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Introduction

Worldwide, lung cancer has high morbidity and mortality (1). 

Almost 85% of lung cancer cases are non-small cell lung 

cancer (NSCLC), but because of limited early diagnosis and 
drug resistance to the chemotherapy of NSCLC, the overall 
5-year survival rate is no more than 15% (2,3). Therefore, 
the development of safe and effective drugs is urgently 
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required to treat NSCLC.
As a natural flavonoid, breviscapine (BVP) is mainly 

extracted from Erigeron breviscapus. Its main components 
include breviscapine A, breviscapine B, and caffeinylquinate 
esters (4). BVP displays a variety of pharmacological 
effects, including renoprotective, cardiovasculoprotective, 
neuroprotect ive ,  ant ip la te le t  aggregat ion ,  ant i -
inflammatory, and anti-oxidative properties (5-8). Studies 
have shown that BVP has a significant anticancer effect, 
including against hepatocarcinoma, colorectal cancer, 
prostate cancer, gastric cancer, and other malignant tumors 
(9,10). The anticancer effect of BVP is related to its 
induction of apoptosis (9), the induction of DNA damage 
and inhibition of cell proliferation (11). Our previous study 
demonstrated that BVP could induce apoptosis and suppress 
the growth of A549 cells (adenocarcinomic human alveolar 
basal epithelial cells) (12), but the molecular mechanisms 
remain unclear.

The insulin-like growth factor binding protein family 
(IGFBP) comprises a group of high affinity IGF binding 
proteins, including six main members (IGFBP1–6), which 
have three structural components: N-terminus, C-terminus, 
and middle region (13). The IGFBP4 gene is located at 
17q12-q21.1, is approximately 2246 bp in length, and 
encodes a protein of 237 amino acids. IGFBP4 is widely 
distributed in multiple organs of the body and is also secreted 
into the bloodstream. As a negative regulatory factor, 
IGFBP4 correlates negatively with tumor growth (14).  
It can increase the proportion of apoptotic cells in tumor 
tissue (15). Low expression of IGFBP4 in lung cancer 
tissue might underlie the proliferation and migration of 
lung cancer cells (16,17). In recent years, IGFBP4 has been 
proven to inhibit A549 cell invasion and migration in the 
tumor microenvironment of lung cancer (18). In addition, 
the expression of IGFBPs is closely related to cellular 
reactive oxygen species (ROS) levels. In 1999, Lang et al. 
confirmed that increased ROS could enhance the expression 
of IGFBP1 in HepG2 cells (19). Palozza et al. confirmed 
that lycopene promoted the expression of IGFBP3 and the 
apoptosis of malignant tumor cells by increasing cellular 
ROS levels. These observations suggested a regulatory 
effect between ROS and IGFBPs (20).

In the present study, we analyzed the anticancer effect of 
BVP on A549 cells in vitro, and investigated whether BVP 
could inhibit the growth, and induce apoptosis of, NSCLC 
by upregulating ROS and ROS-mediated upregulation of 
IGFBP4.

We present the following article in accordance with 

the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/jtd-21-551).

Methods

Cell lines

The Institute of Biochemistry and Cell Biology of Chinese 
Academy of Science (Shanghai, China) provided the A549 cells.

Drug and agents

BVP was purchased from Shanghai Ronghe Pharmaceutical 
Technology Development Co., Ltd. (Shanghai, China; 
purity ≥98%), and dissolved in dimethylsulfoxide (DMSO; 
the final DMSO concentration was <0.1%). Rabbit 
antihuman polyclonal antibodies recognizing BCL2-
associated X, apoptosis regulator (BAX) and B-cell CLL/
lymphoma 2 (BCL2) were bought from Abcam (Cambridge, 
MA, USA). The ROS scavenger N-acetylcysteine (NAC) was 
purchased from Selleck (Houston, TX, USA). ROS detection 
kit (S0033S) and Annexin V-FITC apoptosis detection kit 
(C1062) were bought from Beyotime. Human IGFBP-4 
ELISA kit (SEKH-0215) was purchased from Solarbio.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay

The MTT assay was used to analyze the number of viable 
cells. Briefly, A549 cells were seeded in the wells of 96-
well microtiter plates at a density of 5×103 cells/well. The 
cells were treated with BVP (0, 25, 50, and 100 μM), and 
then the MTT solution (20 μL) was added to each well and 
incubation continued. The formazan generated from MTT 
was then dissolved in 150 μL of DMSO and the supernatant 
was aspirated off. The plates were then analyzed using an 
enzyme-linked immunosorbent assay (ELISA) plate reader 
at a wavelength of 490 nm.

Apoptosis assay

A549 cells were subjected to BVP pretreatment (0, 25, 
50, and 100 μM) and then cultured at (5×105/well) in 
6-well plates. After 48 h, the A549 cells were harvested 
and counted. Cells (1×105) were resuspended in 100 μL 
binding buffer, before 10 μL of Annexin V and 5 μL of pI 
were added, and incubated in the dark for 15 min at room 
temperature, according to the manufacturer’s instruction. 

http://dx.doi.org/10.21037/jtd-21-551
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The proportion of apoptotic cells was analyzed using a 
FACSCalibur flow cytometer (BD Biosciences, Franklin 
Lakes, NJ, USA).

ELISA detection of IGFBP4

A549 cells were subjected to BVP pretreatment (0, 25, 50, 
and 100 μM) and then cultured at (5×106/well) in 6-well 
plates. After 48 h, the supernatant of the cell culture 
medium was collected into a sterile tube and centrifuged 
for 20 min (2,000–3,000 r/min). Next, the supernatant 
was carefully collected and an IGFBP4 ELISA kit was 
used according to the manufacturer’s instructions, with 
the wavelength of the enzyme marker set to 450 nm, to 
measure the absorbance of each sample. The IGFBP4 
relative ratio = (average absorbance of the experimental 
group/average absorbance of the control group).

Measurement of intracellular ROS

Intracellular ROS generation was tested by analyzing 
cellular hydrogen peroxide and superoxide levels using 
flow cytometry after staining cells with 6-carboxy-2, 
7-dichlorodihydrofluorescein diacetate (DCFH-DA) 
according to a previous study (21). A549 cells were seeded 
at 1×106 cells/well in 6-well plates and cultured in the 
presence of BVP (0, 25, 50, and 100 μM) for 48 h. Next, the 
cells were washed twice and then suspended in 500 μL of 
10 μM DCFH-DA for 30 min at 37 ℃ in the dark, followed 
by flow cytometry analysis. For each sample, approximately 
10,000 cells were assessed. The experiment was performed 
in triplicate to determine the mean.

Western blotting analysis

In vitro, BVP was used to treat A549 cells in culture flasks 
for 48 h, after which we extracted the intracellular proteins. 
Western blotting was then performed according to a 
previously described method (22). Antibodies recognizing 
IGFBP4 (1:1,500 dilution; Santa Cruz Biotechnology, Santa 
Cruz, CA, USA), BAX (1:1,500 dilution), and BCL2 (1:1,500 
dilution) were used. Data were normalized by the level of 
β-actin.

Quantitative real-time reverse transcription polymerase 
chain reaction (qRT-PCR)

After BVP treatment (0, 25, 50, and 100 μM) for 48 h, 

qRT-PCR was used to detect IGFBP4 mRNA expression. 
The Trizol assay was used to extract the total RNA from 
tissue and cDNA was synthesized. Next, fluorescent 
quantitative real-time PCR was carried out, using 
glutaraldehyde-3-phosphate dehydrogenase (GAPDH) as 
the internal reference. The primers used were as follows: 
IGFBP4: 5'-GGGTGTTCTCTTTGGTGTTA-3' and 
5'-TGTTTTTAGGTGGCTGGATG-3';  GAPDH : 
5 ' - C T C C T C C T G T T C G A C A G T C A G C - 3 '  a n d 
5'-CCCAATACGACCAAATCCGTT-3'.

Adenovirus transfection

IGFBP4-vector (for overexpression) and IGFBP4-
siRNA (for IGFBP4 silencing) adenovirus constructs 
were transfected separately into A549 cells. A549 cells 
overexpressing IGFBP4 and cells silenced for IGFBP4 
expression were collected. The MTT assay was used to 
analyze cell proliferation after treatment with BVP at  
100 μM for 48 h, to investigate the role of IGFBP4 on the 
inhibition of cell proliferation by BVP. The levels of BAX 
and BCL2 were detected using western blotting to study 
the role of IGFBP4 on apoptosis in A549 cell under BVP 
treatment.

Statistical analysis

All experiments were performed independently in 
triplicate. The results are provided as the mean ± the 
standard deviation (SD). For comparisons between two 
groups, Student’s t-test was used. For comparisons among 
multiple groups, analysis of variance was used. SPSS 16.0 
(IBM Corp., Armonk, NY, USA) was used to perform the 
statistical analyses. Statistical significance was accepted at 
P<0.05.

Results

Effect of BVP treatment on apoptosis and proliferation of 
A549 cells 

The results of the MTT assay were used to evaluate viable 
cells showed that treatment with BVP at 25, 50, and 100 μM  
significantly inhibited A549 cell proliferation dose-
dependently (Figure 1A). The apoptosis assay showed that 
after treatment with BVP at 25, 50, 100 μM for 48 h, there 
was a dose-dependent increase in cell apoptosis, especially 
the rate of early apoptosis (Figure 1B,C).
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Effect of BVP treatment on IGFBP4 expression in A549 
cells

The western blotting and qRT-PCR results showed that 
BVP treatment increased both the protein and mRNA 
expressions of IGFBP4 in A549 cells (Figure 2A,B,C). 
ELISA detection showed that treatment with BVP at 25, 50 
and 100 μM significantly increased the IGFBP4 content in 
the culture medium (Figure 2D).

Effect of BVP treatment on the ROS content in A549 cells 
(Figure 3)

Flow cytometry analysis showed that the number of DCFH-
DA-positive cells (containing intracellular ROS) increased 
significantly after treatment with BVP at 25, 50, and 100 μM  
for 48 h, which could be reversed using 1 mM NAC . The 
results of the MTT assay showed that BVP effectively 
inhibited A549 cells proliferation, which was alleviated by 1 
mM NAC.

Effect of ROS on the expression of IGFBP4 in A549 cells 
induced by BVP

A549 cells were divided into a control group, a hydrogen 
peroxide group (positive control), a 100 μM BVP group, 
and a 100 μM BVP +1 mM NAC group. Western blotting, 
ELISA and qRT-PCR were used to analyze IGFBP4 
expression in the cells to investigate the role of ROS in 
expression of IGFBP4 induced by BVP. Compared with that 
observed after treatment with 100 μM BVP, the expression 
of IGFBP4 decreased significantly in A549 cells treated 
with 100 μM BVP +1 mM NAC, suggesting that ROS 
mediated the expression of IGFBP4 in A549 cells under 
BVP treatment (Figure 4).

Effect of overexpression of IGFBP4 on proliferation 
inhibition and apoptosis promotion induced by BVP in 
A549 cells

The MTT cell proliferation assay results showed that the 

Figure 1 Inhibitory effect of breviscapine (BVP) on A549 cell growth. (A) MTT assay showing that BVP inhibited A549 cell proliferation 
dose-dependently. (B) BVP induced apoptosis of A549 cells dose-dependently. (C) Representative flow cytometry chart analyzing apoptosis 
of A549 cells. Data are presented as mean ± SD (standard deviation; n=3 independent experiments). **P<0.01 vs. group without BVP 
treatment.
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IGFBP4-vector significantly enhanced the inhibition of 
cell proliferation (Figure 5A). Western blotting showed 
that the BAX level increased, but the BCL-2 level 
decreased, in IGFBP4-vector cells (Figure 5B,C). After 
treatment with BVP at 100 μM for 48 h, compared with 
the IGFBP4-NC (negative control) group, the BAX level 
increased, while the BCL2 level decreased in IGFBP4-
vector cells (Figure 5B,C).

Effect of IGFBP4 silencing on proliferation inhibition and 
apoptosis promotion induced by BVP in A549 cells

The MTT cell proliferation assay results showed that 
IGFBP4-siRNA significantly alleviated the proliferation 
inhibition induced by BVP in A549 cells (Figure 6A). The 
BCL2 level increased significantly, while the BAX level 
decreased in IGFBP4-siRNA cells (Figure 6B,C). After 100 
μM of BVP treatment for 48 h, compared with the NC-
siRNA group, the BAX level decreased and the BCL2 level 
increased in IGFBP4-siRNA cells (Figure 6B,C).

Discussion

The development of phytochemistry has led to the 
identification of many safe and effective plant-derived 
drugs, representing an alternative source of novel anticancer 
agents. BVP, which is mainly extracted from Erigeron 
breviscapus (23), has demonstrated potential anticancer 
properties. For instance, Wu et al. revealed that BVP could 
inhibit the proliferation of hepatoma cells by upregulating 
the expression of CYTC, BAX, and caspase 3, and 
downregulating the expression of BCL2 (9). BVP could 
also inhibit metabolic transformation during the induction 
of carcinogenesis by DMBA (24). In our previous study, we 
found that in A549 cells, BVP could induce apoptosis and 
suppress cell growth (12). However, because the mechanism 
was unclear, in the present study, we investigated the 
anticancer effect of BVP in NSCLC cells in vitro. The 
results suggested that BVP could inhibit the growth of 
NSCLC effectively through the promotion of apoptosis via 
ROS-mediated upregulation of IGFBP4.

Figure 2 Insulin-like growth factor binding protein 4 (IGFBP4) expression in A549 cells induced by 0, 25, 50, and 100 μM of breviscapine 
(BVP) for 48 h. (A) Western blotting detection of IGFBP4 levels in A549 cells. (B) Statistical results for the levels of IGFBP4 at 48 h in 
response to different concentrations of BVP. (C) Expression of IGFBP4 detected by qRT-PCR. (D) ELISA detection of IGFBP4 levels in 
cell culture medium. Data are presented as the mean ± SD (standard deviation; n=3 independent experiments). **P<0.01 vs. group without 
BVP treatment. ELISA, enzyme-linked immunosorbent assay; qRT-PCR, quantitative real-time reverse transcription polymerase chain 
reaction.
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IGFBP4 has become a research focus in studies of 
malignant tumors. Durai et al. found that IGFBP4 could 
increase the incidence of apoptosis in colorectal cancer tumor 
tissue, suggesting that abnormally low IGFBP4 levels might 
be the key reason for excessive cell proliferation (15). Damon 
et al. found that the formation of prostate cancer xenografts 
was inhibited significantly by increasing the expression of 

IGFBP4 (14). Ueno et al. confirmed that the proliferation 
and migration of renal cancer cells were enhanced 
significantly by IGFBP4 (25). Xiao et al. found a negative 
correlation between IGFBP4 and the long-term prognosis 
of patients with lung cancer (16). In addition, Sato et al. 
found that low expression of IGFBP4 is a key factor in Kas 
mutation-induced lung cancer (26). These studies indicated 

Figure 3 Breviscapine (BVP) inhibited the proliferation of A549 cells via increasing the level of intracellular reactive oxygen species (ROS). 
(A) 25, 50, and 100 μM of BVP increased the ROS content in A549 cells, which was alleviated by 1 mM NAC. (B) 1 mM NAC alleviated the 
proliferation inhibition induced by 25, 50, and 100 μM of BVP. (C) Representative flow cytometry chart analyzing the ROS content change 
in A549 cells treated with 0, 25, 50 and 100 μM BVP. (D) Representative flow cytometry chart analyzing ROS content change in A549 cells 
treated with 0, 25, 50 and 100 μM BVP combined with NAC. Data are presented as the mean ± SD (standard deviation; n=3 independent 
experiments). **P<0.01 vs. BVP group. NAC, N-acetylcysteine.
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Figure 4 IGFBP4 expression mediated by ROS mediated in BVP-induced A549 cell for 48 h. (A) Western blotting detection of IGFBP4 
levels in A549 cells. (B) Statistical analysis of the IGFBP4 levels at 48 h. (C) qRT-PCR detection of IGFBP4 mRNA. (D) ELISA detection of 
IGFBP4 levels in the cell culture medium detected. Data are presented as the mean ± SD (standard deviation; n=3 independent experiments). 
**P<0.01 vs. group without BVP treatment, ##P<0.01 vs. BVP group. ELISA, enzyme-linked immunosorbent assay; IGFBP4, insulin-like 
growth factor binding protein 4; qRT-PCR, quantitative real-time reverse transcription polymerase chain reaction.

IGFBP4 as a key regulatory factor and target in NSCLC to 
regulate the growth, invasion, and metastasis of lung cancer, 
and suggested its potential research value. However, the 
involvement of IGFBP4 has not been reported in previous 
BVP-related lung cancer research. In the present study, 
we found that 25, 50, and 100 μM BVP could increase 
IGFBP4 expression. To further demonstrate that the 
BVP-induced inhibition of the proliferation of NSCLC 
is related to induction of IGFBP4 expression, we used 
adenovirus transfection to obtain IGFBP4 overexpressing 
or IGFBP4 silenced A549 cells. Western blotting and the 
MTT assay were used to assess the expression of apoptosis-
related proteins and cell proliferation, respectively. The 
results confirmed that IGFBP4 overexpression significantly 
inhibited the proliferation of A549 cells, increased pro-
apoptotic protein BAX levels, and decreased the levels of 
anti-apoptotic BCL2. These results indicated that IGFBP4 
acts as a negative factor to inhibit NSCLC cell proliferation. 
Moreover, the survival of IGFBP4 overexpressing cells 

was significantly lower than that of control cells after BVP 
treatment, suggesting that IGFBP4 overexpression could 
increase the sensitivity of A549 cells to BVP. In contrast, 
compared with NC-siRNA cells, the survival of IGFBP4-
silenced cells increased significantly. After BVP treatment, 
IGFBP4-silenced cells showed increased proliferation 
compared with NC-siRNA cells, indicating that changes in 
the IGFBP4 content in NSCLC cells are closely related to 
the anticancer effect of BVP.

ROS are intracellular metabolites, mainly superoxide 
anions (O-2), hydroxyl radicals (OH), and hydrogen 
peroxide (H2O2), that are key factors in the stability of the 
intracellular environment. As chemically active molecules, 
ROS have important functions in the body. They participate 
in various signal pathways, and a slight rise in ROS can 
enhance cell differentiation and proliferation. However, 
excessive ROS levels can result in cell lipid oxidation, DNA 
damage, and apoptosis (27,28). Sun et al. confirmed that 
apigetrin could promote apoptosis and play an anticancer 
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Figure 5 Proliferation inhibitory and apoptosis promotion effect of breviscapine (BVP) on lung cancer cell  is increased by IGFBP4 
overexpression. IGFBP4-vector (for IGFBP4 overexpression) or NC-vector (negative control) was transfected into A549 cells. (A) Cell 
survival detected using the MTT cell proliferation assay. (B) Western blotting detection of BCL2 and BAX levels and (C) statistical 
analysis of the BCL2 and BAX levels. Data are shown as the mean ± SD (standard deviation; n=3 independent experiments). **P<0.01 vs. 
IGFBP4-NC group, ##P<0.01 vs. IGFBP4-vector group, ΔΔP<0.01 vs. IGFBP4-NC + BVP group. BAX, BCL2-associated X, apoptosis 
regulator, BCL2, B-cell CLL/lymphoma 2; IGFBP4, insulin-like growth factor binding protein 4; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide.

role by regulating the ROS-mediated signal transducer and 
activator of transcription 3 (STAT3)/Janus kinase 2 (JAK2) 
pathway in gastric cancer cells (29). Cui et al. showed that 
in hepatoma cells, britannin plays an anticancer role by 
regulating ROS-mediated apoptosis (30). Wu and colleagues 
found that colon cancer cell apoptosis could be induced by 
ginsenoside, which could also inhibit transplanted tumor 
growth by activating the ROS/JNK/p53 pathway (31). In 
the present study, we found that 25, 50, and 100 μM of 
BVP increased the number of A549 DCFH-DA fluorescent 
cells, suggesting an increase in intracellular ROS levels. 
Interestingly, the ROS scavenger NAC could effectively 
reduce the number of A549 DCFH-DA fluorescent cells, 
and the MTT results showed that 1 mM NAC combined 
with BVP treatment significantly increased the cell survival 
rate compared with BVP treatment alone. This suggested 

that NAC could reduce the inhibitory effect of BVP on 
A549 cells.

Studies have confirmed that the expression levels of 
IGFBPs are closely related to intracellular ROS levels. Lang 
et al. confirmed that enhanced intracellular ROS increased 
the expression of IGFBP1 in liver cancer HepG2 cells (19). 
Palozza et al. confirmed that lycopene promotes IGFBP3 
expression and the apoptosis of malignant tumor cells by 
increasing intracellular ROS levels (20). We speculated 
that the BVP-induced increase in both ROS content 
and IGFPB4 expression might be related. The results of 
western blotting, qRT-PCR, and ELISA showed that the 
IGFBP4 levels in both cells and the culture medium were 
significantly lower than those in cells treated with BVP 
after 48 h of cotreatment with 1 mM NAC and BVP. The 
abnormally increased expression of IGFBP4 in hydrogen 
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Figure 6 Proliferation inhibitory and apoptosis promotion effect of breviscapine (BVP) on lung cancer cell is decreased by IGFBP4 
silencing. IGFBP4-siRNA (for IGFBP4 silencing) or NC-siRNA (negative control) were transfected into A549 cells. (A) Cell survival 
detected using the MTT cell proliferation assay. (B) Western blotting detection of BCL2 and BAX levels. (C) Statistical analysis of BCL2 
and BAX levels. The data are shown as the mean ± SD (standard deviation; n=3 independent experiments). **P<0.01 vs. NC-siRNA group, 
##P<0.01 vs. IGFBP4-siRNA group, ΔΔP<0.01 vs. IGFBP4-siRNA+BVP group. BAX, BCL2-associated X, apoptosis regulator, BCL2, B-cell 
CLL/lymphoma 2; IGFBP4, insulin-like growth factor binding protein 4; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide.

peroxide-treated cells indicated that the BVP-induced increase 
in IGFBP4 expression of IGFBP4 was mediated by ROS.

In conclusion, BVP could promote the expression of 
IGFBP4 via upregulation of intracellular ROS levels, 
resulting in cell apoptosis and proliferation inhibition of 
NSCLC A549 cells.
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