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Triptonide inhibits growth and metastasis in HCC by suppressing EGFR/PI3K/
AKT signaling 
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Liver cancer represents one of the deadliest cancers, with a rising incidence worldwide. Triptonide is found in the tradi-
tional Chinese medicinal plant Tripterygium wilfordii Hook. This study aimed to examine the anticancer properties of 
triptonide in human hepatocellular carcinoma (HCC). HCC cells were administered with triptonide at various levels, and 
CCK-8 and colony formation assays were carried out for detecting HCC cell proliferation. Then, cell apoptosis and cell cycle 
distribution were evaluated by flow cytometry. Tumor growth was monitored noninvasively by ultrasound imaging. Cell 
migration and invasion were quantitated by wound healing and Transwell assays. A metastasis model was established via tail 
vein injection of HCC cells in nude mice. Immunoblot was performed to quantitate the expression of proteins involved in 
the EGFR/PI3K/AKT signaling and its downstream effectors. Triptonide repressed cell proliferation and induced cell cycle 
arrest and apoptosis in cultured HCC cells, and suppressed tumor growth in vivo. In addition, triptonide inhibited EMT, 
migration and invasion in cultured HCC cells, and lung metastasis in nude mice. Mechanistically, triptonide acted by inhib-
iting the EGFR/PI3K/AKT signaling and regulated its downstream effectors, e.g., the cell cycle-associated protein cyclin 
D1, the apoptosis-related protein Bcl-2, the EMT marker E-cadherin, and the invasion-related protein MMP-9. Triptonide 
suppresses proliferation, EMT, migration and invasion, and promotes apoptosis and cell cycle arrest by repressing the EGFR/
PI3K/AKT signaling. Therefore, triptonide might be considered for liver cancer treatment.

Key words: triptonide; hepatocellular carcinoma; EGFR; tumor growth; tumor metastasis

Liver cancer represents one of the deadliest cancers, with 
rising incidence worldwide [1]. For all stages combined, 
5-year patient survival in liver cancer is only 20%, i.e., the 
second lowest among all cancers; hepatocellular carci-
nomas (HCCs) comprise 75–85% of primary liver cancers 
[2, 3]. Conventional cancer therapeutic strategies, including 
surgery, chemotherapy, and radiotherapy, exert unsatisfac-
tory anticancer effects and/or are highly toxic. In addition, 
most HCC cases have cirrhosis, with diagnosis commonly 
made at the middle or late stage, leading to a low surgical 
resection rate [4]. Currently, sorafenib, a multiple tyrosine 
kinase inhibitor, is widely utilized for treating advanced 
HCC, but its effectiveness rate is lower than 20% and the 
survival of HCC patients increases by merely a few months 
due to severe adverse events and drug resistance [5]. There-
fore, developing new and more efficient agents for HCC 
treatment is imperative.

Natural products attract increasing attention as a rich 
source for discovering antitumor compounds and have 

been applied in alternative medicine for millennia to treat 
diverse human health conditions. Triptonide (TN) is a small 
molecule compound with the molecular formula C20H22O6 
and a molecular weight of 358.39 Da, which is produced 
by the Chinese plant Tripterygium wilfordii Hook [6]. TN 
strongly inhibits many pathological conditions, including 
inflammation and malignant tumors. A recently published 
report revealed that TN potently suppresses myeloid 
leukemia, prostate cancer, pancreatic cancer, lung cancer, and 
breast cancer cells [7–11]. In human nasopharyngeal carci-
noma, TN inhibits tumor cell growth by disrupting lncRNA 
THOR-IGF2BP1 signaling [12]. In addition, TN suppresses 
the malignant potential of lung cancer cells by inhibiting 
Shh-Gli1 signaling [7]. However, TN has not been examined 
for its effects on HCC progression.

Epidermal growth factor receptor (EGFR) is expressed 
on cells and interacts with the epidermal growth factor. 
Abnormal activation of EGFR is associated with a variety of 
tumors. EGFR expression is high in 40–70% of HCC tissues, 
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and several reports have shown EGFR promotes tumor cell 
proliferation and metastasis [13]. E-cadherin/β-catenin 
complex destabilization is a way for EGFR activation that 
alters cell-cell adhesion, by which EGFR promotes EMT 
progression for a motile phenotype [14].

In this work, we first found that TN inhibited HCC growth 
and progression. We demonstrated that TN suppressed 
proliferation, EMT, migration and invasion, and induced 
apoptosis and cell cycle arrest by repressing the EGFR/PI3K/
AKT signaling. This study provides a novel strategy for HCC 
growth and metastasis inhibition and offers a novel candidate 
drug for HCC treatment.

Materials and methods

Cells and reagents. HCCLM3 and Huh7 cells were from 
the Institute of Chinese Academy of Science, China. HepG2 
cells were from the American Type Culture Collection 
(USA). The above HCC cells underwent culture in Dulbec-
co’s modified Eagle’s medium (DMEM) containing 10% fetal 
bovine serum (FBS) and 1% antibiotic cocktail at 37 °C with 
5% CO2. Triptonide was provided by Solarbio Science & 
Technology (China) (The purity was ≥98% as assayed with 
HPLC) and dissolved in DMSO to 5 mM before further 
dilutions with the medium. The primary antibodies used 
to detect p-EGFR (#3777), EGFR (#4267), p-AKT (#4060), 
AKT (#4691), E-cadherin (#3195), N-cadherin (#13116), 
Vimentin (#5741), and cleaved PARP (#5625) were provided 
by Cell Signaling Technology (USA). p-PI3K (ab182651) 
was provided by Abcam (UK). Antibodies targeting Bcl-2 
(Cat. No. 12789-1-AP), Cyclin D1 (Cat. No. 60186-1-Ig), and 
β-actin (Cat. No. 66009-1-Ig) were provided by Proteintech 
Group (China).

Proliferation assays. For the CCK-8 assay, 2–5×103 HCC 
cells/well were seeded in a 96-well plate and incubated with 
or without TN for 24 h, 48 h, and 72 h. At 1 to 3 days, the 
CCK-8 solution (Saint-Bio, China) was added as directed 
by the manufacturer, followed by incubation at 37 °C for 2 h. 
Finally, optical density at 450 nm was read on a spectropho-
tometer.

Colony formation assay. HCCLM3, HepG2, and Huh7 
cells underwent seeding in culture dishes at 0.5×103/dish 
for a 24 h culture. After culture medium aspiration, fresh 
medium with different doses of TN was added for further 
culture at 37 °C for 24 h. Then, the supernatants were 
replaced with 2 ml DMEM with 10% FBS, and the cells 
were cultured until visible cell colonies were formed. After 
crystal violet staining, colony count was performed under a 
light microscope.

Apoptosis assessment. HCC cells were harvested after TN 
treatment for 48 h. After washing, cells underwent succes-
sive incubations with Annexin V-FITC (10 μl, 15 min) and 
propidium iodide (PI; 5 μl, 5 min shielded from light). Next, 
400 μl of PBS was added per sample, and flow cytometry was 
used to analyze the samples (Beckman Coulter).

Cell cycle assay. HCC cells were administered TN (30 nM) 
for 48 h and underwent fixation. Subsequently, the cells were 
submitted to RNase digestion and PI staining, before cell 
cycle analysis by flow cytometry.

Wound-healing assay. HCC cells seeded in a 6-well plate 
were cultured to confluence. Then, a 200 μl pipette tip was 
utilized for wound generation. Cells were then treated with 
mitomycin (20 μg/ml) for 30 min. After 2 PBS washes, they 
were subsequently incubated with a medium with or without 
TN. The cells were imaged at 24 h and 48 h with an inverted 
digital camera.

Transwell assay. Transwell cell migration and invasion 
assays were carried out in Transwell plates with or without 
Matrigel-coated membranes (8 μm) (BD Biosciences, USA). 

HCC cells (2×104) in DMEM with no FBS were added to 
the superior compartment of a Transwell. DMEM (800 µl) 
with 10% FBS was placed in the inferior compartment. The 
samples were incubated for 48–72 h, and HCC cells on the 
upper surface of the filters were removed and washed with 
PBS. Those that traversed the membrane underwent fixation 
with methanol and staining with 0.5% crystal violet. The 
migratory and invasive abilities of HCC cells were analyzed 
by microscopy and expressed as ratios relative to untreated 
cells. Triplicate assays were performed thrice independently.

Immunoblot. Cell lysis was carried out with RIPA lysis 
buffer with protease and phosphatase inhibitors. Protein 
concentration was assessed with the BCA protein assay kit 
(Beyotime Institute of Biotechnology, China). Total protein 
underwent separation by SDS-PAGE, followed by electro-
transfer onto nitrocellulose membranes (Pall Corpora-
tion, USA). After blocking with 5% skimmed milk, each 
membrane underwent successive incubations with primary 
(overnight, 4 °C) and secondary (1 h at ambient tempera-
ture) antibodies. An infrared imaging system (Odyssey NIR, 
LI-COR, USA) was used for visualization.

Animal studies. Four-to-six-week-old male BALB/c nude 
mice, purchased from Charles River (China), underwent 
housing under specific pathogen-free conditions. HCCLM3 
cells (4×106/ml, 200 μl) were administered by subcutaneous 
injection to the left flank of mice. When tumors reached 
about 100 mm3, the animals were randomized into two 
groups: normal saline and TN injection groups (n=4). Corre-
sponding injections (5 mg/kg) were performed every 2 days 
[7, 15, 16]. Ultrasound imaging, including B-mode imaging 
and CDFI, was used to monitor tumor growth at 0, 7, and 
14 days after TN treatment. A metastasis model was estab-
lished via tail vein injection of 4×106 HCCLM3 cells in nude 
mice (4 animals/group). At 7 weeks, nude mice were sacri-
ficed, and their lungs were resected and fixed. Animal experi-
ments had approval from the Institutional Animal Care and 
Use Committee of Harbin Medical University and followed 
current guidelines.

Statistical analysis. GraphPad Prism 7 (GraphPad 
Software, USA) and SPSS 16.0 (IBM, USA) were utilized for 
data analysis. Data are mean ± standard deviation (SD) and 
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were compared by the Student’s t-test or ANOVA. A p-value 
<0.05 indicated statistical significance.

Results

TN inhibits proliferation in HCC cells in vitro. We first 
investigated whether TN affects viability in HCC cell lines 
including HCCLM3, HepG2, and Huh7 cells, and the normal 
hepatic cell line L02. In this respect, increasing concentra-
tions of TN (0–100 nM) were used to treat HCC cells for 
24 h to 72 h, followed by cell viability evaluation with CCK-8 
assay. As depicted in Figure 1A, TN inhibited the viability of 
the 3 HCC cell lines; while an antitumor effect for TN was 
not notable at 24 h, TN mainly played a role after 48 h. The 
50% inhibitory concentrations (IC50s) of TN in HCCLM3, 
HepG2, and Huh7 cells were about 66.97 nM, 46.63 nM, 
and 70.58 nM at 48 h, respectively. However, TN had no 
obvious effect on L02 cells (Figure 1B). Colony formation 
assays also demonstrated the antiproliferative effect of TN on 
HCC cells, and the numbers and sizes of colonies gradually 
decreased with increasing concentrations in all 3 HCC cell 
lines (Figures 1C, 1D).

TN induces cell cycle arrest and apoptosis in cultured 
HCC cells. Cell cycle arrest and apoptosis are two main factors 
that inhibit proliferation; hence, flow cytometry was further 
applied to evaluate TN’s effect on the cell cycle distribution 
and apoptosis. Statistical analysis indicated that the propor-
tions of apoptotic HCCLM3, HepG2, and Huh7 cells upon 
TN treatment were elevated in comparison with control cells 
at 48 h (Figures 2A, 2B). To identify the proteins contributing 
to apoptosis induction in TN-treated cells, Bcl-2 and cleaved 
PARP protein amounts were determined by immunoblot. 

The amounts of Bcl-2, known as an antiapoptotic factor, were 
markedly reduced by TN, dose-dependently, while cleaved 
PARP levels were increased (Figure 2C).

The cell cycle machinery is considered an important 
diagnostic and therapeutic target in malignancies, and its 
dysregulation results in abnormal cell division characterizing 
all cancers [17]. Cell cycle arrest induces apoptotic cell death. 
Cell cycle assays showed that G1 phase arrest occurred in all 
three HCC cells upon TN administration, and the cell propor-
tions in the S and G2 phases were reduced. The percentages 
of HCC cells were elevated in the G1 phase (Figures 2D–2F). 
Based on the results of flow cytometry analysis, Cyclin D1 
was detected by immunoblot. As depicted in Figure 2G, 
Cyclin D1 protein amounts were decreased after TN treat-
ment, dose-dependently. These results reveal that TN may 
suppress HCC cell proliferation by arresting cells at the G1 
phase. The above findings jointly demonstrated TN inhibits 
HCC cell proliferation via apoptosis and cell cycle arrest.

TN suppresses HCC tumors in vivo. To determine the 
in vivo effect of TN on HCC, nude mice with experimental 
HCC were administered TN (5 mg/kg) for 14 days. Tumors 
were monitored noninvasively by ultrasound imaging, 
including B-mode imaging and CDFI. Tumor sizes were 
reduced in the TN-treatment group compared with control 
animals. Blood vessels formed stably in control mice at 
14 days, while blood vessel formation was not obvious in 
TN-treated mice (Figure  3A). After TN treatment comple-
tion, subcutaneously transplanted tumors were removed and 
measured using Vernier calipers. Tumor growth was reduced 
after TN treatment in comparison with control animals, as 
reflected by tumor volumes and weights (Figures 3B–3D). To 
further investigate the in vivo antiproliferative effect of TN, 

Figure 1. TN inhibits proliferation in cultured HCC cells. A) HCCLM3, HepG2, and Huh7 cell viability was assessed with CCK-8 assay. B) L02 cell vi-
ability was assessed with CCK-8 assay. C) Colony formation assay was carried out for assessing TN’s suppressive effect on cell proliferation. D) Colony 
formation rates of HCC cells after treatment with TN. Assays were performed thrice independently. Data are mean ± SD. *p<0.05, **p<0.01, ***p<0.001 
vs. control group
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cells both at 24 h and 48 h (Figures 4A, 4B). Migratory and 
invasive abilities were also evaluated by Transwell assays 
without and with Matrigel coating, respectively. As depicted 
in Figures 4C and 4D, migratory and invasive abilities in these 
cells were both inhibited in TN treatment groups. In addition, 
the expression of MMP-9, a critical matrix metalloproteinase, 
was assessed. Immunoblot revealed MMP-9 expression was 
decreased dose-dependently. EMT is a pivotal develop-
mental regulatory program that promotes tumor migration 
and invasion in epithelium-derived carcinomas. Therefore, 
we then determined whether TN inhibits HCC proliferation, 
migration, and invasion via EMT. Typical EMT biomarkers, 
i.e., E-cadherin, N-cadherin, and Vimentin, were examined. 
As depicted in Figure 4E, E-cadherin protein amounts were 
elevated, while N-cadherin and Vimentin protein levels were 
reduced in TN-treated cells. This finding indicated that TN 

we evaluated the expression of Ki-67, which is a biomarker 
of cell proliferation, in xenografts by immunohistochem-
ical staining. Ki-67-positive cells were overtly fewer in 
TN-treated tumors in comparison with control tumors. The 
TUNEL assay was further carried out to demonstrate TN’s 
effect on apoptosis; indeed, there were more apoptotic cells 
in TN-treated tumors in comparison with control animals 
(Figures 3E–3G). Hematoxylin and eosin (H&E) staining 
demonstrated that TN treatment did not cause obvious 
necrosis in major organs from mice including the heart, liver, 
spleen, lung, and kidney (Figure 3H).

TN inhibits migration and invasion abilities in HCC in 
vitro and in vivo. To examine TN’s effects on cell motility, 
HCCLM3, HepG2, and Huh7 cells were administered with 
20 nM TN. Wound healing assays revealed that TN decreased 
the cell migration abilities of HCCLM3, HepG2, and Huh7 

Figure 2. TN induces apoptosis and cell cycle arrest in cultured HCC cells. A) Apoptosis was examined in HCC cells administered TN at various 
amounts. B) Percentages of apoptotic cells upon TN administration. C) Bcl-2 and cleaved PARP protein amount determined by immunoblot, nor-
malized to β-actin expression. D–F) Flow cytometry assessment of cell cycle distribution in HCC cells administered TN. G) Amounts of cell cycle-
associated proteins, determined by immunoblot, normalized to β-actin expression. Assays were performed thrice independently. Data are mean ± SD. 
**p<0.01, ***p<0.001 vs. control group



98 Hao ZHANG, et al.

repressed HCC cell growth and metastasis through EMT. To 
further assess TN’s effect on metastasis in vivo, HCCLM3 
cells were administered by tail vein injection into nude 
mice. After the seventh week of treatment, mice under-
went euthanasia, and lungs were extracted. H&E staining 
revealed fewer and smaller lung metastases after TN treat-
ment in comparison with control animals (Figures 4F, 4G).

TN inhibits HCC by repressing EGFR/PI3K/AKT 
signaling. Because the EGFR system controls HCC occur-
rence and progression, we examined the expression of 
EGFR and its phosphorylated form (p-EGFR) and found 
p-EGFR expression was downregulated; to some extent, 
total EGFR was decreased by TN at 80 nM. As a major 
downstream signaling pathway, PI3K/AKT effectors were 

Figure 3. TN inhibits the growth of HCC tumors in mice. HCCLM3 cells were administered by subcutaneous injection into the left flank of the animals. 
During TN treatments for 2 weeks, all tumors in mice were observed by US (A). B) Photographs of excised tumors at 14 days of treatment. C) Tumor 
volumes and D) tumor weights were assessed. E) Expression of Ki-67 in xenografts, determined immunohistochemically, and TUNEL assay data (scale 
bar: 100 μm). F, G) corresponding statistical results. Assays were performed thrice independently. Assays were performed thrice independently. Data 
are mean ± SD. *p<0.05, **p<0.01 vs. control group. H) H&E staining of the major organs including the heart, liver, spleen, lung, and kidney from 
tumor-bearing mice treated without/with TN (scale bar: 100 μm).
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Figure 4. TN suppresses migration and invasion in HCC cells in vitro and in vivo. A, B) Representative micrographs and quantification of the wound-
healing assay for HCC cells of various groups. C, D) Representative micrographs and quantification of HCC cell migration and invasion by Transwell 
assays. E) MMP-9, E-cadherin, N-cadherin and Vimentin protein amounts examined by immunoblot in HCC cells. F) Holistic view and H&E staining 
of lungs from the established mouse metastasis model. Representative images of lung tissues are shown in the left panel. The respective H&E staining 
data of metastatic lung foci are depicted in the right panel. Scale bar = 100 μm. G) Number of metastatic lung nodules for various groups. Data are 
mean ± SD from three experiments performed independently. *p<0.05, **p<0.01, ***p<0.001 vs. control group
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assessed by immunoblot. TN inhibited p-PI3K and p-AKT 
amounts (Figures 5A, 5B). The above findings indicated TN 
may inhibit HCC proliferation, migration, and invasion via 
EGFR/PI3K/AKT signaling suppression.

Discussion

TN represents a phenolic substance that was first reported 
in Tripterygium wilfordii Hook in the early 1990s. TN has been 
attributed to anti-inflammatory and antitumor properties 
by previously published reports. It exerts antitumor effects 
by modulating some tumor-associated signaling pathways. 
Here, TN decreased viability and induced apoptosis and cell 
cycle arrest in HCC cells, and inhibited growth and metas-
tasis in vivo, at least partly, by suppressing EGFR/PI3K/AKT 
signaling.

Here, we showed that TN inhibited HCC cell prolifera-
tion dose- and time-dependently, with IC50s lower than 
100 nM in all examined HCC cells, which were starkly 
lower than those of sorafenib, a clinically targeted drug 
used for HCC [18]. Multiple reports have demonstrated 
cell cycle arrest and apoptosis suppress cell growth [19]. 
Therefore, we examined whether TN could promote cell 
cycle arrest or apoptosis in HCC cells. Apoptosis represents 
a well-controlled cell death type that works by eradicating 
unnecessary and harmful cells. Interestingly, dysregulated 
apoptosis promotes tumorigenesis [20, 21]. As shown 
above, TN promoted apoptosis dose-dependently. In 
mitochondrial pathway of apoptosis, Bcl-2 family proteins 
serve as an ‘‘apoptotic switch’’ [22]. Bcl-2 is found in the 

mitochondrial outer membrane, where it promotes cell 
survival and inhibits proapoptotic proteins, and cleaved 
PARP is a downstream substrate of Bcl-2, representing 
another indicator of apoptosis [23, 24]. Therefore, we evalu-
ated Bcl-2 and cleaved PARP protein amounts, and altered 
Bcl-2 and cleaved PARP amounts demonstrated that TN 
promotes the apoptotic process by affecting the intrinsic 
apoptotic pathway. The cell cycle machinery is a potential 
diagnostic and therapeutic target in malignancies since its 
dysregulation results in abnormal cell division character-
izing all cancers. The above flow cytometry results showed 
that cell cycle arrest occurred at the G1 stage after TN treat-
ment. In addition, consistent results were obtained by the 
expression alteration of Cyclin D1 assessed by immunoblot. 
Importantly, TN injection intraperitoneally markedly 
reduced subcutaneous xenograft growth in mice. The above 
findings suggest a potent anti-HCC effect for TN.

Metastasis is a process by which malignant cells move 
from the primary site to other sites or organs far off. EMT 
is the first event that causes tumor cell detachment from 
primary tumors and promotes local migration and invasion. 
Here, we first demonstrated that TN suppressed the invasive 
and migratory abilities of HCC cells, and found that the 
EMT markers N-cadherin and Vimentin were downregu-
lated, while E-cadherin was upregulated. MMPs, a family of 
zinc‐containing endopeptidases, control extracellular matrix 
(ECM) degradation in multiple cell processes of tumor 
progression such as wound healing, angiogenesis, migra-
tion, and invasion. This study showed that the expression of 
MMP-9 decreased after TN treatment.

Figure 5. TN inhibits HCC by repressing EGFR/PI3K/AKT signaling. A) Immunoblot assessment of EGFR/PI3K/AKT signaling-associated pro-
teins. B) Immunoreactive bands were assessed for density. Data are mean ± SD from three experiments performed independently. *p<0.05, **p<0.01, 
***p<0.001 vs. control group
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EGFR drives tumorigenesis in multiple malignancies, 
including HCC, lung cancer, breast cancer, and glioblas-
toma [25]. The EGFR system is involved in the occurrence 
of HCC from the early stage of the disease [26]. Activation 
of EGFR promotes HCC proliferation and differentiation 
by triggering RAS/MAPK and PI3K/AKT signal transduc-
tion cascades. Numerous studies have demonstrated that the 
EGFR/PI3K/AKT pathway promotes proliferation, EMT, and 
metastasis [27–29] EGFR can be activated by chemotherapy 
in highly proliferative cells, resulting in its translocation into 
the nucleus; nuclear EGFR is related to cyclin D1, a critical 
regulator of the transition through the G1 checkpoint during 
the cell cycle. In addition, EGFR‐dependent ERK and AKT 
induction increases the amounts and activities of MMPs, 
which are critical regulators of cell migration and invasion. 
Pei et al. also reported that MMP-9 is an EGFR/PI3K/AKT 
pathway downstream effector [30]. Our results are consistent 
with these reports, revealing TN suppresses HCC growth and 
metastasis via EGFR/PI3K/AKT signaling.

These findings suggest TN suppresses proliferation, 
EMT, migration, and invasion in HCC cells and promotes 
apoptosis and cell cycle arrest, via inhibition of EGFR/PI3K/
AKT signaling and thus regulating its downstream effectors, 
e.g., the cell cycle-associated protein cyclin D1, the apoptosis-
related protein Bcl-2, the EMT marker E-cadherin, and the 
invasion-related protein MMP-9.

In conclusion, TN suppresses HCC cell proliferation, 
EMT, migration, and invasion, and promotes apoptosis and 
cell cycle arrest by repressing EGFR/PI3K/AKT signaling. 
The above findings indicate TN is a potent candidate drug 
for HCC therapy.
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