L))

Check for
updat

Original Article

Inhibition of hepatocellular carcinoma progression by artesunate
via modulation of the TLR4/MyD88/NF-kB signaling pathway
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Background: Liver cancer remains a frequent cause of cancer-related death, and thus targeted drugs
urgently need to be developed. Artesunate (ART) inhibits the progression of liver cancer; however, its
mechanism of action remains unclear. The primary aim of this study is to clarify whether ART inhibits
the progression of hepatocellular carcinoma (HCC) cells by suppressing the Toll-like receptor 4 (TLR4)/
MyD88/nuclear factor (NF)-«B pathway.

Methods: I vitro studies demonstrated the effects on cell proliferation, invasion, and migration through a
series of phenotypic experiments. Specifically, the CCKS8 was used to assess the impact on cell proliferation,
while the Transwell assay was employed to evaluate the effect on cell invasion. A xeno-inhibitory tumor
model was established iz vivo to verify the therapeutic effects of ART. Western blotting was used to detect
changes in the TLR4/MyD88/NF-xB pathway.

Results: The study showed that ART inhibits HCC cell proliferation, invasion, and migration and induces
apoptosis in a dose-dependent manner. Iz vivo studies indicated shown that ART treatment in xenograft
tumor models could consistently reduce tumor growth. Moreover, ART inhibited the viability, colony
formation, migration, and invasion ability of HCC cells while promoting their apoptosis in a dose-dependent
manner. The treatment of xenograft models with ART consistently reduced tumor growth. Furthermore,
Western blot analysis demonstrated that the levels of TLR4 and its known downstream effectors (TRAF6,
MyD88, and NF-kB) were markedly downregulated after ART treatment in Huh-7 and liposaccharide-
stimulated Huh-7 cells.

Conclusions: These results indicate that ART has a potent effect on the development of HCC cells, the
underlying mechanisms of which may be associated with alterations in the TLR4/MyD88/NF-«B signaling
pathway in HCC. Therefore, further development of ART as a therapeutic agent is warranted.
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factor-kB (NF-xB)

Submitted Feb 07, 2025. Accepted for publication Apr 17, 2025. Published online Apr 27, 2025.
doi: 10.21037/jgo-2025-95
View this article at: https://dx.doi.org/10.21037/jgo-2025-95

© AME Publishing Company. 7 Gastrointest Oncol 2025;16(2):599-614 | https://dx.doi.org/10.21037/jgo-2025-95


https://crossmark.crossref.org/dialog/?doi=10.21037/jgo-2025-95

600

Introduction

In 2020, primary liver cancer was the sixth most commonly
diagnosed cancer and the third leading cause of cancer-
related death worldwide, with approximately 906,000
new cases and 830,000 deaths (1). More than half of
hepatocellular carcinoma (HCC) cases are diagnosed at an
advanced stage (2). Despite recent advances in the diagnosis
and treatment of HCC, the overall prognosis remains
dismal, with a 3-year survival rate of 12.7% and a median
survival of 9 months (3). Sorafenib, a first-generation
targeted tyrosine kinase inhibitor (TKI), improves the
overall survival of patients with advanced HCC (4,5).
Numerous patients with advanced HCC develop resistance
to sorafenib during treatment and thus do not benefit
from it in the long-term (6). Although several novel TKIs,
including apatinib, lenvatinib, and regorafenib, have shown
promising therapeutic effects in HCC, their application is
limited due to acquired drug resistance and side effects (7,8).
Therefore, curative therapeutic strategies for advanced
HCC urgently need to be developed.

Artesunate (ART), a semisynthetic derivative of artemisinin,
is an effective compound for treating malaria (9). The
potential anticancer effects of ART have been confirmed in
several tumors (9-11). Previous studies have revealed that
ART exerts antitumor effects by mediating cell cycle arrest,
inducing DNA damage, blocking angiogenesis, inhibiting
metastasis, and promoting apoptosis (12-14). In addition,
ART has been studied as both a combination drug and an
inhibitor of drug resistance in HCC (11,15).

Highlight box

Key findings

* Artesunate (ART) can significantly inhibit the relative expression
levels of MyD88, nuclear factor (NF)-«B, Toll-like receptor 4
(TLR4), and TRAF6 proteins and suppress the activation of the
TLR4/MyD88/NF-«B signaling pathway.

What is known and what is new?

® ART can inhibit the proliferation, invasion and migration of
hepatoma cells and induce the apoptosis of hepatoma cells.

* ART may exert an anticancer effect against liver cancer by
mediating the TLR4/MyD88/NF-kB signaling pathway.

What is the implication, and what should change now?

* ART may be an effective drug for the treatment of liver cancer. A
potential new anticancer mechanism of ART has been discovered,
providing a theoretical basis regarding the role of ART as an
inhibitor of the TLR4/MyD88/NF-«B signaling pathway.

© AME Publishing Company.
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Toll-like receptors (TLRs) are pattern recognition
receptors. Toll-like receptor 4 (TLR4), a member of the
TLR family, initiates innate immune or inflammatory
responses (16). As a critical adapter protein for TLR4,
MyD88 is bound to the Toll/interleukin-1 (IL-1) receptor
(TIR) domain of TLRs; upon recognizing and connecting
to IL-1 receptor-associated kinases and TRAF6, TLRs
can be dislocated from nuclear factor (NF)-kB, eventually
leading to NF-«B activation (17,18). The levels of several
inflammatory cytokines are elevated following activation
of the NF-kB pathway, including tumor necrosis factor
(TNF)-o, IL-6, and IL-1B, mediating liver inflammation
and tumorigenesis (19). A previous study demonstrated
that hypoxia-inducible UPS13 contributes to HCC growth
and metastasis by enhancing the TLR4/MyD88/NF-
kB signaling pathway (20). Similarly, Baishouwu extract
was found to suppress the initiation and progression of
HCC by inhibiting the TLR4/MyD88/NF-«kB signaling
pathway (21). Overall, the TLR4/MyD88/NF-«B signaling
pathway is critical in HCC development, but little is
known about the actions of ART on the TLR4/MyD88/
NF-«B signaling pathway-mediated antitumor response.
Although ART has been identified as an inhibitor of TLR4
(22,23), it is unknown whether ART can also act as a TLR4
inhibitor in liver cancer, and the mechanism between TLR4
signal transduction and lipopolysaccharide (LPS) is poorly
understood. Therefore, the primary aim of this study was to
clarify the mechanism by which ART exerts a therapeutic
effect in liver cancer. We present this article in accordance
with the ARRIVE and MDAR reporting checklists (available
at https://jgo.amegroups.com/article/view/10.21037/jgo-
2025-95/rc).

Methods
Cell culture

Human normal liver cells THLE-2, along with HCC cells
Huh-7, SNU-182, HLE, C3A, and HepG2 (HepG2 is also
referred to as the hepatoblastoma cell line) (24,25) were
purchased from Procell (Procell Life Science & Technology
Co., Ltd., Wuhan, China). All the cells were cultured in
10 - cm dishes (cat. no. FCD100; Beyotime Biotechnology,
Shanghai, China) without any special coating treatment.
Human liver normal cells and HCC cells were cultured
in Dulbecco’s Modified Eagle Medium (DMEM;
Gibco, Thermo Fisher Scientific, Waltham, MA, USA)
supplemented with 10% fetal bovine serum (FBS) (Gibco)
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in a humidified incubator containing 5% CO, at 37 °C.
ART [MedChem Express (MCE), Monmouth Junction, NJ,
USA] was dissolved in dimethylsulfoxide (DMSO; Sigma-
Aldrich, St. Louis, MO, USA) and stored in the dark. The
final dilution of DMSO was less than 0.2%.

Cell viability assay

The effects of ART on Huh-7 and SNU-182 cell viability
were examined using cell counting kit-8 (CCK-8) according
to the manufacturer’s instructions (Dojindo Laboratories,
Kumamoto, Japan) (26). Briefly, Huh-7 and SNU-182 cells
in the logarithmic growth phase were seeded into 96-well
microplates at a density of 1x10° cells per well and treated
with ART (0, 20, 40, or 80 pg/mL). Huh-7 cells were
treated with 10 pg/mL of LPS (MCE) for 72 h. At each
time point (0, 24, 48, and 72 h), 10 pL of diluted CCK-
8 was added into each well, and cells were incubated in a
5% humidified CO, incubator for 2 h at 37 °C. Absorbance
was measured at 450 nm with a microplate reader (Bio-Tek

Instruments, Winooski, VT, USA).

Cell counting

Treat Huh-7, SNU-182 and HepG2 cells with ART
(40 pg/mL) for 72 h. For the control group, do not add
ART and incubate normally for 72 h. After the incubation,
add 2 mL of 0.25% trypsin digestion solution (cat. no.
C0203; Beyotime Biotechnology, Shanghai, China) to the
HCC cells and incubate for 2 min. Subsequently, add 3 mL
of DMEM medium, collect the cell suspension, and transfer
it into a centrifuge tube. According to the requirements of
the Cell Viability Detection Kit (cat. no. C0011; Beyotime
Biotechnology, Shanghai, China), add trypan blue for
staining. Then, place the sample in a cell counter to
calculate the number of cells.

Colony formation assay

Cells were seeded in six-well plates at a density of
500 cells/well. After 24 h of incubation, the cells were
treated with different doses of ART for 10-12 days. The
cells were washed three times with phosphate-buffered
saline (PBS), fixed with methanol for 15 min, and stained
with a 0.5% crystal violet solution for 10 min. Clones
were considered viable if they contained >50 cells. The
corresponding photographs were captured.

© AME Publishing Company.
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Wound-bealing assay

For the wound-healing assay, a 10-pL pipette tip was
used to create a straight, uniform linear scratch across
the cell monolayer, which was followed by a gentle wash
with PBS to remove cellular debris. The wound closure
was photographed under an inverted microscope (Nikon,
Tokyo, Japan) at 0, 24, and 48 h after ART. Each scratch
was analyzed, and cell migration rates were calculated as
described previously (27). Each experiment was repeated
three times.

Cell invasion assay

The tumor cell invasion assay was performed in a 24-well
Transwell chamber (Corning, Corning, NY, USA), which
contained an 8-pm pore size polycarbonate membrane filter
with Matrigel (BD Biosciences, Franklin Lakes, NJ, USA).
Briefly, 2x10° cells were placed in the upper chambers and
incubated in 200 pL of serum-free medium with 0, 20, 40,
or 80 pg/mL ART, while 500 pL of medium with 10% FBS
was added in the lower chambers. After 24-h culturing in a
5% CO, humidified incubator at 37 °C, cells on the upper
side of the membrane filters were removed, and cells on the
lower side were fixed in methanol and stained with 0.1%
crystal violet. The stained cells were defined as migrating
cells and counted under a microscope. The cells on the
lower side of the membrane filters were defined as invasive
cells and counted in five random fields for each membrane

filter.

Quantitative polymerase chain reaction

Extract the exponentially-growing HCC cells. Add 2 mL
of 0.25% trypsin digestion solution (cat. no. C0203;
Beyotime Biotechnology, Shanghai, China) and incubate
the HCC cells for 2 min. Subsequently, add 3 mL of
DMEM medium, collect the cell suspension, and transfer
it into a centrifuge tube. Prepare the reaction system
according to the requirements of the cDNA synthesis kit
(cat. no. D7170L; Beyotime Biotechnology, Shanghai,
China). Incubate it at 42 °C for 60 min for the reverse
transcription reaction. Subsequently, incubate at 80 °C for
10 min to inactivate the reverse transcriptase, and then
place it on ice. Exponentially grown liver cancer cells were
extracted, and cell digestion was performed as described
above. The cells were then centrifuged at 1200 g for
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3 min. An appropriate amount of TRIzol solution (cat.
no. R0016l; Beyotime Biotechnology, Shanghai, China)
was added, and total RNA was extracted according to the
manufacturer’s instructions. The BeyoFast SYBR Green
quantitative polymerase chain reaction (QPCR) mixture
was added to the premix (cat. no. D7262; Beyotime
Biotechnology). The template DNA was preheated at
95 °C on the polymerase chain reaction (PCR) apparatus
for 3 min, completely denatured, and then entered into the
amplification cycle. In each cycle, the template remained
denatured at 95 °C for 35 s, and then the temperature was
reduced to 65 °C for 30 s, allowing the primer and template
to be fully annealed. The template was held at 74 °C for
1 min, the primer was made to extend to the template, the
DNA was synthesized, the cycle was repeated 39 times,
and the system was finally set to 4 °C permanently. A
7900HT fluorescent quantitative PCR instrument (cat. no.
4351405; Thermo Fisher Scientific, Waltham, MA, USA)
was set according to the above instructions. The data were
statistically analyzed using Graph Prism 9.5.0 software
(GraphPad Software, San Diego, CA, USA). The primer
information is detailed in Table S1. The amplified products
were confirmed to be the expected ones through PCR gel
electrophoresis. Moreover, all experiments were carried out
three times independently.

Quantification of cell apoptosis

Apoptosis was evaluated using a phycoerythrin-conjugated
Annexin V/7-AAD apoptosis detection kit (BD Biosciences).
The cells were treated with different doses of ART for
48 h in six-well plates, harvested, and washed two times
with cold PBS. Cells were stained with Annexin V and
7-AAD in a binding buffer for 15 min in the dark at room
temperature. Apoptosis was quantified using a FACSCalibur
flow cytometer (BD Biosciences) (28). Each experiment was
repeated three times.

In vivo xenograft models

Four-week-old male BALB/c nude mice were purchased
from SPF (Beijing) Biotechnology Co. Ltd. (Beijing,
China; permission no. SCXK [Jing] 2019-0010). The mice
were housed in a specific pathogen-free environment at
the Laboratory Animal Center of the Fourth Hospital
of Hebei Medical University. All the animal experiments
were approved by the Institutional Animal Care and Ethics
Committee of the Fourth Hospital of Hebei Medical
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University (No. 2021028; approval date: July 21, 2021).
These experiments complied with the "Regulations on the
Administration of Laboratory Animals" and the "Guidelines
for the Review of Laboratory Animal Welfare and Ethics"
issued by the Ministry of Science and Technology of
the People’s Republic of China for the care and use of
animals. A protocol was prepared before the study without
registration. Huh-7 cell suspension (5x10° cells/mouse in
200 pL of PBS) was subcutaneously injected into the right
flanks of each mouse. The mice were randomly divided into
four groups (six mice/group), and ART was delivered by
intragastric administration when the average volume of the
tumors grew to approximately 100-200 mm’. The negative
control was treated with PBS, while the three ART drug
therapy groups received 50, 100, and 200 mg/kg of ART.
PBS and ART were administered intragastrically daily for
4 weeks. The tumor volume was measured and calculated
(long diameter x short diameter’ x 0.5) every 7 days (29).
The initial gas concentration of isoflurane (cat. no. R510-
22-10; RWD Life science, Shenzhen, China) introduced
using a gas anesthesia machine (Anhui Zhenghua Biologic
Apparatus Facilities, Huaibei, China) was 3-4%, and the
maintenance anesthesia concentration of isoflurane was
1.5-2%. The mice were placed in the iz vivo imaging
system for observation. An iz vivo imaging system was
used to observe the growth of the subcutaneous tumor
cells. Before observation, each mouse was intraperitoneally
injected with 150 pL of 30 mg/mL fluorescein substrate (cat.
no. HY-12591AMCE). In vivo imaging was performed 10
to 25 min after injection. After the imaging was complete,
the mice were killed via inhalation of CO, (60% vol/min).
The cessation of breathing, cessation of heartbeat, fixed and
dilated pupils were considered to indicate the death of mice,
with a 5-minute period of CO, inhalation maintained prior
to these observations.

Western blot analysis

After treating with different doses of ART for 3 days, the
cells in the control group were left untreated. Then, Huh
- 7 cells from each group were collected and homogenized
in RIPA lysis buffer (Sigma - Aldrich) containing protease
inhibitors. Proteins were separated using sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred onto polyvinylidene difluoride membranes
(Roche, Basel, Switzerland). After being blocked with 5%
nonfat dried milk for 2 h, the membrane was incubated
with primary antibodies at 4 °C overnight, which was
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followed by the incubation with horseradish peroxidase
(HRP)-conjugated secondary antibody (1:5,000 dilution;
Thermo Fisher Scientific) for 2 h. The protein bands were
visualized using an enhanced chemiluminescence (ECL)
chemiluminescence system (Alpha InnoTec, Kasendorf,
Germany) and quantitatively analyzed (30). Calculate
the ratio of the target protein to the internal reference
protein. Normalize the data with the control group as
the benchmark. Conduct three independent experiments.
Present the results as the mean = standard error of the mean
(SEM) to ensure the reproducibility of the results. The
antibodies used for Western blot, including TLR4 (1:1,000
dilution; cat. no. AF7017), TRAF6 (1:1,000 dilution; cat.
no. AF5376), MyD88 (1:1,000 dilution; cat. no. AF5195),
NF-«B (1:1,000 dilution; cat. no. BF8005), B-actin (1:1,000
dilution; cat. no. AF7018), goat anti-rabbit (1:10,000
dilution; cat. no. S0001), and goat anti-mouse (1:10,000
dilution; cat. no. S0002), were obtained from Affinity
Biosciences (Cincinnati, OH, USA) and were used to detect
specific proteins in the Western blot analysis.

Statistical analysis

All experiments were ensured to be conducted three times
independently. The data are presented as mean = standard
deviation (SD). A Student 7-test was performed to analyze
the results of the CCK-8, colony formation, migration,
invasion, apoptosis, and nude mouse xenograft assays.
P<0.05 was considered to indicate statistically significant
differences. All the statistical analyses were performed using
SPSS version 19.0 software (IBM Corp., Armonk, NY,
USA).

Results
ART inhibited cell viability in buman HCC cells

The two-dimensional (2D) and Three-dimensional
(3D) molecular structural formulas of ART are shown in
Figure 14. The results of CCK8 showed that ART inhibited
the proliferation of Huh-7, SNU-182, and HepG2 cells
in a dose-dependent manner. The half-maximal inhibitory
concentration (IC;y) of Huh-7 was 49.18 pg/mL, that
of SNU-182 was 46.11 pg/mL, and that of HepG2 was
73.62 pg/mL (Figure 1B). Among them, ART at a
concentration of 5 pg/mL had no significant effect on
the viability of HCC cells. After treatment with ART (40
pg/mL), the morphology of Huh-7 and SNU-182 cells
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included a smaller size, and the number of cells decreased
significantly. Meanwhile, although the effect on HepG2
cell morphology was minimal, the number of HepG2 cells
did decrease (Figure 1C,1D). This may be related to the
expression of TLR4 in HepG2. We observed that Huh-7
and SNU-182 cells had the highest levels of TLR4
messenger RNA (mRNA) expression in five different
HCC cell lines compared to those in normal hepatocytes
(Figure 1E). Meanwhile, the mRNA level of TLR4 in
HepG2 was the lowest compared with that in the other
hepatoma cell lines. We speculate that this may be the
reason why ART has no effect on the morphology of
HepG2 cells. Therefore, we selected Huh-7 and SNU-182
cells, as they exhibited a relatively obvious effect of ART on
liver cancer cells and a high expression of TLR4. To further
verify the impact of ART on the cell proliferation ability,
we further confirmed the inhibitory effect of ART on the
proliferation of HCC cells through the colony-formation
assay (Figure 1F).

ART suppressed the migration and invasion of HCC cells

Wound-healing assays were performed to determine the
migratory abilities of Huh-7 and SNU-182 cells. ART
decreased the migration capacity as compared to that in
the control group (Figure 2A). In the Transwell assay, ART
treatment dramatically inhibited Huh-7 and SNU-182
cell invasion (Figure 2B). These findings suggest that ART
inhibits the migration and invasion of HCC cells.

Art inhibited HCC cell growth via cell apoptosis
ART inhibited Huh 7 and SNU-182 cell viability in a

concentration- and time-dependent manner (Figure 34).
Flow cytometry was performed to assess the apoptosis rate
in Annexin V/7-AAD double-stained Huh-7 and SNU-182
cells. As shown in Figure 3B, apoptotic cells significantly
increased after treatment with ART for 48 h (P<0.05).
Thus, apoptosis may be involved the inhibition of HCC cell
growth that is induced by ART.

ART inbibited the growth of Hub-7 cells in vivo

The Huh-7 cell xenograft model was used to evaluate the
in vivo effects of ART. The volume of Huh-7 xenografts
in mice treated with ART was smaller than that in mice
treated with PBS at 14, 21, and 28 days after implantation
(Figure 44,4B). Similar results were demonstrated by the
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Figure 1 Effects of ART on the viability and colony formation of HCC cells. (A) ART 2D and 3D molecular structure formulae. (B) The
changes in cell viability of Huh-7, SNU-182, and HepG2 cells treated with ART for 48 h were detected using CCK8. (C,D) Observe
the morphological changes of Huh-7 and SNU-182 HCC cells treated with ART (40 pg/mL) through a microscope. Then, calculate the
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HLE, Huh-7, C3A, and SNU-182 cells was detected using gPCR after 48 h. (F) ART suppression of Huh-7 cell colony formation was
demonstrated via a colony formation assay (stained with 0.5% crystal violet). 2D, two-dimensional; 3D, three-dimensional; ART, artesunate;

CCKS8, cell counting kit-8; HCC, hepatocellular carcinoma; gPCR, quantitative polymerase chain reaction; TLR4, Toll-like receptor 4.
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Figure 3 ART could inhibit the proliferation ability of hepatoma Huh-7 and SNU-182 cells and induce the apoptosis of Huh-7 and SNU-
182 cells. (A) The proliferative ability of Huh-7 and SNU-182 cells was detected by the CCK8 method at 24, 48 and 72 h under different
concentrations of ART. (B) The apoptosis of Huh-7 and SNU-182 cells was detected by flow cytometry. ART, artesunate; CCKS, cell

counting kit-8.

xenograft fluorescence images of nude mice (Figure 4C).
ART reduced the expression levels of MyD88, NF-«B,
TLR4, and TRAF6 proteins (Figure 4D). These results
suggest that ART may inhibit the growth of Huh-7 cells by
inhibiting the TLR4/MyD88/NF-«B signaling pathway.

ART suppressed the TLR4/MyDS88/NF-kB signaling pathway
To determine whether the TLR4/MyD88/NF-«B signaling

© AME Publishing Company.

pathway is involved in ART’ antitumor and antimetastatic
effects, we analyzed the relative expression levels of
mRNA and protein in this pathway using western blot and
gPCR. The results showed that ART inhibited the relative
expression levels of MyD88, NF-«kB, TLR4, and TRAF6
mRNA (Figure 5A4,5B) and protein (Figure 5C,5D) in Huh-
7 and SNU-182 cells. The inhibition was concentration-
dependent and consistent with our iz vive results,
confirming that ART can inhibit the activity of the TLR4/
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Figure 4 Effects of ART on HCC cell growth iz vive. (A) Schematic diagrams of the tumor sizes of tumor-bearing mice in each group after
treatment with different concentrations of ART (50, 100, 200 mg/kg). (B) After treating the tumor-bearing mice as required by different
groups, measure the length and width of the tumor tissues weekly for 4 consecutive weeks. Calculate the tumor volume and plot the curve
of the tumor volume changing with time. (C) Fluorescent images of mice bearing Huh-7 cell xenografts were obtained on the 10th and 20th
days after inoculation to observe the tumor growth in the tumor-bearing mice. (D) The relative expression levels of MyD88, NF-xB, TLR4,
and TRAF6 proteins in mouse tumor tissues were detected using western blot assay. ART, artesunate; HCC, hepatocellular carcinoma;

TLR4, Toll-like receptor 4; MyD88, myeloid differentiation primary response 88; TRAF6, tumor necrosis factor receptor-associated factor 6.

© AME Publishing Company. 7 Guastrointest Oncol 2025;16(2):599-614 | https://dx.doi.org/10.21037/jgo-2025-95



608

Huh-7

P<0.001

Huh-7

P<0.001

Huh-7
P<0.001

Wu et al. ART and liver cancer

Huh-7
P<0.001

<
< P=0.003 B s P<0.001 z P<0.001
z z € 1.5+ £ 1.5+
g 15 P>0.99 © o © P=0.10
b X b <
o o W x
- >
[= s Z 1.0 = 1.0
s 1.0 5 ‘s ©
o 13 5
S 5 ) 2
2 2 % 05 $ 0.5
0 05 o <] <
s s g g
x X ) o
o )
2 B 2 2
200 2 £ 00 - Z 0.0-
S Control 20 40 80 5 Control 20 40 80 T Control 20 40 80 ° Control 20 40 80
oc _— o —_— - -
ART treatment, pg/mL ART treatment, pg/mL ART treatment, pg/mL ART treatment, pg/mL
B SNU-182 SNU-182 SNU-182 SNU-182
P=0.001 P<0.001
P<0.001 P<0.001
< P=0.003
< P=0.003 g < P<0.001 zZ
4 i Z T 1.5
T £ 1.5 E 1.5 7 € P=0.28
g 15 P>0.99 o ©
~ © o I?(L
o Q ¥ T
] > 'S = 1.0 H
= = 1.0 Z 1.0 e
5 1.0 « = ]
5] o c
s 5 5 2
7] D 7
8 05 2 05 2 05 - g 0.5
a S o 3
x X X v}
@ ) o [}
o o o 2
£ 0.0 £ 0.0 - £ 0.0 - 5 0.0 -
o Control 20 40 80 % Control 20 40 80 % Control 20 40 80 2 Control 20 40 80
o _— o _ _— _—
ART treatment, pg/mL ART treatment, pg/mL ART treatment, pg/mL ART treatment, pg/mL
C Huh-7 =3 Control
3 ART (20 pg/mL)
ART treatment, pg/mL = ART (40 pug/mL)
Wl ART (80 pg/mL)
Control 20 40 80 P<0.001
P<0.001 P<0.001 P<0.001
.
MyD88 T e [— 35kDa 15— | P<0001 P<0.001 P<0.001 20.001
3 P=0.13 Po0.004 P>0.99
NF-xB W S w— - 65 kDa ?
S 104
?E
05
_— ©
TLRA | e  aa— 110 kDa % 3
OIS
o = 0.5 -
=
TRAFG | s— s s — 65 kDa %
o
0.0 T T T T
B-actin | A—— — —  — 1 kDa MyD88 NF-xB TLR4 TRAF6
D SNU-182 [ Control
ART treatment, ug/mL 3 ART (20 pg/mL)
- = ART (40 pg/mL)
Control 20 40 80 M ART (80 pg/mL)
35 KD P<0.00t P P<0.001 P<0.001
MyD88 | ———— — — — a P .
2.0= _P<0001 F=0.008 P<0.001
©
3 P=0.03 P=0.26 -
NF-KB | — — — — 65 kDa - ] =
5 1.5 =
2e
TLR4 - 110 kD 0B
I a g 1.0 =
RS
g
TRAFG | s s e . — 65 kDa £ 054
©
o
B-actin | e s— w— - — 42 kDa 00 T T T T
MyD88 NF-kB TLR4 TRAF6
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and TRAF6 in SNU-182 cells treated with ART for 48 h were detected using qPCR. (C) The expressions of TLR4, TRAF6, MyD88, and
NF-«B proteins were determined via Western blotting of Huh-7. (D) The expressions of TLR4, TRAF6, MyD88, and NF-«B proteins were
determined via the Western blotting of SN'U-182 cells. ART, artesunate; MyD88, myeloid differentiation primary response 88; NE, nuclear

factor; qPCR, quantitative polymerase chain reaction; TLR4, Toll-like receptor 4; TRAF6, tumor necrosis factor receptor-associated factor 6.

MyD88/NF-«B signaling pathway.

ART inhibited LPS-stimulated Huh-7 cell viability

LPS, an activator of TLLR4, was used to increase the levels of
TLR4, IL-1B, TNF-0, and nitrite (31). In this study, Huh-7
and SNU-182 cells were treated with different concentrations
of ART (40 or 80 pg/mL) and 10 pg/mL of LPS for 72 h.
Our results showed that different concentrations of ART
dramatically reduced the viability of LPS-stimulated Huh-
7 and SNU-182 cells (Figure 64). Western blot results
confirmed that LPS could enhance the relative expression of
MyD88, NF-kB, TLR4, and TRAF6 proteins and activate
the TLR4/MyD88/NF-«xB signaling pathway; meanwhile,
ART could inhibit the abnormal activation of the TLR4/
MyD88/NF-«B pathway. Our results further confirm that
ART can inhibit the TLR4/MyD88/NF-kB signaling
pathway, thereby inhibiting the proliferation of liver cancer
cells (Figure 6B,6C). The mechanism of ART action is
illustrated in Figure 7.

Discussion

ART is closely associated with the biological processes of
tumorigenesis and development. However, the specific
effects of ART and the mechanisms through which it affects
HCC development remain unknown (32).

Previous studies have suggested that ART can induce
apoptosis and autophagy in colon and bladder cancer cells
(17,33) and can suppress prostate cancer cells (34). For
HCC, one study found that ART decreases cell viability
and tumor angiogenesis while enhancing the anticancer
effects of sorafenib (13). Another study reported that ART
exerts anticancer effects by inhibiting STAT-3 signaling in
HCC (35). Consistent with these findings, we found that
ART effectively and significantly suppressed the viability of
Huh-7 and SNU-182 cells in a dose- and time-dependent
manner. Additionally, ART decreased clonogenic survival,
inhibited migration and invasion, and increased apoptosis
in Huh-7 HCC cells. In vivo, it inhibited the growth of
Huh-7 cell xenografts. Our research indicates that the
IC;s, value of Huh-7 is 49.18 pg/mL, that of SNU-182 is

© AME Publishing Company.

46.11 pg/mL, and that of HepG2 is 73.62 pg/mL. We also
took note of the IC;, values of HCC treated with ART
reported by other researchers. The study by Ye et 4/. reported
that the I1Cy, of Huh-7 is greater than 38.442 pg/mL (36),
and according to the report by Li er al. (13), the IC;, of
SNU-182 is greater than 19.221 pg/mL. Specific values for
neither SNU-182 nor Huh-7 were reported, yet our IC;,
values fall within the reported ranges. Chen er al. reported
an IC;, of 14.754 pg/mL for HepG2, which significantly
differs from our research result (37). He also reported
that the IC;y of HepG?2 is less than 38.442 pg/mL (11).
We suspect that the inconsistency in ICs, values might be
caused by factors such as the experimental environment,
cell line type, and operational techniques. These results
indicate that ART is a promising therapeutic drug for liver
cancer. In addition to the observed anti-proliferative effects
of ART on HCC cells, it is important to contextualize these
findings within the current landscape of HCC therapies.
Anti-angiogenic agents, such as sorafenib, lenvatinib,
regorafenib, and cabozantinib, have been widely used
in HCC treatment due to their ability to inhibit tumor
angiogenesis and progression (6,38-40). While these
agents have demonstrated clinical benefits, their efficacy
is often limited by drug resistance and adverse effects.
In contrast, ART offers a non-invasive approach with
the potential to directly target tumor cells and induce
apoptosis. Furthermore, a recent study has highlighted
the efficacy and safety of capecitabine, an oral prodrug of
5-Fluorouracil, which exerts its cytotoxic effects primarily
through the inhibition of thymidylate synthase (41). Given
its distinct mechanism of action, capecitabine may serve as
a promising synergistic agent to enhance the anti-tumor
effects of ART. The combination of ART with capecitabine
could potentially target multiple pathways involved in HCC
proliferation and survival, offering a novel therapeutic
strategy. Future studies should explore this combination
to evaluate its synergistic potential and optimize treatment
outcomes for HCC patients.

The TLR4/MyD88/NF-«B signaling pathway has
been shown to induce liver inflammation and aggravate
progression toward HCC (42). A recent study has
reported that the expression of TLR4, MyD88, and NF-
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kB proteins was higher in HCC than in normal liver tissues,
and the expression levels were correlated with poor patient
survival (43). Furthermore, a study has shown that inhibiting
the TLR4/MyD88/NF-«B signaling pathway suppresses
the initiation and progression of HCC (44). Consistent with
these previous studies, we found that ART decreased TLR4,
TRAF6, MyD88, and NF-«kB levels in HCC cells. The fact
that ART obviously inhibited cell viability and the TLR4/
MyD88/NF-«B signaling pathway in LPS-stimulated Huh-
7 cells implies that ART effectively exerts anti-HCC effects
through the TLR4/MyD88/NF-«B signaling pathway.
Overactivation of the TLR4/MyD88/NF-«B signaling
pathway may cause immune response dysfunction, resulting
in tumorigenesis (45). Alterations in gene expression
following ART treatment may be one of the major causes of
why ART inhibits HCC progression. Our most significant
result demonstrated that ART inhibits TLR4/MyD88/NF-
kB signaling activity, inhibiting liver cancer cell progression.
Although our results are reassuring, there were several

© AME Publishing Company.

limitations that should be acknowledged. First, we did
not include TLR4/MyD88/NF-«kB pathway inhibitors to
support our conclusion. Second, the safety and reliability
of ART must be verified through additional in vive
experiments. In addition, in the experimental design of this
study, no positive drug group was set up for comparison
with ART. This omission poses certain challenges to the
comprehensive and accurate evaluation of the efficacy of
ART. Therefore, establishing a positive drug group and
conducting comparative studies with ART will be one of the
key directions of our follow-up research. It is important to
note that this study did not include a direct comparison of
ART with tyrosine kinase inhibitors (TKIs) such as sorafenib
or lenvatinib, which are well-established anti-proliferative
agents for HCC. Future studies should aim to compare the
efficacy of ART with these agents to further elucidate its
potential therapeutic role in HCC treatment. Finally, ART
showed good anticancer efficacy; however, its action iz vivo is
complex and needs further confirmation by follow-up studies.
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Conclusions

In conclusion, ART exhibited potent effects on the
development of HCC, the underlying mechanism of
which may be the alteration of the TLR4/MyD88/NF-
kB signaling pathway. Thus, ART may be a potential
therapeutic agent.
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