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Abstract: This study was to analyze the effect of triptolide
(TPL) on proliferation, apoptosis, and the relationship
between TPL and the Janus kinase/signal transducer and
activator of transcription signaling pathway in hepatoma
cells. HepG2 cell line was selected as the experimental
object and divided into control, low-dose TPL, medium-
dose TPL, and high-dose TPL group. The control group did
not receive any drug treatment, while the low, medium, and
high-dose groups were treated with TPL at concentrations of
0.02, 0.05, and 0.10 uM, respectively. 3-(4,5-Dimethylthiazol-2-
yD-2,5-diphenyl tetrazolium bromide, flow cytometry, and
western blot were used to detach the TPL effect and
mechanism. The cell proliferation inhibition rate in each
dose group of TPL was lower than that in the control group,
and the inhibition rate of cell proliferation increased with
the increase of TPL dose (P < 0.05). The apoptosis rate of TPL
in each dose group was higher than that in the control
group, and the apoptosis rate increased with the increase
of TPL dose (P < 0.05). The expression of phosphorylated
Janus kinase 1 (p-JAK1) and phosphorylated signal trans-
ducer and activator of transcription 3 (p-STAT3) protein in
cells of each dose group of TPL was lower than that in the
control group, and the expression of p-JAK1 and p-STAT3
protein decreased with the increase of TPL dose (P < 0.05).
The apoptosis rate of 10 ng/mL transforming growth factor-
beta + high-dose group was reduced than that in the high-
dose group, and the expression of p-JAK1 and p-STAT3 protein
was higher than that in the high-dose group (P < 0.05). The
activity of B-cell lymphoma/leukemia-2-associated X pro-
tein (Bax) protein and cysteine aspartic acid protease
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(Caspase)-3/9 in TPL cells at each dose was raised than
that in the control group, and the expression of B-cell lym-
phoma/leukemia-2 (Bcl-2) protein was decreased than that in
the control group. With the increase of TPL dose, the activity
of Bax protein and Caspase-3/9 increased, and the Bcl-2 pro-
tein decreased (P < 0.05). As an anti-liver cancer agent, TPL
inhibits the proliferation of hepatocellular carcinoma cells
and promotes apoptosis. The mechanism may involve inhi-
biting Janus kinase 1/signal transducer and activator of tran-
scription 3 pathway and activation of apoptosis-related
pathways.
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1 Introduction

In the world, hepatocellular carcinoma (HCC) is the second
leading cause of cancer-related death [1]. Every year,
600,000-800,000 new HCC cases are reported worldwide
[2]. Surgical resection and liver transplantation are the
most appropriate treatments for HCC early stages, while
in the middle stages, local treatment, such as radio-
therapy [3], polykinase inhibitors such as sorafenib, rava-
tinib, regfinib, and carbotinib were used as first-line therapy.
Despite the clinical benefits of these drugs, patient survival
and outcomes have not improved significantly [4]. Drug resis-
tance and liver dysfunction hinder these drugs’ effectiveness.
The development of better therapeutic drugs is therefore
urgently needed, especially for patients with advanced HCC.

Triptolide (TPL) is a lipophilic extract and the main
active compound isolated from Tripterygium wilfordii. In
addition to immunosuppressive and anti-inflammatory
properties, TPL has attracted wide attention because of its
anti-tumor effect [5]. TPL has been reported to be involved
in the regulation of apoptosis in a variety of cancer cells by
activating various signaling pathways including the tumor
suppressor p53, the Fas death and mitochondrial pathways,
and the transcription of Mcl-1 [6]. TPL interfered with the
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activation and signaling of the Janus kinase 1/signal trans-
ducer and activator of transcription 3 (JAK1/STAT3) pathway
by inhibiting key components, particularly by downregu-
lating the phosphorylation levels of phosphorylated Janus
kinase 1 (p-JAK1) and phosphorylated signal transducer and
activator of transcription 3 (p-STAT3). This inhibition sup-
pressed the proliferation of HCC cells and promoted their
apoptosis. This effect may be mediated either through direct
action on Janus kinase (JAK) or via other upstream regulatory
factors, thereby blocking the nuclear translocation of STAT3
and its transcriptional regulation of downstream target genes.
Consequently, this led to cell cycle arrest and the upregulation
of apoptosis-related proteins such as B-cell lymphoma/leu-
kemia-2-associated X protein (Bax) and cysteine aspartic
acid protease (Caspase)-3/9, along with the downregulation
of the anti-apoptotic protein B-cell lymphoma/leukemia-2
(Bcl-2). This mechanism not only elucidates the multifaceted
anticancer properties of TPL but also provides a robust
biological basis for its potential as a Janus kinase/signal trans-
ducer and activator of transcription (JAK/STAT) pathway inhi-
bitor. Research by Reece et al. [7] demonstrated that JAK1/2
inhibitors can serve as immunomodulators for the treatment
and cure of various viral infections. Yuan et al. [8] reviewed
recent studies on natural products that induce apoptosis in
cancer cells, summarizing pro-apoptotic mechanisms and
highlighting the relevance of the JAK1/STAT3 pathway and
apoptotic signaling.

However, the mechanism of TPL interaction with the
JAK/STAT pathway in HCC remains unclear. The purpose of
this study was to explore the TPL on proliferation and
apoptosis of HCC cells, and to clarify the relationship
between TPL and JAK/STAT pathway and its mechanism.

2 Materials and methods

2.1 Cell line

HCC cell line HepG2 was used in this study, which was
provided by Shanghai Bohu Biotechnology Co., Ltd.

2.2 Methods

2.2.1 Cell resuscitation

The cryopreservation tube was removed from the liquid
nitrogen tank and quickly placed into a preheated water bath

for shaking and thawing. Once the cells were transferred to a
15 mL centrifuge tube, the volume of culture medium was
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adjusted to 10 mL. The mixture was centrifuged for 5min at
800 rpm and 4°C. The cells were then resuscitated with 3 mL
of Dulbecco’s Modified Eagle Medium (DMEM) and cultured
in an incubator containing 5% carbon dioxide (CO,) at 37°C,
with the culture medium changed after the cells adhered to
the dish. The lid of the petri dish was opened, and the cells
were washed with phosphate-buffered saline (PBS) 1-2 times.
Trypsin solution was added, and the bottom of the cell petri
dish was washed gently before being placed in the incubator
at 37°C for 2-3 min. The cell suspension was transferred to a
new petri dish in the same proportion and placed in a CO,
incubator. Cell growth in the petri dish was observed daily,
and passage and follow-up experiments were conducted
when the cell confluence reached 80%.

2.2.2 Cell culture and grouping

HepG2 cells were cultured in DMEM supplemented with
10% fetal bovine serum at 37°C and 5% CO, for 3 days, after
which the cells were digested and passaged upon reaching
80-90% confluence. These cells were subsequently resusci-
tated and passed on to the third generation of stable
growth. The low-dose group was treated with TPL at a
concentration of 0.02 uM, the medium-dose group with
0.05 uM, and the high-dose group with 0.10 uM. The blank
control group received a TPL concentration of 0.00 uM,
while an additional group was treated with TPL at 0.10 uM
in combination with 10 ng/mL of TGF-B1. In this study, TPL
was initially dissolved in the organic solvent dimethyl sulf-
oxide (DMSO) before being diluted into the culture medium.

2.3 Observation indicators

2.3.1 Detection of cell proliferation by methyl thiazolyl
tetrazolium (MTT) method

Cells were processed 48h post-transfection. They were
gently washed twice with PBS to remove the old culture
medium and other impurities, followed by the addition of
0.5mL of 0.25% trypsin solution to each well to detach the
cells from the culture surface. Once the cells were fully
detached, the culture plate was gently tapped or the cell
suspension was pipetted to achieve uniform dispersion.
Subsequently, 10 uL of medium containing 5 mg/mL methyl
thiazolyl tetrazolium (MTT) solution was added to each
well. The cells were incubated at 37°C in a 5% CO, atmo-
sphere for 4 h. After incubation, the supernatant was care-
fully aspirated, and 150 uL of DMSO was added to each well
as a stop solution. The culture plate was gently shaken at
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room temperature for 10 min to ensure uniformity of the
solution. The absorbance of each well was measured at
490 nm using a microplate reader and the data were recorded
and analyzed.

2.3.2 Detection of apoptosis rate of cells by flow
cytometry

Cells from all four groups were collected 24h post-drug
treatment and gently washed once with PBS to remove
culture medium and other impurities. Trypsin was used
to digest the cells, allowing them to detach from the culture
surface. The cell suspension was collected and centrifuged,
and the supernatant was discarded. The cells were resus-
pended in PBS and centrifuged again, with the supernatant
discarded. The cells were fixed in 70% ice-cold ethanol to
achieve a final concentration of approximately 1 x 10° cells/mL
and fixed for 1h. Following fixation, the cell suspension was
centrifuged at 1,500 rpm for 5 min, and the supernatant was
discarded. The cells were resuspended in 0.5 mL of PBS and
centrifuged again, discarding the supernatant. They were
then resuspended in 0.5mL of PBS and treated with RNase
to a final concentration of 100 pug/mL. The cell suspension was
incubated in a 37°C water bath for 30 min to degrade ribonu-
cleic acid (RNA), thereby preventing interference with propi-
dium iodide (PI) staining used for apoptosis detection. After
incubation, the cell suspension was centrifuged, and the
supernatant was discarded. The cells were resuspended in
0.5mL of PBS, and PI was added to a final concentration of
50 pg/mL. The cell suspension was then incubated in the dark
at 4°C for 30 min to allow sufficient PI uptake into the cell
nuclei and binding to deoxyribonucleic acid. A flow cyt-
ometer (Attune CytPix) was used for analysis, calibrated
and set according to the manufacturer’s instructions. The
stained cell suspension was analyzed using the flow cyt-
ometer, and the fluorescence signal of PI was detected using
the FL2 channel (585/42 nm bandpass filter). At least 10,000
cell events were collected, and the fluorescence intensity dis-
tribution for each sample was recorded, followed by data
analysis using the accompanying software. Appropriate
gating was established to distinguish different phases of
the cell cycle (such as GO/G1, S, and G2/M phases). The
apoptosis rate was calculated based on the proportion
of the sub-G1 peak.

2.3.3 Protein expression in western blot experimental
cells

HCC cells were stably transfected during the logarithmic
growth phase using standard culture methods. The cells in
the culture flask were gently washed with PBS to remove
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old culture medium and other impurities. The culture flask
was then placed on ice for 15 min to facilitate cell detach-
ment. A cell scraper was used to gently detach the cells
from the culture surface.

The cell fragments and lysis buffer were transferred to
1.5 mL microcentrifuge tubes. Centrifugation was performed
at 4°C, and the supernatant was carefully aspirated while
discarding the pellet. To the residual protein extract, one
volume of 4x concentrated sample buffer (5x) was added
and mixed thoroughly. The mixture was then boiled in
water for 10 min to denature the proteins. Following this,
the centrifuge was set to 12,000 rpm at room temperature
and centrifuged for 5min. The supernatant was collected
and stored at —20°C for future use. The protein concentra-
tion of the obtained extracts was quantified using a bicinch-
oninic acid (BCA) protein assay kit. Based on the protein
quantification results, the concentrations of each sample
were adjusted to a consistent level, typically 20-30 ug of total
protein per well. An appropriate amount of sample buffer
was added, mixed, and then boiled again for 5min. A 10 or
12% sodium dodecyl sulfate-polyacrylamide gel electrophor-
esis gel was prepared. Samples were loaded into the gel
wells, along with pre-stained or unstained protein markers as
molecular weight standards. Electrophoresis was performed
until the bromophenol blue tracking dye reached the bottom
of the gel. The membrane was blocked with 5% non-fat dry milk
or BSA in Tris-buffered saline with Tween (TBST) for 1h to
reduce nonspecific binding. Following the dilution ratios speci-
fied in the antibody protocols, the membrane was incubated
overnight at 4°C with primary antibodies against JAK1, p-JAK,
STAT3, p-STATS3, Bcl-2, Bax, Caspase-9, Caspase-3, and p-actin (as
aloading control). The membrane was washed three times with
TBST for 5-10 min each time to remove unbound primary anti-
bodies. Afterward, corresponding HRP-conjugated secondary
antibodies were added according to the dilution ratios recom-
mended in the antibody protocols, and the membrane was
incubated at room temperature for 1h. The membrane was
washed three times with TBST for 5-10 min each time to
remove unbound secondary antibodies. The protein concentra-
tions of the obtained samples were quantified using a BCA
protein assay kit (Shanghai Fusheng Industrial Co., Shanghai,
China). The gray values of each target protein band were mea-
sured and normalized to the p-actin band. The relative expres-
sion levels among different groups were calculated.

2.3.4 Detection of Caspase-3/9 activity by colorimetric
assay

The cells in the culture flask were washed with PBS solu-
tion and placed on ice for 15 min for lysis. After the cells in
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the culture flask were scraped and lysed, the cell debris
was further transferred to a 1.5 mL Eppendorf tube with the
lysate, and following the instructions on the kit, Caspase-3/9
activities were detected.

2.4 Statistical analysis

Data were analyzed using SPSS version 28.0 statistical soft-
ware. The Shapiro-Wilk test was employed to assess the
normality of the data distribution. Normally distributed
data are presented as mean + standard deviation (x t9),
while non-normally distributed data are reported as med-
ians (interquartile ranges). For normally distributed data,
one-way analysis of variance (ANOVA) was used to com-
pare group differences, followed by post hoc comparisons
using the least significant difference method. Non-normally
distributed data were analyzed using the Kruskal-Wallis
rank sum test to compare differences among groups, with
a significance threshold set at P < 0.05.

3 Results

3.1 TPL inhibits the proliferation of HCC cells

The cell proliferation inhibition effect in each dose group
of TPL was reduced than in the control group, and the
inhibition rate of cell proliferation increased with the
increase of TPL dose (P < 0.05) (Table 1).

3.2 TPL promotes apoptosis in HCC cells
TPL groups had a higher apoptosis rate than those in the

control group, and as the TPL dose increased, the apoptosis
rate also increased (P < 0.05) (Table 2).

Table 1: OD values of cell proliferation in different groups (X t s)
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Table 2: Apoptosis rate among different groups (X + s)

Group Apoptosis rate (%)
Control 2.25+0.36

0.02 yM TPL 6.52 + 1.65°

0.05 pM TPL 11.23 + 3.63%°

0.10 pM TPL 17.58 + 4.21°¢

F 753.85

P <0.001

Note: F refers to the F statistic in the ANOVA, X + s indicates mean +
standard deviation. The notation a denotes significance compared to the
control group (P < 0.05), b indicates significance compared to the
0.02 pM TPL group (P < 0.05), and c signifies significance compared to
the 0.05 pM TPL group (P < 0.05).

3.3 TPL inhibits the expression of p-JAK1 and
p-STAT3 proteins

In each dose group of TPL, p-JAK1 and p-STAT3 protein expres-
sions were lower than those in the control group, and decreased
with the increase of TPL dose (P < 0.05) (Figure 1).

3.4 TGF-B1 on the apoptosis rate and JAK/
STAT pathway-related protein
expression

The expression of P-JAK1 and P-STAT3 proteins in the
0.10 yM TPL + 10 ng/mL TGF-B1 group was lower than
that in the 0.10 uM TPL group (P < 0.05) (Table 3).

3.5 Apoptosis-related protein expression in
different groups

In each dose of TPL, Bax and Caspase-9 protein levels were
higher than that in the control group, while Bcl-2 and

Group Dosage (pM) 24h 48 h 72h

Control 0 0.32 + 0.07 0.57 + 0.04 0.92 + 0.07
0.02 uM TPL 0.02 0.27 £ 0.05° 0.45 + 0.05% 0.58 + 0.03°
0.05 uM TPL 0.05 0.17 £ 0.03% 0.23 + 0.03%° 0.27 £ 0.05®°
0.10 uM TPL 0.10 0.05 + 0.027° 0.07 + 0.02%¢ 0.09 + 0.023¢
E 181.782 109.06 524.56

P <0.001 <0.001 <0.001

Note: F refers to the F statistic in the ANOVA, X + s indicates mean + standard deviation. The notation a denotes significance compared to the control
group (P < 0.05), b indicates significance compared to the 0.02 uM TPL group (P < 0.05), and c signifies significance compared to the 0.05 uM TPL

group (P < 0.05).
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Figure 1: Expression levels of JAK/STAT signaling pathway-related proteins in different groups (a indicates significance compared to the control group,
P < 0.05; b indicates significance compared to the 0.02 uM TPL group, P < 0.05; c indicates significance compared to the 0.05 uM TPL group, P < 0.05).

Caspase-3 protein levels were lower. With the increase of 4 Discussion
TPL dose, the protein of Bax and Caspase-9 increased,
while the Bcl-2 and Caspase-3 protein were decreased TPL, a diterpene tricyclic oxide purified from T. wilfordii

(P < 0.05) (Figure 2).

Table 3: TGF-B1 on the apoptosis rate and the expression of JAK/STAT pathway-related proteins (X + s)

Hook F, a medicinal plant used to treat inflammatory

Group Apoptosis rate (%) JAK1 p-JAK1 STAT3 p-STAT3
Control — 112+ 0.12 2.56 £ 0.21 1.08 + 0.18 2.26 £ 0.24
0.10 uM TPL 17.58 + 4.21 1.03 + 0.07 1.23+0.22 111+ 0.13 114 + 0.15
0.10 uM TPL + 10 ng/mL TGF-B1 8.65 + 2.37 1.08 £ 0.1 1.56 + 0.17 1.09 £ 0.14 1.67 £ 0.23
F 5.563 0.257 2.678 0.135 4.356

P <0.001 0.457 <0.001 0.864 <0.001

Note: F refers to the F statistic in the ANOVA, X + s indicates mean + standard deviation. The notation a denotes significance compared to the control
group (P < 0.05), b indicates significance compared to the 0.02 uM TPL group (P < 0.05), and c signifies significance compared to the 0.05 pM TPL

group (P < 0.05).
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Figure 2: Expression levels of apoptosis-related proteins in different groups (a indicates significance compared to the control group, P < 0.05; b
indicates significance compared to the 0.02 pM TPL group, P < 0.05; c indicates significance compared to the 0.05 pM TPL group, P < 0.05.).

diseases, and is effective in inhibiting a variety of cancer
cell lines, including HCC and colorectal cancer [9]. TPL
inhibits mRNA transcription by targeting transcription fac-
tors XPB and RNA Pol II. RNA polymerase II’s largest sub-
unit, Rpbl, is degraded by TPL. At the same time, TPL
destroys nucleolar integrity and inhibits ribosomal RNA
transcription mediated by Pol 1. Therefore, TPL can be
used as an inhibitor of Pol I and Pol II [10]. In related studies,
TPL inhibits the HCCMHCC-97H cells invasion and tumori-
genesis [11]. Some studies noted that TPL significantly inhi-
bits miR-17-92 and miR-106b-25, leading to the upregulation
of their common target genes, BIM, PTEN, and p21. c-Myc is
necessary for the inhibition of these miRNAs in HCC sam-
ples, resulting in increased cell death induced by TPL. Addi-
tionally, TPL downregulates c-Myc expression by targeting
ERCC3, a protein that binds to TPL. The regulation of the c-
Myc/miRNA cluster/target gene axis by TPL enhances its
antitumor activity, suggesting that TPL could be an effective

anticancer agent for liver cancer [12]. In this study, the inhi-
bition rate of cell proliferation in each TPL dose group was
lower than that in the control group, and this effect depended
on the increased dosage of TPL, consistent with previous
studies.

There is an important role for JAK/STAT signaling in
cell proliferation, stem cell maintenance and differentia-
tion, and regulation of immune/inflammatory response
[13]. It is reported that JAK/STAT signal transduction can
regulate gluconeogenesis and liver regeneration [14]. JAK is
activated during ligand-induced conformational changes
of the receptor, establishing docking sites for transcrip-
tional activator family (STAT). The STAT protein is phos-
phorylated by JAK, activated to form a dimer, and then
transferred to the nucleus after binding to the receptor.
Consequently, the STAT dimer recognizes and binds spe-
cific promoter sequences to activate transcription of its
target genes, CCND1, BIRC5, and Mcl-1 [15]. Studies have
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shown that the JAK/STAT pathway is usually altered in
cancer, including HCC. In up to 60% of cases of HCC,
STATS3 is constitutively active. JAK/STAT signal is upregu-
lated by inflammation, and epigenetic silencing of SOCS
gene [16]. Abnormal activation contributes to the develop-
ment and progress of HCC [17]. The progression of the cell
cycle from the G1 phase to the S phase is accelerated in cells
with constitutively activated STAT3. An inhibition of the
JAK2/STAT3 pathway could significantly suppress CCND1
expression and arrest the growth of HCC cells in G0/G1
[18]. The introduction of STAT3-specific short hairpin RNA
into diethylnitrosamine-induced HCC mouse models can
inhibit tumor progression as well, indicating the carcino-
genic role of STAT3 in HCC. This study found that the expres-
sion levels of p-JAK1 and p-STAT3 proteins in all TPL dose
groups were lower than those in the control group, and the
expression of p-JAK1 and p-STAT3 decreased with increasing
TPL dosage. This indicates that TPL exerts a significant dose-
dependent inhibitory effect on the expression of p-JAK1 and
P-STAT3 in HCC cells. Specifically, as the concentration of
TPL increases, the phosphorylation levels of p-JAK1 and
p-STAT3 gradually decrease, suggesting that TPL effectively
inhibits the activation of the JAK/STAT signaling pathway.
These results imply that TPL may interfere with the phos-
phorylation processes of JAK1 and STATS3, thereby blocking
downstream signal transduction in this pathway, which in
turn suppresses tumor cell proliferation and promotes apop-
tosis. This dose-dependent inhibitory effect further supports
the feasibility of TPL as a potential anticancer drug. Previous
studies have also reported similar findings, demonstrating
that TPL inhibits the JAK/STAT pathway in various cancer
models and exhibits robust anticancer activity in both in vivo
and in vitro experiments [19]. Our findings are consistent with
these previous results, further confirming the potential of TPL
in the treatment of HCC and providing important theoretical
support for the future development of novel anticancer stra-
tegies based on the JAK/STAT pathway.

In the high-dose TPL group, the addition of trans-
forming growth factor-beta (TGF-B) reduced apoptosis and
increased the expression of p-JAK1 and p-STAT3, revealing a
complex interaction between TPL and TGF-B. TGF-f is a
multifunctional cytokine that typically exerts anti-cancer
effects in the early stages but may promote tumor progres-
sion in certain contexts. By activating the JAK/STAT sig-
naling pathway, TGF-B may counteract the inhibitory effects
of TPL on these pathways, thereby diminishing TPL-induced
apoptosis. This interaction suggests that TGF-f may protect
cells from TPL-induced apoptosis by upregulating the JAK/
STAT signaling pathway. This finding has significant impli-
cations for the therapeutic use of TPL, indicating that the
levels of TGF-B and its impact on signaling pathways should
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be considered in clinical applications. Furthermore, it sug-
gests that combining TPL with other agents that can inhibit
TGF-B or the JAK/STAT pathway may enhance its anticancer
effects, providing new directions for the development of
more effective treatment strategies. Further investigation
into this interaction will contribute to optimizing TPL dosing
regimens and improving its efficacy in the treatment of HCC
and other cancers.

This study found that TPL not only exerts a significant
dose-dependent inhibitory effect on the JAK1/STAT3 sig-
naling pathway but also promotes apoptosis in HCC cells
by regulating the Bax/Bcl-2 ratio and activating Caspase-3/9.
Specifically, as the concentration of TPL increases, the
expression level of the pro-apoptotic protein Bax rises,
while the expression level of the anti-apoptotic protein
Bcl-2 decreases, leading to a significant increase in the
Bax/Bcl-2 ratio. This change disrupts mitochondrial mem-
brane stability, facilitating the release of cytochrome c into
the cytoplasm, which subsequently activates Caspase-9 and
triggers the activation of downstream effector Caspase-3,
ultimately inducing apoptosis. These results indicate that
TPL promotes programmed cell death in HCC cells by
regulating the Bax/Bcl-2 ratio and activating the Caspase
cascade. This mechanism aligns with the classical mitochon-
drial apoptosis pathway, further supporting TPL’s role as a
potential anticancer drug and providing a solid biological
foundation for its application in HCC treatment. Previous
studies have also reported similar findings, demonstrating
that TPL can induce apoptosis in various cancer cells by
affecting Bcl-2 family proteins and Caspase activity [20].
Our results are consistent with these findings, further vali-
dating the multifunctionality and broad applicability of TPL
in cancer therapy.

To sum up, TPL can effectively inhibit hepatoma cell
proliferation and promote cancer cell apoptosis, and exert
its anti-hepatoma effect, and inhibiting JAK1/STAT3 sig-
naling may activate apoptosis-related pathways.

5 Conclusion

This study systematically evaluated the effects of TPL on
the proliferation and apoptosis of HepGz2 liver cancer cells,
revealing a significant dose-dependent effect of TPL in inhi-
biting cell proliferation and promoting apoptosis. The results
showed that the cell proliferation inhibition rate in the TPL
treatment groups increased with higher dosages, while the
apoptosis rate also rose significantly. Additionally, TPL upre-
gulated the activity of the pro-apoptotic proteins Bax and
Caspase-3/9, while downregulating the expression of the
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anti-apoptotic protein Bcl-2, further confirming its role in
inducing cell death via the mitochondrial apoptosis pathway.
In the high-dose TPL group, the addition of TGF-B resulted in
reduced apoptosis and increased expression of p-JAKI and
P-STAT3 proteins, suggesting that TGF-f may partially coun-
teract the anticancer effects of TPL by activating the JAK/STAT
pathway. These findings not only highlight the efficacy and
multifunctionality of TPL as a potential anti-liver cancer drug
but also elucidate its mechanisms involving the inhibition
of the JAK1/STAT3 signaling pathway and the activation of
apoptosis-related pathways. Future studies should further
explore the interactions between TPL and other signaling
pathways, considering the combination of TPL with other tar-
geted therapies to optimize treatment regimens. Furthermore,
these results provide important theoretical support for the
development of novel anticancer strategies based on the
JAK/STAT pathway and offer new directions for clinical
applications.
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