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Abstract

Background: PI3K/protein kinase B (AKT)/glycogen synthase kinase-3β (GSK-3β) regulates the activity of liver cancer cells. 
However, the poor water solubility of Oroxin A (OA) results in its lack of apparent clinical application effect, and liposome 
nanoparticles are relatively mature nanomaterials. 
Objectives: This study aims to explore how liposome nanoparticles carry OA and regulate epithelial-mesenchymal transition 
(EMT) in liver cancer cells, providing a new theoretical basis and an experimental basis for nanomedicine treatment of liver cancer.
Materials and Methods: Prepare the OA-LN nano complex and use it in cell experiments to observe its anti-liver can-
cer effect and its effect on PI3K/AKT/GSK-3β to uncover the mechanism of its action on EMT. The efficacy of OA-LN was 
verified by an in vivo nude mouse experiment.
Results: OA-LN material was successfully prepared. OA-LN has a good tumor-suppressor effect in liver cancer. Intervening 
the PI3K/AKT/GSK-3β pathway can affect the activity of Bel-7402 cells to a certain extent and regulate their activity. The 
EMT was further verified using LY294002, 740Y-P, and Bel-7402. It was found that OA-LN can inhibit PI3K/AKT/GSK-3β 
signaling, thereby playing a certain inhibitory role in the EMT of Bel-7402 cells and further accelerating the apoptosis of 
Bel-7402 cells. In vivo experimental results showed that OA-LN had an obvious inhibitory effect on the weight and volume 
of tumor-bearing mice at the end of treatment, and the degree of cell necrosis was more obvious in hematoxylin and eosin 
(H&E) staining. It could significantly promote the apoptosis of tumor cells.
Conclusion: OA-LN is a potential new drug carrier for treating liver cancer. OA-LN has a unique ability to induce apoptosis 
in liver cancer cells. OA-LN can inhibit PI3K/AKT/GSK-3β signaling, thereby inhibiting the regulation of EMT and induction of 
apoptosis in liver cancer cells. It provides positive inspiration for developing targeted drugs and combined targeted therapy 
programs for liver cancer. It also has a certain referential significance for the treatment of other malignant tumors and 
provides a reasonable research basis for the treatment of malignant tumors.
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Introduction

The incidence of liver cancer is higher in Asia (Li, 
Ramadori, et al., 2021). Due to the complex treatment 
methods and the severe side effects of therapeutic drugs, 
the cure rate is low and the cost of treatment is too high. 
Therefore, it is of great significance to study new methods 
for treating liver cancer.

Relevant studies have found that (Li, Zheng, et al., 2021) 
Oroxin A (OA) inhibits the proliferation and angiogenesis of 
tumor cells, induces apoptosis, and inhibits the development 
of inflammation. It has also been found to enhance the effi-
cacy of radiotherapy and chemotherapy drugs and reduce their 

toxicity to normal cells (Guerrero et al., 2019). An animal 
experimental study found (Takada et al., 2023) that OA also 
has a significant inhibitory effect on lung and breast cancer 
growth in mouse models. The results show (Triana-Martínez 
et al., 2019) that OA may inhibit epithelial-mesenchymal 
transition (EMT) by affecting specific signaling pathways 
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such as Wnt and TGF-β, thereby reducing tumor invasion and 
metastasis. In addition, studies have also found (Wang et al., 
2023) that OA may exert its anti-tumor effects through various 
mechanisms such as regulating the cell cycle, affecting cell 
signaling pathways, and regulating the expression of tumor-
related genes. Although OA shows certain potential in tumor 
treatment, further clinical research is still needed to determine 
its efficacy and mechanism of action in liver cancer.

Studies have shown (Jin et al., 2019) that PI3K/protein 
kinase B (AKT)/glycogen synthase kinase-3β (GSK-3β) sig-
naling is involved in the development and transformation of 
liver cancer, especially in the regulation of EMT. EMT con-
sists of the transformation of cells from epithelial cells to mes-
enchymal cells. This cell biological transformation also affects 
tumor invasion, metastasis, and treatment resistance to a cer-
tain extent (Xu, Song, et al., 2021). PI3K/AKT/GSK-3β sig-
naling can affect the activity of multiple transcription factors 
such as Snail, Slug, and Twist, promote the transformation of 
cells from epithelial cells to mesenchymal cells, change cell 
phenotypes, and enhance cell migration and invasion capabili-
ties (Xu, Zhou, et al., 2021). In addition, activation of this sig-
naling pathway may enable liver cancer cells to acquire stem 
cell properties and be more prone to EMT, thus increasing 
tumor invasion and metastasis capabilities. It can also promote 
the growth of tumors by regulating cell cycle-related proteins 
to promote cells to enter the proliferation phase (Hu et al., 
2022). Although PI3K/AKT/GSK-3β signaling can regulate 
EMT and participate in the biological process of liver cancer 
cells, whether OA can regulate EMT in liver cancer through 
PI3K/AKT/GSK-3β signaling remains unclear.

OA is a bioactive ingredient, but it is difficult to absorb 
and utilize in the body, and its solubility is limited, which 
may affect its absorption and distribution in the body (Arab 
et al., 2021). Liposome nanoparticles can encapsulate OA in 
its internal lipid bilayer, which can enhance the bioavailabil-
ity of the drug, improve its stability and biodistribution in the 
body, thereby increasing the efficacy of the drug and effec-
tively improving the water solubility of the drugs and increas-
ing the stability of drugs in the body (Ren et al., 2023). In 
addition, using liposome nanoparticles as drug carriers can 
encapsulate drugs inside them, reducing the direct contact 
between drugs and other components in the organism, thereby 
reducing toxic and side effects (Evers et al., 2022). Therefore, 
using liposome nanoparticles to carry OA cannot only 
improve the shortcomings of the drug but also further expand 
the use of OA in disease treatment, as well as the application 
of nanoliposomes in the medical field.

Materials and Methods

Experimental Materials

Liver cancer cell line Bel-7402 (Shanghai Hongshun 
Biotechnology); human normal liver cell line MG63 
(Guangzhou Genio Biotech).

OA (purity: ≥98%, batch number: 57396-78-8, Shanghai 
Shidande) (see Figure 1); LY294002, 740Y-P (PI3K inhibitor, 
activator, purity: 99.95%, 96.35%, batch number: 154447-36-
6, 1236188-16-1, Beijing Biolab); EMT-related protein mono-
clonal antibody (Shanghai Xinyu Biotech); PI3K, AKT, 
GSK-3β monoclonal antibody (Shanghai Yubo Biotechnology); 
secondary antibodies (Xi’an Baiying Biology).

Preparation and Characterization of Lignin A 
Carried by Liposome Nanoparticles

Preparation of liposome nanoparticles carrying OA materials 
precisely weighs appropriate amounts of OA, phospholipids, 
and hydroxypropyl-β-cyclodextrin. Place them in a flask, add 
a proper amount of absolute ethanol, and stir at a constant 
speed in a constant-temperature water bath. At the end of the 
reaction, after evaporating absolute ethanol, add chloroform 
for further reaction; dissolve, filter, wash, precipitate, com-
bine, reduce pressure, recover, and dry to obtain dry OA-lipid 
nanoparticles, OA-LN.

Particle Size Distribution, Zeta Potential, and 
Morphology Analysis of OA-LN

After a small amount of OA-LN was diluted with distilled 
water, the particle size and zeta potential distribution were 
measured by a Zetasizer Nano-ZS potentiometer. After the 
suspension of OA-LN was diluted with ultra-pure water, the 
particle-size morphology of OA-LN was observed and photo-
graphed using transmission electron microscopy.

Analysis of Encapsulation Rate and Drug Loading 
of OA-LN

The nanoparticles and free drugs were separated by low-tem-
perature and low-speed centrifugation. Then, 1 mL OA-LN 
solution was poured into a 10 mL volumetric bottle, and 9 mL 

Figure 1. Molecular Structural Formula of Oroxin A (OA).
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chromatograph-grade methanol was added for dilution. After 
mixing, OA-LN’s encapsulation rate and drug loading were 
calculated according to the chromatographic conditions and 
standard curve equation.

Detection of OA-LN Release In Vitro

The release of OA-LN in vitro was analyzed using the dialy-
sis bag method. 4 mL of OA-LN and OA were respectively 
placed in the dialysis bag and put in a shock water bath at 
37°C, with the rotational speed set to 100 rpm. High-
performance liquid chromatography (HPLC) detected the 
cumulative release of OA-LN for 24 h.

In Vitro Experiment

Cell Culture, Grouping, and Transfection

All cells were cultured using RPMI-1640 culture medium, and 
the operation process was strictly in accordance with the 
instructions. Cells were digested and passaged until the cell 
confluence reaches 80%. Bel-7402 cells were divided into a 
negative control group (NC group), an OA group (transfected 
with OA), an OA-LN group (transfected with OA-LN nanopar-
ticles), an LY294002 group (transfected with PI3K inhibitor), 
and a 740Y-P group (transfected with PI3K activator).

The human normal liver cell line MG63 was used as the 
control group. The NC and the control groups were cultured 
with 50% phosphate-buffered saline (PBS) for 48 h for subse-
quent experimental operations.

Cell Proliferation

Cells were seeded into a 96-well plate (4 × 103 cells/well), 
cultured in a humidified incubator for 12 h, and treated in a 
humidified environment of 37°C and 5% CO2 for 24 and 48 h. 
Then, discard the culture medium, add 10 μL 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) solu-
tion and 100 μL fresh Dulbecco’s modified Eagle medium 
(DMEM), and continue culturing for 4 h. Place it on the floor 

with low-speed shaking for 10 min to dissolve it fully. A 
microplate reader measures the absorbance.

Cell Invasion

Place the treated cells in the upper Transwell chamber. Place 
the cells in the basement membrane matrix-precoated upper 
chamber. The cells in the upper chamber need to be inocu-
lated in 15% fetal bovine serum (FBD), and the culture 
medium in the lower chamber must be used as a catalyst. 
Cultivate for 36 h at 37°C and 5% CO2. Fixed with ethanol 
(20%), stained with crystal violet (0.2%), and photographed.

Apoptosis

After the cells in each group were digested, they were made 
into a suspension of 1 × 106 mL. After centrifugation and 
washing with PBS, they were resuspended. Buffer, Annexin 
V-FITC, and propidium iodide (PI) staining solution were 
added (measurements were 150, 10, and 5 μL) and incubated 
in the dark. After 15 groups, cell apoptosis was observed by 
flow cytometry.

Reverse Transcription-polymerase Chain Reaction (RT-PCR) 
Experiment

Logarithmically growing cells were harvested, reverse tran-
scribed, and analyzed by RT-PCR. All mRNA expression val-
ues are presented relative to GAPDH, and relative expression 
levels were estimated using the 2−ΔΔCt method. Table 1 lists 
the primers and their sequences.

Western Blotting

Logarithmically grown cells were harvested, digested, and 
protein concentrations were detected. Separate, transfer (10% 
SDS-PAGE), and incubate with a primary antibody at 4°C 
overnight. Wash and incubate the membrane with HRP-
labeled secondary antibody for 1 h. Detection was enhanced 
by the internal reference glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH).

Table 1. Real-time Polymerase Chain Reaction (PCR) Primers and Primer Sequences.

Primer Sequences

PI3K Forward primer 5′-GCTGGAGATGGTGTTGACTG-3′
Reverse primer 5′-ACACTTCTGTGCAGGTGGAT-3′

AKT Forward primer 5′-CTCTCGCTCCGCATTCCTTC-3′
Reverse primer 5′-TGGAGGATGGTAGGGTGAGA-3′

GSK-3β Forward primer 5′-TTTGGCCTTTGTGGAACATT-3′
Reverse primer 5′-GAGGCTTGGATGCTCTTAGG-3′

GAPDH Forward primer 5′-AAAGGGTCATCATCTCCGCC-3′
Reverse primer 5′-AGTGATGGCATGGACTGTGG-3′

Note: AKT: Protein kinase B; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; GSK-3′: Glycogen synthase kinase-3′.
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In Vivo Experiment

Construction of Liver Cancer Mouse Model

Bel-7402 cells with logarithmic growth were taken, centri-
fuged, and resuspended in RPMI-1640 medium, cultured to a 
concentration of 1.0 × 107/mL, and then inoculated into the 
subcutaneous skin of the right axillary of mice at a dose of 0.2 
mL/cell under sterile conditions to establish a mouse model of 
transplanted liver cancer Bel-7402 cells. The hardness and vol-
ume of the tumor at the right axillary inoculation site of mice 
exceeded 100 mm3, and the model was considered successful.

Group Intervention

Successful intervention modeling, mice were randomly 
divided into a normal saline group (NS), OA-LN group [OA-
LN, 4 mg/(kg d)], and azithromycin group [ADM, 4 mg/(kg 
d)], with 6 mice in each group, injected three times a week. 
After 14 days of treatment, the peripheral venous blood of the 
mice were collected and killed. The tumor was excised and 
weighed. The tumor inhibition rate was calculated.

Serum Detection

The serum of mice in each group was collected, and the levels 
of TNF-α and IL-2 were detected by an enzyme-linked immu-
nosorbent assay (ELISA) kit. The procedure should be car-
ried out in strict accordance with the kit instructions, and the 
detection process should be repeated three times.

Tissue Detection

The tumor tissues of mice in each group were taken and fixed 
with paraformaldehyde (4%), the largest section was taken 
for the pathological section, and hematoxylin and eosin 
(H&E) staining was used at the same time, and the degree of 
necrosis of the tissues and tumor sections in each group was 
observed under the microscope. At the same time, the apopto-
sis of tumor cells was detected by terminal deoxynucleotidyl 
transferase dUTP nick-end labeling (TUNEL) analysis.

Statistical Analysis

All data were processed and analyzed using GraphPad Prism 
8.0.2, and F-test was used, with p < .05 as the test standard.

Results

Through transmission electron microscopy, OA-LN was 
observed to be uniformly spherical (Figure 2A) with a parti-
cle size <200 nm (Figure 2B), and the potential distribution 
was 11.69 mV (Figure 2C), suggesting that the nanomaterials 
were stable. The encapsulation rate of OA-LN was 96.30% ± 
1.32%, and the drug loading was 12.65% ± 0.89%. At the 
same time, as shown in Figure 2D, the cumulative release 
degree of OA-LN in 24 h is about 80%. In comparison, OA is 
released completely within 24 h, and the cumulative drug 

release rate reaches 100%, indicating that OA-LN has good 
slow-release performance.

OA-LN has a Good Tumor-suppressor Effect in 
Liver Cancer

We found through cell experimental culture that with the 
extension of intervention time, the proliferation of liver can-
cer under OA-LN intervention was inhibited (Figure 3A vs. 
other groups, p < .05), and the intervention weakened the 
invasive ability of Bel-7402 cells (Figure 3B vs. other groups, 
p < .05). The apoptosis rate of the OA-LN group also con-
firmed this phenomenon (Figure 3C vs. other groups, p < 
.05); during this period, we found that OA has a positive 
tumor-suppressor effect in liver cancer, and OA-LN is the 
most prominent.

The Activity and EMT Ability of Liver Cancer Cells 
are Related to the Expression Level of PI3K/AKT/
GSK-3β
We then detected the levels of PI3K, AKT, and GSK-3β in 
MG63 cells and Bel-7402 cells, respectively, and found that 
their levels were significantly increased in the Bel-7402 cells 
(Figure 4A vs. control group, p < .05). At the same time, we 
used LY294002 and 740Y-P to intervene in Bel-7402 cells, 
respectively, in further research. The intervention of cells 
with LY294002 can effectively reduce the expression of 
PI3K, accompanied by a decrease of AKT and GSK-3β 
expression. In contrast, the expression levels of PI3K, AKT, 
and GSK-3β in cells in the 740Y-P group showed an opposite 
trend (Figure 4A vs. other groups, p < .05), indicating that 
LY294002 and 740Y-P affected the PI3K/AKT/GSK-3β path-
way intervention was successful. Further analysis of the 
activity of Bel-7402 cells found that the proliferation ability 
of the LY294002 group was significantly inhibited (Figure 4B 
vs. other groups, p < .05). The above experiments reflect that 
downregulating the expression of the MEK/ERK pathway is 
beneficial in inhibiting the progression of liver cancer. At the 
same time, it was observed that, in the LY294002 group, 
N-cadherin and vimentin expression in Bel-7402 cells were 
significantly reduced. In contrast, E-cadherin expression was 
increased (Figure 4C vs. other groups, p < .05), indicating 
that it was found that interfering with the expression of the 
PI3K/AKT/GSK-3β pathway can effectively affect the EMT 
of liver cancer cells.

PI3K/AKT/GSK-3β Signaling Involves in the 
Process of OA-LN Inhibiting Liver Cancer Activity

In order to further explore the mechanism of A-LN inhibiting 
liver cancer activity, based on OA-LN intervention, we used 
740Y-P and LY294002 to intervene in Bel-7402 cells, respec-
tively. We found that the inhibition of Bel-7402 cell 
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Figure 2. Structural Characterization of OA-LN.

Note: (A) Transmission electron microscope image of OA-LN, 200 nm; (B) Size diagram of OA-LN nanoparticles; (C) Zeta potentiogram of OA-LN 
nanoparticles; (D) Release curve of OA-LN in vitro.
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Figure 3. OA-LN has a Good Tumor-suppressor Effect in Liver Cancer (n = 6).

Note: (A) 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) detects the proliferation ability of Bel-7402 cells; (B) Transwell chamber 
detects the invasion of Bel-7402 cells and the histogram shows the invasion ability; (C) Flow cytometry detects the apoptosis of Bel-7402 cells, the 
histogram shows apoptotic ability. Compared with negative control (NC) group, *p < .05; compared with Oroxin A (OA) group, #p < .05.

Figure 4. The PI3K/Protein Kinase B (AKT)/Glycogen Synthase Kinase-3β (GSK-3β) Signaling Pathway can Regulate the Epithelial-
mesenchymal Transition (EMT) of Liver Cancer Cells (n = 6).

Notes: (A) Reverse transcription-polymerase chain reaction (RT-PCR) experiment detects the expression of PI3K, AKT, and GSK-3β mRNA in Bel-
7402 cells; (B) 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) detects the proliferation ability of Bel-7402 cells; (C) Expression 
of epithelial-mesenchymal transition proteins. Compared with the control group, *p < .05; compared with the negative control (NC) group, #p < .05; 
compared with the LY294002 group, %p < .05.
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Figure 5. The PI3K/Protein Kinase B (AKT)/Glycogen Synthase Kinase-3β (GSK-3β) Signaling Pathway is Involved in the Inhibitory 
Activity of OA-LN on Liver Cancer (n = 6).

Notes: (A) Reverse transcription-polymerase chain reaction (RT-PCR) experiment detects the expression of PI3K, AKT and GSK-3β mRNA in Bel-7402 
cells; (B) 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) detects the proliferation ability of Bel-7402 cells; (C) Transwell chamber 
detects Bel-7402 cell invasion, square The figure shows the invasion ability, 100 μm; (D) Flow cytometry detects the apoptosis of Bel-7402 cells and the 
histogram shows the apoptosis ability. Compared with negative control (NC) group, *p < .05; compared with OA-LN group, #p < .05; compared with 
OA-LN + 740Y-P group, %p < .05.
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proliferation and invasion was amplified by LY294002 
(Figure 5B–5C vs. other groups, p < .05). At the same time, 
the ability of apoptosis increased significantly (Figure 5D vs. 
other groups, p < .05), indicating that LY294002 played a key 
role under OA-LN intervention. In the following experimen-
tal process, we mainly observed the specific role of LY294002 
in this process. Through protein experiments, we found that 
PI3K, AKT, and GSK-3β mRNA levels in Bel-7402 cells 
treated with OA-LN were significantly reduced (Figure 5A 
vs. NC group, p < .05), indicating that OA-LN can inhibit the 
PI3K/AKT/GSK-3β pathway. At the same time, we added 
LY294002 to the OA-LN group and showed more signifi-
cantly decreased PI3K, AKT, and GSK-3β (Figure 5A vs. 

other groups, p < .05), indicating that PI3K/AKT/GSK-3β is 
downregulated.

OA-LN can Promote Cell Apoptosis by Inhibiting 
EMT of Liver Cancer Cells via PI3K/AKT/GSK-3β 
Signaling

In order to verify the above experiment, we added 740Y-P on 
the basis of OA-LN + LY294002 intervention and found that 
the PI3K, AKT, and GSK-3β protein levels of Bel-7402 cells 
were reversed (Figure 6A vs. other groups, p < .05). When we 
further clarified the inhibitory mechanism of OA-LN on liver 
cancer, we found that the N-cadherin and vimentin 

Figure 6. OA-LN can Inhibit the Epithelial-mesenchymal Transition (EMT) of Liver Cancer Cells by Inhibiting the PI3K/Protein Kinase B 
(AKT)/Glycogen Synthase Kinase-3β (GSK-3β) Signaling Pathway, Thereby Promoting Cell Apoptosis (n = 6).

Notes: (A) Western blotting detects the expression of proteins related to the PI3K/AKT/GSK-3β signaling pathway; (B) Western blotting detects the 
expression of proteins related to epithelial-mesenchymal transition; (C) Flow cytometry detects the apoptosis of Bel-7402 cells. Histogram showing 
apoptotic capacity. Compared with negative control (NC) group, *p < .05; compared with OA-LN group, #p < .05; compared with OA-LN + LY294002 
group, %p < .05.
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expression in Bel-7402 cells in the OA-LN group were sig-
nificantly reduced, while the expression of E-cadherin pro-
tein showed an opposite trend (Figure 6Bvs. NC group, 
p < .05), and after adding LY294002, the changes in 
N-cadherin, vimentin, and E-cadherin protein levels in Bel-
7402 cells were more obvious (Figure 6B vs. other groups, 
p < .05). At the same time, we added 740Y-P to the OA-LN + 
LY294002 group, and the results showed that the above-men-
tioned protein levels in Bel-7402 cells were reversed 

(Figure 6B vs. OA-LN + LY294002 group, p < .05), which 
was further verified. OA-LN downregulated PI3K/AKT/
GSK-3β and inhibited the EMT of liver cancer cells.

At the same time, further observation showed a decreased 
apoptotic ability of Bel-7402 cells in the OA-LN + LY294002 
+ 740Y-P group (Figure 6C vs. OA-LN + LY294002 group, 
p < .05), indicating that OA-LN promotes apoptosis of liver 
cancer cells by inhibiting the EMT of liver cancer cells in the 
process of downregulating the PI3K/AKT/GSK-3β pathway.

Figure 7. Results of OA-LN Treatment in Hepatocellular Carcinoma Bearing Mice (n = 6).

Notes: (A) Tumor in vitro map of each group; (B) Tumor weight of each group after treatment; (C) Tumor growth curves of each group of mice; 
(D) Serum TNF-α was detected by enzyme-linked immunosorbent assay (ELISA); (E) Serum IL-2 levels were detected by ELISA; (F) The histopathological 
changes of tumor in each group were observed by hematoxylin and eosin (H&E) staining (100 μm); (G) Apoptosis of tumor cells in each group was 
detected by terminal deoxynucleotidyl transferase dUTP nick-end labeling (TUNEL) (25 μm). Compared with the normal saline (NS) group, *p < .05; 
compared with azithromycin group (ADM) group, #p < .05.
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The Therapeutic Effect of OA-LN in 
Hepatocellular Carcinoma was Verified by Animal 
Experiments

In order to further verify the therapeutic effect of OA-LN in 
liver cancer, this study constructed nude mice with liver can-
cer tumors with Bel-7402 cells, and the modeling success rate 
was 100%. After the intervention of model mice with OA-LN 
and ADM at the same time, it was found that the tumor weight 
and tumor volume of mice in the two groups were signifi-
cantly reduced compared with that in the NS group (vs. NS 
group, p < .05) and OA-LN had a more significant effect on 
the weight and volume of mice at the end of treatment (vs. 
ADM group, p < .05), as shown in Figure 7A–7C.

At the same time, it was observed that the serum levels of 
TNF-α and IL-2 in the OA-LN group and ADM group were 
significantly higher than those in the NS group (p < .05), and 
the improvement was more obvious in the OA-LN group (vs. 
ADM group, p < .05), as shown in Figure 7D–7E. H&E stain-
ing was further used to observe the pathological changes in 
the mice in each group. As can be seen from Figure 7F, tumor 
cells in the NS group were in a good growth state, with deep 
nuclear staining and few necrotic cells. However, there were 
fewer tumor cells in the ADM group and OA-LN group, with 
a loose intercellular arrangement and different degrees of 
necrosis that could be seen, and the degree of necrosis of cells 
in the OA-LN group was more obvious, indicating that 
OA-LN had anti-tumor effects. At the same time, by TUNEL 
staining, it was found that the ADM group and OA-LN group 
had stronger green fluorescence, and the OA-LN group had 
stronger fluorescence intensity (Figure 7G), indicating that 
OA-LN could effectively promote apoptosis.

Discussion

Studies have reported (Arab et al., 2021; Shang et al., 2019) 
that OA can promote β-catenin phosphorylation by regulating 
GSK-3β activity, thereby accelerating the degradation of 
β-catenin and inhibiting it to a certain extent. The occurrence 
of EMT, thus, exerts an anti-cancer effect. In addition, OA 
can interfere with the cycle progression of pancreatic cancer 
cells by blocking the degradation of IκB, preventing the 
nuclear translocation of NF-κB, reducing phosphatidylinosi-
tol (3,4,5)-trisphosphate (PIP3), and inhibiting GSK-3β activ-
ity, ultimately mediating the reduction of MMPs and Cyclin 
D1 (Fang et al., 2019; Qu et al., 2022). However, the solubil-
ity of OA in water is low, and it is easily degraded and metab-
olized by plasma enzymes, gastric acid, and others in the 
body, resulting in insufficient efficacy (Gade et al., 2022; Xu, 
Jiang, et al., 2021). Therefore, we use liposome nanoparticles 
to encapsulate OA inside them, which cannot only effectively 
prevent its degradation and metabolism and improve the sta-
bility of the drug, but also reduce the toxicity and side effects 
of OA on normal tissues. In addition, liposome nanoparticles 

carrying OA can aggregate in tumor tissues more effectively, 
increase the drug concentration of OA in tumor cells, and 
reduce damage to normal cells (Katoch et al., 2020). 
Therefore, we successfully prepared OA-LN composite 
materials. To prove that OA-LN has a good inhibitory effect, 
we found through cell experiments that, under the interven-
tion of OA, cell proliferation and invasion abilities were sig-
nificantly reduced, and the apoptosis rate was greatly 
increased. The OA-LN group showed more consistent results. 
Therefore, it shows that OA-LN has a good tumor-suppressor 
effect in liver cancer.

Studies have found (Chen et al., 2021; Wu et al., 2022) 
that in diabetes and neurodegenerative diseases, the PI3K/
AKT pathway inhibitor LY294002 can inhibit PI3K activa-
tion, thereby reducing AKT activation and inhibiting colorec-
tal cancer (CRC) cell proliferation. At the same time, GSK-3β, 
as a multifunctional kinase, can play a certain role in the pro-
cess of glycogen metabolism. According to relevant studies, 
the PI3K/AKT signaling pathway can regulate EMT by tar-
geting the expression of its downstream gene GSK-3β, and 
phosphorylating the Snail transcription factor (Navaei et al., 
2021). In addition, Kao et al. (2014) found in their study that 
by regulating the regulatory level of GSK-3β/Snail/E-
cadherin, EMT can be effectively regulated, thus playing a 
regulatory role in the invasion and metastasis of lung cancer 
cells. Therefore, it can be considered that the downstream 
PI3K/AKT gene GSK-3β can regulate EMT through phos-
phorylation of the Snail transcription factor, thus participat-
ing in the occurrence and development of tumors. We used 
LY294002 and 740Y-P to conduct experiments and found that 
under the intervention of LY294002, the cell proliferation 
ability was greatly reduced within a certain time, E-cadherin 
increased, and N-cadherin and vimentin showed opposite 
changes. However, after adding 740Y-P, the changing trend 
of protein expression was also reversed. Therefore, it shows 
that inhibiting the PI3K/AKT/GSK-3β signaling pathway can 
affect the activity of liver cancer cells and regulate the EMT 
of liver cancer cells. Using PI3K inhibitors inhibits the activ-
ity of PI3K, thereby preventing the occurrence of PI3K phos-
phorylation, leading to reduced activity of the PI3K/AKT 
signaling pathway and, to a certain extent, reducing the activ-
ity of tumor cells and enhancing their therapeutic effect. In 
addition, by inhibiting AKT activity, mTOR activation and 
GSK-3β phosphorylation can be reduced, thereby reducing 
protein synthesis and cell growth of cancer cells. At the same 
time, inhibiting AKT and FOXO can be maintained in the 
nucleus, thereby increasing the expression of p27Kip1 and 
inhibiting CDK activity, thereby inhibiting the proliferation 
and survival of cancer cells. LY294002 also protects neurons 
from the induction of apoptosis and improves symptoms of 
neurodegenerative diseases.

To explore whether PI3K/AKT/GSK-3β signaling is 
involved in the inhibitory activity of OA-LN on liver cancer, 
the combined intervention of OA-LN, 740Y-P, and LY294002 
showed that the ability of the OA-LN + LY294002 group to 
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inhibit liver cancer activity was stronger than that of OA-LN 
alone. The reason may be that LY294002 inhibits PI3K acti-
vation and weakens the occurrence of AKT phosphorylation 
to a certain extent. The inhibitory ability of OA-LN against 
liver cancer is enhanced. OA-LN +7 40Y-P was in a weaker 
state because 740Y-P activated PI3K/AKT signaling and pro-
moted the phosphorylation of AKT, thus weakening the 
inhibitory effect of OA-LN on liver cancer. This also suggests 
that the PI3K/AKT/GSK-3β pathway is involved in the pro-
cess of OA-LN inhibiting liver cancer activity. In addition, 
related studies have found (Gai et al., 2019; Lin et al., 2020) 
that downregulating PLDA2 can inhibit the PI3K/AKT/MTR 
pathway, increase GSK-3β phosphorylation, and affect 
MMPs and cyclin D1 expression, and at the same time, it also 
reduces the expression of EMT-related genes such as Snail 
and Slug, ultimately promoting autophagy, thereby clearing 
damaged organelles, reducing cellular stress levels, and 
inhibiting the EMT process. In addition, inhibiting GSK-3β 
activity will cause NF-κB to enter the nucleus and promote 
the transcription of MMPs, thereby enhancing their expres-
sion and activity and disrupting epithelial-cell-mesenchymal 
junctions (Nath et al., 2022; Tsai et al., 2021). We added 
740Y-P to the intervention of OA-LN + LY294002 and found 
that 740Y-P reversed the effect of OA-LN + LY294002 on 
inhibiting EMT and promoting cell apoptosis in liver cancer 
cells. However, current research still requires further research 
on the safe dose of OA-LN.

At the same time, after the successful preparation of 
OA-LN, due to the enhanced permeability and retention 
(EPR) effect in vivo, OA-LN can more easily enter the cells 
so as to achieve the therapeutic effect on tumors. In this study, 
the tumor-bearing mouse model of liver cancer was further 
constructed to observe the tumor inhibitory effect in the ani-
mals. The results showed that OA-LN intervention could sig-
nificantly inhibit the growth of liver cancer and induce the 
apoptosis of tumor cells. This indicates that OA-LN has a 
high application value in vivo. At the same time, further 
observation showed that the levels of TNF-α and IL-2 in the 
serum of mice showed an obvious upward trend after OA-LN 
intervention. Among them, TNF-α is the strongest tumor-
inhibiting cytokine, which has no obvious effect on normal 
cells but has an obvious direct killing effect on tumor cells 
and can inhibit the proliferation of anti-tumor cells to a cer-
tain extent. At the same time, IL-2 also plays an important 
role in the body’s immune regulation. It can promote the 
expression level of T cells and B cells in the body and then 
induce them to secrete more cytokines, thus playing a role in 
killing tumor cells and inhibiting tumor angiogenesis. In this 
study, after the intervention of OA-LN, the levels of TNF-α 
and IL-2 in mice were increased, which indicates that OA-LN 
can affect the immune regulatory function of the body during 
the treatment of liver cancer. Previous studies have found that 
in the process of inhibiting cell proliferation and invasion of 
non-small cell lung cancer, the E-cadherin level is signifi-
cantly increased, and IL-2 expression is significantly 

promoted (Loh et al., 2019). This indicates that OA-LN can 
inhibit both EMT and immune escape during the treatment of 
liver cancer, but this specific mechanism still needs to be fur-
ther explored.

Conclusion

In summary, OA-LN can inhibit the PI3K/AKT/GSK-3β sig-
naling, thereby inhibiting and regulating EMT and inducing 
apoptosis of liver cancer cells. As a new drug carrier for 
treating liver cancer, OA-LN provides positive inspiration 
for the development of liver cancer-targeted drugs and com-
bined targeted therapy programs. It also has a certain refer-
ential significance for the treatment of other malignant 
tumors and provides good guidance for the treatment of 
malignant tumors.

However, this study also has some shortcomings. For 
example, OA-LN has not been applied in clinical practice in 
this study, and the long-term therapeutic effect and safety of 
OA-LN for patients cannot be clarified. At the same time, 
this study is still in the basic experimental stage, and the 
mechanism pathway involved in the study has not been ana-
lyzed in detail. In addition, there are many mechanisms by 
which PI3K/AKT/GSK-3β affects epithelial-mesenchymal 
transformation, which has not been deeply explored in this 
study, which is also the limitation of this study. In future 
research, we need to explore further and verify the mecha-
nism of these problems.
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