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Bevacizumab induces A549 cell apoptosis through the 
mechanism of endoplasmic reticulum stress in vitro
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Abstract: Aims: To observe the effect of bevacizumab on human A549 cells and explore its mechanism. Methods: 
After different concentrations (0 μM, 1 μM, 5 μM, 25 μM) of bevacizumab treating in A549 cells, CCK8 assay de-
tect the impact of bevacizumab on A549 cell proliferation and flow cytometry determine the effect of bevacizumab 
on human A549 cells apoptosis. Real-time PCR and Western blotting detect the changing expression of the target 
gene (CHOP, caspase-4, IRE1, XBP-1) on mRNA and Protein level. Results: Treatment with bevacizumab for 24-hr 
have induced cell death in a does-dependent manner dramatically (P<0.05). In terms of the mRNA level, expression 
of XBP-1 has increased obviously in each group (1 μM, 5 μM, 25 Μm) (P<0.01); the expression of CHOP (25 μM) 
and caspase-4 (5 μM) have increased slightly (P<0.05). In terms of the protein level, the expression of CHOP has 
increased obviously in each group (1 μM, 5 μM, 25 Μm) when compared with the control group (0 μM) (P<0.05). 
As for caspase-4 (5 μM, 25 μM), the expression have increased slightly when compared with the control group (0 
μM) (P<0.05). Conclusion: Bevacizumab can induce A549 cell apoptosis through the mechanism of endoplasmic 
reticulum stress. 
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Introduction

Lung cancer is one of the most common tumors 
worldwide. Though our treatment technology 
have improved a lot, the therapeutic methods 
are so limited and the effects are not so 
pleasing,especially non-small cell lung cancer 
(NSCLC) [1]. Under such circumstances, it is 
extremely urgent for researchers to take active 
part in developing some new drugs to cure this 
disease. Bevacizumab, is a recombined human 
monoclonal antibody researched by Genentech 
which has been bought by Roche. As a new gen-
eration of molecularly targeted antineoplastic 
drugs, bevacizumab has been widely used in 
clinically first-line treatment of the tumors in 
middle and advanced stage, including NSCLC 
by inhibiting the biological activity of vascular 
endothelial growth factor (VEGF). By cutting off 
the biological activity of VEGF, bevacizumab will 
bring about ischemia and hypoxia of the tumor 
cells and thus affect the growth, the attack and 
the proliferation of a cancer [2-4]. According to 

the latest research [5], VEGF can adjust cells’ 
endoplasmic reticulum stress (ERS) by way of 
directly activating this signal channel. Thus we 
can speculate that the reason why bevacizum-
ab will play a role in treating cancers is that it 
can accelerate cell apoptosis through the me- 
chanism of ERS. On the basis of our experimen-
tal results, we can come to the conclusion that 
bevacizumab do induce A549 cell apoptosis 
through the mechanism of ERS.

Materials and methods

Experimental materials

A549 cells come from Central Laboratory, 
Central South University, China. Bevacizumab is 
from Roche, Switzerland. Fetal bovine serum 
(FBS), tryptan-EDTA, RNA enzyme, trypsin and 
Triton X-100 are all from Gibco, America. RPMI-
1640, PBS buffer solution comes from Hyclone, 
America. CCK-8 solution is from Seven Sea biol-
ogy Ltd. CO, Shanghai, China. Annexin V, Pro- 
pidium Iodide (PI), Ambion RNA-queous kit and 
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CHOP, IRE1 and XBP-1 all 
come from Santa Cruz, 
America.

Bevacizumab interfere A549 
cells 

A549 cells are cultivated by 
RPMI-1640 which containing 
10% of FBS and are put in the 
incubator whose temperature 
is 37°C and the concentration 
of CO2 is 5%. Bevacizumab is 
attenuated by sterile water for 
injection. The cells are inter-
fered respectively for 12-hr, 
48-hr and 72-hr with Bevaci- 
zumab of 0 μM, 1 μM, 5 μM 
and 25 μM [2].

CCK-8 assay detects cell pro-
liferation 

We inoculate A549 cells in a 
plate with 96 holes. Then we 
respectively use bevacizumab 
in different concentrations 
such as 0 μM, 1 μM, 5 μM, 25 
μM to process the cells for 
corresponding 12-hr, 24-hr, 
48-hr, 72-hr. Next, we add 
CCK-8 solution (10 μL) to 
each hole. Finally the absorp-
tion value at 450 nm is mea-
sured by a plate reader after 
the plate being put in an incu-
bator for another 4 hours [6]. 
We repeat the procedure for 
three times and then calcu-
late the average value.

Flow cytometry technology to 
detect cells apoptosis

A549 cells are inoculated in a 
60-mm-plate overnight. We 
respectively use bevacizumab 
in different concentrations (0 
μM, 1 μM, 5 μM, 25 μM) to 
process the cells for 24-hr, 
and then use PBS buffer solu-
tion to wash them for 3 times 
as well as using tryptan-EDTA 

Figure 1. Effect of bevacizumab on A549 cells growth. A. The figures were 
obtained by microscope with 200×amplification. Cells were treated with bev-
acizumab (0 μM, 1 μM, 25 μM) for 24 hr. B. Time-OD value curves of beva-
cizumab in each group A549 cells. C. Bevacizumab treatment A549 cells 
for 24 hours, 48 hours effects on cell survival. The effects of bevacizumab 
on cell relative survival rate in A549 cells. Cell relative survival rate (%) = 
experimental group OD value/control group OD value ×100%, bevacizumab 
(0 μM) which was as a control group. Statistically significant, #P<0.05, t-test 
vs. vehicle control. 

cDNA archive kit are all from Invitrogen, 
America. The antibodies including caspase-4, 

(0.25%) to digest. After being centrifuged, the 
cells will suspend in PBS (0.5 ml). And the cells 
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are not only dyed by Annexin V and Propidium 
Iodide (PI) but also processed by RNA enzyme 
and Triton X-100 (0.1%) at indoor temperature 
for 30 minutes. In the end, flow cytometric anal-
ysis can be carried out by using fluorescence 
activated cell sorter [7].

Real-time quantitative PCR to detect RNA 
expression

The extraction of total mRNA were from cells 
treated by different concentration (0 μM, 1 μM, 
5 μM, 25 μM) of bevacizumab with using the 
Ambion RNA-queous kit. The high capacity 
cDNA archive kit used to get the first chain 
cDNA of mRNA. The mRNA level of CHOP, cas-
pase-4, IRE1 and XBP-1 were determined 
through specific gene kit and real-time poly-
merase chain reaction (Real-time PCR) detec-
tion system (Eppendorf, Hamburg, Germany). 
PCR Primer sequence: CHOP, sense strand, 
5’-CTGAATCTGCACCAAGCATGA- 3’, antisense 
strand, 5’-AAGGTGGGTAGTGTGGCCC-3’; ca- 
pase-4, sense strand, 5’-TGGAGAAGGACTT- 
CATTG-3’, antisense strand, 5’-GAAGCATGTG- 
ATGAGTTG-3’; IRE1, sense strand, 5’-GACT- 
CCATG CTTAAGGAC-3’, antisense strand, 
5’-GGGATAGGTGATGATGAA-3’; XBP1, sense 
strand, 5’-GAACC AGGAG TT-AAGACA-3’, anti-
sense strand, 5’-CTCACTTCATTCCCCTTG-3’ [7].

Western blotting technology to detect protein 
expression

The expression of protein (CHOP, caspase-4) 
are detected by Western blotting. Briefly, after 
cytolysis, we collect the supernate and then 
extract the plasmosin or nucleoprotein in an 
already-known-way [8]. At the voltage of 120 V, 
hydrochloric acid polyacrylamide gel can make 
protein transfer to the blotting membrane, on 
which we use specific polyclonal antibody to 

probe, of PVDF. We can conduct electrophoretic 
analysis of equal quantity from protein lysate 
with b-actin being the internal reference.

Statistical analysis

All the experiments are conducted at least for 
three times and all the measured parameters 
are expressed as average value ± standard 
deviation (x ± s). Variance is adopted to analyze 
the repeatedly measured data from the experi-
ments of time-varying bevacizumab’s inhibition 
action on the proliferation of A549 cells. While 
as for the comparisons between bevacizumab’s 
treatment groups in different concentration (0 
μM, 1 μM, 5 μM, 25 μM), t-test method is 
adopted.

Results

Bevacizumab inhibits proliferation of A549 
cells

Bevacizumab treat A549 cells for 12 hours, 
showing the inhibition of cell proliferation mild, 
but after 24 hours showing significant induc-
tion of cell apoptosis in a dose dependent man-
ner (Figure 1A; Table 1). Conversely, bevaci-
zumab (0 μM) which was as a control group 
showed no significant inhibition of cell lines at 
any time. These data suggest that bevacizum-
ab inhibits proliferation of A549 cells (Figure 
1B and 1C).

Bevacizumab can induce A549 cells apoptosis

We adopt flow cytometry to assess the influ-
ence on A549 cells apoptosis exerted by beva-
cizumab (Figure 2A). The results show that 
bevacizumab processed for 24-hr can obvious-
ly induce cells apoptosis which further indi-
cates that bevacizumab participates the signal 
channel (Figure 2B).

Table 1. Bevacizumab impact on A549 cell proliferation (x ± s, n=9)

Groups Concentration (μM)
12 h 24 h 48 h 72 h

OD value OD value OD value OD value
Control Experimental 0 0.486 ± 0.026 0.491 ± 0.019 0.496 ± 0.027 0.502 ± 0.023

1 0.487 ± 0.016 0.479 ± 0.017 0.469 ± 0.021 0.464 ± 0.031
5 0.464 ± 0.014 0.440 ± 0.016 0.425 ± 0.020 0.408 ± 0.027

25 0.446 ± 0.023 0.425 ± 0.022 0.360 ± 0.035 0.327 ± 0.031
Note: CCK 8 method is used to detect the OD value of each group A549 cells. Data are presented as the mean ± S. E. Data 
using analysis of variance of repeated measurement data.
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Bevacizumab activate signal 
pathway of endoplasmic re-
ticulum stress induced apop-
tosis

We further study the possibili-
ty that Bevacizumab induces 
A549 cell apoptosis through 
ERS. In the unfolded protein 
response (UPR) caused by 
ERS [9, 10], we choose inosi-
tol requiring enzyme 1 (IRE-1) 
and X-box binding protein 1 
(XBP1) as our test index while 
in the signal channel of endo-
plasmic reticulum stress-in- 
duced apoptosis (ERSIA) [11], 
we select C/EBP-homologous 
protein (CHOP) and caspase-4 
as our test index. We can 
come to the conclusion that, 
in terms of the RNA level, 
expression of XBP-1 has in- 
creased obviously in each 
group (1 μM, 5 μM, 25 μM) 
(P<0.01), the figures were 
2.196 ± 0.101, 4.605 ± 0.41- 
3, 2.532 ± 0.185; the expres-
sion of CHOP (25 Μm) and 
caspase-4 (5 μM) have in- 
creased slightly (P<0.05), the 
figures were 2.191 ± 0.112, 
1.588 ± 0.167 (Figure 3A). In 
terms of the protein level, the 
expression of CHOP has in- 
creased obviously in each 
group (1 μM, 5 μM, 25 μM) 
when compared with the con-
trol group (0 μM) (P<0.05), the 
figures were 0.67 ± 0.08, 1.52 
± 0.24, 1.32 ± 0.31. As for 

Figure 2. Effect of bevacizumab 
on the induction of apoptosis in 
A549 cells as determined by fiow 
cytometry. A. A549 cells were 
treated with bevacizumab at in-
dicated concentrations for 12 hr, 
then stained with annexin V and 
propidium iodide (PI), followed by 
detection using fiow cytometry. B. 
The percentage of cells with early 
apoptosis and late apoptosis are 
shown. Statistically significant, 
#P<0.05, ##P<0.05, t-test vs. ve-
hicle control. 
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Figure 3. Effect of bevacizumab on endoplasmic reticulum stress pathway activation. A. The mRNA levels of IRE-1, 
XBP-1, CHOP and caspase-4 were examined. All RT-qPCR results were calculated and represented as the percent of 
vehicle control, and actin was used as a control for equal loading in the RT-qPCR experiments (#P<0.05, ##P<0.01, 
vs. vehicle group). B. A549 cells were incubated with bevacizumab at indicated concentrations for 24 hr. The protein 
of CHOP and caspase-4 were examined by Western blot. Actin was shown as a control for equal loading (#P<0.05, 
##P<0.05, vs. vehicle group). 
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caspase-4 (5 μM, 25 Μm), the expression have 
increased slightly when compared with the con-
trol group (0 μM) (P<0.05), the figures were 
0.65 ± 0.15, 0.63 ± 0.23 (Figure 3B). Our data 
shows that bevacizumab activates cascade 
reaction of the endoplasmic reticulum stress in- 
duced apoptosis.

Discussion

As a new generation of molecularly targeted 
antineoplastic drugs, bevacizumab, whose 
mechanism of action is to inhibit the biological 
activity of VEGF and then cure the cancer, has 
been widely used in clinically first-line treat-
ment of the tumors in middle and advanced 
stage [3]. Traditionally, we believed that the rea-
son why bevacizumab can treat cancers by 
inhibiting the biological activity of VEGF is that 
bevacizumab can adjust the formation of tumor 
vessel on tissue level. While based on the 
recent findings, we can conclude that VEGE can 
adjust cells’ ERS by way of directly activating 
the signal channel of ERS. That is to say, beva-
cizumab’s anti-tumor effect can be fulfilled on 
cellular level without depending on the forma-
tion of tumor vessel on tissue level.

Endoplasmic reticulum, the place to process 
protein in a cell, takes part in the protein syn-
thesis and protein folding of membrane protein 
and secretory protein. Pessimal stimulations 
such as oxidative stress, hypoxia, cytotoxic 
materials and nutrient deficiency will give rise 
to the dysfunction of ER and then increase the 
accumulation of misfolded protein and unfold-
ed protein in the ER lumen, which will eventu-
ally cause ERS [12]. ERS is not only a significant 
defense mechanism for cells to resist the harm-
ful stimulations but also a double-edged sword 
to determine the life or death of a cell. Moderate 
ERS is able to intensify the growth and transfer 
of a lung tumor and increase the resistance of 
a lung tumor cell against chemotherapeutics. 
While excessive ERS will accelerate a lung 
tumor cell apoptosis. A large number of drugs 
have been utilized in treating tumors clinically 
by inducing a lung tumor cell apoptosis [13, 
14]. ERS can regulate the life or death of a cell 
by its intensity and time, and it can even partici-
pate in the regulation of the development, 
senility and death of the organism. So ERS have 
played a significant role in the growth, attack 
and transfer of a tumor cell.

Under normal circumstances, protein folding in 
endoplasmic reticulum (ER) is in a state of 

dynamic equilibrium which will be broken by 
some sensitive elements such as drugs, isch-
emia, hypoxia and physicochemical factors and 
then therefore trigger ERS [15]. First, the dis-
sociation and the activation of protein kinase 
R-like ER kinase (PERK), IRE-1, activating tran-
scription factor 6(ATF6) and glucose regulate 
protein 78 (GRP78) on the ER membrane will 
lead to the response of UPR. PERK, IRE-1, ATF6 
on the ER membrane respectively dissociate 
with GRP78 which then will be activated by the 
three protein mentioned above. Then, after 
been activated, the signal channel made of 
CHOP, caspase-12 and JNK will accelerate cell 
apoptosis. After detecting the expression of the 
target gene (CHOP, caspase-4, IRE1, XBP-1) on 
RNA and Protein level by Real-time PCR and 
Western blotting in experiments, we have found 
that the expression have increased more or 
less when compared with the control group 
which further proves that the signal channel of 
ERS participates in the experimental process. 

Our experiments suggest that bevacizumab will 
probably induce A549 cell apoptosis by exacer-
bating the reaction of ERS which thus have 
made it clear that bevacizumab can induce 
A549 cell apoptosis through the mechanism of 
ERS. The results of our studies offer the refer-
ence of how to screen the treatment objects 
suffered from lung tumor and how to carry out 
the individualized treatment and thus further 
improve the treatment effects to the medical 
workers. 

Although we have confirmed that bevacizumab 
can induce A549 cell apoptosis and that apop-
tosis signal channels can be activated by the 
induction of ERS, whether other signal chan-
nels have participated in inducing A549 cell 
apoptosis in our experiments or not awaits the 
results of further studies.
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