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Purpose: This study aims to evaluate the therapeutic potential of tubeimoside I (TBMS1), a monomer compound extracted from the 
tubers of Chinese herb Bolbostemma paniculatum (Maxim). Franquet (Cucurbitaceae), in the treatment of liver cancer. Specifically, 
we sought to elucidate the underlying mechanisms through which TBMS1 exerts its anticancer effects.
Methods: The effects of TBMS1 on the viability, proliferation, and apoptosis of two liver cancer cell lines, MHCC97-H and SNU- 
449, were comprehensively assessed using Cell Counting Kit-8 (CCK-8), colony formation, 5-ethynyl-2′-deoxyuridine (EDU) assay, 
and flow cytometry assays. To uncover the molecular mechanisms, RNA sequencing was performed to identify the downstream targets 
of TBMS1. Additionally, we utilized network pharmacology to predict TBMS1 targets in liver cancer and employed Venn diagram 
analysis to integrate these predictions with our experimental findings. Pathway enrichment analysis was conducted using Kyoto 
Encyclopedia of Genes and Genomes (KEGG) and Gene Ontology (GO) databases to elucidate the biological processes involved. 
Furthermore, a subcutaneous xenograft tumor model was established to investigate the in vivo antitumor efficacy of TBMS1.
Results: In vitro experiments demonstrated that TBMS1 significantly enhanced cell apoptosis and inhibited the growth of liver cancer 
cells. Both network pharmacology predictions and RNA-seq analyses revealed that the downstream target genes of TBMS1 were 
highly enriched in the NF-κB signaling pathway. Notably, we observed a significant upregulation of TNFα-induced protein 3 
(TNFAIP3) expression with increasing concentrations of TBMS1. In vivo studies further confirmed that TBMS1 treatment dramati-
cally reduced the volume and weight of liver cancer tumors compared to controls.
Conclusion: Our study provides compelling evidence that TBMS1 suppresses liver cancer progression by inactivating the NF-κB 
pathway and regulating TNFAIP3 expression. These findings offer novel insights and a theoretical basis for the development of 
targeted therapies for liver cancer.
Keywords: tubeimoside-I, hepatocellular carcinoma, TNFAIP3, NF-κB, proliferation

Introduction
Liver cancer ranks third globally in terms of cancer-related mortality and is the sixth most common type of cancer,1 with 
significant geographic heterogeneity.2 The most prevalent type of liver tumor is hepatocellular carcinoma (HCC), 
accounts for about 90% of reported cases.3 Chronic hepatitis caused by metabolic liver diseases such as hepatitis 
B and C virus infection and alcohol are potential pathophysiological factors that lead to HCC.4 Patients who are usually 
diagnosed with HCC are mostly in the middle to late stages, yielding a poor prognosis. However, owing to the absence of 
effective early diagnostic methods and the limitations of local treatment, systemic therapies are the only viable option for 
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those with unresectable or metastatic HCC.5 Systemic treatments, such as immune checkpoint inhibitors and molecularly 
targeted drugs, have advanced significantly.6,7 At the same time, with the progress of technology, the technology of using 
artificial intelligence computing to predict the potential new targets of old drugs for new use is also being explored.8 

However, due to drug resistance, metastasis, and frequent recurrence, HCC has one of the poorest prognoses, requiring 
new therapeutic approaches.

Traditional antitumor therapy combination with traditional Chinese medicine (TCM) to inhibit tumor progression as an 
adjuvant and alternative therapy have recently attracted attention.9,10 In practice, TCM can significantly reduce drug 
resistance, improve tumor inhibition, and improve side effects such as cancer-related bone marrow inhibition.11 

Furthermore, Liu et al found that TCM adjuvant therapy could improve the survival prognosis of HCC patients by 
establishing a Cox multivariate regression model and using Log rank test analysis.12 The tuber of Bolbostemma panicu-
latum (Maxim). Franquet (Cucurbitaceae), commonly referred to as tubeimoside (TBMS), is used as a Chinese medicinal 
herb. It has been used most frequently to treat snake venom and irritation. Subsequently, the main component TBMS1 was 
isolated and identified as a triterpene saponin with a unique macrocyclic structure.13 It exhibited anti-inflammatory and 
antioxidant properties.14 TBMS1 has been confirmed to have significant anticancer activity against lung cancer, breast 
cancer, melanoma, and glioblastoma. The related mechanisms include inhibiting cell proliferation, inducing apoptosis, 
promoting autophagy and inducing cell cycle arrest.15–18 TBMS1 may be a new anti-tumor agent according to these 
findings. However, the exact effects of TBMS1 and the specific mechanism of action on HCC remain lacking.

The NF-κB signaling typically undergoes canonical or noncanonical activation through pattern recognition receptor 
(PRRS) control the course of cancer by promoting cell proliferation and differentiation, for example.19 As one of the 
pathways of inflammation-mediated HCC development, cytokine signaling is usually regulated by TNF-α, IL-6, NF-κB, 
JNK and STAT3.20,21 Moreover, the NF-kB pathway’s activation causes chronic liver inflammation and advances 
HCC.22,23 TNFAIP3 is a typical anti-inflammatory molecule linked to cancer and other human disorders. Studies suggested 
that TNFAIP3 plays a dual role in promoting and inhibiting solid tumors. For example, TNFAIP3 has anti-tumor effect in 
hepatocellular carcinoma and colorectal cancer, but it is a potential oncogene in breast cancer and gastric cancer.24–27 

Moreover, as an ubiquitin-editing enzyme, TNFAIP3 can effectively downregulate NF-κB signaling.28,29 According to the 
above studies, TNFAIP3 may function as a tumor suppressor in HCC and its expression may affect the progression of HCC.

In this study, TBMS1 weakened liver cancer proliferation and promoted apoptosis both in vitro and in vivo. The RNA-Seq 
study and network pharmacology predictions revealed that the downstream target genes of TBMS1 were significantly enriched in 
the NF-κB pathway. Moreover, TNFAIP3 expression was notably elevated, concomitant with increased TMBS1 concentration. 
This study offers novel insights and a theoretical foundation for medication-target-based liver cancer treatment.

Materials and Methods
Target Prediction of TBMS1 in HCC
The SMILEs number of TBMS1 was searched from the PubChem chemical information database.30 Then, the related 
targets of TBMS1 were screened by Swiss TargetPrediction database,31 Pharmmapper database,32 and Super-PRED 
database.33 In the GeneCards,34 Therapeutic Target Database (TTD)35 and OMIM database (https://omim.org/), searching 
with “liver cancer” or “hepatocellular carcinoma” as the keyword to screened HCC-related targets. All targets collected 
in the above databases were standardized by the UniProt and NCBI. After removing the repeat targets, 1009 disease 
targets and 407 TBMS1-related targets were screened.

PPI Construction of TBMS1-HCC Targets
By taking the intersection of HCC-related and TBMS1-related targets, 132 overlapping targets were obtained, which 
were presented by Venn diagram. Then, the protein interaction network was constructed by importing the intersection 
gene into the STRING database.36 Network analysis and calculation of target proteins with high correlation were 
performed by Cytoscape 3.10.1 software.37
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GO and KEGG Pathway Enrichment Analysis
GO and KEGG enrichment analysis of crossing targets were performed by Metascape.38 P < 0.05 for the KEGG and GO 
pathways was deemed significant. The results were visualized and plotted by an online platform for data analysis and 
visualization.39

Cell Lines and Cell Culture
Human hepatoma cell lines MHCC97-H and SNU-449 were procured from Jennio Biotech (GuangZhou, China). DMEM 
(Cytiva, Shanghai, China) supplemented with 10% FBS (ExCell Bio, Suzhou, China) was used to cultivate cells at 37 °C 
in a humidified incubator with 5% CO2. After observing the growth of cells, 70–80% density was used in the studies that 
followed.

Drug Treatment
Tubeimoside I (TBMS1) was purchased from Target Mol (T2715, Boston, MA, USA). TBMS1 powder was processed 
into a 22.5 mg/mL (15 mm) stock solution with DMSO (Solarbio, Beijing, China) and stored at –80 °C. TBMS1 was 
added to the medium and diluted to different concentrations with cell culture medium containing 10% serum in different 
proportions.

Cell Viability Assay
The CCK-8 reagent (HY-K0301, MCE, New Jersey, USA) was used to measure cell viability in accordance with 
instructions. Cells were seeded in 96-well plates at 1×104 cells/well. The group included the control group (TBMS1- 
free DMSO) and groups treated with different amounts of TBMS1 (0, 0.5, 1, 5, 10, 20, 25, and 50µM) for 24h, and six 
parallel replicates for each group. Then, 10 μL of CCK-8 solution was added and incubated for two hours at 37 °C. At 
450 nm, absorbance was finally measured by Microplate Readers (Biotek Epoch, California, USA).

Colony Formation Assay
MHCC97-H and SNU-449 cells were planted in 6-well plates at a count of 2000 cells/well. Cells were grown in the medium 
containing different concentrations of TBMS1 (0μM, 5μM, 10μM, 15μM) for 14 days. After the number of cells in a single 
clone exceeded 50 under observation, the cells were fixed with 4% paraformaldehyde and stained with 1% crystal violet, 
rinsing with cold PBS and dried. Subsequently, positive clones were counted by Image J software (National Institutes of 
health, Bethesda, Maryland, USA) and each group contained three independent parallel replicate wells.

EdU Assay
Cell proliferation was identified in accordance with the Cell-Light EdU Apollo488 In Vitro Kit’s instructions (C10310-3, 
RIB-BIO, Guangzhou, China). MHCC97-H and SNU-449 cells were treated with 0, 10, 20, and 25 μM TBMS1 for 24h 
after being plated in 24-well plates with 1×104 cells/well. EDU solution (50uM) diluted in culture medium was added to 
the treated cells and incubated with cells for 2h at 37 °C. After fixation and staining, the cells were permeabilized with 
PBS containing 0.5% tritonX-100 for 10 minutes, and then incubated with glycine (2 mg/mL). Lastly, positive cells were 
labeled by staining with 1 × Apollo solution and nuclear staining was performed with Hoechst 33342 for 30 minutes. 
A fluorescence microscope (Zeiss, Oberkochen, Germany) was used to collect images and a minimum of 5 fields/well 
were randomly selected for positive cell counting.

Flow Cytometry Analysis of Apoptosis
In accordance with the manufacturer’s recommendations, cell apoptosis of MHCC97-H and SNU-449 cells was measured 
using the Annexin V-PE/7-AAD Apoptosis Detection Kit (Vazyme, Nanjing, China). 5 μL of Annexin V-PE and 7-AAD 
reagent were mixed in the cell suspension with 400 μL 1× binding buffer, and the cells were stained for 15 minutes. Each 
sample contained 1×104 cells, and flow cytometry (NOVOCYTE 3130, ACEA Biosciences, California, USA) was used to 
quantify the apoptotic cells and further analyze them.
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RNA-Seq Analysis of MHCC97-H Cells Induced by TBMS1
After being seeded at 1.5×106 cells/well in 6-well plates, MHCC97-H cells were exposed to TBMS1 at an IC50 
concentration for 24h. Cell samples were treated with TRIzol and transferred to centrifuge tubes. Samples were treated 
with TRIzol and transferred to centrifuge tubes for total RNA extraction. The library was constructed by mRNA 
enrichment, fragmentation, reverse transcription, cDNA synthesis, PCR amplification and quantification, then subjected 
to Illumina sequencing. Three separate experiments provided samples for the collection. RNA-seq analysis was 
performed by Novogene Bio (Beijing, China).

Quantitative Reverse-Transcriptase Polymerase Chain Reaction (qRT-PCR) Assay
RNA was extracted from MHCC97-H and SNU-449 cells or tissues using TRIzol and reverse transcribed into cDNA 
using the M-MLV reverse transcriptase kit (Accurate Biology, Hunan, China). Quantitative qRT-PCR reactions were 
performed using SYBR Premix Ex Taq kit (Accurate Biology, Hunan, China). GAPDH served as the housekeeping gene 
and all experiments were repeated at least three times. Relative gene expression was assessed by calculating the results 
using the 2−ΔΔCT approach. Table 1 lists the primer sequences.

Western Blot Assay
Proteins of MHCC97-H and SNU-449 cells and tissues were extracted by cleavage with RIPA (Beyotime, Shanghai, 
China) mixed with protease inhibitors (HY-K0011, MCE, New Jersey, USA). A BCA standard curve was made according 
to the BCA Protein Assay kit (23227, Thermo scientific, Massachusetts, USA) instructions to determine the total protein 
concentration. SDS-PAGE electrophoresis was carried out according to the loading volume of 30μg. The proteins were 
transferred to polyvinylidene fluoride (PVDF) membranes (IPVH00010, Millipore, Bedford, MA, USA) and then 
blocked with 1xTBST (Epizyme BIO, Shanghai, China) dissolved in 5% skim milk powder for 1h 30min at room 
temperature on a shaker. The primary antibody was diluted in proportion and incubated at 4°C overnight. After washing 
with 1xTBST, secondary antibodies of the corresponding species were incubated for 1 h at room temperature on a shaker. 
The images were visualized and collected by the ChemiDoc TMMP Imaging System (Bio-Rad, California, USA) after 
infiltration of the bands with the ECL hypersensitive luminescent solution (WBKLS0500, Millipore, Massachusetts, 
USA), and the gray value was analyzed by ImageJ software. These dilution concentrations and primary antibodies were 
employed: Dilution ratios for anti-TNFAIP3 (Affinity, California, USA) and anti-GAPDH (Proteintech, Wuhan, China) 
were 1:500 and 1:10000. Goat anti-mouse secondary antibody (ZENBIO, Chengdu, China) and goat anti-rabbit 
secondary antibody (Proteintech, Wuhan, China) had dilution ratios of 1:8000 and 1:3000, respectively.

Table 1 The Primer Sequences of qRT-PCR

Number Primer Sequence of Primer

1 TNFAIP3-F TCCTCAGGCTTTGTATTTGAGC

2 TNFAIP3-R TGTGTATCGGTGCATGGTTTTA
3 DUSP5-F TGTCGTCCTCACCTCGCTA

4 DUSP5-R GGGCTCTCTCACTCTCAATCTTC
5 PLAU-F GGGAATGGTCACTTTTACCGAG

6 PLAU-R GGGCATGGTACGTTTGCTG

7 IL1α-F TGGTAGTAGCAACCAACGGGA
8 IL1α-R ACTTTGATTGAGGGCGTCATTC

9 IL1β-F ATGATGGCTTATTACAGTGGCAA

10 IL1β-R GTCGGAGATTCGTAGCTGGA
11 TRAF1-F TCCTGTGGAAGATCACCAATGT

12 TRAF1-R GCAGGCACAACTTGTAGCC
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Xenograft Tumor Model
Male BALB/c nude mice (4–6 weeks old) were kept in an SPF level sterile environment after being purchased from HFK 
Bioscience in Beijing. After gathering MHCC97-H cells and modifying the concentration to 2×106/150 μL DMEM, the 
cells were implanted into the nude mices’ right hind leg. The nude mice were randomly split into two groups at random: the 
treated group and the negative control group (n = 5 in each group). The treated group received an intraperitoneal injection of 
TBMS1 (4 mg/kg), while the control group’s mice received an intraperitoneal injection of the same amount of sterile PBS. 
The length (L) and width (W) of the tumor were measured every two days, and the volume (V = L × W2/2) was computed. 
Tumors were excised and weighed, and the tissues were immediately isolated and fixed in 4% PFA immediately after 21 
days of treatment with the injection. Tumor samples from five mice from each sample were collected for immunohisto-
chemical staining, the residual tumor samples were used for qRT-PCR or Western blot assays. All operations were carried 
out in compliance with the institutional rules, and all animal experiments were authorized by the Shenzhen Second People’s 
Hospital (protocol code: 2023–262-01, data of approval: 14 November 2023).

Immunohistochemistry (IHC)
Tissue sections of transplanted tumors were stained with H&E and IHC staining with Ki67 (1:8000, Proteintech, Wuhan, 
China), TNFAIP3 (1:200, Affinity, Melbourne, Australia), Caspase-7 (1:400, Proteintech, Wuhan, China) and RARP 
(1:300, Proteintech, Wuhan, China), which was using the DAB chromogenic solution (ZSGB-BIO, Beijing, China).

Statistical Analysis
All data analysis was carried out by GraphPad Prism 9.0 software (GraphPad Software, San Diego, CA, USA), and 
results were presented as mean ±SD. Every experiment was performed in triplicate, each replicate was performed as an 
independent experiment or observation. Independent sample test (t-test) was used for comparison between two groups. 
One-way analysis of variance (ANOVA) was used for comparison between multiple groups.*P < 0.05 was deemed 
statistically significant.

Results
TBSM1 Inhibits Proliferation of HCC Cells
The effect of TBMS1 on the growth and proliferation of HCC cells was examined using the CCK-8, colony formation, 
and EDU assays. First, TBMS1 was administered at doses ranging from 0 to 50 μM to treat MHCC97-H and SNU-449 
cells to ascertain the half maximal inhibitory concentration (IC50). As illustrated in Figure 1A, the IC50 values were 
20.28μM and 22.98μM, respectively. In addition, we found that the inhibition of cell viability in both HCC cell lines 
increased with TBMS1 treatment concentration and time (Figure 1B). The colony formation assay’s results demonstrated 
that the quantity of positive colonies decreased with increasing drug concentration compared with the TBMS1 0μM 
group, indicating that TBMS1 can inhibit MHCC97-H and SNU-449 cells’ colony formation (Figure 1C). Additionally, 
the EDU experimental results showed that TBMS1 hindered DNA replication activity, which in turn inhibited the 
proliferation of MHCC97-H and SNU-449 cells. Following TBMS1 treatment, the number of edu-labeled green 
fluorescent cells was much lower (Figure 1D). The flow cytometric measurements indicated that cell apoptosis was 
significantly increased in MHCC97-H and SNU-449 cells treated with TBMS1 at doses of 10μM, 20μM, and 25μM 
(Figure 1E). According to these findings, TBMS1 may, in a concentration-dependent way, dramatically reduce the 
proliferative activity and encourage death of HCC cells.

Prediction of Anti-HCC Targets and Pathway of TBMS1 by Network Pharmacology
To explore and determine the mechanism of TBMS1 inhibition of liver cancer proliferation, we screened 407 TBMS1- 
related targets from the SwissTargetPrediction, Pharmmapper, and SuperPRED databases through target prediction and 
database search. Moreover, 1089 targets of liver cancer were collected from the GeneCards, TTD, OMIM databases. 
Subsequently, 132 potential targets of TBMS1 in HCC are shown by Venn diagram (Figure 2A). In addition, the protein 
interaction network (PPI) of intersection target genes was constructed by String database, and the network diagram was 
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Figure 1 TBMS1 inhibited the proliferation and promoted apoptosis of liver cancer cells. (A) CCK-8 assay was used to detected the half maximal inhibitory concentration 
(IC50) of TBMS1 on MHCC97-H cell (left) and SNU-449 (right) cells.The IC50 of MHCC97-H and SNU-449 were 20.28μM and 22.98μM, respectively. (B) CCK-8 assay 
detected the effect of TBMS1 on liver cancer cell viability. MHCC97-H and SNU449 cells were treated with TBMS1 (0, 10, 20, 25 µM) for 24 h,48h,72h. (C) Colony 
formation assay was used to detected the effect of TBMS1 (0, 10, 20, 25 µM) on liver cancer cell clonogenic ability. (D) EDU assay was used to evaluated the ability to 
synthesize DNA. (E) Flow cytometry was used to measure the effect of TBMS1 on the rates of liver cancer cells apoptosis. *p < 0.05.
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Figure 2 Network pharmacology prediction of TBMS1-HCC relevant targets and functional enrichment. (A) The Venn diagram of 132 TBMS1-HCC relevant 
targets. (B) PPI network construction of common genes. (C) The result of GO analysis. (D) The result of KEGG enrichment analysis. (E) Compound-target- 
pathway network of TBMS1 in liver cancer. Prism nodes represent BP terms; arrow nodes represent KEGG terms; Round nodes represent genes and dark purple 
nodes indicate height values.
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drawn and analyzed by Cytoscape software 3.10.1 (Figure 2B). This includes 132 nodes and 2201 edges, with an average 
node degree of 33.3. The CytoNCA plugin was used to calculate and screen the clusters with high correlation by 
comparing the Degree value. Genes located at intermediate nodes may serve as significant targets of TBMS1 in HCC 
treatment. To further analyze the biological functions of the target genes, we performed GO and KEGG enrichment 
analyses by Metascape. GO ontology enrichment analysis with p < 0.05 as the screening criterion. The top 15 enrichment 
results of biological process (BP), molecular function (MF) and cellular component (CC) for the three GO categories are 
shown in Figure 2C. The results showed that the target biological functions of TBMS1 in liver cancer were mainly 
enriched in response to hormone, enzyme-linked receptor protein signaling pathway, cell population proliferation and 
response to heterotypic biomass stimulation. In addition, the top 15 results of KEGG enrichment analysis (p < 0.05) 
suggested that the potential pathways of target genes included pathways in cancer, MAPK signaling pathway, Th17 cell 
differentiation, and transcriptional misregulation in cancer (Figure 2D). Also, to investigate the connection between 
target genes and pathways in more detail, we constructed the “drug-target-pathway” network by Cytoscape software 
3.10.1 and calculated the correlation degree. The results showed that genes and functional pathways colored dark purple 
have higher correlations and are more closely related to the anti-HCC effect of TBMS1 (Figure 2E). Finally, synthesizing 
the above results, we propose that TBMS1 may participate in the regulation of cancer-related pathways through enzyme- 
linked receptor signaling to mediate HCC progression.

TBMS1 Exerts Anti-HCC Effect by Inactivating the NF-κB Pathway
To further validate the predictions of network pharmacology, RNA sequencing was performed on MHCC97-H cells treated with 
TBMS1 at half inhibitory concentration for 24h. Four hundred and forty-one up-regulated and 134 down-regulated genes were 
among the 575 differentially expressed genes (DEGs, p<0.05 and |log2 FC|≥ 1) that were evaluated, which were displayed by 
volcano plot (Figure 3A). The top 20 results of the GO and KEGG enrichment analysis were displayed after functional 
enrichment analysis of the differentially expressed genes was completed. The associated signaling pathways of the DEGs 
were mostly focused on cytokine–cytokine receptor interaction and NF-kappa B signaling pathway (Figure 3B–E). Interestingly, 
network pharmacological prediction and RNA-seq analysis were co-enriched in the NF-κB pathway. Next, we used qRT-PCR 
experiment to measure the NF-κB pathway gene’s mRNA expression level, including DUSP5, TNFAIP3, PLAU, IL1α, IL1β, 
TRAF1, etc. The mRNA levels of TNFAIP3 significantly increased with increasing concentrations of TBMS1 (Figure 3F). 
Concurrently, we observed a significant increase in TNFAIP3 protein levels with increasing TMBS1 concentration (Figure 3G). 
Thus, we hypothesized that TBMS1 regulates NF-κB pathway by regulating TNFAIP3 protein expression level.

TBMS1 Inhibits HCC Proliferation in vivo
To look at how TBMS1 affects HCC cells in vivo, human MHCC97-H cells were transplanted subcutaneously in nude 
mice. With compared to the control group, the tumor weight and volume of the nude mice in the TBMS1-treated group 
were noticeably lower (Figure 4A–C). This suggested that TBMS1 was able to inhibit tumor growth in vivo. 
Furthermore, we conducted immunohistochemical analysis and HE staining on tumor tissue slices and discovered that 
the focal necrosis was found in the center and edge of tumor tissue in TBMS1-treated group. The TBMS1-treated group 
had decreased levels of Ki67 (a marker of proliferation) and increased levels of Caspase 7 and RARP (markers of 
apoptosis) compared to the control group. Meanwhile, TNFAIP3 levels in the TBMS1-treated tumor tissues significantly 
increased (Figure 4D and E). Similarly, the TBMS1-treated group had higher TNFAIP3 mRNA and protein levels 
(Figure 4F and G). The above results suggest that TBMS1 inhibits the growth of HCC by regulating TNFAIP3 expression 
to inactivate the NF-κB pathway. Flow chart of TBMS1 therapy for liver cancer is presented in Figure 5.

Discussion
Liver resection and liver transplantation are the primary curative treatment options for liver cancer. However, these 
therapies are limited in improving the outcomes due to a high morbidity and rate of death.40 The poor prognosis of HCC 
has necessitated novel treatment options to improve patient survival. In recent years, the use of natural compounds as 
potential antineoplastic agents has provided new strategies to improve the poor prognosis caused by malignant tumors 
with lower systemic toxicity and fewer adverse reactions. Chinese patented medicines and extracts have shown 
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Figure 3 Transcriptome sequencing identified potential pathway for TBMS1 to act on liver cancer. (A) Volcano plot of RNA sequencing showed differentially expressed 
genes (DEGs) of TBMS1-treated MHCC97-H cells. The top 10 genes with the most significant changes were marked. Up-regulated genes are in red, down-regulated genes 
are in blue, and genes with no significant changes are in gray. (B–E) KEGG enrichment and GO enrichment of RNA sequencing of MHCC97-H cells treated by TBMS1, 
significant pathway ranked the top 15 with p value<0.05. (F) RT-qPCR validate the differential gene expression patterns in NF-κB pathway obtained from RNA-seq analysis. 
(G) The expression of TNFAIP3 protein in MHCC97-H and SNU449 cells was detected by Western blot. Compared with group treated by 0μM TBMS1, *p < 0.05.
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Figure 4 TBMS1 inhibited the proliferation of liver cancer in vivo. (A–C) Tumor tissue and statistical analysis of tumor tissue and tumor weight and volume. (A) The nude 
mice was injected subcutaneously with MHCC97-H cells for 4 weeks and treated with TBMS1 (4 mg/kg) for 21 days (B and C) The tumor weight (B) and tumor volume. (C) 
after TBMS1 treatment was showed. (D and E) Representative images of H&E and Ki67, TNFAIP3, Caspase7, RARP staining (10x), and expression quantification of positive 
areas. (F) The expression of TNFAIP3 mRNA in tumor-bearing mice was detected by RT-qPCR. (G) The expression of TNFAIP3 protein in tumor-bearing mice was detected 
by Western blot. *p < 0.05.
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advantages for treating liver cancer.41 Yang et al found that the TCM compound FZJDXJ can inhibit the growth and 
migration of HCC by mediating AKT/CyclinD1/p21/p27 pathway.42 It has been reported that polysaccharide components 
in various Chinese herbal medicines can inhibit tumor progression by inhibiting abnormal proliferation and cell cycle- 
induced cancer cell death.43 For example, berberine (the active ingredient of aqueous extract of Rhizoma coptidis) and 
Curcumin (a component of turmeric) have been demonstrated to have some anti-liver cancer properties.44,45 

Tubeimoside-I (TBMS1) is a major natural ingredient isolated and extracted from the tuber of Chinese medicinal herb 
Bolbostemma paniculatum (Maxim). Franquet (Cucurbitaceae). Although previous studies reported a related effect of 
TBMS1 on hepatoma cell HepG2,46 the specific mechanism of TBMS1’s anti-HCC action is yet unknown.

In our study, TBMS1 primarily exhibited anti-HCC activity by inhibiting viability and proliferation of tumor cells such as 
colony formation and DNA replication and promoting apoptosis. Furthermore, the volume and weight of nude mouse tumor 
tissues significantly decreased 21 days following the intraperitoneal injection of TBMS1 in vivo. These results indicate that 
TBMS1 exerts a key inhibitory effect on HCC proliferation. Network pharmacology analysis can systematically elucidate drug– 
organism interactions by predicting target profiles and pharmacological mechanisms. Firstly, we used network pharmacology to 
explore the underlying mechanisms by which TBMS1 affects HCC proliferation, then we determined 407 TBMS1-related target 
and 15 associated pathways in HCC. In addition, we applied RNA sequencing to furthermore identify differentially expressed 
genes after TBMS1 treatment. Interestingly, we found the results of network pharmacological prediction and RNA-seq analysis 
were co-enriched in the NF-κB pathway. NF-κB is involved in various pathological processes and is a transcription factor related 

Figure 5 Flow chart of TBMS1 therapy for liver cancer.
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to inflammation. Additionally, it has been discovered that NF-κB has a significant role in controlling inflammatory mediators 
linked to liver cancer.47 Therefore, inhibition of NF-κB signaling by targeting may help to intervene in HCC progression.

Next, we targeted TNFα-induced protein 3 (TNFAIP3), a differential gene that was significantly altered in the NF-κB 
pathway after TBMS1 treatment. Studies have shown that TNFAIP3 is a central modulator of cellular immunity and 
inflammation. As a ubiquitin-editing protein, TNFAIP3 can induce deubiquitination of related proteins and down-regulate 
NF-κB signaling, thereby playing an anti-inflammatory role.48–50 Our experimental results found that treatment with TBMS1 
could increase TNFAIP3’s mRNA and protein expression in liver cancer cells. Also, TNFAIP3 expression was also significantly 
increased in tumor tissues of TBMS1-treated group. These results imply that TBMS1 may prevent the growth and trigger 
apoptosis of liver cancer by controlling TNFAIP3 expression and deactivating NF-κB. However, the underlying mechanism of 
the association between TNFAIP3 and TBMS1 anti-HCC activity remains unclear. For example, overexpression or knockdown 
of TNFAIP3 in HCC cells will affect the inhibitory effect of TBMS1 on HCC activity in vitro and in vivo, and to explore 
whether TNFAIP3 is involved in mediating TBMS1’s effect on NF-κB pathway. A comprehensive mechanism merits further 
investigation. To sum up, these present results suggest that TNFAIP3 plays a key role in TBMS1-mediated anti-HCC activity.

Conclusion
This study proved that TBMS1 suppressed HCC cells from proliferating both in vitro and in vivo. The findings also 
suggested that TBMS1 inactivated NF-κB pathway activity by regulating TNFAIP3 expression, thereby inhibiting the 
proliferation of HCC. Our research offers a novel perspective on the therapeutic application of TBMS1 as a potential 
antitumor agent for treating HCC.

Abbreviations
HCC, hepatocellular carcinoma; TBMS1, Tubeimoside I; TNFAIP3, TNFα-induced protein 3; CCK-8, Cell Counting 
Kit-8; EDU, 5-ethynyl-2′-deoxyuridine; IC50, half maximal inhibitory concentration; PVDF, polyvinylidene fluoride; 
ANOVA, analysis of variance; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; BP, biological 
process; MF, molecular function; CC, cellular component; DEGs, differentially expressed genes.
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