometric analysis 
was used to determine the levels of roS and cytexpert soft-
ware (version 1.2; Beckman coulter, inc.) was used to analyze 
the data.

Statistical analysis. Statistical analyses were performed using 
SPSS software (version 21.0; iBM corp.). data are expressed as 
the mean ± standard deviation. Multiple comparisons between 

groups were performed using one-way anoVa followed 
by Tukey's post hoc test. all experiments were replicated 
three times. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Quinalizarin inhibits the viability of human breast cancer 
cells but not normal cells. in order to evaluate the cytotoxic 
effects of quinalizarin in human breast cancer cells, McF-7, 
T47d and Mda-MB231 cells were treated with different 
concentrations of quinalizarin or 5-Fu (1, 3, 10, 30 and 
100 µmol/l) for 24 h, after which the MTT assay was performed 
to measure cell viability. Quinalizarin inhibited Mda-MB231 
(estrogen-receptor-negative, ic50 value 30.11 µmol/l) cell 
viability and significantly inhibited the viability of the 
estrogen-receptor-positive cell lines in a dose-dependent 
manner, more so than 5-Fu. The ic50 values for quinalizarin 
in MCF‑7 and T47D cells were 12.66 and 15.21 µmol/l, respec-
tively (Fig. 1a). due to the McF-7 cells having the lowest 
ic50 value (12.66 µmol/l) and being the most sensitive to 
quinalizarin, this cell line was selected as the model system 
to investigate the effects of quinalizarin on apoptosis and cell 
cycle arrest. Furthermore, there were no effective cytotoxic 
effects of quinalizarin when compared with the 5-Fu-treated 
group in the l-02, iMr-90 and 293-T cell lines (Fig. 1B). 
These results demonstrated that quinalizarin had cytotoxic 
effects in McF-7, T47d and Mda-MB231 cell lines, but not 
in the l-02, iMr-90 and 293-T cell lines, which may provide 
initial evidence that the pro-apoptotic effects of quinazirilin 
are specific to estrogen‑receptor‑positive breast cancer cells.

Quinalizarin induces apoptosis in MCF‑7 cells. To determine 
whether quinalizarin induces apoptosis in human breast cancer 
cells, MCF‑7 cells were treated with 10 µmol/l quinalizarin or 
10 µmol/l 5‑FU for 3, 6, 12 and 24 h, followed by Hoechst 
staining, flow cytometric analyses and western blotting to 
measure cell apoptosis. as presented in Fig. 2a, McF-7 cells 
treated with quinalizarin for 24 h exhibited cell shrinkage and 
chromatin condensation, as demonstrated by a strong bright 
red fluorescence. The flow cytometric analysis results revealed 
that treatment with quinalizarin for 24 h markedly increased 
the rate of apoptosis to 29.61%, and significantly increased 
cell apoptosis between 3 and 24 h compared with 5-Fu 
(Fig. 2B). In addition, quinalizarin also significantly increased 
the expression levels of Bax, caspase-3 and ParP proteins 
in a time-dependent manner, and decreased the expression 
levels of Bcl-2 protein (Fig. 2c). These results suggested that 
quinalizarin-induced apoptosis was partially mediated by the 
mitochondrial pathway and caspase activation in McF-7 cells.

Quinalizarin induces cell cycle arrest in MCF‑7 cells. To 
investigate whether quinalizarin induced cell cycle arrest in 
human breast cancer cells, McF-7 cells were treated with 
10 µmol/l quinalizarin for 3, 6, 12 and 24 h, followed by flow 
cytometric analyses and western blotting to evaluate cell cycle 
arrest. Quinalizarin significantly increased the number of cells 
in the G2/M phase and decreased the number of cells in the 
G0/G1 and S phases in a time-dependent manner (Fig. 3a). The 
western blotting results revealed that the expression levels of 
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Figure 1. Quinalizarin inhibits the viability of human breast cancer cells. (a) McF-7, T47d and Mda-MB231 cells, and (B) l-02, iMr-90 and 293-T cells, 
were treated with 1, 3, 10, 30 and 100 µmol/l 5‑FU or quinalizarin for 24 h, and then cell viability was measured via a MTT assay. The results are presented 
as the mean ± standard deviation of three independent experiments. *P<0.05, **P<0.01 and ***P<0.001, as indicated. 5‑FU, 5‑fluorouracil; Quina, quinalizarin.

Figure 2. Quinalizarin induces apoptosis in human breast cancer cells. (A) Cells were treated with 10 µmol/l 5‑FU or 10 µmol/l quinalizarin for 3, 6, 12 and 
24 h, after which the cell morphology and fluorescence intensity were observed by fluorescence microscopy. Scale bars, 200 µm. (B) Cells were treated with 
10 µmol/l quinalizarin for 3, 6, 12 and 24 h, and apoptosis was analyzed by flow cytometric analysis. **P<0.01 and ***P<0.001, as indicated. (c) The expression 
levels of Bax, Bcl-2, caspase-3 and ParP in McF-7 cells were analyzed via western blotting. error bars indicate the mean ± standard deviation of three inde-
pendent experiments. **P<0.01 and ***P<0.001 vs. 0 h. 5‑FU, 5‑fluorouracil; Quina, quinalizarin; PI, propidium iodide; PARP, poly (ADP‑ribose) polymerase.
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the G2/M phase-associated proteins cdK1/2 and cyclin B1 
were decreased, and the expression levels of p21 and p27 
were increased over time (Fig. 3B). These results suggested 
that quinalizarin caused G2/M phase cell cycle arrest through 
alterations in p21, p27 and G2/M phase cell cycle-associated 
protein expression in McF-7 cells.

Quinalizarin induces apoptosis via MAPK, STAT3 and NF‑κB 
signaling pathways in MCF‑7 cells. in order to determine 
whether quinalizarin-induced McF-7 cell apoptosis involved 
the MaPK, STaT3 and nF-κB signaling pathways, McF-7 
cells were treated with 10 µmol/l quinalizarin for 3, 6, 12 
and 24 h, followed by western blotting to measure protein 
expression levels. Quinalizarin suppressed the level of p-erK, 
p-STaT3 and nF-κB in a time-dependent manner, and 
increased the levels of p-JnK, p-p38 and i-κB (Fig. 4a). in 
order to investigate whether the MaPK signaling pathway is 
involved in the regulation of the STaT3 and nF-κB signaling 
pathways, McF-7 cells were treated with the p38 inhibitor 
(SB203580), JnK inhibitor (SP600125) and erK inhibitor 
(Fr180204). after 24 h, the decreased protein expression levels 
of p-STaT3 and nF-κB induced by quinalizarin were blocked 
by the addition of the p38 and JnK inhibitors. p-STaT3 and 
nF-κB protein expressions were further suppressed following 
the addition of the erK inhibitor and quinalizarin, when 
compared with quinalizarin treatment alone (Fig. 4B). These 
results demonstrated that the MaPK signaling pathway can 
regulate the expression levels of STaT3 and nF-κB, and 
quinalizarin induced McF-7 cell apoptosis via the MaPK, 
STaT3 and nF-κB signaling pathways.

Quinalizarin induces apoptosis by accelerating ROS 
generation in MCF‑7 cells. To determine whether 

quinalizarin-induced cell apoptosis was preceded by roS 
generation, McF-7 cells were treated with quinalizarin 
(10 µmol/l) for 24 h, followed by flow cytometric analyses 
and western blotting to measure roS levels. Quinalizarin 
increased the levels of intracellular roS accumulation in 
McF-7 cells in a time-dependent manner (Fig. 5a), but 
pre-incubation with nac for 24 h partially prevented the 
quinalizarin-induced accumulation of roS. Following 
pretreatment with nac, the quinalizarin-induced apoptosis 
was reversed (Fig. 5B). nac blocked the quinalizarin-induced 
decrease in the expression levels of p-erK, p-STaT3 and 
nF-κB, and also blocked the quinalizarin-induced increase 
in the expression levels of p-JnK, p-p38, i-κB, caspase-3 
and ParP (Fig. 5c). These results demonstrated that roS 
generation is a major regulator of quinalizarin-induced 
mitochondrial-dependent apoptosis and G2/M cell cycle arrest 
through roS-mediated MaPK, STaT3 and nF-κB signaling 
pathways in McF-7 cells (Fig. 6).

Discussion

anthraquinone compounds, an important class of natural and 
synthetic compounds, include emodin, rhein, aloe-emodin, 
apigenin and quinalizarin (23). numerous studies have reported 
that rhein, apigenin, aloe-emodin and emodin affect the cell 
proliferation, migration and apoptosis of different pathological 
and genetic types of human cancer cell lines (24,25). in addi-
tion, studies have also reported that anthraquinone derivatives 
possess a number of identical activities as they have an 
identical mother nucleus (26,27). Similarly, the present study 
demonstrated that quinalizarin, an anthraquinone compound, 
significantly inhibited MCF‑7 (IC50, 12.66 µmol/l) and T47D 
(ic50 15.21 µmol/l) cell viability as determined by the MTT 

Figure 3. Quinalizarin induces G2/M phase arrest in human breast cancer cells. (A) Cells were treated with 10 µmol/l quinalizarin for 3, 6, 12 and 24 h, and the 
cell cycle was analyzed via flow cytometric analysis. (B) The expression levels of CDK1/2, cyclin B1, p21 and p27 in MCF‑7 cells were analyzed via western 
blotting. error bars indicate the mean ± standard deviation of three independent experiments. ***P<0.001 vs. 0 h. Quina, quinalizarin. 
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assay, and had less toxicity in l-02, iMr-90 and 293-T cells. 
Thus, quinalizarin may possess effective anti-tumor activities 
and decrease cytotoxicity in normal human cells compared 
with 5‑FU. In order to confirm this theory, the present study 

investigated the anti-tumor mechanisms of quinalizarin in 
human breast cancer cell lines.

apoptosis, a form of programmed cell death, is a 
critical defense mechanism in inhibiting the development 

Figure 4. Quinalizarin induces cell apoptosis in human breast cancer cells via the MaPK, STaT3 and nF-κB signaling pathways. (a) expression levels of 
erK, JnK, p38, STaT3, nF-κB, and i-κB proteins were analyzed via western blotting. **P<0.01 and ***P<0.001 vs. 0 h. (B) cells were pre-incubated for 1 h 
with 12.1 µmol/l SB203580 and then treated with 10 µmol/l quinalizarin. The expression levels of p38, STAT3, NF‑κB, i-κB and caspase-3 were analyzed via 
western blotting. The expression levels of p-JnK, STaT3, nF-κB, i-κB and caspase-3 were analyzed via western blotting. cells were pre-incubated for 1 h 
with 12.1 µmol/l FR180204 and then treated with 10 µmol/l quinalizarin. The expression levels of p‑ERK, STAT3, NF‑κB, i-κB and caspase-3 were analyzed 
via western blotting. error bars indicate the mean ± standard deviation of three independent experiments. ***P<0.001, as indicated. MaPK, mitogen-activated 
protein kinase; STaT3, signal transducer and activator of transcription-3; erK, extracellular signal-regulated kinase; JnK, c-Jun n-terminal kinase; p-, phos-
phorylated; quina, quinalizarin.
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Figure 5. Quinalizarin induces ROS‑mediated apoptosis in human breast cancer cells. (A) Cells were treated with 10 µmol/l quinalizarin for 3, 6, 12 and 
24 h, and the intracellular ROS levels were analyzed via flow cytometric analyses. ***P<0.001 vs. 0 h. (B) cells were treated with nac or quinalizarin for 
24 h, the generation of ROS and cell apoptosis were analyzed via flow cytometric analyses. ***P<0.001, as indicated. (c) The expression levels of erK, JnK, 
p38, STaT3, nF-κB, i-κB, caspase-3 and ParP were analyzed via western blotting. error bars indicate the mean ± standard deviation of three independent 
experiments. ***P<0.001, as indicated. roS, reactive oxygen species; nac, n-acetyl-l-cysteine; erK, erK, extracellular signal-regulated kinase; JnK, c-Jun 
n-terminal kinase; STaT3, signal transducer and activator of transcription-3; p-, phosphorylated; ParP, poly (adP-ribose) polymerase.
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of cancer (28). The mitochondrial pathway is one form of 
apoptosis signaling pathway. Bax and Bcl-2 are Bcl-2 family 
members that are fundamental for the balance between cell 
survival and death in the mitochondrial pathway (29). in the 
mitochondrial pathway, caspase-3 is primarily responsible for 
ParP activation during cell apoptosis (30). a recent study 
demonstrated that emodin, an anthraquinone, decreased the 
expression levels of Bcl-2; increased the levels of caspase-3, 
ParP and Bax; and induced apoptosis by modulating the 
expression of apoptosis-associated genes in human breast 
cancer cells (31). Similarly, the results from the present study 
revealed that quinalizarin significantly induced the apoptosis 
of McF-7 cells by promoting the expression levels of Bax, 
downregulating Bcl-2 and activating caspase-3 and ParP. 
These findings suggested that quinalizarin induced apoptosis 
via the mitochondrial pathway in the human breast cancer cell 
line, McF-7.

in addition to the activation of the mitochondrial pathway 
checkpoint, cell cycle control is another primary regulatory 
mechanism that controls cell growth and induces cell apop-
tosis (32). in eukaryotic cells, cdK1/2 and cyclin B1 proteins 
control entry into mitosis (G2/M) and are involved in regu-
latory and structural processes required for mitosis, such as 
formation of the spindle and attachment of chromosomes to the 
spindle. However, these cdK/cyclin complexes are negatively 
regulated by p21 and p27. Thus, tumor-associated G2/M phase 
arrest is often mediated by alterations in cyclin B1/cdK 
complex protein activity and the expression levels of p21 and 
p27 (33-36). Furthermore, previous studies have demonstrated 

that the MaPK and STaT3 signaling pathways regulate 
the eukaryotic cell cycle (37-38). aloe-emodin, a type of 
anthraquinone, induces cell death through S-phase arrest 
and caspase-dependent pathways in human tongue squamous 
cancer Scc-4 cells, which involves roS generation (39). 
The results from the present study coincide with evidence 
suggesting that quinalizarin causes G2/M phase arrest, as the 
expression levels of p21 and p27 were significantly increased, 
and the cyclin B1 and cdK1/2 complex protein, which is 
required for progression through the G2 and M phases, were 
inhibited. These results suggested that quinalizarin-mediated 
inhibition of McF-7 cell proliferation may involve G2/M phase 
arrest and expression of G2/M phase-associated proteins.

The present study also focused on numerous crucial protein 
kinases that play roles in regulating the cell cycle and apoptosis, 
including JnK, p38, erK, STaT3 and nF-κB. JnK and p38 
induce apoptosis, while erK promotes cell survival (40-42). 
rhein, a type of anthraquinone, induced apoptosis in human 
and rat glioma cells by blocking erK kinase activity (43). The 
activation of and interactions between STaT3 and nF-κB have 
been demonstrated in a number of different types of cancer, 
such as colon, gastric and liver cancer (44). apigenin, another 
type of anthraquinone, induces apoptosis by decreasing the 
expression levels of p-STaT3 and blocking the activation of the 
STaT3 and nF-κB signaling pathway in McF-7 cells (45). The 
results from the present study demonstrated that quinalizarin 
could upregulate the expression levels of p-p38, p-JnK and 
i-κB, and inhibit p-erK, p-STaT3 and nF-κB activity. The 
association between the MaPK, STaT3 and nF-κB signaling 

Figure 6. Schematic diagram of the signaling pathways in McF-7 cells affected by quinalizarin. Quinalizarin induced apoptosis in the human breast cancer 
cells. The anticancer effects of quinalizarin induced roS-mediated mitochondrial apoptosis by the MaPK, STaT3, and nF-κB signaling pathways. roS, 
reactive oxygen species; MaPK, mitogen-activated protein kinase; STaT3, signal transducer and activator of transcription-3; quina, quinalizarin; JnK, c-Jun 
n-terminal kinase; erK, erK, extracellular signal-regulated kinase; ParP, poly (adP-ribose) polymerase.
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pathways were also investigated by inhibiting p-JnK, p-p38 
and p-erK activation. it was important to note that the protein 
levels of p-STaT3 and nF-κB increased, and caspase-3 
and i-κB decreased following treatment with JnK or p38 
inhibitors. inhibition of erK activation further decreased the 
protein levels of p-STaT3 and nF-κB, and caspase-3 and i-κB 
levels increased in McF-7 cells. These data demonstrate that 
p-STaT3 and nF-κB were decreased in quinalizarin-treated 
cells and were regulated by MaPK signaling. Therefore, 
MaPK is considered to be an important factor for the quinal-
izarin-mediated induction of apoptosis in McF-7 cells. These 
results also demonstrated that quinalizarin-induced apoptosis 
was mediated through the MaPK, STaT3 and nF-κB signaling 
pathways. in addition, it has been reported that copper chelating 
peptide-anthraquinones have the redox effects of a quinone 
ring to generate free radical species capable of damaging 
dna (46). Quinone-containing drugs undergo a one-electron 
reduction to the corresponding semiquinone radicals which, 
in the presence of molecular oxygen, produces a superoxide 
anion radical, hydrogen peroxide (47). The quinone ring struc-
tures of copper chelating peptide-anthraquinones are similar 
to that of quinalizarin (46,48). Thus, it was hypothesized that 
quinalizarin caused cell oxidative stress, and induced McF-7 
cell apoptosis by regulating the MaPK, STaT3 and nF-κB 
signaling pathways.

roS, which serve as redox messengers, are usually 
maintained at tolerable levels under normal physiological 
conditions, but high roS levels elicit oxidative stress, leading 
to cell death via apoptosis (49-52). The overproduction of 
intracellular roS has been associated with the apoptotic 
response induced by several anticancer agents (53), and 
excessive roS accumulation promotes cell apoptosis through 
various mechanisms, including prolonged MaPK activation 
and inhibition of p-STaT3 and nF-κB (54,55). a recent 
study revealed emodin-induced apoptosis of colon cancer 
cells in a roS-dependent manner (56). it has been reported 
that emodin-mediated roS production acts as an early and 
upstream change in the cell death cascade to antagonize 
cytoprotective erK and aKT signaling, Bcl-2 and Bax 
modulation, and caspase activation, consequently leading to 
apoptosis in a549 cells (57). The results from the present 
study coincide with the aforementioned studies. dcFH-da 
staining, one of the most straightforward techniques for 
directly measuring the redox state of cells (58), demonstrated 
that quinalizarin-induced apoptosis was accompanied by 
roS accumulation. in order to determine the association 
between quinalizarin-induced apoptosis and roS, the nac 
antioxidant was used to pretreat McF-7 cells in the present 
study. The results revealed that quinalizarin did not directly 
regulate the MaPK, STaT3 and nF-κB signaling pathways, 
but rather induced their indirect regulation by stimulating 
roS accumulation, thereby promoting apoptosis in McF-7 
cells.

in conclusion, the present study demonstrated that quinal-
izarin induced roS generation and subsequently inhibited the 
activation of the MaPK, STaT3 and nF-κB signaling pathways, 
which increased G2/M cell cycle arrest and caspase-dependent 
apoptosis in human breast cancer cells. These data are indica-
tive of the value of further studies regarding the application of 
quinalizarin as a potential treatment for breast cancer.
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