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Background: Celastrol, an important extract of Tripterygium wilfordii, shows strong antitumor activity in a variety of tumors including nasopharyngeal carcinoma (NPC). However, little is known about its targets in NPC. We aimed to screen the key gene targets of Celastrol in the treatment of NPC by means of in silico analyses (including network pharmacology and molecular docking) and experimental evaluations.
Methods: The main target genes of Celastrol and the genes related to NPC were obtained by retrieving the relevant biological databases, and the common targets were screened. Protein-protein interaction analysis was used to screen the hub genes. Then, a “compound-target-disease” network model was created and molecular docking was used to predict the binding of Celastrol to the candidate hub proteins. Afterward, the expression changes of the candidate genes under the administration of Celastrol were verified in vitro and in vivo.
Results: Sixty genes common to Celastrol and NPC were screened out, which may be related to numerous biological processes such as cell proliferation, apoptosis, and tube development, and enriched in various pathways such as PI3K- Akt, EGFR tyrosine kinase inhibitor resistance, and Apoptosis. The tight binding ability of the candidate hub proteins (TNF, VEGFA, and IL6) to Celastrol was predicted by molecular docking [Docking energy: TNF, −6.08; VEGFA,−6.76; IL6,−6.91(kcal/mol)]. In vitro experiments showed that the expression of TNF and VEGFA decreased while the expression of IL6 increased in NPC cells (CNE2 and HONE1) treated with Celastrol. In vivo experiments suggested that Celastrol significantly reduced the weight and volume of the transplanted tumors in tumor-bearing mice in vivo. The expression of TNF, VEGFA, and IL6 in the transplanted tumor cells could be regulated by using Celastrol, and the expression trends were consistent with the in vitro model.
Conclusion: Several gene targets have been filtered out as the core targets of Celastrol in the treatment of NPC, which might be involved in a variety of signaling pathways. Hence, Celastrol may exert its anti-NPC activity through multiple targets and multiple pathways, which will provide new clues for further research. Future experiments are warranted to validate the findings.
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INTRODUCTION
Nasopharyngeal carcinoma (NPC) is a kind of malignant tumor that mainly occurs in nasopharyngeal epithelial cells. It is common in Southeast Asian countries and in Southeast China (Su et al., 2022). The onset is concealed, and the main pathological types of most cancers are medium and low-differentiated squamous cell carcinoma. Clinically, radiotherapy combined with chemotherapy has achieved favorable results in early-stage patients, but a considerable number of patients still experience metastasis and recurrence, thus affecting their prognosis (Peng et al., 2021). Therefore, other prevention and treatment strategies need to be developed in the clinic.
In recent years, more attention has been focused on the efficacy of natural bioactive products for NPC treatment, which not only have strong biological activity but also are safe and lack systemic toxic effects (Huang et al., 2021). For example, Curcumin is a polyphenolic natural product, which can sensitize NPC cells to radiation through modulation of ROS generation, Jab1/CSN5, and non-coding RNAs (Momtazi-Borojeni et al., 2018). Asiatic acid, extracted from Centella Asiatica, was found to have anticancer activity in various cancers, including NPC. It significantly reduces the cell viability of cisplatin-resistant NPC cell lines caused by apoptosis through both the intrinsic and extrinsic apoptotic pathways (Liu et al., 2020). Apigenin is a naturally occurring plant flavone. A combination of Apigenin and Cetuximab (a well-known epidermal growth factor receptor inhibitor) could effectively suppress the viability of NPC cells by increasing G2/M phase arrest (Hu et al., 2018). Thus, the active components in natural plants may become potential anticancer drugs.
Celastrol, an important active substance in Tripterygium wilfordii (T. wilfordii), has strong anticancer activity. Celastrol is rich in the roots, stems, and leaves of T. wilfordii, and it has three terpenes in its structure (Jin et al., 2022). Evidence showed that Celastrol has a wide range of pharmacological effects, such as anti-inflammation, immunosuppression, anti-obesity, and anti-tumor activity. Among these biological activities, anti-tumor activity has attracted much attention (Bai et al., 2021). Celastrol exerts an inhibitory effect on breast cancer, prostate cancer, lung cancer, colorectal cancer, osteosarcoma, gastric cancer, and liver cancer (Lim et al., 2021). Moreover, it also exhibits a significant inhibitory effect on NPC cells. For instance, Celastrol induces apoptosis through the death receptor and the mitochondrial pathway in NPC cells possibly through activation of MAPK 8/9 and inhibition of (MAPK) 1/3 pathways (Lin et al., 2017). Likewise, through the modulation of MAPK pathways, Celastrol might trigger the apoptosis of cisplatin-resistant NPC cells (Hsieh et al., 2019). This suggests that Celastrol may exert anti-tumor activity by regulating the expression of some genes. However, limited studies have focused on this issue, which needs to be further explored.
Traditional research often has some limitations because it only focuses on a single target or pathway. With the development of biological big data, the derived bioinformatics methods can overcome this difficulty. Network pharmacology is a branch of bioinformatics, which integrates biology, bioinformatics, pharmacology, and other disciplines, from looking for a single target gene to exploring a comprehensive network (Noor et al., 2022). It also explores the effects and possible mechanisms of drugs and target genes from multiple angles, levels, and stages. To explore the possible molecular mechanism of Celastrol in the treatment of NPC, we used bioinformatics methods (including network pharmacology) to comprehensively explore the target genes. Then, further in vitro and in vivo experiments were conducted to validate the expression of the key genes (Figure 1). The mRNA and protein expression of the key genes were detected by RT-PCR and western blot assays.
[image: Figure 1]FIGURE 1 | The flowchart of this study. The target genes of Celastrol were firstly obtained by screening the TCMSP, BATMAN-TCM, and Swisstarget databases; then NPC-related genes were obtained by the Genecards database; the two gene sets were intersected to obtain 60 genes. These genes were then subjected to functional enrichment analysis and PPI network construction to filter the hub genes, and the candidate hub genes were then subjected to molecular docking and experimental validation.
MATERIALS AND METHODS
Analysis of the pharmacokinetic parameters of Celastrol
TCMSP analysis platform is a public pharmacological analysis platform for the investigation of natural substances and traditional Chinese medicine (Ru et al., 2014). The pharmacokinetic parameters of Celastrol were obtained through the TCMSP database.
Celastrol target screening
In addition to the TCMSP, we also used the BATMAN-TCM (Liu et al., 2016), Swisstarget platform (www.swisstargetprediction.ch), TCMIP (Wang et al., 2021), and other platforms for target screening.
First, we obtained the target gene of Celastrol by using the TCMSP platform. Second, the smile structure of Celastrol was introduced into the Swisstarget platform, and the probability (probability >0) was set as the screening condition to obtain the predicted target genes of Celastrol. Third, the target genes with scores >20 were screened using the BATMAN-TCM tool.
After obtaining the target gene/protein name, the protein name was corrected using the UniProt database (www.uniprot.org) to obtain the target gene name. Finally, the target genes obtained by the above two approaches were combined to obtain the predicted targets gene of Celastrol.
Screening of the genes related to nasopharyngeal carcinoma
To obtain the genes related to NPC, we searched the genes related to NPC through the Genecards tool (www.genecards.org) (Stelzer et al., 2011). The keyword “nasopharyngeal carcinoma” was used to obtain the gene targets related to the disease.
Screening of the common gene targets related to Celastrol and nasopharyngeal carcinoma
To obtain the common target genes of Celastrol and NPC, we analyzed the intersection of Celastrol target genes obtained in the above steps and NPC-related genes. The common related targets were obtained based on the Venn diagram. These genes can be considered potential target genes of Celastrol on NPC.
Construction of the common target protein interaction network
Interactions may be observed between proteins. We used the STRING database (www.string-db.org) (Mei, 2018) to predict and analyze protein interactions. The common targets of Celastrol and NPC were used as input into the tool, and “Homo sapiens” was selected to construct the protein-protein interaction network (PPI network).
The cytohubba plug-in of the Cytoscape tool was used to calculate the gene network and sorted according to the degree value, and the hub genes were screened.
Biological function annotation and pathway enrichment analysis of common targets
To understand the biological functions and the possible enriched signaling pathways of the common target genes, we performed Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis to learn the possible molecular mechanism of Celastrol in the treatment of NPC.
For GO analysis, the c5.go.bp.v7.4.symbols.gmt subset from the Molecular Signatures Database was used as the background, while for KEGG analysis, the KEGG rest API was used to obtain the latest gene annotation of the KEGG pathway as the background. The genes were mapped to the backgrounds. Then, the R software package clusterprofiler (version 3.14.3) for enrichment analysis was utilized for analysis. The false discovery rate (FDR) < 0.05 was considered statistically significant.
Establishment of “compound-target-disease” network
Cytoscape 3.2.0 software was used to construct the “compound-target-disease” network interaction model, in which the “node” represents the compound, disease, or target and the “edge” represents the interaction relationship.
Molecular docking prediction
To verify the possible binding force between Celastrol and the hub proteins, we used molecular docking technology.
First, the mol2 format of the compound directly was obtained by the TCMSP tool. Then, the crystal structures of candidate proteins were obtained from the RCSB PDB database (www.rcsb.org) (Kouranov et al., 2006), and the ligand and water molecules were removed using the PyMOL software. Next, molecular docking was carried out by using the Swissdock tool (Bitencourt-Ferreira and de Azevedo, 2019), and the results were imported into USCF chimera 1.14 software for visualization and analysis.
According to the estimated ΔG (kcal/mol) value, the binding force between the drug and protein was determined. A negative value indicates that they can be combined. If the negative value is below −7, the drug and protein can be very tightly coupled.
Validation of the key targets through in vitro assays
The human NPC cell line, the CNE2, and HONE1 cells were conserved in our Laboratory. The use of the cell lines was approved by our institutional research ethics committee. The cells were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) containing 5% fetal bovine serum in a humidified atmosphere with 5% CO2 at 37 °C. The cells were respectively separated into two groups: the Celastrol-treated group (10 μM Celastrol) and the control group (without Celastrol) (Yao et al., 2019).
After intervention for 24 h, the mRNAs of the top hub genes (TNF, VEGFA, IL6) were detected by RT-PCR assay as described previously (Ling et al., 2022). Each sample was repeated in triplicate. GAPDH was used as the internal reference. The Primer sequences were listed as follows and all listed primers were 5′–3′.
TNF (F: ACG​GCA​TGG​ATC​TCA​AAG​AC, R: AGA​TAG​CAA​ATC​GGC​TGA​CG); VEGFA (F: CAA​GAC​AAG​AAA​ATC​CCT​GTG​G, R: GCT​TGT​CAC​ATC​TGC​AAG​TAC​G); IL-6 (F: TGT​GCA​ATG​GCA​ATT​CTG​AT, R: GGT​ACT​CCA​GAA​GAC​CAG​AGG​A); GAPDH (F: ATT​CCA​CCC​ATG​GCA​AAT​TC, R: GCA​TCG​CCC​CAC​TTG​ATT)
The protein expression of the three top genes was detected by western blot assay as previously described (Ling et al., 2022). In brief, cells were harvested, washed with ice-cold PBS, and lysed with RIPA buffer supplemented with protease inhibitors. Proteins were running on a 10% SDS–polyacrylamide gel electrophoresis and transferred to polyvinylidene difluoride membranes (Roche). Blots were then incubated in fresh blocking solution with an appropriate dilution of primary antibody at 4°C for 24 h. Then, the appropriate peroxidase-conjugated secondary antibody was added, incubated for 2 h, and washed with TBST. Each experiment was conducted in triplicate.
The sources of antibodies were as follows: Tumor necrosis factor alpha (TNF/TNFa) mouse Monoclonal, Vascular endothelial growth factor A (VEGFA) rabbit polyclonal, Interleukin-6 (IL6) rabbit polyclonal, and GAPDH rabbit polyclonal (BIOSS, China). The bands were visualized and quantified using the Image-Pro Plus 6.0 software (Media Cybernetics, United States).
Cell viability was evaluated by Cell counting kit-8 assay (CCK-8; ImmunoWay Biotechnology Company Plano, TX, United States). Cells were reseeded into a 96-well culture plate at a density of 4×103 in the logarithmic growth phase. After a specific length of time after each group of cells had been cultured, CCK-8 reagent was added to the plates and OD450 values were monitored.
Validation of the key targets through in vivo assays
To learn the efficacy of Celastrol on the expression of the candidate genes, animal experiments were further carried out. All animal experimental protocols were in accordance with the principles established by the Animal Care and Use Committee of our institute. Female BALB/c nude mice between 4 and 5 weeks of age were purchased from Charles River Laboratories (Beijing, China).
From February to April 2022, the observation was performed. For the nude mice xenograft model, HONE1 cells were subcutaneously injected. Twelve mice were divided randomly into two groups (the Celastrol-treated and the control). Then, 2 mg/kg Celestrol (dissolved in dimethyl sulfoxide and diluted in saline to final concentration) or saline (equal volumes) was intraperitoneally administered every 2 days in each group (Cai et al., 2022). The tumor volume was measured every 7 days after the tumor was measurable, and the tumor volume was measured and calculated by the formula [image: image]. On day 28, all mice were euthanized, and the tumors were excised and weighed. Next, the mRNA expression of the candidate genes was detected in the transplanted tumors by RT-PCR assay.
Statistical analysis
Differences between groups were assessed with a t-test, Analysis of Variances, or a Wilcoxon Rank Sum Test according to the concrete types of the data. These analyses were performed by using the MedCalc software (15.2.2; Mariakerke, Belgium). p < 0.05 was considered statistically significant.
RESULTS
Pharmacokinetic parameters of Celastrol
From the TCMSP database, we obtained the pharmacokinetic parameters of Celastrol. Its molecular ID is mol003186, its molecular name is tripterine, its molecular formula is C29H38O4, and its relative molecular weight is 450.6 (Figure 2A). The ratio of lipid water partition coefficient (ALOGP) was 5.28, the intestinal epithelial permeability (Caco-2) was 0.46, the oral bioavailability (OB%) was 17.84, the blood−brain barrier was 0.34, and the drug-like (DL) was 0.78.
[image: Figure 2]FIGURE 2 | (A) The 3D structure of Celastrol. (B) Venn analysis showed that the intersection involved the genes shared by NPC and Celastrol. There were 138 targets of Celastrol and 2150 NPC-related genes. The intersection included 60 genes common to both NPC and Celastrol. (C) The PPI network of the common genes constructed in the STRING. (D) The PPI network of the top 30 genes created by Cytoscape (sorted by the “degree” values). The node represents the genes/proteins and the edges stand for the relationships.
ALOGP reflects the lipophilicity of the compound (Peng and Shahidi, 2022). The intestinal permeability reflects the difficulty of drug absorption through the intestinal tract in vivo, which directly affects the OB of drugs (Khalid Danish et al., 2022). The blood-brain barrier represents the ability of a drug to penetrate the blood-brain barrier and is mainly demonstrated by the ratio of its concentration in the brain to that in the blood, whose value is influenced by factors such as octanol-water partition coefficient (Zhu et al., 2018). If the OB value is less than 30%, it is considered as low; if the DL value was more than 0.18, it is regarded as high (Lin et al., 2022). Based on the combined analysis of the above parameters, Celastrol has a high probability of becoming a drug, but relatively poorer water solubility and poorer oral bioavailability.
Prediction and analysis of the common targets of Celastrol and nasopharyngeal carcinoma
In order to get the targets of Celastrol, a search in the TCMIP, TCMSP, BATMAN-TCM, and Swisstarget databases was conducted. As a result, the target genes could be obtained in the TCMSP, BATMAN-TCM, and Swisstarget tools. Nevertheless, no targets were obtained in the TCMIP database. A total of 27 targets were obtained from the TCMSP database, 100 targets from the Swisstarget database, and 18 targets from the BATMAN-TCM. As a result, a total of 145 target genes were primarily obtained. After the three sets of targets were combined and the duplicated genes were removed, 138 target genes were lastly obtained.
To get the NPC-related genes, a search in the Genecards database was performed. As a consequence, 2,150 genes related to NPC were obtained.
The intersection of the two target gene sets above was obtained based on the Venn diagram, which contained 60 possible target genes of Celastrol for NPC treatment (Figure 2B).
Protein-protein interaction network of the common target genes of Celastrol and nasopharyngeal carcinoma
To obtain the pivotal genes that play an important role in the biological process, the common targets obtained in the above process were imported to the STRING tool for protein-protein interaction network construction.
The network contains 59 nodes and 1,050 edges. Each node represents a gene/protein. Each edge represents the interaction between the proteins. The more edges represent the closer the interaction, as shown in Figure 2C.
To determine the key genes in the network, we used the Cytoscape software to calculate the degree value and sort them according to the value. The top 10 genes were ranked according to the degree value in Table 1. These genes were in pivotal positions in the network, such as TNF, VEGFA, IL6, Myc, and CCND1 (Figure 2D). Among these, the top three hub genes were chosen for further validation.
TABLE 1 | The hub genes from the PPI network.
[image: Table 1]Gene ontology function enrichment and kyoto encyclopedia of genes and genomes pathway enrichment analysis
GO enrichment analysis mainly includes “biological process” (BP), “cellular component”, and “molecular function”. In the present study, we selected the most commonly used BP for analysis.
The results of GO enrichment showed that these genes were enriched in more than 1000 GO entries by screening according to the standard of FDR <0.05. The top 10 GO terms are listed in Figure 3A. Based on these terms, genes are mainly enriched in four categories of functions as follows: 1) cell proliferation, such as cell population promotion, positive regulation of cell proliferation, and epithelial cell proliferation; 2) Apoptosis, such as apoptotic process; 3) immunity and cytokines, such as response to cytokines and cytokine-mediated signaling pathway; and 4) angiogenesis, such as tube development.
[image: Figure 3]FIGURE 3 | (A) GO analysis of the genes common to Celastrol and NPC. (B) KEGG pathway enrichment analysis. (C) The Compound-Target-Disease network. (D) Molecular docking between Celastrol and the top three hub genes (TNF, VEGFA, and IL6). The red arrows indicated the locations of Celastrol. The ribbons represented the 3D structures of the proteins.
KEGG pathway enrichment results showed that these genes were enriched in 105 pathways. Figure 3B shows the top 10 signaling pathway entries, such as Pathways in cancer, PI3K-Akt signaling pathway, EGFR tyrosine kinase inhibitor resistance, Apoptosis, and AGE-RAGE signaling pathway in diabetic complications.
Establishment of “compound-target-disease” network model
The interaction relationship among Celastrol, NPC, and gene targets was visualized using the Cytoscape software. Figure 3C shows the network model.
Molecular docking prediction
The docking of Celastrol with the top three hub proteins, namely, TNF, VEGFA, and IL6 was shown in Figure 3D, in which ΔG (kcal/mol) less than 0 indicates that the molecules could be docked, and a score close to −7 indicated that the docking was good. The docking energy of TNF was −6.08, that of VEGFA was −6.76, and IL6 was −6.91.
Validation of the candidate key genes in vitro
NPC cells were treated with or without Celastrol for 24 h. The cell viability of the cells in the Celastrol-treated group was significantly lower than that of the cells in the control group (p < 0.05, Figure 4A). In the Celastrol-treated group, the mRNA and protein expressions of TNF and VEGFA were significantly decreased (p < 0.05) while the expression of IL-6 was increased relative to the controls, respectively (p < 0.05, Figures 4B,C).
[image: Figure 4]FIGURE 4 | (A) The cell viability of the cells in the Celastrol-treated group was significantly lower than that of the cells in the control group. (B,C) The mRNA and protein expression levels of the candidate hub genes (TNF, VEGFA, and IL6) assessed by qRT-PCR (C) and western blot (B), respectively, in CNE2 and HONE1 cells. (D) The excised transplanted tumors in two groups of mouse models. (E) The volumes of the transplanted tumors in the mice treated with or without Celastrol. (F) The weights of the tumors in the two groups. (G) The weight of the mice in the two groups. (H) The mRNA expression levels of the candidate hub genes (TNF, VEGFA, and IL6) in the transplanted tumors assessed by qRT-PCR.The t-test was used to compare between the two groups. (n = 3,*p < 0.05). The error bars represented the standard deviations.
Validation of the candidate key genes in vivo
Further in vivo experiments showed that both the volume and the weight of the transplanted tumors were smaller in the Celastrol-treated group than those in the control group (p < 0.05, Figures 4D–F), indicating that the administration of Celastrol could inhibit the growth of the transplanted tumor in vivo. Celastrol treatment did not markedly induce changes in body weight in mice (Figure 4G). Next, the candidate genes in the tumors were also detected. The results showed that the expression trend of these genes was substantially consistent with that in vitro (Figure 4H).
DISCUSSION
T. wilfordii is a natural plant as well as a traditional Chinese medicine that has been widely used for the treatment of various diseases, such as nephritic syndrome, inflammatory bowel disease, systemic lupus erythematosus, rheumatoid arthritis, and other diseases (Song et al., 2020; Zhang Y et al., 2021; Tong et al., 2022). Celastrol is one of the important active substances extracted from T. wilfordii, and its antitumor activity has gradually attracted people’s attention (Lei et al., 2022). This study used in silico analysis to understand the targets and signaling pathways of Celastrol on NPC from multiple angles and levels. Sixty common targets were screened out, which are mainly enriched in multiple cell functions, such as cell proliferation, apoptosis, cytokines, and tube development. These genes may also participate in multiple signaling pathways, such as PI3K/Akt, EGFR tyrosine kinase inhibitor resistance, apoptosis, and AGE-RAGE signaling pathway in diabetic complications. Through the construction of a protein−protein interaction network, key genes such as TNF, VEGFA, and IL6 were identified.
Celastrol may exert anticancer activity through various mechanisms. For example, in pancreatic cancer cells, Celastrol plays a cytotoxic role by regulating various gene expressions, mainly through ATF3/DDIT3 overexpression and RRM2/MCM4 downregulation (Youns et al., 2021). Celastrol may inhibit the proliferation of cisplatin-resistant gastric cancer cells, induce their apoptosis, and reduce the expression of drug-resistant genes by inhibiting the expression of proteins related to the mTOR signal pathway (Zhan et al., 2021). Celastrol can reduce the activation of Notch-1 and the expression of HES-1 and HEY-1 of the downstream target protein and inhibit the stem cells of triple-negative breast cancer, thereby reducing the possibility of distant metastasis (Ramamoorthy et al., 2021). It can be seen that there are many molecular mechanisms involved in the inhibitory effect of Celastrol on tumors. In NPC, Celastrol can arrest the cell cycle of tumor cells in the G2/M phase and induce the activation of the apoptosis pathway, which may be mediated by the MAPK signaling pathway (Hsieh et al., 2019). In the process of inducing apoptosis of NPC cells, both the death receptor and mitochondrial apoptosis pathway are involved in this process (Lin et al., 2017). Therefore, the mechanism of Celastrol’s anticancer activity in NPC is also very complex, which can also explain why the common target genes obtained in this study are enriched in different pathways. However, limited studies have focused on the use of Celastrol for the treatment of NPC, and further studies are needed to verify the role of these pathways.
Among the common targets, some genes such as TNF, VEGFA, IL6, Myc, and CCND1 are in a pivotal position. These genes play a very important role in the occurrence and development of tumors. For example, in glioma, some non-coding RNAs promote tumor cell growth and tumor angiogenesis by regulating VEGFA expression (Zhang D et al., 2021). Moreover, for patients with ovarian cancer, VEGFA in serum is expected to replace CA125 and become a molecular marker for the early diagnosis of ovarian cancer (Maryam et al., 2021). Since M2 macrophages play an important role in tumor development and are associated with poor clinical outcomes (Li et al., 2022), TNFa may promote the development of NPC by recruiting M2 macrophage infiltration (Mardhiyah et al., 2021). IL6 is a cytokine that can interfere with the occurrence and development of tumors by activating downstream signal pathways. In NPC, IL6 activates JAK2/STAT3 signaling pathway to promote tumor progression, thus affecting the prognosis of patients (Zhuang et al., 2021). CCND1 overexpression was observed in a great proportion of clinical metastatic NPC tumors and was associated with poor outcomes. Thus, it also might be regarded as a target for NPC treatment (Hsu et al., 2018). In tumors, the low expression and short half-life of Myc can be reversed, which can lead to tumorigenesis. Proteins that directly interact with different Myc domains can affect the transcription of Myc target genes and regulate the stability of Myc through post-translational modifications, such as acetylation, methylation, and phosphorylation (Zhou et al., 2021). In acute myeloid leukemia, Myc directly inhibits the expression of TFEB (a transcription factor regulated by mTORC1) and regulates DNA methylation and cell differentiation (Wu and Eisenman, 2021). Therefore, these hub genes play a very important role in tumorigenesis and development, and Celastrol may inhibit NPC by interfering with the expression of these genes.
We examined the changes in TNF, VEGFA, and IL6 proteins after Celastrol treatment. Several studies have found that VEGFA is highly expressed in NPC cells and is associated with cell proliferation, invasion and metastasis, chemosensitivity, radiosensitivity, and other phenotypes of cancer cells (Chen et al., 2019; Chen et al., 2020; Guan et al., 2021). High expression of TNF is associated with macrophage polarization and may be an independent prognostic factor for NPC (Yu et al., 2019; Mardhiyah et al., 2021). Down-regulation of VEGFA and TNF expression was observed after Celastrol treatment and was accompanied by a decrease in cell viability, suggesting that Celastrol may reverse the malignant phenotype of NPC cells by reducing their expressions. Notably, IL6 is generally upregulated in NPC cells and its high expression is associated with cisplatin resistance and radioresistance (Yuan et al., 2021; Zhu et al., 2021), and nevertheless, Celastrol upregulated its expression. The discrepancy might be due to complex reasons. Cytokines of the IL6 family play an important role in mediating the tumor microenvironment to promote tumor inflammation and often act as diagnostic or prognostic biomarkers of tumors (Abaurrea et al., 2021). Although high IL6 expression is thought to have a tumor-promoting effect in many tumors, IL6 blockade therapy may exacerbate tumor growth because high IL6 expression increases the expression of cytokine signaling 3, which is required for the maintenance of antitumor M1 macrophage function (Beyranvand Nejad et al., 2021). In a study on melanoma, IL6-overexpressing tumors were found to grow significantly slower in mice with concomitant CD8+ T cell activation. Instead of observing a tumor-suppressive effect, accelerated tumor progression was monitored in melanoma mice treated with IL6-blocking antibodies (Weber et al., 2020). The evidence poses a challenge for tumor-targeted therapeutic strategies targeting IL6. This may help explain why Celastrol exerts an antitumor effect while increasing IL6 expression. However, future investigations are warranted to address this issue.
Although computer-simulated molecular docking technology suggests that there may be a direct binding relationship between Celastrol and the candidate proteins, the direct relationship needs further confirmation by experiments using specific methods, such as fluorescence polarization immunoassay (Yang et al., 2021), isothermal titration calorimetry (Kirley and Norman, 2022), and surface plasmon resonance (Campos de Paula et al., 2022). Evidence of direct interaction between the proteins and Celastrol is very helpful in providing insight into the mechanism of action of Celastrol. Of course, Celastrol may also regulate the target genes through indirect means, such as regulation between genes, and regulation between non-coding RNAs and genes. However, these validation steps are not involved in this study, which is expected to be carried out in future experiments.
DL can reflect whether a compound has the physical, chemical, and biological characteristics of becoming a drug, which is related to clinical efficacy (Wang et al., 2020). The greater the DL value, the safer the compound has absorption and metabolism, and the more likely it is to become a drug. “DL greater than 0.18” is often used as a safety index for drug screening. The DL value of Celastrol is 0.78, indicating that it has great potential to become a clinical drug. The Caco-2 cell model is a model that simulates the intestinal absorption of oral drugs. It is one of the classic models to study drug absorption and metabolism (Angelis and Turco, 2011). Caco-2 ≥ −0.4 is the standard for screening bioactive components, and the Caco-2 value of Celastrol is 0.46, suggesting that it can be fully absorbed by the small intestine. OB is one of the important pharmacokinetic parameters and an index to evaluate the absorption of drugs into the blood after entering the human body (Ding et al., 2022). Compounds with OB ≥ 30 have acceptable oral bioavailability. The OB value of Celastrol is 17.84, which is less than 30, suggesting that the oral bioavailability of Celastrol is poor, which may be related to the poor water solubility of Celastrol. To overcome this problem, nanoparticles have been used to increase the water solubility and oral bioavailability of Celastrol while reducing its toxicity to organs, and some results have been achieved (Wagh et al., 2021). However, the clinical application needs to ensure sufficient safety and effectiveness, and a large number of experiments need to be carried out in this regard.
This study has some limitations. First, in exploring the targets of Celastrol, not all commonly used databases can be searched for relevant drugs and targets, and different databases contain different targets because of different algorithms. Second, in the animal experimental part, some serological indicators can be considered, and also, the damage of Celastrol on solid organs such as the liver and kidney can be assessed. Third, considering the complexity of biological processes, the target genes obtained in this study are not necessarily the main genes of Celastrol acting in NPC. More experimental results, literature mining, or algorithm updates may reveal more gene targets and help us understand the molecular mechanism of Celastrol in the treatment of NPC more comprehensively. Therefore, the results of this study should be interpreted carefully. Fourth, in the in vivo experimental part, only one type of cell was used for transplantation tumor experiments. In future experiments, more experiments need to be performed with other cell lines to eliminate the bias of the results brought by the use of a single cell. In addition, whether the core genes have reciprocal relationships with each other needs to be investigated in future studies. However, the method and process of network pharmacology analysis used in this study are relatively mature, and the results obtained by this method are of great relevance as they point the way and provide clues for subsequent basic experiments. It is also important to note that female mice were used for animal experiments in this study, and although the experimental animals were not deliberately selected in terms of sex, this may have biased the experimental results in some ways. Moreover, the sample size of the experimental animals was only referred to other literature (Li et al., 2018; Xu et al., 2021) without detailed calculation. Therefore these issues need to be taken into account in future studies.
CONCLUSION
This study uses bioinformatics methods to analyze the potential molecular mechanism of Celastrol for the treatment of NPC from multiple angles. The results suggest that Celastrol may play an intervention role in NPC through multiple targets, pathways, and angles. The results of this study will provide an important reference for subsequent basic and drug experiments. However, further experiments and repeated verification are needed to provide more information and thus uncover the anticancer mechanism of Celastrol.
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