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Abstract. The aim of the present study was to observe whether 
autophagy was induced by matrine, and to investigate the role 
of autophagy in the antitumor effects of matrine on human 
osteosarcoma MG‑63 cells and its underlying mechanism. 
MG‑63 cells were cultured in vitro in matrine at a concen-
tration of 0.6, 0.8, 1.0 and 1.2 g/l for 0, 24, 48 and 72 h. A 
MTT assay was used to evaluate the proliferation inhibi-
tion of MG‑63 cells by matrine, and Annexin V‑fluorescein 
isothiocyanate/propidum iodide (PI) staining flow cytometry 
was used to analyze the apoptotic rate. Alterations in cell 
morphology was assessed by PI and Hoechst  33258 cell 
staining. Matrine‑induced autophagy in MG‑63 cells was 
confirmed by green fluorescent protein‑microtubule‑associated 
protein 1‑light chain 3 (LC3) b transfection and fluorescence 
microscopy, and cell viability was investigated by MTT 
assay following inhibition of autophagy by chloroquine (CQ) 
pretreatment. The expression level of apoptosis‑associated 
proteins B‑cell lymphoma‑2 (Bcl‑2) and Bcl‑2‑like protein 4 
(Bax), autophagy‑associated LC3II protein, and the activa-
tion of extracellular signal‑regulated kinase (ERK) was 
detected by western blotting. Cell proliferation was clearly 
inhibited by matrine in a dose‑ and time‑dependent manner. 
Flow cytometry and Hoechst 33258/PI staining verified that 
matrine induced apoptosis in a time‑dependent manner when 
cells were exposed to 1.1 g/l matrine; fluorescence microscopy 
demonstrated that green fluorescence puncta were enhanced 
with prolonged time of matrine incubation. Western blotting 
confirmed that the expression of pro‑apoptosis‑associated 
proteins Bax and LC3II, and phosphorylated‑ERK were upreg-
ulated, and anti‑apoptosis protein Bcl‑2 was downregulated in 
a time‑dependent manner following treatment with matrine. 

The cell viability of the matrine + CQ group was increased 
compared with the matrine group alone, which revealed 
that matrine treatment alone induced protective autophagy 
in MG‑63  cells. In addiiton, expression of LC3II/LC3I 
decreased and the expression of BAX/Bcl‑2 increased in the 
matrine + U0126 group compared with the matrine alone 
group. The present study demonstrated, to the best of our 
knowledge, for the first time that matrine induced protective 
autophagy via ERK activation in MG‑63 cells, and matrine 
combined treatment with CQ or U0126 led to an increase in 
apoptosis in osteosarcoma cells.

Introduction

Osteosarcoma is a primary malignant bone tumor that is 
common among children and young adults. These patients 
have a poor 5 year survival rate (15‑20%), as well as a high 
rate of pulmonary metastasis (~80%) (1), which causes chal-
lenges to patients and their families, and economic pressures 
to society. Although in recent years osteosarcoma treatments 
have improved due to extensive investigation, there remains a 
lack of a more effective chemotherapy drug, as survival rates 
of patients have not greatly improved (2).

Matrine, one of the main active components of dry root 
extract from the Traditional Chinese medicine Sophora flave-
scens (3), has been widely used as an anti‑inflammatory and 
antiviral drug, and to ameliorate cardiac arrhythmia and 
enhance patient immunity (4,5). It has been demonstrated that 
matrine exhibits a potent anti‑tumor activity in various cancer 
cell lines, including breast cancer and leukemia (6‑8). In addi-
tion, studies have revealed that matrine induces protective 
autophagy in hepatocellular and gastric cancer (9,10).

Autophagy, which is distinct from apoptosis, or 
programmed cell death type I, is activated under pathological 
conditions, including starvation and unfavorable stress (11). 
These conditions induce double‑membraned autophagosomes 
are formed, which eventually fuse with lysosomes to form 
autolysosomes, and the material inside these are degraded and 
recycled (12). Excessive autophagy may induce autophagic cell 
death (13).

It has been demonstrated previously that matrine induces 
apoptosis in human osteosarcoma MG‑63 cells (14); however, 
whether matrine induces autophagy in MG‑63 cells remains 
unknown. The aim of the present study was to observe 
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whether autophagy was induced by matrine, and to investi-
gate the role of autophagy in the antitumor effects of matrine 
on human osteosarcoma MG‑63  cells and its underlying 
mechanism.

Materials and methods

Reagents. Matrine (Tianyuan Biologics Plant, Xi'an, China) 
was diluted with Dulbecco's Modified Eagle Medium (DMEM; 
Gibco®, Thermo Fisher Scientific, Inc., Waltham, MA, USA) to 
the desired working concentration prior to each experiment. Fetal 
bovine serum (FBS) was purchased from Sijiqing Biological 
Engineering Material Co., Ltd. (Hangzhou, China). Chloro-
quine (CQ) and MTT were purchased from Sigma‑Aldrich 
(St. Louis, MO, USA). Hoechst 33258 and propidium iodide 
(PI) were purchased from Promega (Madison, WI, USA). 
Lipofectamine® 2000 Reagent was obtained from Invitrogen™ 
(Thermo Fisher Scientific, Inc.), and the Annexin V‑fluorescein 
isothiocyanate (FITC) Apoptosis Detection kit I was purchased 
from BD Biosciences (Franklin Lakes, NJ, USA). U0126 was 
purchased from Beyotime Institute of Biotechnology (Shanghai, 
China). Polyclonal rabbit microtubule‑associated protein 1‑light 
chain 3 (LC3) I (sc‑15370), polyclonal rabbit LC3II (sc‑15372), 
polyclonal goat total (t)‑extracellular signal‑regulated kinase 
(ERK; sc‑81492), polyclonal goat phosphorylated (p)‑ERK 
(sc‑16982), monoclonal mouse B‑cell lymphoma‑2 (Bcl‑2; 
sc‑56015), monocloanal mouse Bcl‑2‑like protein  4 (Bax; 
sc‑23959) and monoclonal mouse anti‑glyceraldehyde 3‑phos-
phate dehydrogenase (sc‑32233) primary antibodies; IgG goat 
anti‑rabbit (sc‑2357) and goat anti‑mouse (sc‑2371) secondary 
antibodies; and Western Blotting Chemiluminescence Reagent 
were purchased from Santa Cruz Biotechnology, Inc. (Dallas, 
TX, USA).

Cell culture. Human osteosarcoma MG‑63 cells (Shanghai 
Institute of Cell Biology, Chinese Academy of Sciences, 
Shanghai, China) were maintained in DMEM medium 
containing 10% FBS, 100 µg/ml of penicillin and 100 µg/ml 
of streptomycin (North China Pharmaceutical Co., Ltd., Shiji-
azhuang, China) at 37˚C in a 5% CO2 incubator.

MTT assay. The cells were seeded in 96‑well flat bottom 
microtiter plates (Nunc™; Thermo Fisher Scientific, Inc.) at 
a density of 1x104 cells/well overnight, and then treated with 
various concentrations of matrine (0, 0.2, 0.4, 0.6, 0.8, 1.0 
and 1.2 g/l) for 24, 48 and 72 h. A control group and zero 
adjustment well were also constructed. A total of 20 µl MTT 
solution (5 g/l) was added to each well and incubated for 4 h. 
The absorbance value per well at 570 nm was read using an 
automatic multiwell spectrophotometer (PowerWave  HT; 
Bio‑Tek Instruments, Inc., Winooski, VT, USA). All MTT 
assays were performed in triplicate. The inhibitory rate for the 
proliferation of MG‑63 cells was calculated according to the 
following formula: Inhibitory rate = (1‑experimental absor-
bance value / control absorbance value) x 100%. IC50 values 
(50% inhibition concentration) were calculated using SPSS 
software (version 16.0; SPSS, Inc., Chicago, IL, USA).

Detection of apoptosis. Annexin‑V‑FITC/PI double staining 
assay was performed to detect apoptosis of MG‑63  cells. 

Following treatment with matrine for various time periods, 
each group of cells was washed three times with phos-
phate‑buffered saline (PBS) and stained using the Annexin 
V‑FITC Apoptosis Detection kit I, following the manufac-
turer's protocol. The number of apoptotic cells was detected by 
flow cytometry (FACSCanto™; BD Biosciences) and analyzed 
using CellQuest™ software (version 3.2; BD Biosciences). 
Each group was independently measured three times and each 
sample included 1x104 cells.

Hoechst 33258 staining. MG‑63 cells treated with 1.1 g/l 
matrine for 0, 24, 48 and 72 h were seeded in 96‑well plates 
at a density of 1x104/ml. The cells were fixed with 3.7% 
paraformaldehyde for 30 min at room temperature, and then 
washed and stained with 10 mg/l Hoechst 33258 (Promega) 
and 10 µg/ml PI (Promega) at 37˚C for 15 min. MG‑63 cells 
were observed under a fluorescence microscope (BX51; 
Olympus Corporation, Tokyo, Japan) equipped with a UV 
filter. Hoechst 33258 freely permeates cell membranes and 
stains as blue, and apoptotic cells were identified by the pres-
ence of condensed or fragmented nuclei stained red.

Green fluorescent protein (GFP)‑LC3 dot assay. Cells were 
transfected with GFP‑LC3 plasmids (Invitrogen; Thermo 
Fisher Scientific, Inc.) using Lipofectamine 2000, according 
to the manufacturer's protocol. A total of 24 h following trans-
fection, the cells were treated with 1.1 g/l matrine for 0, 24, 
48 and 72 h. Subsequent to fixation with 4% formaldehyde for 
15 min, the cells was washed twice in cold PBS. A fluorescence 
microscope (Olympus BX51) was used to analyze the number 
of LC3II+ puncta; the induction of autophagy was quantified by 
counting the percentage of cells in each group that contained 
LC3 aggregates.

Western blotting analysis. Cells treated with 1.1 g/l matrine 
for 24, 48 and 72 h were washed in PBS, and resuspended in 
RIPA buffer at room temperature. After three freeze/thaw 
cycles and incubation on ice for 30  min, the lysate was 
centrifuged at 140,000 x g for 10 min at 4˚C. Protein concen-
tration was measured with the Pierce™ BCA Protein Assay 
kit (Thermo Fisher Scientific, Inc.) using bovine serum 
albumin (Sigma‑Aldrich) as a standard. Equal amounts of 
total protein extracts were separated on 12% SDS‑PAGE 
gel and transferred to polyvinylidene difluoride membranes. 
The membranes were blocked in Tris‑buffered saline with 
Tween‑20 with 5% non‑fat milk for 1  h and incubated 
overnight at 4˚C with primary antibodies (dilution, 1:1,000) 
against Bcl‑2, Bax, LC3I, LC3II, t‑ERK and p‑ERK. Subse-
quently, the membranes were incubated with secondary 
antibodies (dilution, 1:5,000) for 2 h at room temperature, 
and were visualized using Western Blotting Chemilumines-
cence Reagent, followed by exposure to X‑ray film. Blots 
were quantified using BandScan software (version 5.0; Glyko 
Inc., Novato, CA, USA).

Statistical analysis. Data are presented as the mean ± standard 
deviation. The differences between the groups were analyzed 
using Student's t‑test using SPSS software (version 16.0; SPSS, 
Inc.). P<0.05 was considered to indicate a statistically signifi-
cant difference.
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Results

Matrine inhibits the proliferation and induces apoptosis in 
MG‑63 cells. As shown in Fig. 1A, a MTT assay demonstrated 
that matrine inhibited the proliferation of MG‑63 cells in a 
dose‑ and time‑dependent manner following treatment with 
various concentrations of matrine (0.6, 0.8, 1.0 and 1.2 g/l) for 
0, 24, 48 and 72 h. IC50 for matrine treatment at 48 h was 1.1 g/l; 

therefore, this was used for subsequent experiments. Addi-
tional experiments were used to further confirm that matrine 
induced apoptosis in MG‑63 cells. Annexin V‑FITC/PI double 
staining and flow cytometry were used to detect apoptotic 
cells. As shown in Fig. 1B and C, the Annexin V‑FITC/PI 
positive cell ratio increased with 1.1 g/l matrine treatment in a 
time‑dependent manner (P=0.035); therefore, matrine induced 
MG‑63 apoptotic cell death. Hoechst 33258/PI labelling is 

Figure 1. Matrine inhibits proliferation and induces apoptosis of human osteosarcoma MG‑63 cells. (A) MTT assay was performed to assess the growth inhib-
iting effects in MG‑63 cells exposed to matrine. MG‑63 cells were treated with 0, 0.2, 0.4, 0.6, 0.8, 1.0 and 1.2 g/l matrine for 24, 48 and 72 h. Matrine inhibited 
the growth of MG‑63 cells in a dose‑ and time‑dependent manner. (B and C) Apoptosis was measured by Annexin V‑FITC/PI staining and flow cytometry 
following treatment with 1.1 g/l matrine for 0, 24, 48 and 72 h. Quantitative analysis of MG‑63 cells by flow cytometry revealed that matrine increased cell 
apoptosis in a time‑dependent manner. (D and E) Cellular morphological alterations were observed in MG‑63 cells treated with 1.1 g/l matrine for 0, 24, 48 and 
72 h. Red arrows, normal cells; yellow arrows, early apoptotic cells; green arrows, late apoptotic cells. (F and G) Bax and Bcl‑2 protein levels were examined by 
western blot analysis, subsequent to MG‑63 cells being incubated with 1.1 g/l matrine for 24, 48 and 72 h. Control was no matrine treatment. GAPDH served 
as the loading control. Data are presented as the mean ± standard deviation from three independent experiments. *P<0.05 vs. control group. FITC, fluorescein 
isothiocyanate; PI, propidium iodide; Bcl‑2, B‑cell lymphoma‑2; Bax, Bcl‑2‑like protein 4; GAPDH, anti‑glyceraldehyde 3‑phosphate dehydrogenase.
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often used to evaulate cell death; these biochemical labels 
reveal chromatin condensation and nuclear fragmentation, 
respectively. In Fig. 1D, nuclei of alive cells are blue, cells 
in the early apoptotic phase are white and cells in the late 
apoptotic phase are red. Following treatment with matrine 
for 24 h, a small number of white cells were observed. The 
number of white and red cells increased in a time‑dependent 
manner (Fig. 1D). The Hoechst 33258/PI staining revealed that 
cell death was increased in MG‑63 cells treated with matrine in 
a time‑dependent manner (Fig. 1E). As shown in Fig. 1F and G, 
the expression of pro‑apoptosis‑associated protein Bax 
increased with increasing treatment times (P=0.041), while the 
anti‑apoptosis‑associated Bcl‑2 was downregulated. Overall, 
these findings suggest that matrine significantly suppressed 
MG‑63 cell growth and induced apoptosis.

Matrine‑induced autophagy in MG‑63 cells. GFP‑LC3 plas-
mids exhibit a green fluorescence when autophagy is present. 
When cells are in a normal state, GFP‑LC3 fluorescent dots 
are dispersed; however, if autophagy is activated in cells and 
autophagosomes are upregulated, GFP‑LC3 puncta accumulate. 
As shown in Fig. 2A and B, following GFP‑LC3 transient trans-
fection into MG‑63 cells, the cellular cytoplasms of non‑matrine 
treated cells (control cells) did not exhibit bright fluorescent 
puncta; only a few faint dots were observed. Compared with the 
control group, cells treated with matrine exhibited a high propor-
tion of autophagy, which increased in a time‑dependent manner 
(P=0.029). In addition, western blot analysis was performed 
to examine whether matrine treatment induced processing of 
LC3I to LC3II, which is a marker of autophagy. As shown in 

Fig. 2C and D, LC3II expression was upregulated and the ratio 
of LC3II/LC3I increased in a time‑dependent manner. 

Autophagy is a dynamic process, and autophagy flux 
is used monitor autophagy. A previous study found that the 
presence of autophagosomes does not necessarily indicate 
that autophagy must occur, and autophagy also increased 
when suppressed at the end stage (15). CQ has been used as 
an autophagy inhibitor, since it blocks autophagosome combi-
nation with lysosomes and has no cytotoxic effect itself (16). 
As is shown in Fig. 2E and F, the LC3II level in cells treated 
with matrine + CQ was clearly upregulated compared with 
the matrine group alone (P=0.0.21). The level of LC3II in 
cells treated with CQ alone was similar to that observed in 
the control group. Therefore, pretreatment with 10 µl CQ in 
matrine‑treated cells led to increased LC3II levels, due to the 
presence of non‑degraded autophagosomes. Overall, these 
results suggest that matrine induced autophagy in MG‑63 cells.

Inhibition of autophagy increases the cytotoxicity of 
matrine. The present study aimed to investigate the role that 
matrine‑induced autophagy plays in MG‑63 cells. Fig. 3A 
demonstrates that when MG‑63 cells were incubated with 
various concentrations of matrine for 48 h with or without CQ, 
proliferation was significantly inhibited in the matrine + CQ 
group compared with the matrine‑treated group alone 
(P=0.037). As shown in Fig. 3B and C, flow cytometry veri-
fied that CQ alone did not have a toxic effect on MG‑63 cells 
compared with the control group. By contrast, apoptosis in the 
1.1 g/l matrine + 10 µl CQ treatment (48 h) group was signifi-
cantly increased compared with cells treated with matrine 

Figure 2. Matrine induces autophagy in human osteosarcoma MG‑63 cells. (A and B) Cells, which were exposed to 1.1 g/l matrine for 0 h (control), 24, 48 
and 72 h, were transiently transfected with GFP‑LC3 plasmids. A confocal microscope was used to observe GFP‑LC3 fluorescence distribution. Puncta of 
GFP‑LC3 (red arrows) was indicative of autophagosome presence. (C and D) Western blot analysis of LC3I and LC3II expression in MG‑63 cells following 
treatment with 1.1 g/l matrine for 24, 48 and 72 h. Control is no treatment with matrine. (E and F) LC3II levels were examined by western blot analysis in 
MG‑63 cells treated with 1.1 g/l matrine in the absence or presence of 10 µl CQ for 48 h. GAPDH served as a loading control. Data are presented as the 
mean ± standard deviation. *P<0.05 vs. control group; #P<0.05 vs. matrine group. GFP, green fluorescent protein; LC3, microtubule‑associated protein 1‑light 
chain 3; GAPDH, anti‑glyceraldehyde 3‑phosphate dehydrogenase; CQ, chloroquine.
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alone (P=0.027). The results suggested that matrine‑induced 
autophagy decreased the level of apoptosis in cells and, there-
fore, played a protective role in MG‑63 cells.

Underlying mechanism of matrine‑regulated autophagy 
activity. A previous study demonstrated that ERK is key in 

the regulation of autophagy (17). To further determine the 
underlying mechanism of matrine‑induced autophagy in 
MG‑63 cells, western blot analysis was used to analyze the 
expression of t‑ERK and p‑ERK when MG‑63 cells were 
exposed to 1.1 g/l matrine for 24, 48 and 72 h. As shown in 
Fig. 4A and B, the expression of p‑ERK was increased in a 

Figure 3. Inhibition of autophagy increases the cytotoxicity of matrine in human osteosarcoma MG‑63 cells. (A) Cell viability was assessed by MTT assay in 
MG‑63 cells treated with various concentrations matrine for 48 h with or without 10 µl CQ. (B and C) Apoptosis was measured by flow cytometry with 1.1 g/l 
matrine in the absence or presence of CQ (10 µl) for 48 h. Data are presented as the mean ± standard deviation. *P<0.05 vs. control group; #P<0.05 vs. matrine 
group. FITC, fluorescein isothiocyanate; PI, propidium iodide; CQ, chloroquine.

Figure 4. Matrine induces the activation of the ERK signaling pathway. (A and B) The level of p‑ERK and t‑ERK were measured by western blot analysis 
in human osteosarcoma MG‑63 cells that were incubated with 1.1 g/l matrine for 24, 48 and 72 h. (C and D) MG‑63 cells were treated with matrine for 48 h 
with or without pretreatment of U0126 (20 µM; 1 h), a mitogen‑activated protein kinase kinase inhibitor. Western blot analysis revealed that LC3II, p‑ERK 
and Bcl‑2 expression levels decreased, while Bax increased with pretreatment of U0126. (E) Cell viability was evaluated by MTT assay. *P<0.05 vs. control; 
#P<0.05 vs. matrine treatment alone. LC3, microtubule‑associated protein 1‑light chain 3; GAPDH, anti‑glyceraldehyde 3‑phosphate dehydrogenase; p, phos-
phorylated; t, total; ERK, extracellular signal–regulated kinase; Bcl‑2, B‑cell lymphoma‑2; Bax, Bcl‑2‑like protein 4.

  A   B

  C

  A   B   C

  D
  E

RETRACTED

https://www.spandidos-publications.com/10.3892/ol.2016.4848
https://www.spandidos-publications.com/10.3892/ol.2016.4848
https://www.spandidos-publications.com/10.3892/ol.2016.4848
https://www.spandidos-publications.com/10.3892/ol.2016.4848


MA et al:  MATRINE-INDUCED AUTOPHAGY COUNTERACTS APOPTOSIS VIA ERK SIGNALING PATHWAY 1859

time‑dependent manner (P=0.045), while the expression of 
t‑ERK did not alter. This indicates that matrine activated 
the ERK signaling pathway in MG‑63 cells. In addition, the 
present study examined whether activated ERK was key for 
matrine‑induced autophagy. The p‑ERK expression level 
and the ratio of LC3II/LC3I, was decreased in MG‑63 cells 
pretreated with U0126, a mitogen‑activated protein kinase 
kinase (MEK) inhibitor, and then exposed to 1.1 g/l matrine 
for 48 h (Fig. 4C and D). Western blot analysis also revealed 
that the Bax level in the matrine  +  U0126 group of cells 
was upregulated, and Bcl‑2 levels were decreased compared 
with the matrine group. In addition, a MTT assay revealed 
that cell proliferation was decreased in the matrine + U0126 
group compared with matrine treatment alone (Fig.  4E). 
Overall, these results suggest that the apoptotic ratio increased 
while matrine‑induced autophagy decreased when the ERK 
signaling pathway was blocked by the MEK inhibitor U0126.

Discussion

In tumors, the normal gene expression levels of local cells is 
disordered, leading to abnormal proliferation cloning, under 
the action of systemic tumorigenic factors. The occurrence 
and development of tumors is associated with abnormal cell 
proliferation, differentiation and growth arrest, and the ability 
of cells to escape apoptosis. At present, a large number of 
anticancer drugs exert anticancer effect through the induc-
tion of tumor cell death (18,19). Programmed cell death is a 
highly regulated process, which exists as three different types: 
Apoptosis (type I); autophagy (type II); and necrosis (type III).

Previous studies have revealed that matrine induces 
MG‑63  cell apoptosis  (20,21); however, these studies did 
not demonstrate whether matrine could induce autophagy of 
MG‑63 cells. Therefore, the present study aimed to identify 
whether matrine induces autophagy in MG‑63 cells and its 
underlying mechanisms. The present study demonstrated 
that MG‑63 cell proliferation was inhibited by matrine in a 
dose‑ and time‑dependent manner. Subsequently, MG‑63 cells 
treated with matrine underwent apoptosis, also in a time‑depen-
dent manner. In addition, Hoechst 33258/PI staining revealed 
that treated cells underwent death‑associated morphological 
alterations. Furthermore, pro‑apoptosis‑associated protein Bax 
increased in expression, while anti‑apoptosis‑associated Bcl‑2 
protein level was downregulated. Overall, the present findings 
indicated that matrine significantly inhibits MG‑63 cell prolif-
eration and induces apoptosis.

To further investigate if matrine could induce MG‑63 cell 
autophagy, GFP‑LC3 plasmids were transiently transfected 
into MG‑63  cells. When autophagy is activated in cells 
transfected with these plasmids, fluorescent dots relocate 
and change from a diffuse distribution in the cytoplasm into 
bright green fluorescence puncta, and this is indicative of 
the presence and formation of autophagosomes. As shown in 
Fig. 2A and B, matrine significantly enhanced the amount of 
green fluorescent puncta in MG‑63 cells in a time‑dependent 
manner, suggesting that matrine treatment upregulated 
autophagosomes. In addition, the present study observed 
that the expression ratio of autophagy‑associated proteins 
LC3II/LC3I was upregulated, which suggested that autophagy 
was activated in matrine‑treated cells.

Autophagy and apoptosis are distinctive processes (22); 
however, evidence suggests that there is cross‑talk between 
them. Autophagy in cancer cells is a double‑edged sword (23); 
autophagy may inhibit cancer cell proliferation and play a 
pro‑apoptosis role (24); however, autophagy may also facilitate 
cancer cell survival, and favors chemotherapy resistance (25). 
The extent of autophagy varies with different cell types and 
the autophagy stimuli. The autophagy inhibitor CQ has been 
widely used to block the fusion between autophagosomes and 
lysosomes, suppress acidification of the lysosome, and cause 
autophagy resistance (26). The present study demonstrated that 
the viability of cells treated with matrine + CQ decreased, and 
the apoptosis ratio increased compared with cells treated with 
matrine alone. This suggests that matrine‑induced protective 
autophagy partially suppressed apoptosis of cells. The present 
results are in agreement with other studies, which demonstrate 
that inhibition of autophagy by 3‑methyladenine and CQ 
significantly increases matrine‑induced apoptosis (9,10).

ERK is one member of mitogen‑activated protein kinases. 
Depending on the internal and external stimulus, the phos-
phorylation of ERK regulates cytoskeletal proteins, kinases 
and transcription factors in the cytomembrane, and leads to a 
transformation in gene expression, cell proliferation and cell 
differentiation (27). The present study revealed that the expres-
sion of p‑ERK gradually increased in a time‑dependent manner 
following treatment with matrine, indicating that matrine 
activated ERK in MG‑63 cells. U0126, an inhibitor of MEK 
kinase (28), which directly enters the cytoplasm through the 
cytomembrane, selectively inhibits MEK kinases and prevents 
the phosphorylation of ERK. Compared with cells treated 
with matrine alone, the expression of p‑ERK, LC3II/LC3I and 
anti‑apoptosis protein Bcl‑2 were all reduced in cells treated 
with matrine + U0126, while Bax protein expression was 
enhanced. Therefore, matrine induces autophagy and blocks 
apoptosis via the ERK signaling pathway.

In summary, the present study demonstrates, to the best of 
our knowledge, for the first time that autophagy induced by 
matrine acts via the ERK1/2 pathway, which may attenuate 
apoptosis and provides a protective mechanism for cell 
survival. Combined treatment of matrine with an autophagy 
inhibitor, including CQ, or ERK signaling pathway inhibitor, 
including U0126, may be a promising strategy for osteosar-
coma therapy.
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