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Abstract
BACKGROUND 
Hepatocellular carcinoma (HCC) is a malignant disease with high incidence and 
mortality worldwide. This study focuses on the TP53 target protein to investigate 
the potential therapeutic effect of tetrahydrocurcumin (THC) on HCC and its 
mechanism of action. The research hypothesis is that THC can inhibit the prolif-
eration, migration, and invasion of HCC cells, and promote their apoptosis by 
regulating the TP53 target protein.
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AIM 
To explore the mechanism by which THC inhibits HCC cell proliferation via the TP53 signaling pathway.

METHODS 
Potential targets of THC and HCC were identified from multiple databases. The core targets were subjected to 
analyses using Gene Ontology and Kyoto Encyclopedia of Genes and Genomes databases, and visualization 
processing, using the online platform Metascape to identify the key molecules and signaling pathways involved in 
the action of THC against HCC. The molecular mechanisms of action of THC against TP53 in the inhibition of HCC 
cells were verified using cell counting kit-8, Transwell, apoptosis, and western blotting assays.

RESULTS 
Molecular docking results showed that THC had a high score for the TP53 target protein. In vitro experiments 
indicated that THC effectively inhibited the proliferation and migration of HCC cells, and affected the expression 
levels of TP53, MDM2, cyclin B, Bax, Bcl-2, caspase-9, and caspase-3.

CONCLUSION 
THC induces the apoptosis of HCC cells through the TP53 signaling pathway, thereby inhibiting their proliferation 
and migration.

Key Words: Hepatocellular carcinoma cells; Tetrahydrocurcumin; TP53; Network pharmacology; Molecular docking
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Core Tip: This study investigated the molecular mechanisms by which tetrahydrocurcumin (THC), a derivative of curcumin, 
inhibits hepatocellular carcinoma cells. Utilizing a comprehensive approach that integrated network pharmacology, 
molecular docking, and in vitro experiments, the TP53 signaling pathway was identified as a critical mediator of the 
antitumor activity of THC.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the leading cause of cancer-related deaths globally, and liver cirrhosis is known to 
cause 90% of HCC cases, based on epidemiological results[1]. Treatment options for HCC are limited[2], with tumor 
resection and liver transplantation being the most commonly used treatment methods. However, there are some 
problems with these methods, such as a high recurrence probability, difficulty in performing the operations, lack of a 
liver source, and a poor prognosis. Therefore, it is of great significance to identify effective drugs and active ingredients 
for the treatment of liver failure to inhibit the further development of liver disease and prevent death.

The combination of traditional Chinese medicine (TCM) and Western medicine has had a positive impact on the field 
of tumor treatment[3]. The anti-inflammatory properties, anti-cancer activity, and preventive effects of curcumin (CUR) 
against Alzheimer’s disease[4] have been widely reported. Tetrahydrocurcumin (THC), a CUR metabolite, is superior to 
CUR in terms of solubility, chemical stability, bioavailability, and antioxidant activity[5]. In addition, THC is more easily 
absorbed by the intestine than CUR, and studies have shown that THC reduces the occurrence of rectal cancer, increases 
the death of leukemia cells, and inhibits lymphosarcoma metastasis[6-8].

Network pharmacology is a new discipline based on systems biology theory, biological system network analysis, and 
the selection of specific signal nodes for multitarget drug design[9]. It is an effective tool for combined analysis of 
databases of TCM targets for various diseases and validating the identified targets at the molecular level, thus providing 
evidence for TCM molecular targets and possible mechanisms of action[10]. Network pharmacological methods have 
been used to predict the basis and mechanism of action of medicinal substances used in TCM, and it is a promising 
method to reveal the pharmacological mechanism of action of these substances[9].

In this study, the target mechanism of THC was predicted using network pharmacology, and the interaction between 
the drug and target was verified using molecular docking. In vitro cell counting kit-8 (CCK-8), cell cloning, scratch, and 
transwell assays were used to study the effects of different concentrations of THC on the proliferation, invasion, 
migration, and apoptosis of HCC cells. Western blotting confirmed the molecular mechanism by which THC promoted 
the apoptosis of HCC cells by acting on the target protein, TP53. This study provides a new approach for the research and 
development of novel anticancer drugs.

https://www.wjgnet.com/1948-5204/full/v17/i3/101174.htm
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MATERIALS AND METHODS
Screening of therapeutic targets and verification through network pharmacology, experimental methods, and 
molecular docking
Collection and screening of THC-related targets: When predicting drug molecule targets, the potential pharmacological 
activity of new compounds is usually determined using three-dimensional (3D) structural information and the 
relationship between the distances between compounds and their targets in the 3D space. The UniProt database[10] 
(https://www.uniprot.org/) was used to convert target names into gene symbols and to summarize them. Preliminary 
experiments were performed to predict drug targets based on the similarity of small-molecule structures. The 3D 
chemical structure of THC was uploaded to SwissTargetPrediction[11](http://swisstargetprediction.ch/) for target 
prediction, followed by a literature search using the PubMed database (https://pubmed.ncbi.nlm.nih.gov/) with 
“tetrahydrocurcumin” as the key word to identify other potential THC targets.

Collection and screening of HCC-related targets: Preliminary experiments were conducted to obtain HCC-related 
targets using the key word “hepatocellular carcinoma” in the GeneCards[12] (https://www.genecards.org/) and OMIM
[13] (https://www.omim.org/) databases, with a median relevance score ≥ 2 times as the screening criterion.

Screening of common targets between THC and hepatocytes and establishment of a network model: The drug targets 
of THC and the disease targets of HCC were imported into Venny2.1 (https://bioinfogp.cnb.csic.es/tools/venny/)[14], 
and a Venn diagram was constructed using an online Venn diagram analysis tool to obtain common therapeutic targets; 
that is, potential targets for the treatment of HCC with THC. Cytoscape3.9.1 software was used to establish a network and 
visualize the target information, resulting in a “THC-Target-HCC” network.

Establishment of a protein-protein interaction network and screening of core targets: The common targets of THC and 
HCC were imported into the STRING database[15] (https://cn.string-db.org/) to obtain their protein-protein interaction 
(PPI) network information, which was then imported into Cytoscape3.9.1 software[16]. The Centiscape plugin[17] was 
used for network analysis to select core disease targets. The degree (connectivity), betweenness (intermediary centrality), 
and closeness (proximity centrality) values were used as reference values to identify the core disease targets.

Gene Ontology functional enrichment analysis and Kyoto Encyclopedia of Genes and Genomes pathway enrichment 
analysis: The core targets obtained for THC and HCC were imported into Metascape (https://metascape.org/gp/index.
html), with the species set to “Homo sapiens” for Gene Ontology (GO) functional enrichment analysis and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis. The resulting data were saved and 
visualized using an online visualization tool (https://www.bioinformatics.com.cn/).

Molecular docking: Molecular docking was performed on the THC molecules and key targets selected as described 
above, and the molecular interactions were scored. Drug targets were predicted for their potential biological activity 
based on their relative affinities for different sites of the compound, combined with the corresponding 3D structural 
information. Two-dimensional structural SDF files of THC and PDB format files of the core target proteins with a high 
degree were obtained from the PubChem[18] (https://pubchem.ncbi.nlm.nih.gov/) and PDB[19] (https://www.rcsb.
org/) databases, respectively. Using ChemBio3D software, the SDF files of the active ingredients were converted to 
MOL2 files and subjected to energy minimization processing[20]. The target proteins and their active ingredients were 
then imported into Sybyl2.0 software, where the ligand molecules were extracted from the target proteins, water 
molecules were removed, and molecular docking was performed. A scoring function was used to evaluate them, with the 
highest score considered the optimal binding site, and a schematic diagram of molecular docking was constructed.

In vitro experimental verification of the inhibition of HCC by THC through the target protein, P53
Cell culture and treatment: HepG2 cells and Huh7 cells were cultured in complete medium comprising 500 mL of high-
glucose Dulbecco’s modified Eagle medium with 10% fetal bovine serum (FBS; 50 mL) and 1% antibiotics (100 U/mL 
penicillin, 100 μg/mL streptomycin), and cultured at 37 °C in an incubator containing 5% CO2. The following experiments 
were performed when cells reached the logarithmic phase of growth.

Cell viability was measured using a CCK-8 assay kit. HepG2 cells and Huh7 cells were inoculated into 96-well culture 
plates, and then exposed to different concentrations of THC (0, 20, 40, 60, 80, 100, and 120 μM), with five wells for each 
concentration, for 24, 48, and 72 hours. Subsequently, 10 μL of CCK-8 reagent was added to each well and the cells were 
incubated in a cell incubator at 37 °C for 2 hours. The absorbance was measured at 450 nm using an enzyme meter.

Colony-formation experiment: HepG2 and Huh7 cells in the logarithmic growth stage were inoculated in six-well plates 
at 500 cells per well. After cell adhesion, the medium was replaced with different concentrations of THC (0, 25, 50, 100 
μM) and cultured in a cell incubator for 1-2 weeks, and the cell status was observed at any time. The culture was stopped 
when clonal clusters formed, as observed under a microscope. The cells were then gently washed three times with PBS, 
fixed with 4% paraformaldehyde for 15 minutes, washed three times with PBS, stained with crystal violet for 30 minutes, 
washed several times with PBS, and dried. The cell monolayers were counted and photographed.

Wound-scratch experiment: After trypsin digestion and low-speed centrifugation, the cells were counted. They were 
then inoculated into a six-well Petri dish at 20 × 104 cells per well. When the cells were 70% adherent to the wall, a vertical 
scratch was made in the middle of the well using a 200 μL pipette tip. Low-serum medium containing different concen-
trations of THC (0, 25, 50, or 100 μM) was added to the wells. Five fields were selected for each scratch and photographs 
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were taken under a microscope. This was recorded as 0 hours. After culturing in a cell incubator for 48 hours, 
photographs were taken again. ImageJ software (National Institutes of Health, Bethesda, MD, United States) was used for 
analysis, and the wound-healing percentage was calculated using the following formula: (area at 0 hours - area at 48 
hours)/area at 0 hours.

Transwell experiment: HepG2 and Huh7 cells of logarithmic growth were resuspended in serum-free medium, and the 
migration and invasion abilities of the cells were examined using a two-compartment plate. The upper chamber was 
coated with matrix glue, cells in serum-free medium (100 μL per well) were inoculated in the upper chamber, and 700 μL 
of media containing FBS was added to the lower chamber. After the cells attached to the wall, the serum-free medium in 
the upper chamber was replaced with different concentrations of serum-free THC. After 48 hours, the outer surface of the 
upper chamber was fixed with 4% paraformaldehyde, and the cells passing through the pores were stained with crystal 
violet solution for 30 minutes, washed three times with PBS, and dried with an inverted microscope (10 × 10). Five fields 
of view of each upper chamber were randomly selected to observe and photograph the cells passing through the 
membrane. The average value count obtained using ImageJ was used for statistical analysis.

Hoechst 33342 staining: HepG2 and Huh7 cells in the logarithmic growth stage were thinly diluted and inoculated into a 
six-well plate at 20 × 104 cells per well. After the cells were affixed to the wall, they were washed with PBS and THC 
prepared in complete medium was added. After 48 hours, the THC was discarded, 1 mL of Hoechst 33342 dye solution 
was added to each well, and the cells were placed in an incubator at 37 °C for 20-30 minutes. The cells were washed 2-3 
times with PBS and fluorescence was detected using a fluorescence microscope.

Western blotting analysis: HepG2 and Huh7 cells in six-well plates were treated with THC were washed three times 
with PBS. Radioimmunoprecipitation assay lysis buffer was added at 100 mL per well and the samples were shaken well 
on ice, scraped to with a cell scraper, and transferred to an Eppendorf tube, which was centrifuged in a pre-cooled 
centrifuge at 12000 rpm at 4 °C for 30 minutes. The resulting supernatant was collected and transferred to a fresh 
Eppendorf tube. A protein concentration detection kit was used to determine the protein concentration according to the 
manufacturer’s instructions (Thermo Fisher Scientific, Waltham, MA, United States). After the standard curve was 
obtained, the protein concentration was standardized in each Eppendorf tube using 1 × loading buffer, and the protein 
was denatured by boiling at 100 °C for 5-10 minutes in a metal bath, and stored at -20 °C for subsequent experiments. The 
obtained protein sample was subjected to 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis, and the 
proteins were transferred to a polyvinylidene fluoride (PVDF) membrane, which was incubated in a blocking solution 
prepared with skim milk for 2 h. The PVDF membrane was then incubated with the corresponding primary antibody 
overnight. The membranes were washed with Tris-buffered saline with Tween 20 (TBST) and incubated with the corres-
ponding secondary antibodies for 2 hours at room temperature. The membranes were washed again with TBST. 
Enhanced chemiluminescent reagent was added to the PVDF membrane according to the manufacturer’s instructions and 
images were captured. ImageJ software was used to analyze the grey values of the bands.

Statistical analysis
Statistical analysis was performed using GraphPad Prism 9.0 (GraphPad, San Diego, CA, United States) and IBM SPSS 
22.0 (IBM, Armonk, NY, United States). Each experiment was performed on at least three independent occasions. Data are 
expressed as the mean ± SD. Student’s t-tests were used for pairwise comparisons between groups, with P < 0.05 as the 
cut-off value.

RESULTS
Target screening of THC and HCC, acquisition of intersecting core targets, and construction of a network relationship 
diagram
Seventy-seven targets overlapped with those related to the drug mechanism of action and the disease. A Wayne diagram 
of overlapping targets, namely the “THC-target-HCC” network diagram (Figure 1), was established to visualize potential 
target information and imported into Cytoscape 3.9.1 for visualization (Figure 2).

Construction of target PPI network and screening of core targets
The 77 target protein data points were uploaded to the STRING platform and analyzed on the PPI network to determine 
the interactions between target proteins. This information was imported into Cytoscape 3.9.1 for visualization, with 
targets represented by nodes and interactions between targets represented by edges. After removing two isolated nodes, 
the PPI network consisted of 77 nodes and 767 interactive connections (Figure 3). Using the Centiscape plug-in for 
network topology analysis, we obtained degree, betweenness, and closeness values and used them as screening criteria to 
select 16 core targets (Table 1). Among them, the degree of the core target, P53, was the largest.

GO functional enrichment analysis
GO enrichment analysis revealed 495 biological processes, 19 cell components, and 39 molecular functions. The top 10 
were selected from the results to create a bubble diagram (Figure 4A). The biological processes related to cancer involved 
in the core targets mainly included the enzyme-linked receptor protein signaling pathway and transmembrane receptor 
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Figure 1 Wayne diagram of tetrahydrocurcumin and hepatocellular carcinoma targets. THC: Tetrahydrocurcumin; HCC: Hepatocellular carcinoma.

Figure 2 Tetrahydrocurcumin-target-hepatocellular carcinoma network relationship. THC: Tetrahydrocurcumin; HCC: Hepatocellular carcinoma.

protein tyrosine kinase signaling pathway.

KEGG pathway enrichment analysis
Enrichment analysis of the KEGG pathways revealed 97 pathways related to the core targets. The top 30 were selected to 
make the bubble map (Figure 4B), with larger P values presented as a redder color, indicating that the level of enrichment 
was higher. As shown in Figure 4B, the signaling pathway involving P53 was related to nine directions of cancer, 
including central carbon metabolism, endocrine resistance, human cytomegalovirus infection, lipids and atherosclerosis, 
EGFR tyrosine kinase inhibitor resistance, advanced cancer, and protein glycosides in cancer.

Molecular docking
The TP53 gene is a key tumor suppressor gene in humans, and the P53 protein it encodes controls cell growth, repairs 
DNA damage, and induces cell stress to promote cell cycle arrest, apoptosis, or senescence, thereby inhibiting tumors. 
Molecular docking was used to verify the binding ability of TCM components to 16 key protein targets. Figure 5 shows a 
diagram of the core molecular docking results. THC showed certain binding activity by forming three hydrogen bonds in 
the hydrophobic structure formed by the Ser224, Glu228, and Lys294 amino acid residues of P53. A total score ≥ 5 was 
used as the threshold for the docking results. A higher the total score indicated more stable binding between the ligand 
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Table 1 Core targets and topological parameters

Name Betweenness centrality Closeness centrality Average degree value

TP53 537.5688911 0.011111111 58

HSP90AA1 411.5735117 0.010416667 53

STAT3 280.5350034 0.010309278 52

AKT1 451.5531513 0.010204082 50

SRC 297.0466707 0.010000000 49

EGFR 222.7036191 0.00990099 48

CASP3 233.6425731 0.009803922 47

PIK3CA 159.1340985 0.00952381 46

MTOR 126.8320074 0.009433962 43

ESR1 202.0774342 0.009345794 43

HIF1A 109.3920337 0.009259259 41

MDM2 66.2593338 0.008928571 37

MMP9 230.2669059 0.00877193 34

PPARG 269.6527851 0.008695652 33

KDR 65.5729245 0.008130081 26

AR 63.40344608 0.008064516 26

Figure 3 Construction of a protein-protein interaction network for target proteins at the intersection of tetrahydrocurcumin and 
hepatocellular carcinoma.
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Figure 4 Bubble map of tetrahydrocurcumin and hepatocellular carcinoma core targets. A: Bubble map of GO enrichment analysis of 
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tetrahydrocurcumin (THC) and hepatocellular carcinoma (HCC) core targets; B: Bubble map of KEGG enrichment analysis of THC and HCC core targets. BP: 
Biological process; CC: Cell component; MF: Molecular function.

Figure 5 Schematic diagram of molecular docking between tetrahydrocurcumin and P53 protein (PDB ID: 1XQH).

and its receptor. The target protein score for P53 was 6.5781, which indicated that the degree of binding of the active 
ingredients to P53 was good.

THC affects HCC cell activity
The CCK-8 assay was used to examine the effects of THC on HCC cell activity. The results showed that THC inhibited the 
proliferative activity of HepG2 and Huh7 cells at different time points (Figure 6). With increasing treatment time and 
drug concentration, the cell activity gradually decreased. The IC50 values of HepG2 cells treated with THC for 24, 48, and 
72 hours were 95.30, 53.84, and 40.21 μM, respectively. The IC50 values for Huh7 cells at 24, 48, and 72 hours were 62.45, 
40.53, and 25.15 μM.

THC inhibited the proliferation of HCC cells
We tested the effects of THC on the proliferative capacity of HCC cells using a plate cloning experiment. The drug was 
administered at different concentrations for 2 weeks, and the results showed that, compared to the blank control group, 
THC inhibited the colony formation of HepG2 and Huh7 cells (Figure 7). With a gradual increase in drug concentration, 
the number of HCC cells gradually decreased.

THC inhibited the migration and invasion ability of HCC cells
In the cell scratch experiment, the healing areas of HepG2 and Huh7 cells were observed after the cells were treated with 
25, 50, and 100 μM THC for 48 hours, and the experimental results are shown in Figure 8. The migration ability of the two 
HCC cell lines decreased with increasing drug concentrations. The healing area was greater for cells treated with a low 
drug concentration for those treated with a high drug concentration. Thus, THC had an inhibitory effect on HCC cell 
migration. These results were verified using transwell experiments, which showed that the invasion and migration 
abilities of HCC cells decreased with increasing THC drug concentration (Figure 8).

THC promoted the apoptosis of HCC cells
Hoechst 33342 was used to stain HCC cells treated with different concentrations of THC. When apoptosis occurred, the 
nuclei of the apoptotic cells showed dense staining under a fluorescence microscope. The results showed that the number 
of cells decreased and the number of apoptotic bodies increased as the THC concentration increased, indicating that THC 
promoted the apoptosis of HCC cells (Figure 9).

THC affected the expression of TP53 signaling pathway-related proteins
Western blotting was performed to analyze the expression of P53 signaling pathway-related proteins in HCC cells treated 
with different concentrations of THC for 48 hours. After THC treatment, the expression levels of pro-apoptotic proteins, 
P53, caspase-3, Bax, and Bcl-2 increased, thus promoting apoptosis (Figure 10).
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Figure 6 Detection of HepG2 and Huh7 cell viability. A: Statistical chart showing the survival rates of HepG2 cells treated with tetrahydrocurcumin (THC) for 
24, 48, and 72 hours; B: The survival rate of Huh7 cells treated with THC for 24, 48, and 72 hours. The cells were divided into a control group (0 μmol/L THC) and six 
THC treatment groups (20, 40, 60, 80, 100, and 120 μM). Data are presented as the mean ± SD, n = 3. Compared to the control group, aP < 0.05; bP < 0.01; THC: 
Tetrahydrocurcumin.

Figure 7 Cell cloning experiment to detect the proliferation capacity of HepG2 and Huh7 cells treated with different concentrations of 
tetrahydrocurcumin. A: Tetrahydrocurcumin (THC) had a greater effect on the proliferation of hepatocellular carcinoma cells as the treatment concentration 
increased (25, 50, or 100 μmol/L for 2 weeks); B: Graph of the cell cloning ability of HepG2 and Huh7 cells treated with THC (25, 50, or 100 μmol/L) for 2 weeks. All 
data are presented as the mean ± SD, n = 3. Compared to the control group, aP < 0.05; bP < 0.01; THC: Tetrahydrocurcumin.
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Figure 8 Effect of tetrahydrocurcumin on the migration and invasion of HepG2 and Huh7 cells. A: The migration capacity of HepG2 cells and Huh7 
cells treated with different concentrations of tetrahydrocurcumin (THC) (25, 50, or 100 μmol/L) for 48 hours was detected using a wound-healing assay. All data are 
expressed as mean ± SD, n = 3. Compared to the control group, bP < 0.01; B: Transwell assays were conducted to determine the inhibitory effect of different 
concentrations of THC (25, 50, or 100 μmol/L) on the migration of HepG2 cells. Similarly, matrix glue was used to demonstrate the inhibitory effect of THC on cell 
invasion, and the number of cells passing through the cell chambers after 48 hours of treatment was statistically analyzed. All data are expressed as the mean ± SD, 
n = 3. Compared to the control group, bP < 0.01; C: Transwell assays were conducted to determine whether THC inhibited the migration of Huh7 cells at different 
concentrations (25, 50, and 100 μmol/L). Matrix glue was used to determine the inhibitory effect of THC on cell invasion. The number of cells that passed through cell 
chambers after 48 hours of treatment was statistically analyzed. All data are expressed as mean ± SD, n = 3. Compared to the control group, bP < 0.01; THC: 
Tetrahydrocurcumin.
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Figure 9 Tetrahydrocurcumin promoted the apoptosis of HepG2 and Huh7 cells. A: Hoechst 33342 staining was used to detect the apoptosis of 
HepG2 and Huh7 cells treated with tetrahydrocurcumin (25, 50, or 100 μmol/L) for 48 hours, after photographing under a fluorescence microscope (20 µm); B: 
Graphs of apoptosis rates of HepG2 and Huh7 cells determined using Hoechst 33342 staining. All data are presented as mean ± SD, n = 3. Compared to the control 
group, aP < 0.05; bP < 0.01; THC: Tetrahydrocurcumin.

DISCUSSION
Primary liver cancer is the second leading cause of death from malignant tumors in China[21], with 90% originating from 
HCC, which is the fifth most common cancer in the world and the second most common cause of cancer-related deaths. 
Currently, there are no effective treatments for these diseases at the advanced stage. Most clinical treatments for HCC 
include surgical resection, and postoperative liver failure is the main cause of death and morbidity after partial liver 
resection[22]. TCM anti-tumor drugs have the characteristics of multi-targeting, few side effects, and a medium price, and 
thus, they have become a new direction for anti-tumor drug research and development. Therefore, research and 
development of TCM anti-tumor drugs are of great value.

Previously, we used network pharmacology to analyze the targets of TCM through a combination of bioinformatics 
and in vitro experiments, and the mechanism of action was identified based on the biomolecular network of the drugs’ 
targets[23]. In this study, through the screening of relevant literature and previously published data, 114 targets of THC 
were successfully identified, 2361 targets related to HCC were identified, and 16 potential core targets for the treatment of 
HCC with THC were identified. In total, 77 intersecting targets related to THC and HCC were identified, including AKT1, 
CASP3, MDM2, KDR, PIK3CA, and P53. In addition, Cytoscape 3.9.1 was used to construct a compound target network 
and a PPI network to visualize common target proteins. The proteins with a high degree in the PPI network, indicating 
that they were more likely to be core targets of THC, were P53, HSP90AA1, and STAT3. The degree value of TP53 was the 
highest, indicating that the anti-HCC mechanism of THC was most closely related to the biological function of TP53. 
Notably, TP53 is an important tumor suppressor gene in humans, and its expression is upregulated in various tumors. 
The TP53 gene product is an important regulatory factor for cell growth, proliferation, and DNA damage repair, and its 
expression can be induced when cells are under stress, thus promoting cell cycle arrest, followed by apoptosis or 
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Figure 10  Effect of tetrahydrocurcumin on the expression of P53 signaling pathway-related proteins in hepatocellular carcinoma cells. A: 
Western blotting analysis of core P53 signaling pathway-related proteins. HepG2 and Huh7 cells were treated with tetrahydrocurcumin (25, 50, or 100 μM) for 48 
hours. Representative blots of P53, caspase-3, Bax, and Bcl-2 protein expression; B: Western blotting analysis of the expression of core proteins related to the P53 
signaling pathway in hepatocellular carcinoma cells after drug treatment. All data are presented as the mean ± SD, n = 3. aP < 0.05; bP < 0.01; THC: 
Tetrahydrocurcumin.

senescence. This is the fundamental mechanism underlying the apoptosis induced by TP53. Thoenen et al[24] 
demonstrated that TP53 plays a key role as a tumor suppressor in nine types of bone and soft tissue sarcomas, including 
osteosarcoma. TP53 mutations are useful markers of tumor clonality, and the detection of TP53 mutations may also help 
identify early lesions with a high evolutionary risk[25]. TP53 mutations are also associated with poor prognosis in cancers 
such as breast cancer, colorectal cancer, and leukemia[26]. However, Mogi and Kuwano[27] found that the poor prognosis 
of small cell lung cancer was not associated with TP53 mutations. Tashakori et al[28] reported that mutant TP53 is an 
adverse risk factor for acute myeloid leukemia, and Zhu et al[29] found that P53 is involved in the therapeutic mechanism 
of trizolamide in the treatment of connective tissue diseases. Other mediators of TP53-related signaling pathways have 
also been extensively studied. For example, functional polymorphisms of caspase-9 have been shown to be associated 
with lung, bladder, pancreatic, colorectal, and gastric cancer[30]. Downregulation and mutations of Bax play important 
roles in tumor resistance to apoptosis[31]. In conclusion, TP53 is closely associated with the prevention and treatment of 
tumors and the prognosis of affected patients, providing a new direction for the study of the effects of novel drugs on 
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HCC.
In this study, we combined network pharmacology to explore the role of the TP53 signaling pathway in the THC-

induced apoptosis of HCC cells and showed that THC had effective anti-HCC activity by acting on TP53 target proteins 
and various upstream and downstream proteins; however, the specific mechanism of the anti-HCC effect of THC remains 
to be clarified. Although in vivo experiments can comprehensively evaluate the effects of drugs, there are limitations in 
controlling the dose and clarifying the mechanism of action[32]. By contrast, in vitro experiments, the dose can be 
controlled more precisely and it is possible to delve deeper into the molecular mechanisms of action of the drug. In this 
study, we investigated the effects of THC and CUR on tumor cells using in vitro experiments with accurately controlled 
drug concentrations. These experiments revealed the molecular mechanism whereby THC inhibits tumors through the 
mitochondrial apoptosis pathway, and provided a scientific basis for drug development and dose optimization. Previous 
studies have shown that THC can affect the metabolic pathway of the CYP450 enzyme; inhibit the expression of CYP1A1 
and the activation of NF-κB pathway; and thus, inhibit the migration and invasion of breast cancer cells[33]. THC can 
reduce the expression levels of Ki67 and inhibit the proliferation of cervical cancer cells[34]. THC can inhibit the function 
of P-glycoprotein (a drug transporter associated with multi-drug resistance) in acute myeloid leukemia, and significantly 
increase the sensitivity of cancer cells to vinblastine, mitoxantrone, and etoposide[35]. Therefore, THC inhibits a variety of 
tumors and exertis anti-tumor effects through multiple targets and pathways.

Overall, TCM anti-tumor drugs have multiple targets, few side effects, and a medium price, and thus, they have 
become a new direction for the research and development of anti-tumor drugs. Using network pharmacological 
techniques combined with in vitro experiments, we clearly demonstrated that THC inhibited the proliferation, migration, 
and invasion and induced the apoptosis of HCC cells via TP53. These findings provide scientific evidence for the 
development of new and more effective anti-cancer drugs and a new reference for the prevention and treatment of HCC.

CONCLUSION
Through a combination of network pharmacology and in vitro experiments, we revealed the molecular mechanisms by 
which THC inhibits the proliferation, migration, and invasion and promotes the apoptosis of HCC cells by regulating the 
P53 signaling pathway. The results showed that THC has potential as a new therapeutic target for HCC and they provide 
a scientific basis for the development of novel anticancer drugs. This is of great significance for the clinical prevention and 
treatment of HCC.
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