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Abstract: Objective: This study aimed to explore the effect of quercetin on cervical cancer cells by inducing tumor 
endoplasmic reticulum stress (ERS) and apoptosis and its mechanism of action. Methods: HeLa cells were treated 
with different concentrations of quercetin, and the cell viability was measured using methyl thiazolyl tetrazolium 
(MTT) colorimetric assays. The apoptosis rate was measured using flow cytometry. The changes in the related pro-
tein X (Bax), B-cell lymphoma/leukemia-2 (Bcl-2), and G1/S-specific cyclin-D1 (Cyclin D1) levels after the HeLe 
apoptosis were determined using Western blot, and the changes in the human cystinase-3 (Caspase-3), glucopro-
tein 78 (GRP78), and enhancer-binding protein homologous protein (CHOP) levels, and the receptor-related protein 
levels in the ERS pathway/endoribonuclease inositol requiring enzyme 1 (IRE1), and the phosphorylated pancreatic 
endoplasmic reticulum stress kinase (p-Perk), and the activated transcription factor-6 (ATF6) levels were also quan-
tified. Results: After treating the HeLa cells with different concentrations of quercetin, the cell viability was inhibited 
to varying degrees, showing a significant time and concentration dependence. The apoptosis rate in the quercetin 
group increased significantly in comparison with the blank control group, and the apoptosis rate also showed a 
tendency to increase progressively with an increasing concentration of the quercetin (P<0.05). The Bax and Bcl-2 
levels in the quercetin intervention group showed a tendency to increase progressively in comparison with the blank 
control group, and Cyclin D1 showed a tendency to decrease progressively (P<0.05). The of Caspase-3, GRP78, and 
CHOP expression levels in the quercetin intervention group rose significantly in comparison with the blank control 
group (P<0.05). The IRE1, p-Perk, and c-ATF6 levels in the quercetin intervention group showed a tendency to rise 
gradually in comparison with the blank control group (P<0.05). Conclusion: Quercetin may promote the apoptosis of 
cervical cancer HeLe cells by inducing the tumor ERS pathway. 
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Introduction

Cervical cancer is the fourth most common 
cancer in the world and is associated with a 
large number of deaths annually [1]. Currently, 
surgery is the mainstay of the treatment, but 
due to the insidious onset of the disease, and 
limitations in the screening techniques, most 
patients are diagnosed at the advanced stage 
[2] after becoming metastatic at a distant site, 
and with a poor prognosis. The transcription 
factor enhancer-binding protein homologous 
protein (CHOP) is a member of the C/EBP tran-
scription factor family, and its gene promoter 
contains the binding site of the UPR-induced 

proteins, including ATF4, ATF6 and XBP. PERK, 
ATF6, and IRE1 can induce the transcription of 
CHOP. Under non-stress conditions, its expres-
sion level is very low. In endoplasmic reticulum 
stress, the transcription factors ATF4, ATF6, 
and XBP1 enter the nucleus and activate its 
transcription level. Their expression levels 
increase greatly, and they eventually induce 
apoptosis by activating Caspase-3. Endoplas- 
mic reticulum stress (ERS) is a stress-respon-
sive mechanism produced by cells when they 
are stimulated externally, which is associated 
with the occurrence of cervical cancer and 
which can induce apoptosis in the presence of 
serious ERS [3, 4]. Therefore, the inhibition of 
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the tumor cell proliferation and the promotion 
of apoptosis are crucial in the treatment of  
cervical cancer. Quercetin is a flavonoid with 
diverse biological activities, and it has various 
antibacterial, antiviral, antioxidant, free radical 
scavenging and immune regulating effects [5]. 
According to published research on this topic 
[6], quercetin can potently inhibit and prevent 
the proliferation of several cancers, such as 
colon cancer, breast cancer, ovarian cancer, 
liver cancer, cervical cancer, and other malig-
nant tumor cells, and it can regulate the cell 
cycle and induce apoptosis, which has been 
confirmed in in vitro and in vivo clinical studies 
of cancer strains. In recent years, the dual role 
of quercetin in the chemotherapy and radio-
therapy of cervical cancer has attracted atten-
tion in medical circles, but its role and specific 
mechanism have not been fully clarified. Cur- 
rent studies indicate that Quercetin’s mecha-
nism of action is related to inhibiting cell grow- 
th and inducing tumor cell apoptosis, but few 
studies have been conducted to explore the 
specific apoptotic mechanisms. Therefore, the 
present trial is the first attempt to test the 
effect of quercetin on human cervical cancer 
cells by inducing ERS and apoptosis based on 
their actions on cervical cancer HeLe cells, and 
to explore the mechanisms of action, with the 
goal of providing information for the treatment 
of cervical cancer. 

Materials and methods

Materials and reagents

Human cervical cancer HeLa cells (Shanghai 
Cell Bank, Chinese Academy of Sciences),  
quercetin (Sigma, USA), Fetal bovine serum 
(Nanjing Biochannel Biotechnology Co., Ltd.), 
Trypsin (Invitrogen, USA), RPMI 1640 medium 
(Gibco, USA), MTT (Ameresco, USA), DMSO 
(Sigma, USA), Caspase-3 (Santa Cruz, USA), 
GRP78, CHOP antibodies (Cell Signaling Tech- 
nology, USA), β-actin (Shanghai SBS Genetech 
Co., Ltd., China), anti-IRE1 antibodies, anti-p-
PERK antibodies, and anti-c-ATF6 antibodies 
(Abcam, USA). This study was approved by our 
hospital’s ethics committee.

Methods

Cell culture and treatment: HeLa cells were cul-
tured in a RPMI 1640 medium supplemented 
with 10% fetal bovine serum, 100 μg/mL strep-
tomycin, and 100 U/mL penicillin at 37°C and 

5% CO2. The cell media were changed every  
two days. When the growth density of the HeLa 
cells exceeded 80%, the cells were passaged 
at a ratio of 1:3; subsequent experiments were 
performed when the cell culture was in the log-
arithmic growth phase. 

Cell viability by MTT assay

The HeLa cells were digested with trypsin and 
made into a single cell suspension. Later, they 
were cultured in 96-well plates at the concen-
tration of 4 × 104 cells well, and 100 μL of RP- 
MI 1640 culture medium was added to each 
well. The supernatant was discarded 24 hours 
after the cell adherence, and then the cells 
were cultured with different concentrations of 
quercetin (20, 40, and 80 μmol/L) media. After 
it was cultured for 24 h, 48 h, and 72 h, the 
culture solution was vacuumed and discarded 
to leave only the HeLa cells in each well. 100  
μL of MTT was added to each well with a con-
centration of 5 g/L, and the supernatant was 
discarded after it was incubated for another 4 
h. 150 μL of DMSO was the added to each  
well, and this was shaken and mixed well. 
Afterwards, the absorbance (A) at the wave-
length of 490 nm was measured. Cell viabi- 
lity = (absorbance of treatment samples - 
absorbance of sample control well)/(absor-
bance of maximum enzyme activity - absor-
bance of sample control well) × 100%. 

Measuring the endoplasmic reticulum stress-
related proteins and apoptosis using Western 
blot

The HeLa cells were digested with trypsin, and 
then they were treated with quercetin at differ-
ent concentrations (20, 40, and 80 μmol/L)  
for 24 h. Later, these cells were digested, cen-
trifuged, and washed. The cells in each group 
were placed into 1.5 mL EP tubes, mixed and 
lysed with a lysis solution and a phosphate buf-
fer solution (PBS). Afterwards, the protein con-
centrations were measured with bicinchoni- 
nic acid (BCA) assays. The proteins were sepa-
rated using SDS-PAGE and then stored in a 
freezer at -80°C. After electrophoresis, the 
PVDF membranes were transferred to the tris-
buffered saline tween (TBST), buffer with 5% 
bull serum albumin (BSA) and blocked for 1 h  
at room temperature. The membranes were 
washed three times for 10 minutes each time 
in TBST, and the primary antibody was incubat-
ed overnight at 4°C. The secondary antibody 
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was incubated for 1 hour at room temperature. 
A luminescent solution was added to the PVDF 
membrane for color development and photo-
graphed in a dark room. The grayscale values 
of each protein band were analyzed using 
Image J software, and their relative expressions 
were calculated. 

Apoptosis using flow cytometry

The HeLa cells treated with quercetin at differ-
ent concentrations (20, 40, 80 μmol/L) were 
collected and centrifuged. 0.2% FBS-contain- 
ing PBS was administered to wash the HeLa 
cells. Then 70% ethanol solution was added to 
the fix. The cell suspension density of quer- 
cetin at different concentrations (20, 40, 80 
μmol/L) was adjusted to about 1 × 106/ml. 
Subsequently, Anexin V and PI (BD, USA) were 
used for double staining. The specific operation 
of the Annexin V apoptosis detection kit was 
performed as per the specifications. The apop-
tosis was measured using flow cytometry (BD, 
model FACSCalibur). 

Statistical analysis

The data analysis was carried out using 
GraphPad Prism 7.0 statistical software. The 

of the cervical cancer HeLe cells

To investigate the effect of quercetin on the 
viability of the cervical cancer HeLe cells, we 
conducted MTT, and the findings revealed that 
the viability of the cervical cancer HeLe cells 
was inhibited markedly in the quercetin inter-
vention group (20, 40, and 80 μmol/L) at 24 h, 
48 h, and 72 h. Meanwhile, the viability of the 
HeLe cells showed a tendency to decrease  
progressively with an increase in the quercetin 
concentration. We found that the viability of  
the cervical cancer HeLe cells was inhibited by 
quercetin in a dose-dependent manner. The 
cell viability decreased progressively in the 
quercetin group (20, 40, and 80 μmol/L) versus 
the blank control group, and a statistically sig-
nificant difference was noted (P<0.05) (Table 
1).

The effect of quercetin on the HeLe apoptosis

Then, to test the effect of quercetin on the 
HeLe apoptosis, we carried out flow cytome- 
try. We found that the apoptosis rate was 
remarkably increased in the quercetin group 
(20, 40, and 80 μmol/L) versus the blank  
control group, and the apoptosis rate also 
showed a tendency to increase progressively 
with an increase in the quercetin concentra-
tion, and a statistically significant difference 
was found (P<0.05) (Table 2 and Figure 1). 

Changes in the HeLe apoptosis-related pro-
teins after the quercetin treatment

Next, western blot was performed to measure 
the changes in the HeLe apoptotic-related  
proteins after the quercetin treatment. We 
observed that the Bax and Bcl-2 levels rose 
gradually, but the Cyclin D1 level decreased 
progressively in the quercetin intervention 
group (20, 40, and 80 μmol/L) versus the blank 

Table 1. The effect of quercetin on the viability of cervical 
cancer HeLe cells (

_
x  ± s, n=9)

Group 24 h 48 h 72 h
Blank control group 95.46±2.35 95.49±2.33 95.53±2.29
20 μmol/L quercetin 83.27±3.10* 63.22±4.03* 50.13±4.26*

40 μmol/L quercetin 67.48±3.12* 48.78±5.38* 32.26±4.78*

80 μmol/L quercetin 56.78±2.40* 27.78±5.23* 22.17±3.30*

F 342.200 374.200 557.900
P <0.001 <0.001 <0.001
Note: *indicates a comparison with the blank control group (P<0.05). 

Table 2. The effect of quercetin on the HeLe 
apoptosis (

_
x  ± s, n=9)

Group Apoptosis rate (%)
Blank control group 4.30±0.78
20 μmol/L quercetin 10.03±0.60*

40 μmol/L quercetin 15.26±0.91*

80 μmol/L quercetin 23.19±1.75*

F 515.200
P <0.001
Note: *indicates a comparison with the blank control 
group (P<0.05).

measurement data were represented 
as (
_
x  ± s). T-tests, one-way analyses 

of variance, and multivariate analy- 
ses of variance were carried out to 
assess whether there was a signifi-
cant difference between the inter-
group or among the multi-group com-
parisons The significance level was 
set at P<0.05. 

Results

The effect of quercetin on the viability 
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Figure 1. Flow cytometry to measure the cell apoptosis.
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control group, and a statistically significant dif-
ference was observed (P<0.05) (Table 3).

Effect of quercetin on the tumor endoplasmic 
reticulum stress pathway-related proteins in 
the HeLe cells

Further, the western blot results showed that 
the Caspase-3, GRP78, and CHOP expression 
levels rose notably in the quercetin interven- 
tion group (20, 40, and 80 μmol/L) versus the 
blank control group (P<0.05) (Table 4 and 
Figure 2A-D). 

The effect of quercetin on the receptor protein 
levels in the tumor endoplasmic reticulum 
stress pathways in the HeLe cells

In the ERS pathway, the relevant receptor pro-
tein levels, such as IRE1, p-Perk, and c-ATF6, 
were measured, except for the relevant pro-
teins. The IRE1, p-Perk, and c-ATF6 levels in- 
creased proportionally with the concentration 
of quercetin. The IRE1, p-Perk, and c-ATF6 lev-
els in the quercetin intervention group (20, 40, 
and 80 μmol/L) rose gradually in comparison 
with the blank control group (P<0.05) (Table 5).

cesses such as cell proliferation and apoptosis 
are also destroyed after the occurrence of the 
ERS responses [8, 9]. Apoptosis is a pro-
grammed cell death process, and it maintains 
a balance of cell survival and death by regulat-
ing the intracellular genes and their products. 
Apoptotic signaling protects the integrity of the 
maintained genome, while both tumor develop-
ment and progression are bound up with the 
apoptotic defects in cells [10, 11]. Thus, focus-
ing on apoptosis is a hot topic in cancer thera-
py. Studies have confirmed [12] that quercetin 
shows anticancer activity in several malignant 
tumors, such as lung cancer, liver cancer, 
breast cancer, and leukemia. A growing body of 
studies provides evidence [13] that quercetin 
also has a biological potential for the treatment 
of cervical cancer. The prior findings revealed 
[14] that cancer cells are characterized by 
unlimited proliferation, and quercetin can inhib-
it the activity of cervical cancer HeLa cells in a 
time- and concentration-dependent manner. 
Tumor cells may inhibit apoptosis and acquire 
resistance to the apoptotic factors through 
multiple molecular mechanisms. 

A study conducted by GU et al. [15] demonstrat-
ed that quercetin can selectively inhibit the 

Table 3. Changes in the HeLe apoptosis-related pro-
teins after the quercetin treatment
Group Bax Bcl-2 Cyclin D1
Blank control group 0.99±0.07 1.03±0.09 1.63±0.34
20 μmol/L quercetin 1.28±0.06* 1.26±0.07* 1.46±0.27*

40 μmol/L quercetin 1.43±0.08* 1.48±0.07* 1.22±0.25*

80 μmol/L quercetin 1.68±0.06* 1.81±0.08* 1.03±0.11*

F 151.300 163.400 9.675
P <0.001 <0.001 <0.001
Note: *indicates a comparison with the blank control group (P<0.05).

Table 4. The effect of quercetin on the tumor endoplas-
mic reticulum stress pathway-related proteins in the 
HeLe cells (

_
x  ± s, n=9)

Group Caspase-3 GRP78 CHOP
Blank control group 0.99±0.07 0.22±0.01 0.68±0.04
20 μmol/L quercetin 1.28±0.06* 0.36±0.02* 0.95±0.07*

40 μmol/L quercetin 1.46±0.08* 0.62±0.03* 1.15±0.05*

80 μmol/L quercetin 1.70±0.06* 0.81±0.05* 1.35±0.07*

F 174.400 592.200 212.100
P <0.001 <0.001 <0.001
Note: *indicates a comparison with the blank control group (P<0.05).

Discussion

Cervical cancer is a disease of public 
health importance affecting a significant 
number of women globally. Surgery and 
chemoradiotherapy have emerged over 
the years as the chief cervical cancer 
treatments. But chemoradiotherapy has 
many side effects, such as its high cost 
and its unsatisfactory prognosis [7]. It 
has been shown [8] that there is a key  
signaling pathway in the processes of cell 
proliferation, differentiation, and apopto-
sis, and changes in any component of the 
signaling pathway can lead to uncon-
trolled cell proliferation, resulting in carci-
nogenesis. ERS is an essential part of  
the tumor development and progression 
process in the signaling pathway. For 
example, when the body is invaded by 
viruses or when inflammation occurs, the 
endoplasmic reticulum is imbalanced 
and ERS responses occur to various 
degrees, but the expression levels of the 
ERS-related proteins can reflect different 
degrees of ERS conditions, and the pro-
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growth of HeLa cells in a dose- and time- 
dependent manner. After the quercetin treat-
ment of HeLa cells for 72 hours, nuclear con-
densation and edge phenomena can also be 
seen in the staining, and the characteristic 
apoptotic bands can be seen in DNA electro-
phoresis. In this study, MTT assays were used 
to determine the effects of the different con-
centrations of quercetin on the viability of 
human cervical cancer HeLa cells over differ-
ent time periods. It was indicated that the via-
bility of the cervical cancer HeLe cells was 

vical cancer HeLe cells in a concentration-
dependent manner. In this study, HeLa cells 
were treated with different concentrations of 
quercetin (20, 40, and 80 μmol/L) using flow 
cytometry, and the results showed that the 
apoptosis rates of the quercetin group (20, 40, 
and 80 μmol/L) increased remarkably relative 
to the blank control group, and the apoptosis 
rate also tended to increase progressively with 
an increasing concentration of quercetin (P< 
0.05). We was demonstrated that the apopto-
sis rate rose proportionally with the concentra-

Figure 2. A Western blot Grey-analysis on the Caspase-3, GRP78, and CHOP expression levels, and the effect of 
quercetin on the HeLe cell tumor endoplasmic reticulum stress pathway related proteins.

Table 5. The effect of quercetin on the receptor pro-
teins levels in the tumor endoplasmic reticulum stress 
pathways in the HeLe cells (

_
x  ± s, n=9)

Group IRE1 p-Perk c-ATF6
Blank control group 0.43±0.03 0.45±0.04 0.04±0.005
20 μmol/L quercetin 0.63±0.07* 0.69±0.06* 0.07±0.01*

40 μmol/L quercetin 0.79±0.07* 0.98±0.08* 0.13±0.01*

80 μmol/L quercetin 0.92±0.08* 1.25±0.10* 0.35±0.04*

F 94.090 201.300 259.300
P <0.001 <0.001 <0.001
Note: *indicates a comparison with the blank control group (P<0.05).

inhibited markedly in the quercetin inter-
vention group (20, 40, and 80 μmol/L)  
at 24 h, 48 h, and 72 h. Meanwhile, the 
viability of the HeLe cells showed a ten-
dency to decrease progressively with an 
increase in the concentration of querce-
tin. We observed that the viability of the 
HeLe cells was inhibited notably by quer-
cetin in a dose- and concentration-de- 
pendent manner. The cell viability in the 
quercetin group (20, 40, and 80 μmol/L) 
was decreased progressively relative to 
the blank control group. It was proven 
that quercetin inhibits the viability of cer-
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tion of quercetin, and our findings are support-
ed by the results of Neeraja [16]. Additionally,  
it was shown by the Western Blot that the Bax 
and Bcl-2 levels rose gradually, but the Cyclin 
D1 level decreased progressively in the quer- 
cetin intervention group (20, 40, and 80 μmol/ 
L) versus the blank control group (<0.05). We 
confirmed that quercetin underwent apoptosis 
by inducing the cervical cancer HeLe cells. 

GRP78 is a marker protein for the detection of 
ERS. It was shown to promote protein assem-
bly, folding and trafficking, maintaining cal- 
cium homeostasis, and regulating ERS signal-
ing [17]. In the body’s normal state, GRP78 ex- 
pression is very low, but in the event of an ERS 
response, GRP78 is abundantly expressed. 
When quercetin treats Hela, the Caspase pro-
tein exhibits its maximum activity at different 
times. Studies by GU et al. [15] showed that 
Caspase-3 activity reaches its highest level at 
48 h, while the Caspase-8 activity reaches its 
highest level at 24 h. Quercetin can specifically 
induce the apoptosis of human HeLa cells,  
and its mechanism of inducing apoptosis may 
be related to the activations of Caspase-3 and 
Caspase-8. Caspase-3 is an execution protein 
of apoptosis, an effector molecule in the apop-
totic cascade signaling pathway, and ERS can 
induce apoptosis through the activation of the 
caspase-dependent apoptotic pathway [18]. 
The CHOP mechanism in the ERS response  
has not been fully clarified in current studies. 
However, it has been shown [19] that CHOP  
can promote apoptosis in some tumors by 
increasing TRB3 expressions and that clear-
ance of the TRB3 expression also attenuates 
the ERS-induced apoptosis. The results of this 
study showed that the Caspase-3, GRP78, and 
CHOP expression levels rose notably in the 
quercetin intervention group (20, 40, and 80 
μmol/L) versus the blank control group (P< 
0.05), which suggests that quercetin can in- 
duce ERS in HeLa cells. The development of 
ERS is related to the unfolded protein respon- 
se, and when a mild ERS response occurs, 
unfolded proteins can initiate the autophagic 
clearance of misfolded proteins to maintain 
endoplasmic reticulum homeostasis, thereby 
mitigating the cellular damage from the exter-
nal stimuli and improving survival, but when a 
severe ERS occurs, unfolded proteins can initi-
ate autophagic cell death and apoptosis [20]. 
The common signaling pathways that mediate 
the occurrence of ERS include IRE1, p-Perk, 

and c-ATF6. p-Perk has been shown to me- 
diate eIF2α phosphorylation and inhibit the 
synthesis of intracellular related proteins, re- 
ducing the intensity of ERS and avoiding the 
induction of apoptosis [21]. The results show 
that the IRE1, p-Perk and c-ATF6 levels tended 
to increase progressively with an increasing 
quercetin concentration (P<0.05). It was fur-
ther confirmed that quercetin can induce ERS 
to initiate HeLe cell apoptosis. 

In summary, quercetin may promote the apop-
tosis of cervical cancer HeLe cells by inducing 
the tumor ERS pathway. However, the specific 
signal transduction mechanism of the querce-
tin-induced apoptosis of HeLa cells remains to 
be further studied.
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