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Artemether inhibits proliferation, invasion and migration of
hepatocellular carcinoma cells via targeting of CYP2J2
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Abstract. Artemether, a natural derivative of artemisinin,
serves an antitumor role in numerous types of cancer.
However, the role and mechanism of action of artemether in
hepatocellular carcinoma (HCC) has remained elusive. The
present study aimed to investigate whether artemether is able
to inhibit the proliferation, invasion and migration of HCC
cells by targeting cytochrome P450 family 2 subfamily J
member 2 (CYP2J2). Cell Counting Kit‑8 (CCK‑8) and
colony‑formation assays were used to examine cell viability.
Wound‑healing and Transwell assays were used to evaluate the
cell invasion and migration ability. The expression levels of the
epithelial‑mesenchymal transition‑related proteins E‑cadherin,
N‑cadherin and vimentin were detected via western blot
analysis. To determine the mechanism of the inhibitory effect
of artemether on HCC, CYP2J2 was overexpressed and its
expression in cells treated with artemether was confirmed
using reverse transcription‑quantitative PCR and western blot
analysis. The effects of artemether on the viability, prolifera‑
tion and migration of HCC cells overexpressing CYP2J2 were
detected using CCK‑8, colony‑formation, wound‑healing and
Transwell assays, respectively. Artemether was demonstrated
to exert a significant inhibitory effect on the proliferation, inva‑
sion and migration of HCC cells. Furthermore, artemether also
inhibited CYP2J2 expression in Hep3B2.1‑7 cells and CYP2J2
overexpression reversed the inhibitory effect of artemether on
the proliferation, invasion and migration of HCC cells. Overall,
these results indicated that artemether may inhibit HCC cell
proliferation, invasion and migration via targeting CYP2J2.

Correspondence to: Dr Qifeng Shi, Department of Thoracic
Surgery, Xinzhou District People's Hospital, 61 Xinzhou Street,
Xinzhou, Wuhan, Hubei 431400, P.R. China
E-mail: shiqifeng3370@163.com
*

Contributed equally

Key words: artemether, hepatocellular carcinoma, cytochrome
P450 family 2 subfamily J member 2, proliferation, invasion,
migration

These findings may provide potential targets for future HCC
therapeutics.
Introduction
Artemether, a derivative of artemisinin, is widely used as
an antimalarial drug (1‑3), including in cerebral malaria (4),
which is caused by the parasite Plasmodium falciparum (5).
Increasing evidence indicates that artemether also has signifi‑
cant antineoplastic effects. A recent study by Chen et al (6)
reported that artemether alleviates the progression of non‑small
cell lung cancer by inducing apoptosis and cell cycle arrest
and promoting cell senescence. Wu et al (7) demonstrated
that the heat shock protein 90/Akt signaling pathway mediates
artemether‑induced apoptosis of Cal27 cells in tongue squa‑
mous cell carcinoma. Another study indicated that artemether
inhibits proliferation and induces apoptosis in diffuse large
B‑cell lymphoma (8). However, the mechanism of action of
artemether in hepatocellular carcinoma (HCC) has remained
to be fully elucidated. Therefore, the present study aimed
to evaluate the antitumor effect and mechanism of action of
artemether in HCC.
The cytochrome P450 (CYP450) cyclooxygenases are a
subgroup of heme‑containing enzymes capable of epoxida‑
tion of polyunsaturated fatty acids and the metabolism of
exogenous drugs. These enzymes therefore serve an important
role in metabolism and organ‑specific toxicity. Studies have
indicated that CYP family 2 subfamily J member 2 (CYP2J2)
is not only expressed in the heart, but also in the liver, kidney
and lung (9‑12). The expression of human CYP enzyme in
human placenta, fetal liver and adult liver was characterized
from macroscopic and microscopic perspectives. Compared
with fetal tissue, CYPs were mainly expressed in the adult
liver (9). Bièche et al (13) analyzed the mRNA levels of each
CYP subtype in total RNA from human organ specimens and
also proved that CYP2J2 is expressed in liver tissue. In recent
years, CYP2J2 has been demonstrated to be upregulated in a
variety of tumor types and has therefore attracted increasing
attention (11,14). By analyzing CYP2J2 mRNA and protein
expression levels, researchers have indicated that, compared
with healthy human cell lines or tissues, CYP2J2 expression
levels are increased in human‑derived cancer cell lines and
human cancer tissues, indicating that CYP2J2 is a positive
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regulator of cancer‑cell proliferation (15). A previous study
demonstrated that CYP2J2 gene knockdown is able to inhibit
the release of 11,12‑epoxyeicosatrienoic acid, thereby inhib‑
iting the angiogenic function of M2 microglia and significantly
enhancing the antitumor effect of the cannabinoid receptor 2
agonist JWH133 on glioma (16). Furthermore, it has been
demonstrated that 6,8‑diphenylpropylene glycol induces apop‑
tosis of human HCC cells by activating forkhead box O3 and
inhibiting CYP2J2 (10). Gui et al (17) reported that increased
expression of CYP2J2 in HCC cells upregulated the expres‑
sion of 14,15‑epoxyeicosatrienoic acid, which improved the
stability of hypoxia‑inducible factor‑1α and finally promoted
the malignant development of HCC. Therefore, CYP2J2 has
the potential to be a therapeutic target for HCC.
According to the STITCH database (http://stitch.embl.de/),
artemether may target CYP2J2. It may therefore be hypothe‑
sized that artemether is able to inhibit the malignant process of
HCC via targeting of CYP2J2. In the present study, the effects
of artemether and CYP2J2 on the proliferation, invasion and
migration of HCC cells and the underlying mechanisms were
investigated, in the hope that the results will provide a basis for
the understanding of the antitumor effects of artemether and
indicate a novel target and strategy for the clinical treatment
of patients with HCC.
Materials and methods
Cell culture. The human HCC cell line Hep3B2.1‑7 and the
human embryonic hepatocyte cell line HHL‑5 were obtained
from The Cell Bank of Type Culture Collection of The Chinese
Academy of Sciences. The cells were cultured in DMEM
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with
10% FBS (Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml
penicillin and 100 µg/ml streptomycin (Invitrogen; Thermo
Fisher Scientific, Inc.) at 37˚C in a humidified atmosphere with
5% CO2.
Bioinformatics analysis. The STITCH database (version 5.0;
http://stitch.embl.de/) is a database that may be used to predict
interactions between artemether and CYP2J2 (confidence,
0.400). In the STITCH database, each protein‑protein inter‑
action is annotated with one or more ‘scores’. Of note, these
scores do not indicate the strength or the specificity of the
interaction. Instead, they are indicators of confidence, i.e.
how likely STITCH judges an interaction to be true, given
the available evidence. The minimum required interac‑
tion score is divided into the following categories: Highest
confidence (0.900); high confidence (0.700); intermediate
confidence (0.400) and low confidence (0.150). The ENCORI
website (https://starbase.sysu.edu.cn/panGeneDiffExp.php) is
used to predict CYP2J2 expression in HCC and noncancerous
liver cells. The expression data of cancers were downloaded
from The Cancer Genome Atlas project via the Genomic Data
Commons Data Portal (https://gdc.cancer.gov). The expression
values of genes from RNA‑sequencing data were scaled as
log2(FPKM + 0.01).
Cell Counting Kit‑8 (CCK‑8) assay. The CCK‑8 assay was
performed to assess cell viability. In brief, cells were inocu‑
lated in 96‑well plates at a density of 8x103 cells/well, with

different concentrations (20, 40, 80 and 160 µM) of artemether
(Chemical Abstracts Service no. 71963‑77‑4; Toronto Research
Chemicals) and incubated at 37˚C for 24, 48 and 72 h, control
without artemether. Following incubation, 10 µl CCK‑8 reagent
was added into each well and cells were cultured for another
2 h at 37˚C. The absorbance in each well was measured at
a wavelength of 450 nm using a microplate reader (BioTek
Instruments, Inc.).
Colony‑formation assay. Hep3B2.1‑7 cells (1x103 cells/well)
were suspended in DMEM supplemented with 10% FBS
and were seeded into 6‑well plates and cultured in a 5% CO2
incubator at 37˚C for 14 days with different concentrations (20,
40 and 80 µM) of artemether, while cells without artemether
were used as a control. Subsequently, the cells were fixed using
4% paraformaldehyde at room temperature for 20 min and
stained with 0.05% crystal violet solution for 25 min at 37˚C.
Finally, the colonies (>50 cells/colony) were counted using an
Olympus BX40 light microscope (Olympus Corporation).
Wound‑healing assay. Hep3B2.1‑7 cells were inoculated in
6‑well plates and incubated in a 5% CO2 incubator at 37˚C
until reaching 70‑80% confluency. A 200‑µl pipette tip was
used to make linear scratches on the cell monolayer. PBS was
used to wash the monolayer three times for 2 min each to
remove any cell debris. Subsequently, cells were cultured with
different concentrations (20, 40 and 80 µM) of artemether in
an incubator containing 5% CO2 at 37˚C and were imaged
at 0 and 24 h using an EVOS™ M7000 imaging system
(Thermo Fisher Scientific, Inc; magnification, x100). ImageJ
software (version 1.8.0; National Institutes of Health) was used
to quantify the area occupied by cells migrating into the linear
scratches.
Transwell assay. The invasion ability of the cells was assessed
using the Transwell assay. In brief, Hep3B2.1‑7 cells (density,
5x104 cells) were suspended in plasma‑free DMEM. The upper
chamber was precoated with Matrigel (MilliporeSigma) and
was subsequently inoculated with Hep3B2.1‑7 cells (0.1 ml
cell suspension/well). The lower compartment was filled with
DMEM containing 20% FBS. After 24 h of incubation, the
upper chamber was collected and cleaned and the cells were
stained with 0.3% crystal violet (MilliporeSigma) at room
temperature for 20 min. Images of cell invasion were observed
under an EVOS™ M7000 imaging system (Thermo Fisher
Scientific, Inc; magnification, x100).
Western blot analysis. Cells from each group were collected
and the total protein was extracted using RIPA lysis buffer
(Beijing Solarbio Science & Technology Co., Ltd.). Protein
concentrations were determined using the BCA Protein
Detection Kit (Beyotime Institute of Biotechnology)
according to the manufacturer's protocol (18). The amount
of total protein loaded for each group was 40 µg, which
was separated by 10% SDS‑PAGE and transferred to PVDF
membranes (MilliporeSigma). Membranes were blocked in
5% non‑fat milk (Phygene Scientific) at room temperature for
4 h. After washing for 3 times with 1X Tris‑buffered saline for
5 min each, the membranes were incubated with the following
primary antibodies (all purchased from Abcam) were overnight
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at 4˚C: Anti‑Bcl‑2 (1:1,000 dilution; cat. no. Ab32124),
anti‑Bax (1:1,000 dilution; cat. no. Ab32503), anti‑E‑cadherin
(1:10,000 dilution; cat. no. Ab40772), anti‑N‑cadherin
(1:5,000 dilution; cat. no. Ab76011), anti‑vimentin (1:1,000
dilution; cat. no. Ab92547), anti‑CYP2J2 (1:1,000 dilution;
cat. no. Ab151996) and anti‑GAPDH (1:1,000 dilution;
cat. no. Ab8245). Following the primary incubation, the
membranes were incubated with HRP‑conjugated secondary
antibodies (1:5,000 dilution; Santa Cruz Biotechnology, Inc.)
at room temperature for 2 h. Protein bands were visualized
using ECL solution (Absin) and were imaged using a gel
imager (C150; Azure Biosystems, Inc.). The gray value of
the protein bands was analyzed using ImageJ (version 1.51;
National Institutes of Health) with GAPDH as the loading
control.
Terminal deoxynucleotidyl transferase deoxyuridine
triphosphate nick‑end labeling (TUNEL) assay. The effects
of artemether on apoptosis of Hep3B2.1‑7 cells were detected
by TUNEL staining in accordance with the manufacturer's
protocol. In brief, cells (1x105 cells/well) were collected and
washed three times with PBS for 2 min each. Following fixing
with 4% paraformaldehyde at room temperature for 5 min, the
cells were gently washed with PBS twice for 2 min each time.
A DAPI staining solution (cat. no. C1005; Beyotime Institute of
Biotechnology) was added to just cover the cells and they were
incubated at room temperature for 3‑5 min. Following washing
with PBS 2‑3 times for 3‑5 min each time, the cells were incu‑
bated with 0.3% Triton‑X‑100 at room temperature for 5 min.
Subsequently, 50 µl TUNEL assay solution (cat. no. C1086;
Beyotime Institute of Biotechnology) was added to the cells,
followed by incubation at 37˚C in the dark for 60 min. The
detection solution was discarded and cells were washed
three times with PBS. Subsequently, three fields of view
were selected at random and cells were sealed with Antifade
Mounting Medium (Beyotime Institute of Biotechnology) for
observation under a fluorescence microscope (magnification,
x200; Zeiss GmbH).
Reverse transcription‑quantitative PCR (RT‑qPCR). Total
RNA was isolated from cells using TRIzol® reagent according
to the manufacturer's protocol. The RNA concentration and
quality were assessed using a NanoDrop spectrophotometer
(Thermo Fisher Scientific, Inc.). Following addition of 10 U/µl
DNase I digestion solution (Roche) for 10 min at 37˚C, total
RNA was reverse‑transcribed into complementary DNA
(cDNA) using a cDNA Synthesis Kit (Invitrogen; Thermo
Fisher Scientific, Inc.). qPCR was performed using SYBR
Premix Ex Taq reagents (Takara Bio, Inc.) with an ABI
7500 qPCR instrument (Applied Biosystems; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol. The
following thermocycling conditions were used for qPCR: 95˚C
for 10 min; followed by 40 cycles of 95˚C for 10 sec and 60˚C
for 60 sec. The following primers (GenScript) were used for
qPCR: CYP2J2 forward, 5'‑GCCACCCCTGACACAT TC
AA‑3' and reverse, 5'‑GGCATGCCCGCTTTCCTATT‑3'; and
GAPDH forward, 5'‑AGCCACATCG CTCAGACAC‑3' and
reverse, 5'‑GCCCAATACGACCAAATCC‑3'. GAPDH served
as the internal reference gene and relative gene expression was
determined using the 2‑ΔΔCq method (19).
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Cell transfection. The CYP2J2‑overexpression vector [overex‑
pressed (Ov)‑CYP2J2] and the corresponding negative control
(NC; Ov‑NC) were synthesized by Shanghai GeneChem Co.,
Ltd. The cells were inoculated in 12‑well plates at a density of
3x105 cells/well and cultured in a 5% CO2 incubator at 37˚C
for 24 h. Following incubation, cells were transfected with the
aforementioned plasmids at a concentration of 20 nM using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol. Cells in the
blank control group (Control) remained untreated. Following
transfection for 48 h, the protein expression levels were
evaluated via RT‑qPCR.
Statistical analysis. All data were analyzed using GraphPad
Prism 7 software (GraphPad Software, Inc.). Values are
expressed as the mean ± standard deviation from ≥3 indepen‑
dent experimental repeats. Significant differences between
two groups were determined using an unpaired Student's t‑test,
whereas those among more than two groups were assessed
using one‑way ANOVA followed by Tukey's post‑hoc test.
P<0.05 was considered to indicate a statistically significant
difference.
Results
Artemether inhibits HCC cell proliferation. The effects of
different concentrations of artemether on cell viability were
detected using a CCK‑8 assay (Fig. 1A). The results indicated
that, following incubation with cells for 24, 48 and 72 h, arte‑
mether significantly inhibited the proliferation of HCC cells
in a dose‑ and time‑dependent manner (Fig. 1B and C). When
the concentration of artemether was 160 µM, the viability of
Hep3B2.1‑7 cells decreased to 40%. Furthermore, at the same
concentration, artemether exerted no significant inhibitory
effect on the proliferation of HHL‑5 cells, which indicated that
artemether may not be harmful to healthy cells while inhib‑
iting the proliferation of HCC cells. In addition, as presented
in Fig. 1D, the colony formation assay further confirmed that
artemether had a significant inhibitory effect on HCC cell
proliferation. TUNEL staining indicated that artemether
promoted apoptosis of HCC cells in a concentration‑depen‑
dent manner (Fig. 1E). Subsequently, the expression levels of
apoptosis‑related proteins (Bcl‑2 and Bax) were detected via
western blot analysis (Fig. 1F). The results also indicated that
artemether obviously promoted apoptosis of HCC cells.
Artemether inhibits HCC cell invasion and migration.
Wound‑healing and Transwell assays were performed to assess
the effects of artemether on the invasion and migration of
Hep3B2.1‑7 cells after 24 h of treatment. Compared with those
in the control group, the cell migration and invasion ability
were decreased by artemether in a dose‑dependent manner
(Fig. 2A and B). Furthermore, as epithelial‑mesenchymal
transition (EMT) is an important internal mechanism of
tumor invasion and metastasis (20), the expression levels of the
EMT‑related proteins E‑cadherin, N‑cadherin and vimentin
were detected by western blot analysis. The results presented
in Fig. 2C demonstrated that, compared with the control group,
E‑cadherin protein expression levels increased, whereas
the protein expression levels of N‑cadherin and vimentin
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Figure 1. Artemether inhibits proliferation of hepatocellular carcinoma cells. (A) Chemical structure of artemether. (B and C) Cell proliferation was assessed by
performing a Cell Counting Kit‑8 assay. (B) Effects of different doses on HHL‑5 and Hep3B2.1‑7 cells and (C) time‑dependent growth curves for Hep3B2.1‑7.
(D) Representative images of the colony formation assay and a diagram of its corresponding quantitative analysis. (E) TUNEL staining (scale bar, 50 µm) and
(F) western blot were used to detect the effect of artemether on apoptosis of Hep 3B2.1‑7 cells. *P<0.05, **P<0.01 and ***P<0.001 vs. Control. TUNEL, terminal
deoxynucleotidyl transferase deoxyuridine triphosphate nick‑end labeling.

decreased in a dose‑dependent manner with increasing arte‑
mether concentrations. These results therefore indicated that
artemether may effectively inhibit the migration and invasion
of HCC cells to surrounding and distant tissues.
CYP2J2 overexpression reverses the inhibitory effect of
artemether on HCC cell proliferation. It was determined
that artemether may target CYP2J2 based on a prediction

made with the STITCH database (Fig. 3A). In addition, the
ENCORI website (https://starbase.sysu.edu.cn/) predicted
no abnormal expression of CYP2J2 in HCC (Fig. 3B).
Subsequently, CYP2J2 mRNA and protein expression levels
in Hep3B2.1‑7 cells treated with artemether were detected
using RT‑qPCR and western blot analysis, respectively. As
presented in Fig. 3C and D, the CYP2J2 mRNA and protein
expression levels decreased in a dose‑dependent manner with
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Figure 2. Artemether inhibits invasion and migration of hepatocellular carcinoma cells. (A) Representative images of the wound‑healing assay (magnification,
x100; scale bar, 100 µm) and quantified results. (B) Representative images of the Transwell assay (magnification, x200; scale bar, 100 µm) and quantified
results. (C) E‑cadherin, N‑cadherin and vimentin protein expression levels were assessed by western blot analysis. *P<0.05, **P<0.01 and ***P<0.001 vs. Control.

increasing artemether concentrations. When the concentration
of artemether was 80 µM, CYP2J2 mRNA and protein expres‑
sion levels were at their lowest, indicating that artemether
effectively inhibited CYP2J2 expression. Consequently,
80 µM artemether was selected for subsequent experiments.
The transfection efficiency of the CYP2J2 overexpression
plasmid in Hep3B2.1‑7 cells was also detected using RT‑qPCR
and western blot analysis (Fig. 3E and F). The results demon‑
strated that the CYP2J2 mRNA and protein expression levels
in the Ov‑CYP2J2 group were higher compared with those
in the Ov‑NC group. Furthermore, CCK‑8 (Fig. 3G) and
colony formation assays (Fig. 3H) were applied to examine
Hep3B2.1‑7 cell proliferation. The results demonstrated that
artemether significantly inhibited the CYP2J2 expression
levels and that Ov‑CYP2J2 reversed the inhibitory effect of
artemether on the proliferation of HCC cells. In addition,
Ov‑CYP2J2 also reversed the apoptotic effect of artemether
on HCC cells (Fig. 3I and J).
CYP2J2 overexpression reverses the inhibitory effect of
artemether on HCC cell invasion and migration. Whether
artemether affected the invasion and migration of HCC cells
by targeting CYP2J2 was subsequently investigated. The
results of the wound‑healing and Transwell assays demon‑
strated that CYP2J2 overexpression significantly reversed the

inhibitory effect of artemether on Hep3B2.1‑7 cell invasion
and migration (Fig. 4A and B). Furthermore, the elevated EMT
marker E‑cadherin, and the reduced N‑cadherin and vimentin
levels indicated that CYP2J2 overexpression counteracted
the suppressive impact of artemether on the EMT process in
Hep3B2.1‑7 cells (Fig. 4C). These results collectively suggested
that artemether may inhibit the proliferation, invasion and
migration of HCC cells by targeting CYP2J2 expression.
Discussion
HCC is associated with chronic liver disease and is one of
the most common and fatal cancer types worldwide (21).
According to Global Cancer Statistics in 2018, HCC ranked
seventh in incidence among other malignant tumors and is still
the fifty‑second highest cause of cancer‑associated mortality
worldwide (22). The mean age at diagnosis for HCC is between
50 and 60 years. Early HCC is usually treated with surgical
resection, liver transplantation, ablation or radiotherapy.
However, the 5‑year overall survival rate following diagnosis is
only 50‑70% (23). Despite decades of research on cytotoxicity,
targeted drugs and immunotherapy, only a limited number
of effective treatment options are available for advanced
HCC (24). Therefore, the development of novel therapeutics
is of great significance for improving the prognosis of patients
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Figure 3. Overexpression of CYP2J2 reverses the inhibitory effect of artemether on the proliferation of HCC cells. (A) The artemether target CYP2J2
was analyzed using the STITCH database. (B) The ENCORI website was used to predict the expression of CYP2J2 in HCC and non‑cancerous hepato‑
cytes. (C) CYP2J2 expression levels in Hep3B2.1‑7 cells were determined via reverse transcription‑quantitative PCR. (D) CYP2J2 protein expression levels
in Hep3B2.1‑7 cells were quantified via western blot analysis. (E) CYP2J2 mRNA and (F) protein expression levels following CYP2J2 overexpression in
Hep3B2.1‑7 cells. (G) Cell proliferation was assessed by performing Cell Counting Kit‑8 assays. (H) Representative image of the colony‑formation assay
and quantitative analysis of colony formation. (I) TUNEL staining (scale bar, 50 µm) and (J) western blot were used to detect the effects of Ov‑CYP2J2 on
apoptosis of Hep3B2.1‑7 cells induced by artemether. *P<0.05, **P<0.01 and ***P<0.001 vs. Control; #P<0.05 and ###P<0.001 vs. Artemether + Ov‑NC. TUNEL,
terminal deoxynucleotidyl transferase deoxyuridine triphosphate nick‑end labeling; NC, negative control; Ov, overexpression vector; CYP2J2, cytochrome
P450 family 2 subfamily J member 2; HCC, hepatocellular carcinoma.
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Figure 4. Overexpression of CYP2J2 reverses the inhibitory effect of artemether on the invasion and migration of hepatocellular carcinoma cells.
(A) Representative images of the wound‑healing assay (magnification, x100; scale bar, 100 µm) and quantified results. (B) Representative images of the
Transwell assay (magnification, x200; scale bar, 100 µm) and quantified results. (C) E‑cadherin, N‑cadherin and vimentin protein expression levels were
assessed by western blot analysis. ***P<0.001 vs. Control; #P<0.05, ##P<0.01 and ###P<0.001 vs. Artemether + Ov‑NC. NC, negative control; Ov, overexpression
vector; CYP2J2, cytochrome P450 family 2 subfamily J member 2; HCC, hepatocellular carcinoma.

with HCC. In the present study, the results demonstrated that
artemether inhibited the proliferation and induced apoptosis
of Hep3B2.1‑7 cells in a dose‑dependent manner, which may
be related to the ability of artemether to induce cell cycle
arrest/growth inhibition (25). This is consistent with the results
of the study by Hou et al (25), which examined the effect of
artemisinin on the cell cycle of liver cancer cells, indicating
that after artemisinin treatment of HepG2 cells, the proportion
of cells in G1 phase was significantly increased, with higher
concentrations inducing more significant G1‑phase arrest.
Artemisinin and its derivatives have long been recognized
as the most effective anti‑malarial drugs worldwide (2,26,27).
With the further development of artemisinin and its deriva‑
tives, studies have reported that they possess good antitumor
activity in the treatment of human cancer (28‑30). Artemether,
as a natural derivative of artemisinin, may also be more
effective than artemisinin (31). It was demonstrated that
when using artemether and triglyceride docosahexaenoate
as a lipid core, nanoemulsion, nanostructure lipid carrier and
poly (lactic acid)‑poly (ethylene glycol), nanocapsules were
successfully prepared to reduce the activity, proliferation and
migration of MDA‑MB‑231 and MCF‑7 breast cancer cells in

a dose‑dependent manner (32). Furthermore, artemether was
able to regulate the sensitivity of B7‑H3 human neuroblas‑
toma cells to adriamycin (33). Interference with vascular cell
adhesion protein‑1 in combination with short hairpin‑RNA
significantly inhibited the malignant behavior of human
glioma cells (34). These properties make artemether an attrac‑
tive potential candidate for chemotherapy. However, to the
best of our knowledge, the efficacy of artemether in HCC has
remained elusive. In the present study, artemether significantly
reduced the activity of Hep3B2.1‑7 cells and promoted apop‑
tosis in a dose‑dependent manner. These results verified the
antitumor effect of artemether in HCC.
To further explore the mechanism of artemether in HCC,
the STITCH database was used to predict that artemether is
able to target CYP2J2. As previously mentioned, CYP2J2 is
a cyclooxygenase that is able to metabolize numerous unsatu‑
rated fatty acids and serves a variety of biological roles in the
cardiovascular system and a number of solid human cancer
types (12,35,36). For instance, Park et al (37) demonstrated
that CYPs inhibit the proliferation of human HCC cells and
lead to apoptosis via non‑competitive inhibition of the CYP2J2
enzyme. Furthermore, Allison et al (38) demonstrated that
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paclitaxel, a chemotherapeutic drug, induces apoptosis in
breast cancer cells via mediating lipid peroxidation and gener‑
ating reactive oxygen species, but CYP2J2 overexpression was
able to activate aldehyde dehydrogenase 1 family member A1,
which reversed the inhibitory effect of paclitaxel on tumor
growth. Another study also reported that acetylshikonin
exerted inhibitory effects against CYP2J2 and anti‑cancer
activity in human liver cancer HepG2 cells (37). In the present
study, it was confirmed that artemether inhibited the expres‑
sion of CYP2J2 in a concentration‑dependent manner and
further overexpression of CYP2J2 revealed that Ov‑CYP2J2
partially reversed the inhibitory effects of artemether on the
proliferation, migration and invasion of HCC cells.
The present study had several limitations. First, the
mechanism of the effect of artemether on Hep3B2.1‑7 cells
was assessed by overexpression of CYP2J2. However, other
methods, such as CYP2J2 antagonists or inhibitors, may be
useful to confirm the present observations. Furthermore,
in vitro studies using only Hep3B2.1‑7 cells were performed
in the present study and other HCC cell lines or animal
experiments may provide additional information to comple‑
ment the current findings. In addition, further evaluation of
the effect of artemether on the cell cycle of HCC cells and
verification of the upregulation of CYP2J2 expression in
HCC compared with normal hepatocytes will be endeavored
in a future study.
In conclusion, artemether inhibited the activity of
Hep3B2.1‑7 cells in a dose‑dependent manner. The results
of the present study suggested that artemether suppressed
the proliferation and activity of HCC by targeting CYP2J2.
Therefore, the development of effective CYP2J2 inhibitors
may be of potential therapeutic value. In future work, the
specific anticancer mechanism of artemether will continue to
be investigated and in vivo experiments in mice will also be
performed.
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