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Abstract. Cervical cancer is a common public health issue 
with high morbidity worldwide. Paeonol (Pae) has been recog‑
nized as a traditional Chinese medicine used for the treatment 
of various cancer types. However, whether Pae could exert a 
protective effect on cervical cancer remains to be investigated. 
The aim of the present study was to explore the role of Pae 
in cervical cancer cells and identify the potential mecha‑
nism. Cell Counting Kit‑8 and colony‑formation assays were 
conducted to test the proliferation of HeLa cells. Additionally, 
wound healing and transwell assays were used to detect the 
migratory and invasive abilities of cells. The plasmid that 
overexpressed 5‑lipoxygenase (5‑LO) or control vector was 
constructed and transfected into the cells. Subsequently, flow 
cytometry was used to monitor the apoptotic rate of cells. The 
expression levels of apoptosis‑associated proteins and 5‑LO 
were detected using western blot analysis. Reverse transcrip‑
tion‑quantitative PCR analysis detected the expression of 
5‑LO. Pae inhibited the proliferation, invasion and migration 
of HeLa cells, promoted cell apoptosis and downregulated the 
expression of 5‑LO. Overexpression of 5‑LO, however, attenu‑
ated these effects. Thus, Pae could inhibit the proliferation, 
migration and invasion, as well as promote apoptosis of HeLa 
cells by regulating the expression of 5‑LO.

Introduction

Cervical cancer has a considerably high mortality rate and 
is the fourth most common cancer in women worldwide (1). 
In total, >130,500 individuals are diagnosed with cervical 
cancer in China every year, accounting for 30% of the 
overall cancer‑affected population worldwide (2). Cervical 

cancer is caused by the infection of the human papilloma‑
virus (HPV) to the uterine epithelia. Although cervical 
cancer can affect other parts of the body, it progresses 
slowly and can be treated effectively if diagnosed at an early 
stage. However, current treatments, including chemotherapy 
and radiotherapy are not ideal due to the side effects caused. 
Therefore, it is important to discover novel methods to effec‑
tively treat cervical cancer.

Paeonol (Pae) is a natural product derived from the root of 
Cynanchum paniculatum (Bunge) K. Schum and the root of 
Paeonia suffruticosa Andr. (Ranunculaceae). It has received 
extensive attention due to its multiple biological activities, 
such as anti‑oxidative, anti‑inflammatory and anti‑cancer 
effects (3‑6). Pae relieved the induction of oxidative stress and 
inflammation in rats with testicular ischaemia‑reperfusion 
injury (4). A previous study demonstrated that by downregu‑
lating the expression of Erb‑B2 receptor tyrosine kinase 2 
and inhibiting the nuclear factor‑κB signaling pathway, Pae 
induced the apoptosis of gastric cancer cells (7). Another 
study demonstrated the significant role of Pae in inhibiting 
the growth of breast cancer cells, possibly by its ability to 
induce cell apoptosis (8). However, whether Pae can exert 
significant effects on the proliferation and apoptosis of 
cervical cancer cells has not been fully elucidated, thus, 
requiring an in‑depth study to be conducted on its role. 
Through STITCH, it was found that paeonol could regulate 
prostaglandin‑endoperoxide synthase (PTGS2), and the 
interaction between PTGS2 and 5‑lipoxygenase (ALOX5; 
5‑LO) can be found on the String website.

5‑LO is considered the major enzyme involved in the 
biosynthesis of a class of bioactive lipids signaling mole‑
cules known as eicosanoids (9). The roles of lipoxygenase 
in the pathogenesis of cancer have been recently identified 
and novel lipoxygenase inhibitors have been developed 
with promising anti‑cancer activity (10). Monga et al (11) 
revealed that pharmacological and genetic targeting of 5‑LO 
induced prostate cancer cell apoptosis. Increased expression 
of 5‑LO was detected in clinical samples from patients with 
breast cancer (12). The inhibition of 5‑LO impeded the inva‑
sion of breast cancer cells by regulating the production of 
interleukin‑8 and matrix metlloprotease‑9 (MMP‑9) (13). 
However, the specific role of 5‑LO in cervical cancer has not 
been fully investigated.
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In the present study, the role of Pae on the proliferation, 
migration and invasion of cervical cancer cells was investigated 
and the potential mechanisms underlying these processes were 
explored in association with 5‑LO expression.

Materials and methods

Cell culture and treatment. The HeLa cell line was obtained 
from the Shanghai Cell Bank of Chinese Academy of 
Sciences. The human immortalized cervical epithelial cell 
line H8 was obtained from Bnbio. Subsequently, the cells 
were cultured in RPMI‑1640 medium (Thermo Fisher 
Scientific, Inc.), containing 10% fetal bovine serum (FBS; 
Gibco; Thermo Fisher Scientific, Inc.) in an incubator with 5% 
CO2 at 37˚C. Pae (purity >98%) was purchased from Dalian 
Meilun Biotechnology Co., Ltd. (cat. no. MB1762‑S). Pae was 
dissolved in DMSO and preserved for further experiments. 
The cells were exposed to Pae for 24 h at the concentrations of 
0.1, 0.2, 0.4 and 0.6 mg/ml. The culture medium was replaced 
every 2‑3 days.

Cell transfection. The overexpression plasmids pcDNA 
3.1‑5‑LO and control pcDNA 3.1 were generated by 
Shanghai GenePharma Co., Ltd. HeLa cells were respectively 
transfected with 2.5  µg pcDNA 3.1‑5‑LO or vector using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) for 48 h according to the manufacturer's instructions. The 
transfection efficiency of the cells was determined by reverse 
transcription‑quantitative PCR (RT‑qPCR).

Cell Counting Kit‑8 (CCK‑8) assay. Following transfection, 
the cells were seeded into 96‑well plates (1x105 cells per well) 
and re‑suspended in RPMI‑1640 containing 10% FBS. Then, 
10 µl CCK‑8 reagent (Thermo Fisher Scientific, Inc.) was added 
to cells treated for 24, 48 and 72 h at 37˚C. Subsequently, the 
absorbance at 450 nm was measured with a microplate reader 
(Thermo Fisher Scientific, Inc.) at each time point according to 
the manufacturer's instructions.

Colony‑formation assay. Treated cells were detached by 
0.25% trypsin and re‑suspended in medium. The cells were 
seeded into culture dishes at a density of 2,000 cells/well. 
Following 2 weeks of incubation, the colonies were visible to 
the naked eye. The cells were fixed with 4% paraformalde‑
hyde for 20 min at room temperature and stained with 0.2% 
crystal violet for 10 min at room temperature. The number of 
colonies was counted using ImageJ software (v.1.52s; National 
Institutes of Health).

Wound healing assay. The cells were cultured in 6‑well plates 
(5x105 cells/well) with RPMI‑1640 containing 10% FBS. A 
scratch was created on the cell surface with a 200‑µl pipette 
tip. Following washing to remove the detached cells, the 
medium was replaced with serum‑free RPMI‑1640 medium 
and cultured at 37˚C for 24 h. The images were obtained 
after 24  h by a light microscope (Olympus Corporation; 
magnification x100).

Transwell assay. Following transfection, the cells were plated 
in a serum‑free medium at a density of 1x104 cells/ml in the 

upper chamber, which was coated with Matrigel (Corning 
Inc.). Medium containing 20% FBS was added into the lower 
chamber. Following 24‑h incubation, 0.05% crystal violet 
was used to stain the cells for 30 min at room temperature 
in the lower chamber. The cells were counted under a light 
microscope at a magnification of x100.

Flow cytometry. Cell apoptosis was measured using the 
Annexin‑FITC Apoptosis Detection kit (Beyotime Institute 
of Biotechnology). Briefly, the cells were collected and 
washed with PBS twice, gently resuspended in Annexin V 
binding buffer and incubated with Annexin V‑FITC/PI at 
room temperature in dark. The number of apoptotic cells 
was analyzed using a flow cytometer (Becton, Dickinson and 
Company).

Western blotting. The cells were collected and the total 
proteins were extracted using RIPA lysis buffer (Beyotime 
Institute of Biotechnology). BCA assay was used to determine 
the protein concentration. Briefly, protein samples (20 µg) 
were loaded at the same concentration on each lane of the 12% 
SDS‑polyacrylamide gel. The proteins were transferred to 
PVDF membranes (EMD Millipore). Then, 5% skimmed milk 
was used for blocking the membranes at room temperature 
for 1 h. Primary antibodies such as MMP‑2 (cat. no. ab92536; 
dilution, 1:1,000; Abcam), MMP‑9 (cat. no. ab76003; dilution, 
1:1,000; Abcam), Bcl‑2 (cat. no. ab182858; dilution, 1:2,000; 
Abcam), Bax (cat. no. ab32503; dilution, 1:1,000; Abcam), 
cleaved‑caspase‑3 (cat. no. ab32042; dilution, 1:500; Abcam), 
cleaved‑caspase‑9 (cat.  no.  20750; dilution, 1:1,000; Cell 
Signaling Technology, Inc.), caspase‑3 (cat. no. ab32351; dilu‑
tion, 1:5,000; Abcam), caspase‑9 (cat. no. ab32539; dilution, 
1:500; Abcam), ALOX5 (cat. no. ab169755; dilution, 1:1,000; 
Abcam) and GAPDH (cat.  no.  ab8245; dilution, 1:1,000; 
Abcam) were incubated with the membranes overnight at 4˚C. 
Subsequently, the membranes were incubated with horseradish 
peroxidase‑conjugated secondary antibody (cat.  no.  7074; 
dilution, 1:2,000; Cell Signaling Technology, Inc.) at room 
temperature for 2 h prior to ECL detection. Image J. v.1.52s 
(National Institutes of Health) was used to analyze the density 
of the immunoblots. GAPDH was used as an internal control.

RT‑qPCR. Total RNA was extracted from HeLa cells trans‑
fected with pcDNA 3.1‑5‑LO and control vector using a Takara 
MiniBEST RNA Extraction kit (Takara Bio, Inc). Total RNA 
was reverse‑transcribed into cDNA using SuperScript IV 
First‑Strand Synthesis system (Thermo Fisher Scientific, Inc.) 
at the following thermocycling conditions: 42˚C for 60 min, 
70˚C for 5 min, preserved at 4˚C. RT‑qPCR was detected using 
a TaqMan gene expression assay kit (Thermo Fisher Scientific, 
Inc.). PCR was performed as follows: Pretreatment at 95˚C for 
10 min, followed by 35 cycles at 94˚C for 15 sec, 60˚C for 
1 min, 60˚C for 1 min and preserved at 4˚C. The 2‑ΔΔCq method 
was used to analyze the relative gene expression  (14) and 
GAPDH was used for normalization. The primer sequences 
were as follows: 5‑LO forward: 5'‑TGG​AAT​GAC​TTC​GCC​
GAC​TTT​GAG‑3' and reverse: 5'‑TAG​CCA​AAC​ATC​AGG​
TCT​TCC​TGC‑3'; and GAPDH forward: 5'‑ACC​ACA​GTC​
CAT​GCC​ATC​AC‑3' and reverse: 5'‑TCC​ACC​ACC​CTG​TTG​
CTG​TA‑3'.
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Statistical analysis. All experimental data are expressed as 
mean ± standard deviation, and were statistically analyzed 
with SPSS 17.0 software (SPSS, Inc.). The Student' s t‑test was 

used to analyze the comparison between the two groups and 
the one‑way analysis of variance test followed by the Tukey's 
post hoc test was performed to analyze significant differences 

Figure 1. Paeonol inhibits the migration and invasion of HeLa cells. (A) HeLa cells and (B) H8 cells were treated with different concentrations of Pae, 
and the cell viability at 24, 48 and 72 h was estimated via Cell Counting Kit‑8 assay. (C and D) Colony‑formation assay was performed to determine the 
colony‑forming capacity of HeLa cells. (E and F) Wound healing assay was conducted to evaluate the migratory capacity of HeLa cells (magnification, x100). 
(G and H) Transwell assay was performed to assess the invasive capacity of HeLa cells (magnification, x100). (I) The protein levels of MMP‑2, MMP‑9 in HeLa 
cells were detected by western blot. *P<0.05, **P<0.01, ***P<0.001 vs. control group. MMP, matrix metalloprotease.
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among multiple groups. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Pae inhibits the migration and invasion of HeLa cells. The 
viability of HeLa cells was decreased with the increasing doses 
of Pae (Fig. 1A). H8 cells treated with low concentrations of 
Pae demonstrated no significant changes on cell viability 
compared with control H8 cells. However, cell viability 
was decreased with time when the dose of Pae increased to 
0.4 mg/ml (Fig. 1B). Therefore, 0.2 mg/ml Pae was selected 
for further experiments. Untreated HeLa cells were used as the 
control group, whereas cells treated with 0.2 mg/ml Pae were 
used as the Pae group. The colony‑formation ability of HeLa 
cells treated with Pae was decreased compared with that of the 
control group (Fig. 1C and D). Wound healing and Transwell 
assays were conducted to assess the invasion and migration of 
HeLa cells. The data indicated that the invasive and migratory 
activities of HeLa cells were markedly inhibited following 
their exposure to Pae (Fig. 1E‑H). Western blot analysis was 
conducted to detect changes in the expression levels of the inva‑
sion‑ and migration‑associated proteins MMP‑2 and MMP‑9. 
The results indicated considerably lower expression levels 
in the Pae group compared with those noted in the control 
group (Fig. 1I). These results suggested that Pae inhibited the 
proliferation, migration and invasion of HeLa cells.

Pae promotes the induction of HeLa cell apoptosis. Flow 
cytometry was utilized to detect the induction of apoptosis 
in HeLa cells. The results indicated that the percentage of 
apoptotic cells in the Pae group was significantly increased 
compared with that of the control cells (Fig. 2A and B). Western 
blot analysis indicated that the expression levels of Bcl‑2 were 
markedly decreased, while those of the pro‑apoptotic proteins 
Bax, cleaved caspase‑3 and cleaved caspase‑9 were signifi‑
cantly increased (Fig. 2C). Therefore, these results indicated 
that Pae promoted the induction of apoptosis in HeLa cells.

Pae inhibits the expression of 5‑LO in HeLa cells. In order to 
detect the expression of 5‑LO in HeLa cells, western blotting 
and RT‑qPCR analysis were performed. 5‑LO mRNA and 
protein levels were elevated in HeLa cells (Fig. 3A and B). 
Pae‑treated HeLa cells exhibited downregulated expression of 
5‑LO compared with that of the control cells (Fig. 3C and D). 
The transcription and protein levels of 5‑LO were increased 
following construction and transfection of the overexpression 
plasmid of 5‑LO into HeLa cells (Fig. 3E and F), indicating 
that the overexpression plasmid was effective. Collectively, 
these results confirmed that 5‑LO was highly expressed in 
HeLa cells and that Pae inhibited the expression of 5‑LO.

5‑LO inhibits Pae‑mediated anti‑migratory and anti‑invasive 
effects. The cells were classified into four groups, namely 
control, Pae, Pae+vector and Pae+pcDNA 3.1‑5‑LO groups. 

Figure 2. Pae promotes the apoptosis of HeLa cells. (A and B) Apoptotic HeLa cells were detected by flow cytometry. (C) The protein levels of Bcl‑2, 
Bax, cleaved caspase‑3, cleaved caspase‑9, caspase‑3 and caspase‑9 in HeLa cells were detected by western blotting. GAPDH served as an internal control. 
***P<0.001 vs. control group.



MOLECULAR MEDICINE REPORTS  23:  401,  2021 5

Cell viability and clone‑formation ability of the Pae or the 
Pae+vector groups were decreased to a relatively low level 
compared with those of the control group, while the addi‑
tion of the 5‑LO overexpression plasmid into HeLa cells 
disrupted this effect (Fig. 4A‑C). As shown in Fig. 4D‑G, the 
Pae or Pae+vector groups demonstrated decreased invasive 
and migratory activities compared with those of the control 
group, while these effects were recovered partially in the 
Pae+pcDNA 3.1‑5‑LO group as determined by the expres‑
sion levels of the invasion‑ and migration‑associated proteins 
MMP‑2 and MMP‑9 (Fig. 4H). The latter were significantly 
decreased following treatment of HeLa with Pae. However, 
when HeLa cells were transfected with pcDNA 3.1‑5‑LO 
the effects of Pae were weakened and the levels of MMP‑2 
and MMP‑9 were increased. Taken together, the results 
demonstrated that the anti‑migratory and anti‑invasive effects 
of Pae were 5‑LO‑dependent.

5‑LO is required for the pro‑apoptotic effect of Pae. The 
pro‑apoptotic effects of Pae on HeLa cells were investigated 
following transfection of the cells with pcDNA 3.1‑5‑LO. 
The Pae group indicated enhanced apoptotic rate compared 
with that of the control group, whereas the apoptotic rate of 

the Pae+pcDNA 3.1‑5‑LO group was alleviated compared 
with that of the Pae+vector group, indicating that overexpres‑
sion of 5‑LO drastically decreased the pro‑apoptotic effects 
of Pae (Fig. 5A and B). Subsequently, the protein levels of 
Bcl‑2, Bax, cleaved caspase‑3 and cleaved caspase‑9 were 
estimated. The results indicated that the levels of Bax, cleaved 
caspase‑3 and cleaved caspase‑9 were increased following 
treatment of the cells with Pae, while overexpression of 5‑LO 
reversed the effects of Pae (Fig. 5C). These results suggested 
that Pae promoted the induction of cell apoptosis by regulating 
5‑LO.

Discussion

As a common malignant tumor of the female reproductive 
system (15), cervical cancer is the third most diagnosed cancer 
type with a considerably high frequency worldwide (16). Due 
to the advanced healthcare systems, the incidence of cervical 
cancer has decreased over the past decade in developed 
countries (17). However, it is still high in developing coun‑
tries (17). Despite the unclear pathogenesis of cervical cancer, 
it has been widely accepted that HPV infection, due to sexual 
intercourse, is closely associated with this disease. Recently a 

Figure 3. Pae inhibits the expression of 5‑LO in HeLa cells. (A and B) The mRNA and protein levels of 5‑LO in H8 or HeLa cells. ***P<0.001 vs. H8 group. 
(C and D) The mRNA and protein levels of 5‑LO in HeLa cells treated with or without Pae. **P<0.01 vs. control group. (E and F) The transfection efficiency of 
HeLa cells transfected with pcDNA 3.1‑5‑LO was validated by western blotting and reverse transcription‑quantitative PCR. **P<0.01 vs. control group. 5‑LO, 
5‑lipoxygease.
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high mortality has been noted among women under the age of 
30 due to cervical cancer (18). Therefore, the identification of 
the mechanism underlying the occurrence and development of 
cervical cancer is of considerable importance.

Pae is a phenolic compound isolated from Paeonia 
suffruticosa that exerts numerous pharmacological effects (19), 
including anti‑oxidation and anti‑inflammation (20), which may 
benefit the recovery from diseases such as gastric ulcer (21), 

Figure 4. 5‑LO inhibits Pae from exerting the anti‑migratory and anti‑invasive effects. (A) The cell viability at 24, 48 and 72 h was estimated via Cell Counting 
Kit‑8 assay in HeLa cells divided into control, Pae, Pae+vector and Pae+pcDNA 3.1‑5‑LO groups. (B and C) Colony‑formation assay was performed to 
determine the colony‑forming capacity of HeLa cells in different groups. (D and E) Wound‑healing assay was conducted to evaluate the migratory capacity of 
HeLa cells (magnification, x100). (F and G) Transwell assay was performed to assess the invasive capacity of HeLa cells (magnification, x100). (H) The protein 
levels of MMP‑2, MMP‑9 in HeLa cells were detected by western blotting. **P<0.01, ***P<0.01 vs. control group. #P<0.05, ##P<0.01, ###P<0.001 vs. Pae+vector 
group. 5‑LO, 5‑lipoxygease; MMP, matrix metalloprotease.
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myocardial infarction (22) and cancer (23). A previous study 
demonstrated that Pae plays a protective role against acute lung 
injury in an endotoxic rat model by downregulating the expres‑
sion levels of the pro‑inflammatory cytokine HMGB1 (24), a 
highly conserved non‑histone DNA‑binding protein in the 
nucleus  (25). However, studies that have investigated the 
anti‑inflammatory effects of Pae and its interaction with a 
certain disease are limited. Moreover, a limited number of 
studies exist on the effects of traditional Chinese medicine Pae 
on the progression of cervical cancer. Therefore, a series of 
experiments were conducted to dissect the mechanism under‑
lying the anticancer effects of Pae with regard to the inhibition 
of cell proliferation, migration and invasion of HeLa cells.

It has been previously shown that Pae regulates the 
expression levels of proliferation‑associated proteins in order 
to exert its anti‑metastasis activities (26). The present study 
demonstrated that Pae exerted potent anticancer effects by 
regulating the proliferation, migration and invasion of HeLa 
cells. Previous studies have reported that 5‑LO is implicated in 
the pathogenesis of certain cancer types. Bai et al (27) reported 
that 5‑LO expression was associated with poor prognosis in 
esophageal squamous cell carcinoma (ESCC), whereas its 
inhibition decreased the viability and migration of ESCC cells. 
Moreover, 5‑LO promoted the invasion of papillary thyroid 
carcinoma cells by inducing the expression of MMP‑9 (28). 
It was found that 5‑LO was highly expressed in HeLa cells 

and that Pae could significantly decrease its levels. Given the 
important role of 5‑LO in cell viability, migration and invasion, 
it was hypothesized that Pae could hinder the proliferation and 
migration of cervical cancer cells and activate the apoptotic 
cascade by downregulating the expression levels of 5‑LO. In 
the present study, the elevated expression levels of 5‑LO in 
HeLa cells were decreased following treatment of the cells with 
Pae. Additional investigations indicated that overexpression of 
5‑LO recovered the effects noted on proliferation, invasion and 
migration of Pae‑treated HeLa cells to a certain extent.

In summary, the data demonstrated that Pae played an 
inhibitory role on the proliferation, invasion and migration of 
HeLa cells, while inducing apoptosis by regulating the expres‑
sion of 5‑LO. The current study may offer new insight and 
provide novel targets for the treatment of cervical cancer.
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