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Tanshinone IIA induces autophagy in colon cancer cells through 
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Background: Colon cancer is a common malignancy of the digestive tract. The search for effective drugs 
to treat colon cancer has become the focus of current researches. Tanshinone IIA (Tan IIA) is a fat-soluble 
component extracted from tanshinone, a traditional Chinese medicine. Tan IIA can modulate the occurrence 
and development of tumors, but its effect on autophagy in colon cancer cells has not been reported.
Methods: Two types of colon cancer cell lines were selected and different concentrations of Tan IIA were 
used to treat cells at different time points. Cell Counting Kit-8 assay (CCK-8) was used to detect the effect 
of Tan IIA on cell proliferation; transmission electron microscopy was used to observe the formation of 
autophagosomes; reverse transcription-polymerase chain reaction (RT-qPCR) and western blot were used 
to detect the expression of autophagy related genes and proteins. Cell transfection was used to interfere with 
MEK (mitogen-activated extracellular signal-regulated kinase) expression, and RT-qPCR and western blot 
were used to detect the expression of MEK/ERK/mTOR pathway-related proteins.
Results: Tan IIA resulted in a significant reduction in the viability of the two kinds of colon cancer cells. 
The number of autophagosomes increased significantly after the treatment of Tan IIA into these cells. 
Addition of autophagy inhibitor 3-MA (3-Methyladenine) improved the increase of autophagosomes in cells 
induced by Tan IIA. At the same time, Tan IIA induced the expression of autophagy-related proteins in the 
two colon cancer cell lines. When Tan IIA induced autophagy in colon cancer cells, the expression of MEK/
ERK/mTOR pathway-related proteins increased significantly. After interfering with the expression of MEK, 
the expression of autophagy decreased significantly, indicating that Tan IIA promoted autophagy of colon 
cancer cells through MEK/ERK/mTOR pathway.
Conclusions: Tan IIA stimulates autophagy in colon cancer cells through MEK/ERK/mTOR pathway, 
hence inhibiting the growth of colon cancer cells. 
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Introduction

Colon cancer is a common malignant tumor of the digestive 
tract, which usually occurs in the junction of rectum and 
sigmoid colon. The incidence of colon cancer is the highest 
in the age group of 40–50 years old, and the ratio of male 
to female with this disease is 2:1 (1). The incidence of 
gastrointestinal tumors ranks second among all carcinomas. 
In recent years, the incidence of colon cancer has become 
increasingly high. The existing treatment methods, such 
as surgery, chemotherapy, and radiotherapy, are limited in 
reducing mortality and improving prognosis, and the 5-year 
survival rate of patients is merely about 50%. With changes 
of environmental factors and dietary habits, colon cancer 
has become a growing threat to human health (2). Thus, the 
search for effective drugs to treat colon cancer is the focus 
of this current research.

Tan IIA is a fat-soluble component extract, the main 
pharmacological effects of which are to improve coronary 
blood circulation (3), repair vascular endothelial cells (4), 
inhibit the formation of atherosclerosis (5), and prevent 
and treat the complications of diabetes (6). Recent studies 
have revealed that Tan IIA regulates the development of 
cancer by the regulation of proliferation, apoptosis and 
differentiation in cancerous cells. Tan IIA reverses EGF and 
TGF-β1-mediated epithelial mesenchymal transformation 
in hepatoma carcinoma cells via the PI3K/Akt/ERK 
signaling pathway (7). Tan IIA reverses gefitinib resistance 
in human non-small cell lung cancer by modulating the 
VEGFR/Akt pathway (8). Moreover, there are several 
studies demonstrating the effect of Tan IIA on the 
proliferation, invasion, and apoptosis of colon cancer cells 
(9-11).

Autophagy is type II programmed cell death. As an 
intracellular decomposition process, autophagy is involved 
in energy metabolism, organelle transformation, growth 
regulation and senescence (12). It is characterized by 
the formation of autophagosomes and degradation of 
cellular components, such as mitochondria, ribosomes, 
and endoplasmic reticulum (13). A large number of studies 
have indicated that autophagy is closely connected to 
the development of tumors (14-16). Autophagy-induced 
cell death may provoke growth inhibition of tumor cells, 
thereby inhibiting tumor occurrence, suggesting that 
autophagy may be a potential breakthrough in the treatment 
of tumors. In addition, it has been reported that a variety of 
therapeutic drugs for tumors can regulate the proliferation, 
apoptosis, and differentiation of tumorous cells by acting 

on the autophagy. In colon cancer, Ophiopogon B induces 
autophagy and apoptosis of colon cancer cells through 
activating the JNK/c-jun signaling pathway to function as 
a tumor inhibitor (17). In xenograft tumor mice, curcumin 
inhibits tumor formation by suppressing AMPK/ULK1-
dependent autophagy and enhancing apoptosis of colon 
cancer cells (18). These results indicate that traditional 
Chinese medicine play an important role in the regulation 
of autophagy in the treatment of tumors. Whereas, the role 
of Tan IIA in autophagy of colon cancer cells has not been 
reported yet.

In this study, two colon cancer cell lines were selected 
to study the effect of Tan IIA on autophagy in colon cancer 
cells, and the specific mechanism has also been discussed, 
which may provide clinical evidence for the treatment of 
colon cancer by Tan IIA.

We present the following article in accordance with the 
MDAR checklist (available at http://dx.doi.org/10.21037/
tcr-20-1963).

Methods

Cell culture and treatment

Colon cancer cell lines SW480 (RRID:CVCL_0546) 
and HT29 (RRID:CVCL_0320) used in this study were 
obtained from Shanghai Cell Collection (Shanghai, China), 
and were cultured in DMEM (Gibco; Thermo Fisher 
Scientific) added with 10% FBS (Gibco; Thermo Fisher 
Scientific) at 37 ℃ with 5% CO2. Tan IIA was purchased 
from Selleckchem (Houston, TX, USA). Different 
concentrations of Tan IIA were used to induce colon cancer 
cell lines for 24, 48, 72 and 96 h. The Control group was 
given the same dose of DMEM for the same duration of 
induction.

Cell Counting Kit-8 (CCK-8) assay

Cells were seeded into 96-well plates and cultivated at 37 ℃ 
in a humidified incubator with 5% CO2. Cell viability was 
determined using the CCK-8 reagent (Dojindo Molecular 
Technologies, Inc.), according to the manufacturer’s 
protocol. Different concentrations of Tan IIA were used 
to induce colon cancer cell lines for 24, 48, 72 and 96 h. 
After treatment of cells, 10 µL CCK-8 solution (Dojindo 
Molecular Technologies, Inc.) was added to each well for 
nearly 4 h, and then the optical density was measured at  
450 nm using a microplate reader.

http://dx.doi.org/10.21037/tcr-20-1963
http://dx.doi.org/10.21037/tcr-20-1963


6921Translational Cancer Research, Vol 9, No 11 November 2020

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2020;9(11):6919-6928 | http://dx.doi.org/10.21037/tcr-20-1963

Reverse transcription-polymerase chain reaction (RT-qPCR)

Total RNA was isolated from cells using TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.). RNA (2 μg) was 
reverse transcribed into cDNA using the iQ5 Multicolor 
Real-Time PCR Detection system (Bio-Rad Laboratories, 
Inc.). Subsequently, Real-time PCR analysis was carried 
out via iQ5 Multicolor Real-Time PCR Detection system 
(BIO-RAD, USA). And the DNA bands were standardized 
to that of GAPDH. The primer pairs were as follows: LC3 
forward, 5’-GAACGATACAAGGGTGAGAAGCA-3’ and 
reverse, 5’-TGAGATTGGTGTGGAGACGCT-3’; p62 
forward, 5’-TGAGATTGGTGTGGAGACGCT-3’ and 
reverse, 5’-ACAGCATCTGGGAGAGGGACT-3’; Beclin1 
forward, 5’-ATCTGGCACAGTGGACAGTTTG-3’ and 
reverse, 5’-CCGTAAGGAACAAGTCGGTATC-3’; ATG7 
forward, 5’-CAGAAAGGAGGCATGGGACC-3’ and 
reverse, 5’-AGACACAACCTTGTCCAAGT-3’; FOXO3 
forward, 5’-GGACCTGGACATGTTCAATG-3’ and 
reverse, 5’-CCTGCTTAGCACCAGTGAAG-3’; GAPDH 
forward, 5’-CCTCTGACTTCAACAGCGACAC-3’; and 
reverse, 5’-CTGTTGCTGTAGCCAAATTCGT-3’.

Transmission electron microscopy

After treatment, cells were washed with PBS, collected, 
centrifuged at 800 r/min for 8 min, and then made 
into clusters. Next, cells were fixed with 2.5% electron 
microscope solution glutaraldehyde overnight at 4 ℃ and 
rinsed with PBS. The solution was fixed utilizing 1% osmic 
acid at 4 ℃ and washed again with PBS. After that, the 
cells were dehydrated, followed by solidification of cells 
through embedding in the resin. The fixed wax blocks 
were sectioned by a supermodel slicer, double-stained with 
3% uranium acetate and lead citrate, and observed and 
photographed under a transmission electron microscope 
(Hitachi H-7650).

Western blot

The treated cells were collected and lysed with RIPA lysis 
buffer (Beyotime Institute of Biotechnology) and incubated 
for 30 min on ice. Then proteins were detected using a 
BCA protein assay kit (Bio-Rad Laboratories, Inc.). A total 
of 40 µg protein was loaded onto 10% SDS-polyacrylamide 
gels to separate various proteins, which were subsequently 
transferred to PVDF membranes. The membranes were 
blocked with 10% skim milk for 2 h at room temperature, 

followed by incubation with primary antibodies for one 
night at 4 ℃. Subsequently, the membranes were incubated 
with goat anti-rabbit horseradish peroxidase-conjugated 
IgG secondary antibodies (1:5,000; AA24142) at room 
temperature for just 1 h. The signals were detected using 
enhanced chemiluminescence reagent (GE Healthcare) and 
Image J software (version 146; National Institutes of Health, 
Bethesda) was used to analyze fold-changes of protein 
levels. Anti-Beclin1 (1:1,000; E2200675), anti-ATG7 
(1:1,000; E90690), anti-FOXO3 (1:1,000; E0220202), 
anti-p62 (1:1,000; E2510713), anti-β-catenin (1:1,000; 13-
8400, RRID:AB_2533039), anti-Cyclin-D1 (1:1,000; MA5-
16356, RRID:AB_2537875), anti-β-actin (1:1,000; E81102-1) 
antibodies were obtained from EnoGene, Inc.

Plasmid construction and shRNA interference assay

A short hairpin RNA (shRNA) sequence targeting MEK 
was obtained from Genechem Company (Shanghai, China). 
A scrambled shRNA was included as a negative control. 

Statistical analysis

Data obtained from three independent groups were 
expressed as the mean ± standard deviation. SPSS 17.0 
statistical software (SPSS, Inc., Chicago, IL, USA, 
RRID:SCR_002865) was used for all statistical analyses. 
Comparisons between groups were analyzed by Student’s 
t-test or one-way analysis of variance followed by Tukey’s 
test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Tan IIA inhibited the proliferation of colon cancer cells

CCK-8 was used to detect the proliferation of colon cancer 
cells (SW480 and HT29) treated with Tan IIA at different 
concentrations. We found the decline in cell viability with 
the increases in concentration and treatment time of Tan 
IIA, indicating that Tan IIA could inhibit the proliferation 
of colon cancer cells (Figure 1A,B). Combined with the 
previous literature, we chose 10 µM Tan IIA for the 
following experiments.

Tan IIA promoted autophagy of colon cancer cells

In our paper, we induced SW480 and HT29 cells for 24, 
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48 and 72 h with 10 µM Tan IIA, and explored the effect 
of Tan IIA on the autophagy of colon cancer cell lines 
by adding autophagy inhibitor 3-MA. The cells were 
divided into four groups: control, Tan IIA, 3-MA, and 
TanIIA+3-MA. The results presented that the endoplasmic 
reticulum of the control group was normal with a few 
autophagosomes. The endoplasmic reticulum of the Tan 
IIA group expanded under stress, and there were a large 
number of autophagosomes. In the 3-MA group, the shape 
of mitochondria was changed, while the endoplasmic 
reticulum was not significantly changed. Also, there was 
slight autophagy. In the TanIIA+3-MA group, endoplasmic 
reticulum stress and some autophagosomes were observed. 
The results suggested that compared with the control 
group, the cells in the Tan IIA group showed obvious 
autophagy induction. With the addition of autophagy 

inhibitor 3-MA, the induction of autophagy by Tan IIA 
was reduced (Figure 2). Then, the expression of autophagy-
related proteins LC3, P62, Beclin1, ATG7 and FOXO3 was 
detected by RT-qPCR and western blot. Figure 3A is the 
experimental result of RT-qPCR on SW480 cells, Figure 3B 
is the experimental result of western blot on SW480 cells. 
Figure 4A is the experimental result of RT-qPCR on HT29 
cells, Figure 4B is the experimental result of western blot on 
HT-29 cells. And results from which were consistent with 
the electron microscope results, indicating that Tan IIA 
could induce autophagy in colon cancer cells.

Tan IIA activated autophagy through the activation of 
MEK/ERK/mTOR signaling pathway in colon cancer cells

We found that when Tan IIA induced autophagy in cells, 

Figure 1 Selection of Tan IIA concentration. IC50 of Tan IIA was determined by CCK-8.

Figure 2 Effect of Tan IIA on autophagosome. The level of autophagosome was observed under electron microscope. Magnification ×4,000. 
The arrows show the autophagosomes.
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Figure 3 Effect of Tan IIA on autophagy in SW480 cells. (A) RT-qPCR was used to detect the expression of autophagy-related genes LC3, 
P62, Beclin1, ATG7 and FOXO3. (B) Western blot was utilized to analyze the expression of autophagy-related proteins LC3, P62, Beclin1, 
ATG7 and FOXO3. *, P<0.05, **, P<0.01, ***, P<0.001 vs. control; #, P<0.05, ##, P<0.01, ###, P<0.001 vs. 3-MA. Tan IIA, tanshinone IIA; 3-MA, 
3-Methyladenine; FOXO3, Forkhead box O3.

MEK/ERK/mTOR signaling pathway was activated. 
Compared with the control group, the expression of MEK, 
ERK, and mTOR increased significantly after Tan IIA 
was given but decreased significantly in the 3-MA group. 
Compared with the 3-MA group, the protein expressions 
of MEK, ERK, and mTOR in the Tan IIA+3-MA group 

were increased, hinting that Tan IIA reversed the inhibitory 
effect of 3-MA on autophagy in colon cancer cells  
(Figure 5A,B). The results showed that Tan IIA may 
regulate the autophagy of colon cancer cells through MEK/
ERK/mTOR Pathway. To further verify our conclusion, we 
interfered with MEK expression through cell transfection 
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technology (Figure 6A), and divided the cells into control, 
shRNA-NC, shRNA-MEK, shRNA-NC+TanIIA, and 
shRNA-MEK+TanIIA groups. As shown in Figure 6B, 
western blot was used to detect the expression of pathway- 
and autophagy-related proteins. It was viewed that after 
the inhibition of MEK, the expression of pathway-

related proteins MEK, ERK, and mTOR was decreased, 
the expression of autophagy protein ATG7 and Beclin1 
decreased, while the expression of P62 was increased. 
Compared with the shRNA-MEK group, the expression of 
MEK, ERK, mTOR, ATG7 and Beclin1 was raised and the 
expression of P62 was reduced in the shRNA-MEK+TanIIA 

Figure 4 Effect of Tan IIA on autophagy level in HT29 cells. (A) RT-qPCR dissected the expression of autophagy-associated genes LC3, 
P62, Beclin1, ATG7 and FOXO3. (B) Western blot was applied to detect the expression of autophagy-associated proteins LC3, P62, 
Beclin1, ATG7 and FOXO3. **, P<0.01, ***, P<0.001 vs. control; #, P<0.05, ##, P<0.01, ###, P<0.001 vs. 3-MA. Tan IIA, tanshinone IIA; 3-MA, 
3-Methyladenine; FOXO3, Forkhead box O3.
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Figure 5 Effect of Tan IIA on the MEK/ERK/mTOR pathway. (A) The expression of MEK, ERK and mTOR was detected by western blot. 
(B) The statistical analysis chart of A. *, P<0.05 vs. control; ##, P<0.01, ###, P<0.001 vs. 3-MA. Tan IIA, tanshinone IIA; 3-MA, 3-Methyladenine; 
FOXO3, Forkhead box O3; MER, mitogen-activated extracellular signal-regulated kinase; ERK, extracellular regulated protein kinases; 
mTOR, mammalian target of rapamycin.

Figure 6 Tan IIA stimulated autophagy in colon cancer cells by activating the MEK/ERK/mTOR pathway. (A) The expression of MEK 
protein after transfection was detected by western blot. (B) The statistical analysis chart of A. **, P<0.01, ***, P<0.001 vs. shRNA-NC. (C) 
The expression levels of pathway-related molecules MEK, ERK and mTOR, and those of autophagy-related proteins p62, ATG7 and 
Beclin1 were detected by western blot. (D) The statistical analysis chart of C. ***, P<0.001 vs. shRNA-N; ###, P<0.001 vs. shRNA-NC. ΔΔΔ, 
P<0.001 vs. shRNA-NC+Tan IIA. Tan IIA, tanshinone IIA; 3-MA, 3-Methyladenine; FOXO3, Forkhead box O3; MER, mitogen-activated 
extracellular signal-regulated kinase; ERK, extracellular regulated protein kinases; mTOR, mammalian target of rapamycin.
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group. Compared with shRNA-NC+Tan IIA group, the 
expression of MEK, ERK, mTOR, ATG7, and Beclin1 was 
lessened but that of P62 protein was elevated in shRNA-
MEK+Tan IIA group. These experimental results exhibited 
that Tan IIA activated autophagy through promotion of 
MEK/ERK/mTOR signaling pathway in colon cancer cells.

Discussion

Tan IIA is a monomer compound isolated from tanshinone, 
which has a wide range of pharmacological functions 
including anti-oxidation (19), anti-atherosclerosis (5), 
anti-tumor (20), inhibition of thrombosis and inhibition 
of platelet aggregation (21). Currently, Tan IIA is mainly 
used in the treatment of cardiovascular diseases. However, 
more and more studies have proved that Tan IIA plays a 
considerable role in the development of tumors (8,22,23). 
Tan IIA can inhibit the proliferation, invasion and migration 
of colon cancer cells, and promote the apoptosis of colon 
cancer cells. In addition, emerging study has illustrated that 
Tan IIA can inhibit the formation of microvascular of tumor 
tissues by reducing the expression level of serum VEGF and 
cause a dose-dependent inhibition of colon cancer tumor 
growth (24). Therefore, in this paper, we used Tan IIA 
with different concentrations to treat colorectal cancer cell 
lines at different time points, and the results from CCK-8 
displayed that with the increase in time and concentration 
of Tan IIA treatment, the cell activity decreased markedly. 

Autophagy is associated with cell death. Moderate 
degree of autophagy can promote cell survival, but 
excessive autophagy can accelerate cell death, thus 
maintaining the physiological balance within the cells (25).  
Autophagy has been a research hotspot in the field of 
life science since its discovery. Commonly, it regulates 
intracellular repair and damage through multiple signaling 
pathways, thus exerting effects in the occurrence and 
development of carcinomas (26). Previous papers have 
affirmed that Tan IIA has a vital role in the proliferation, 
invasion, migration and apoptosis of colon cancer cells, 
however, the role of Tan IIA in the autophagy of colon 
cancer cells has not been investigated in detail. Nowadays, 
there are many reports on the role of TCM in regulating 
autophagy in colon cancer cells,  In colon cancer, 
Ophiopogon B induces autophagy and apoptosis of colon 
cancer cells through activating the JNK/c-jun signaling 
pathway to function as an tumor inhibitor (17). In 
xenograft tumor mice, curcumin inhibits tumor formation 

by suppressing AMPK/ULK1-dependent autophagy 
and enhancing apoptosis of colon cancer cells (18).  
Therefore, in our paper, we detected the expression of 
autophagy-related indicators. We discovered that the 
level of autophagy increased after the addition of Tan 
IIA to SW480 and HT29 cells, which was reversed by 
co-treatment of autophagy inhibitor 3-MA, indicating 
that Tan IIA could promote autophagy. The MEK/ERK 
pathway, an autophagy signaling pathway, can induce 
autophagy and cell death (27). In the human cervical 
cancer cells, Concanavalin A (Con A) activates autophagy 
by up-regulating the MEK/ERK/mTOR signaling 
pathway and participates in cell apoptosis, thus hampering 
the growth and proliferation (28). 8-CEPQ from onion 
beef soup can repress colon cancer through ERK signaling 
pathway and accelerate autophagy death of colon cancer 
cells (29). In addition, Wang et al. (30) reported that Tan 
IIA activates autophagy via the MEK/ERK/mTOR pathway 
to reduce hepatic ischemia-reperfusion injury. mTOR 
protein, an atypical serine/threonine kinase, is the main 
regulator of autophagy, which can regulate the metabolism 
of cells and proteins in the body, and is widely involved in 
the occurrence and development of tumors (31). Study has 
shown that the consumption of autophagy inhibitor uL3 in 
colon cancer cells can increase the drug resistance of colon 
cancer cells by inducing autophagy, and the recovery of uL3 
can drive the apoptosis of colon cancer cells by inhibiting 
autophagy (32). Therefore, we speculated that Tan IIA could 
boost autophagy of colon cancer cells SW480 and HT29 
through activation of the MEK/ERK/mTOR signaling 
pathway, thus induce apoptosis of cells. It was observed in 
this work that MEK/ERK/mTOR signaling pathway was 
activated after the induction of autophagy by Tan IIA. Next, 
we interfered with MEK expression and further disclosed 
that Tan IIA induced autophagy through the activation 
of MEK/ERK/mTOR signaling pathway in colon cancer 
cells. However, we had no idea whether the significantly 
decreased cell viability after Tan IIA addition was related to 
autophagy and autophagic death in colon cancer cells. This 
remains to be further studied in our future research.

Conclusions 

Tan IIA induces autophagy in colon cancer cells through 
MEK/ERK/mTOR pathway. This article provides more 
experimental basis for Tan IIA in the clinical treatment of 
colon cancer.
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