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The application of network pharmacology (NP) has advanced our understanding of the complex molecular mechanisms underlying diseases, including neck, head, and oral cancers, as well as thyroid carcinoma. This review aimed to explore the therapeutic potential of natural network pharmacology using compounds and traditional Chinese medicines for combating these malignancies. NP serves as a pivotal tool that provides a comprehensive view of the interactions among compounds, genes, and diseases, thereby contributing to the advancement of disease treatment and management. In parallel, this review discusses the significance of publicly accessible databases in the identification of oral, head, and neck cancer-specific genes. These databases, including those for head and neck oral cancer, head and neck cancer, oral cancer, and genomic variants of oral cancer, offer valuable insights into the genes, miRNAs, drugs, and genetic variations associated with these cancers. They serve as indispensable resources for researchers, clinicians, and drug developers, contributing to the pursuit of precision medicine and improved treatment of these challenging malignancies. In summary, advancements in NP could improve the globalization and modernization of traditional medicines and prognostic targets as well as aid in the development of innovative drugs. Furthermore, this review will be an eye-opener for researchers working on drug development from traditional medicines by applying NP approaches.
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1 INTRODUCTION
Network pharmacology (NP) is an innovative research approach that integrates concepts from pharmacology, bioinformatics, and network analysis to understand complex interactions within biological systems and advance drug discovery. It focuses on comprehensively mapping the relationships between drugs, genes, proteins, and diseases in a network framework. In this methodology, data from various sources, including biological databases, clinical studies, and experimental results, are systematically analyzed to identify potential drug targets, understand drug mechanisms of action, and uncover novel therapeutic interventions (Muthuramalingam et al., 2023a; Zhao et al., 2023). In recent days, NP is emerging as a pioneer in modern era drug discovery and development. This is due to its unique feature to combine the information science and systematic medicine. In addition, Figure 1 represents the timelines of NP.
[image: Figure 1]FIGURE 1 | Pictorial representation of evolutionary timelines of network pharmacology (NP).
Head and neck cancer (HNC), a prevalent and combative malignancy with a high mortality rate (Johnson et al., 2020). It originates from various primary sites, including the oral cavity, oropharynx, nasopharynx, larynx, hypopharynx, and tongue, with squamous cell carcinoma (SCC) being predominant. Distinct types of head and neck squamous cell carcinoma (HNSCC) include oral squamous cell carcinoma (OSCC), oropharyngeal squamous cell carcinoma (OPSCC), laryngeal squamous cell carcinoma (LSCC), and hypopharyngeal squamous cell carcinoma (HSCC) (Mao et al., 2004). OSCC is a major histopathological class of oral cancer. The major factors contributing to HNC include genetic diversity, alcohol consumption, tobacco, Epstein–Barr virus, and human papillomavirus (HPV). Standard treatments include radiation therapy, chemotherapy, surgery, and chemoradiotherapy. Recent advances in molecular-targeted therapy and immunotherapy offer hope for advanced-stage patients. However, outcomes remain suboptimal, necessitating the discovery of novel prognostic markers and therapeutics (Ferraguti et al., 2022).
HNSCC is a major global health concern, with limited early identification and prognostic markers. Diagnosis often occurs at later stages, resulting in a 40%–50% 5-year survival rate with conventional treatments. Recurrent HNSCC is associated with a normal survival of just one year (Li et al., 2023). A previous study indicated that MYO1B might affect tumorigenesis and prognosis by modulating the immune microenvironment of HNSCC (Li et al., 2023). This study uncovered a competing endogenous RNA (ceRNA) network associated with CCND1 in HNSCC, identifying the TPRG1-AS1-hsa-miR-363-3P-MYO1B pathway as a potential diagnostic marker and therapeutic target, and shed light on the molecular mechanisms underlying HNSCC progression and prognosis (Li et al., 2023). The relationship between lymphatic metastasis and CEACAM5, including its possible regulatory role in HNSCC, suggests its potential as a prognostic marker and therapeutic target for HNSCC (Wang et al., 2022). In addition, other genes, such as CEACAM6, play a major role in tumor growth, and chemotherapeutic sensitivity has been assessed both in vivo and in vitro (Cameron et al., 2012). Furthermore, Wang et al. (2024) reported a direct correlation between the expression levels of the CDKN2A gene and patient outcomes. CDKN2A gene is a crucial prognostic marker in HNSCC, serving to establish enhanced and personalized therapeutic targets and also involved in cell cycle progression. Database analysis revealed that the mRNA level of chloride channel accessory 4 (CLCA4) was frequently lower in primary tumor tissues than in non-cancerous colon tissues and even lower in liver metastases. Wei et al. (2020) revealed that the expression levels of CLCA4 mRNA are associated with lower overall survival rates in patients with colorectal cancer (CRC), breast cancer, HNC, and stomach cancer. Overall, downregulation of CLCA4 expression may influence the development and progression of CRC. Conventional treatments can lead to severe complications and side effects, which further challenge patient wellbeing. Traditional Chinese medicine (TCM) has shown promise in HNSCC treatment, with herbs such as Poriacocos, Atractylodes macrocephalakoidz, and Artemisia escopariaeherba effectively managing complications. YinchenWuling San (YWLS), comprising of six herbal ingredients, is another potential alternative for HNSCC therapy. However, the active components and antitumor mechanisms of YWLS require further investigation (Zhang et al., 2022).
OSCC is a malignancy that does not obtain effective treatment. Chenpi, an easily accessible TCM, has been explored for its potential anticancer properties by using NP. Tangeretin, a compound found in Chenpi, is a key active ingredient in OSCC treatment as indicated by the component-target-disease network. Core genes such as PIK3R1, ESR1, and CDK1 were identified through protein-protein interaction and survival analysis. Molecular docking predicts the binding of compounds to their targets. Tangeretin inhibited cell growth by cell cycle arrest in the S phase, apoptosis induction, and regulation of core transcription in SCC25 cells, with less toxicity to HOK cells (Yu et al., 2022).
Recent insights and prospects in combating cisplatin resistance in HNSCC are complex, and the primary treatment for advanced HNSCC involves cisplatin-based concurrent radiotherapy (Figure 2). Unfortunately, cisplatin resistance is a significant problem that can lead to poor treatment outcomes. To combat this resistance, it is essential to understand its underlying mechanisms. Cisplatin resistance in HNSCC involves multiple factors, including cancer stem cells, epithelial-mesenchymal transition, autophagy, drug expulsion, and metabolic changes. Recent developments in nanodrug delivery methods, small-molecule suppressors, and genetic technologies offer new opportunities for modulating cisplatin resistance in HNSCC (Yu et al., 2022). Natural molecules could be an ideal approach to attenuate drug-resistant cancers, including oral and HNC cancers (Krishnan and Venkidasamy, 2022; Rekha et al., 2022; Ling et al., 2023).
[image: Figure 2]FIGURE 2 | Diagrammatic representation of Oral, Head and neck cancer and their treatment modalities.
NP are a comprehensive method for identifying potential clinical drug targets. It involves molecular docking, a key technique for predicting target-drug interactions (Huang et al., 2023). By integrating these two approaches, a more precise reference for the use of clinical drugs and repurposing of effective therapeutics can be obtained. Thus, it serves as an effective supplementary method for identifying metformin furoate targets and the underlying mechanisms in the fight against HNSCC (Panossian and Effeth, 2022).
It is interesting that NP approaches in cancer therapy are highly beneficial, as they deviate from the conventional discovery of drugs by labelling the drug’s ability to target numerous protein pathways involved (Li et al., 2023). In addition, several non-cancer-related genes/proteins representing unusual drug targets have been identified through NP as potential candidates for the pharmacological treatment of oral and HNC cancer.
This holistic review first outlines the potential perspectives of NP in the treatment of less-studied oral, HNC. Furthermore, the databases utilized for identification of oral, HNC related genes, tools used in NP, cell signaling pathways related to oral cancer, and the comprehensive methodology in NP were discussed in detail.
2 DATABASES FOR IDENTIFICATION OF ORAL, HNC SPECIFIC GENES
The Cancer Database is a comprehensive collection of data pertaining to different types of human cancers at the genetic and molecular levels. This valuable resource is utilized for a deeper understanding of the various stages of cancer development, and to facilitate advancements in cancer treatment (Tang et al., 2022). HN and oral cancers are major and widespread cancers, with a survival rate of approximately 50% over 5 years. Among all cancer types, HNC and oral cancer families may exhibit a large range of variations (Johnson et al., 2020). OSCC is a common cancer among patients with HNSCCs. Current scientific investigations in this field have focused on the etiology and therapy of cancer. Modern genomics technologies, such as transcriptomics, microarrays, gene sequencing, and proteomics, have generated vast amounts of data (Supplitt et al., 2021; Dai and Shen, 2022). These studies identified numerous differentially expressed genes and miRNAs, and the resulting information has been deposited in numerous databases. Extensive data derived from diverse sources have emphasized the necessity of collaboration and data sharing to effectively utilize this newfound knowledge. This part of review offers comprehensive details regarding publicly accessible databases that comprise relevant data regarding OSCC and HNSCC. These databases allow us to determine the oral and HNC associated targets and their molecular mechanisms and assist in drug repurposing as well as novel drug development.
2.1 Head and neck oral cancer database (HNOCDB)
HNOCDB is a specialized dataset that offers comprehensive details regarding the different types of HNSCCs at the molecular level. HNOCDB (http://gyanxet.com/hno.html) is publicly available to academic and nonprofit users (Mitra et al., 2012). This database encompasses various HNSCCs cases, including OSCC, and provides detailed insights into their genes and miRNAs. The information contained in the database was obtained from experimental evidence and extracted from textual sources. The HNOCDB data are stored under three primary links: genes, miRNAs, and chromosomes. The links between genes and miRNAs consist of sublinks related to different types of carcinoma subtypes of HN cancer, including oral, salivary, tongue, laryngeal, thyroid, and pharyngeal cancers. Each sub-link contained data on genes and miRNAs for each subtype. The link “Chromosomes” contains human chromosomes contain a human chromosome map. Each chromosome was arranged separately in terms of its genes and miRNAs. This database contains data on 133 genes, including information on the mechanisms underlying oncogene and miRNA activation, physical location of genes/miRNAs on chromosomes, gene- and miRNA-related mutations, and biochemical properties of gene/miRNA products.
2.2 Head and neck cancer database (HNCDB)
HNCDB (http://hncdb.cancerbio.info) was created by combining information from the scientific literature obtained through text mining of PubMed abstracts with manual curation to gather solid data on genes and drugs related to HNC. Gene expression data were obtained from GEO and TCGA databases. The HNCDB has three interconnected components: “HNC GENE,” “Connectivity Map,” and “ANALYSIS.” The “HNC GENE” section provides detailed findings on 1,173 genes joined with HNC, which were curated manually from 2,564 publications. The “Connectivity Map” comprises data on the potential links between 176 drugs, curated from 2,032 publications, and the 1,173 genes allied to HNC. The “ANALYSIS” component enables users to perform differential expression, correlation, and survival assessment on the 2,403 samples obtained from 78 gene expression results focused on HNC (Zhang D. et al., 2019). Altogether, HNCDB will be of great interest to patients with HNC and will enhance the development of precision medicine research in the field of HNC.
2.3 Oral cancer gene database (OrCGDB)
The OrCGDB (http://www.tumor-gene.org/Oral/oral.html) was created primarily to provide the biomedical community with a smooth tool to obtain the most recent data on genes associated with oral cancer. The location of each gene on the chromosome, mutation type, oncogenic activation mechanisms, biochemical characteristics, and function were specified for each gene in this database, which has been organized according to its name. In addition, the database includes gene synonyms and clinical information related to each gene. Currently, OSCC has been linked to 15 genes and 1367 associated factors, and the total number is likely to be higher (Levine and Steffen, 2001). To facilitate the search process, users can explore the OrCGDB by entering either a gene name or a word text. This comprehensive database also ensures that each piece of information is supported by corresponding MEDLINE citations.
2.4 Oral cancer database (OrCa-dB)
OrCa-dB serves as a comprehensive resource that contains information on genes, miRNAs, proteins, pathways, and distinct expression patterns related to the development and progression of oral cancer. It was created through meticulous manual curation of PubMed records, paying specific attention to the genes affected by molecular and genetic occurrences during the evolution of oral cancer. It comprises clinically pertinent details, namely, the influence of socioeconomic status on early diagnosis, the assets of screening interventions, the use of chemotherapy and targeted therapy, ongoing clinical trials in oral cancer, patient management, and considerations for their quality of life, and is a standard feature of OrCa-dB. Each entry in OrCa-dB is associated with external databases, including SwissProt, PDB, UniProt, miRBase, KEGG pathway database, and EMBL, providing the additional benefit of accessing relevant biological knowledge (Reshmi et al., 2012).
2.5 Database of GENomic variants of oral cancer (dbGENVOC)
A comprehensive open-access website called dbGENVOC (https://research.nibmg.ac.in/dbcares/dbgenvoc/) enables users to investigate and analyze different types of genetic variations (such as somatic and rare germline single-nucleotide variants), insertions, and deletions discovered through whole exome and genome sequencing in patients with oral cancer in India. With curated and regularly updated gene-level summary statistics, dbGENVOC serves as a valuable resource for researchers, enabling them to perform correlation analyses, diagnostic tests, and wet-lab validations on significant targets. Access to population-specific cancer-associated variants made available by dbGENVOC also makes it easier to comprehend the sub-phenotypes and functional consequences of oral cancer. This repository is useful to researchers seeking insightful data in this field (Pradhan et al., 2021).
Recent advancements in genome sequencing and relevant technologies have contributed to the integration of scientific research and therapeutic applications through the development of a database of easily available data and analytical software. Notably, only a few databases specifically exist for HNSCC and OSCC. This is only one of the sections of most databases. Certain complications hinder the creation of specific databases that include all the genes involved in OSCC, the heterogeneity of cancer cells, and inconsistent responses to antigens among patients with identical symptoms. To address this problem, advanced computational and statistical approaches focused on large-scale data management and mining should be established to attain the clinical significance of cancer genome discovery.
2.6 Databases and tools used in network pharmacology
NP is a novel method for examining mechanisms and advancements in drug development (Noor et al., 2022; Muthuramalingam et al., 2023b). Several databases and tools have attributed prime support to NP research (see Table 1). Commonly used databases for NP research include Traditional Chinese medicine (TCM) databases, such as TCMdatabase@Taiwan (Chen, 2011), TCMGeneDIT (Fang et al., 2008), TCMSP (Ru et al., 2014), HIT (Ye et al., 2010), and TCMID (Xue et al., 2013). Additionally, compound and drug detail databases such as PubChem, Drugbank (Wishart et al., 2018), ChEMBL (Gaulton et al., 2012), and STITCH (Kuhn et al., 2014), target interaction databases such as Reactome (Matthews et al., 2009), MINT (Zanzoni et al., 2002), STRING (Szklarczyk et al., 2015), HAPPI (Chen et al., 2009), HPRD (Peri et al., 2003), and IntAct (Kerrien et al., 2012), and gene-disease-related databases including OMIM (Hamosh et al., 2005) and GAD (Becker et al., 2004) play a significant role. These biological databases and the results of clinical trials can be used by researchers to examine the network of interactions between herbal substances, proteins/genes, and diseases. Through this system, the pharmacology perspective allows for a deeper understanding of how herbs affect diseases. Moreover, the mining of valuable information from databases is significantly facilitated by the NP algorithms and tools. One commonly used algorithm is the Random Walk (Chen et al., 2012), which clusters networks by measuring the similarity between a randomly selected node (drug, target, or disease) and its adjacent nodes. Another algorithm, PRINCE (Vanunu et al., 2010), helps prioritize disease genes and establish associations between protein complexes through restrictions on the sorted function that emphasizes network smoothness and prior knowledge. Despite data collection and analysis, visualization plays a crucial role in NP, making the networks more easily comprehensible. Cytoscape is a freely available platform that is well-suited for visualizing networks of molecular interactions and biological pathways (Shannon et al., 2003). It also allows for the integration of these networks with annotations, transcription profiles, and other relevant data. Pajek (Dohleman, 2006) is another robust tool used to analyze complex nonlinear networks. These easily accessible databases and tools empower researchers to identify prognostic genes, compound targets, target-associated mechanisms, and retrieve other valuable information from the viewpoint of NP research. In addition, these are useful for employing the NP approach as a modern drug discovery process. Moreover, a comprehensive understanding of signaling pathways is essential to fully utilize these databases and tools for identifying the potential drug targets.
TABLE 1 | List of databases and tools used for network pharmacology.
[image: Table 1]3 CELL SIGNALING PATHWAYS INVOLVED IN HEAD AND NECK CANCER
HNSCC includes cancers that are initiated in the squamous cells of the inner mucosa of the mouth and throat, thereby involving the oral cavity, sinuses, nasal passage, pharynx, and larynx (Arantes et al., 2014; Johnson et al., 2020). Although a wide range of histologies is known, squamous cell carcinoma (SCC) is the most frequently observed type. Ranking sixth globally in terms of high mortality rate and poor diagnosis, this type of cancer is linked to environmental- and lifestyle-associated predisposing risk factors, such as tobacco usage, alcohol intake, and HPV infection (GBD 2016 Disease and Injury Incidence and Prevalence Collaborators, 2017; Auguste et al., 2020; Chauhan et al., 2022).
Disruption of cellular homeostasis by impaired DNA repair and cell cycle regulation diminishes the potential for normal carcinogen metabolism. Individuals with inherited genetic compositions that metabolize carcinogenic agents are more susceptible to HNSCC (Scully et al., 2000). Therapeutic regimens including chemotherapy, radiation therapy, surgery, and molecular-based treatments are available to increase patient survival. For several HNSCC cases, a single therapeutic regimen is insufficient, and a multimodal approach combining chemotherapy, radiation, surgery, and monoclonal antibody (MAb) treatment is required (Bossi et al., 2016). The 5- years overall survival of HNSCC patients remains poor despite the development of advanced therapeutics (Cho et al., 2018). As invasive surgery and radical therapy provide a relatively low survival rate, research focus has shifted to the development of specific molecular-targeting agents. Cetuximab, an MAb against EGFR, is the only targeted therapy approved by the FDA for HNSCC. The discovery of immunotherapy with programmed death receptor-1 (PD-1) blocking antibodies such as nivolumab and pembrolizumab has extended the therapeutic window for HNSCC treatment (Mehra et al., 2008; Wise-Draper et al., 2022).
Expanding our understanding of the molecular mechanisms and cellular pathways involved in the pathogenesis and histology of HNSCC will assist in the development of novel molecular therapeutics by altering the pathways and downstream signaling effectors. Eventually, identification of targeted molecular therapy not only increased the treatment options or survival rate of the patients but also reduced the toxicity to normal cells by selectively killing the cancer cells. To develop such a targeted molecule, one should understand an ideal target that is only specific to tumorous cells and commonly found in all cancerous cells. Ideal molecular targets can be identified with a better understanding of signaling pathways. Therefore, the development of modern approaches to target specific signaling pathways and their associated biological networks underlying specific diseases is a prerequisite. In this part of the review, the molecular signaling pathways that commonly participate in HNSCC are discussed in detail.
3.1 Epidermal growth factor receptor (EGFR) pathway
The first and foremost molecular target that has been demonstrated to improve HNSCC is EGFR, which belongs to the ErbB family of receptor tyrosine kinase (RTK). Several studies have elucidated the crucial role of EGFR in HNSCC. Disruption of ErbB family member receptors has been shown to play a central role in the regulation of various cellular activities, such as cell division, differentiation, and migration (Schlessinger, 2004). Moreover, altered EGFR expression has been linked to other human cancers, including breast cancer, glioblastoma, and lung cancer. In the inactive state, EGFR is auto-inhibited and found in the plasma membrane. Ligand binding induces EGFR autophosphorylation and conformational changes leading to receptor activation (Kovacs et al., 2015). This ligand-dependent EGFR induction activates multiple signaling pathways, including the PI3K/AKT, Ras/MAPK, phospholipase C (PLC)/protein kinase C (PKC) signaling cascade, and the activation of transcription factors (TFs), thereby regulating crucial cellular events, such as survival, proliferation, differentiation, and migration (Lemmon and Schlessinger, 2010). Since more than 90% of patients with HNSCC have overexpressed EGFR or random mutations, targeting this receptor is crucial for impeding cancer progression (Kalyankrishna and Grandis, 2006; Nair et al., 2022). Alterations in the expression of EGFR or mutations in this gene influence overall and progression-free survival (Johnson et al., 2020). Studies have reported that the normal mucosa of patients with HNSCC has increased EGFR expression compared to that of healthy individuals. Additionally, based on tumor progression from hyperplasia to invasive carcinoma, a gradual increase in EGFR expression has been observed (Grandis and Tweardy, 1993; Grandis et al., 1996; Zimmermann et al., 2006). Although overexpression of EGFR is commonly observed in HNSCC, other cytogenetic and molecular alterations, including the expression levels of proteins and their activation, aberrant gene copy number (GCN), mutations, polymorphisms, and expression of EGFRvIII and ligands, also play important roles in HNSCC (Bossi et al., 2016). Disease-free survival in patients expressing EGFR alterations has been observed to be far lower than that in other (Hama et al., 2009). These characteristic features of EGFR in HNSCC are predictors of responsiveness to chemotherapy, radiation, and survival percentage (Nair et al., 2022). In addition to pre-existing alterations and mutations in EGFR, tumors tend to develop resistance by obtaining mutations in regions where therapeutic antibodies bind. Several mutations have been suggested in antibody-specific EGFR target domains, such as extracellular ligand-binding and tyrosine kinase domains (Cerami et al., 2012; Gao et al., 2013). Overexpression of EGFR has been linked with radiation resistance, as EGFR repairs radiation-mediated double-strand breaks by forming an EGFR-DNA-dependent protein kinase (PK) complex (Dittmann et al., 2005). Targeting EFGR using anti-EGFR (monoclonal antibodies mAbs) or inhibitors of the kinase domain along with radiation therapy has become a standard therapeutic strategy for HNSCC (Sundvall et al., 2010; Fasano et al., 2021).
Cetuximab (CTX), an anti-EGFR chimeric human-murine monoclonal antibody, has been widely utilized in HNSCC therapy; to date, it remains the only approved targeted therapy (Tathineni et al., 2023). CTX binds to the extracellular domain of EGFR by competing with the natural ligands EGF and TGF-α, thereby blocking the downstream cell growth and proliferation signaling cascade. Because CTX has a higher affinity than natural ligands, intracellular domain activation is blocked, which in turn maintains the tyrosine kinase-dependent signal transduction pathway under control (Huang et al., 2002). Blockage of EGFR by CTX also leads to the internalization of EGFR, thereby reducing the availability of receptors on the cell surface. Direct inhibition of the receptor has shown favorable effects in radiation therapy and combination therapy with other chemotherapeutic drugs (Sung et al., 2005; Muraro et al., 2021). Although targeted therapy with CTX has several advantages, CTX treatment slowly leads to acquired resistance in most HNSCC patients for one of the following reasons: alteration in EGFR or downstream effectors, activation of a different pathway or protein involved in tumor progression, and induction of mechanisms involved in the immunosuppressive tumor microenvironment (Chen et al., 2010; Ortiz-Cuaran et al., 2021). The primary reason for the development of resistance against CTX is mutations in genes such as KRAS, NRAS, and EGFR (Allegra et al., 2016). The combination of CTX with other available therapeutic methods, such as chemotherapy, radiation therapy, and their combinations, could meet the current needs. Furthermore, more research and clinical studies should be conducted to improve the efficacy of CTX and to develop new anti-EGFR biologics.
3.2 PI3K/AKT/mTOR pathway
Signal transduction through the PI3K/AKT/mTOR pathway significantly influences various cellular processes, including cell growth, motility, differentiation, proliferation, survival, nutrient uptake, and metabolism (Yu and Cui, 2016). The PI3K/AKT/mTOR pathway is one of the most frequently dysregulated pathways in HNSCC patients. Whole-exome sequencing data from 151 HNSCC tumor samples demonstrated that 31% of the tumors had mutations in the PI3K oncogenic pathway (Lui et al., 2013). Mutations in the genes involved in this pathway are the second leading cause of human cancers (Liu et al., 2009). The three major molecules involved in this pathway are protein kinase B (AKT), Phosphatidylinositol-4,5-Bisphosphate 3-Kinase Catalytic Subunit Alpha (PIK3CA), and mammalian target of rapamycin (mTOR) (Dubot et al., 2018). Once activated, PI3K phosphorylates secondary messengers such as phosphatidylinositol, PIP2, and PIP3, and activates the effector molecules of AKT and mTOR. PI3K/AKT/mTOR pathway activation and signal transduction leads to the inactivation of tumor suppressor phosphatase and tensin homolog gene (PTEN), mutation or overexpression of genes including PI3KCA, AKT, and MTOR, and activates various growth factor receptors (Courtney et al., 2010); common alterations in this pathway that are found in HNSCC include reduced expression of PTEN and amplification of AKT (Vander Broek et al., 2013). The heterogeneous nature of HNSCC and various genetic alterations and dysregulation have led to the development of resistance to general and targeted treatments. PI3K pathway activation is resistant to chemotherapy, radiation therapy, and targeted therapeutic molecules including EGFR inhibitors. CTX-resistant tumors have shown increased gene expression and protein activation of the PI3K/AKT pathway compared with CTX-sensitive tumors (Keysar et al., 2013). Thus, overcoming resistance to CTX can lead to improved response and survival rates, and decrease the toxicity induced by radiation and chemotherapy. Therefore, the PI3K/AKT/mTOR pathway should be targeted from a clinical research perspective. Various inhibitors of PI3K (buparlisib, PX-866, and BYL719), mTOR (temsirolimus, Everolimus, Sirolimus), and AKT (MK2206, Panitumumab) are currently under different clinical trial phases, either alone or in combination with other treatments. Knowledge of the mutational alterations in genes that participate in the PI3K/AKT/mTOR pathway and the development of specific inhibitors will enable personalized treatment in the future, which could also increase the response and survival rates.
3.3 WNT/NOTCH signaling pathway
Dysregulation of the WNT signaling pathway, either through mutation or altered expression of pathway components, has implications for the invasive development of HNSCC tumors [100]. The role of Wnt in HNSCC was first shown 2 decades before the levels of Fzd and Dvl were observed to be higher in HNSCC tumors than in normal tissues (Leethanakul et al., 2000). Another recent study showed that abnormal induction of the Wnt signaling pathway accelerates tumor transformation in head and neck tissues (Iwai et al., 2005). Various Wnt ligands have diverse roles in HNSCC. Wnt ligands Wnt1, Wnt3, and Wnt3a can promote invasion, inhibit apoptosis, cause dysplasia, and cause metastasis, respectively, through the canonical Wnt signaling pathway (Rhee et al., 2002; Ishida et al., 2007; Zhang Q. et al., 2019). Wnt ligands Wnt4, Wnt5a, and Wnt5b have been shown to enhance migration and invasion, leading to tumorigenesis and metastasis through non-canonical Wnt signaling (Qin et al., 2015; Prgomet et al., 2017). Other Wnt ligands, including Wnt7a, Wnt7b, Wnt10b, and Wnt11, have also been shown to promote cell migration, proliferation, and invasion (Shiah et al., 2014; Xie et al., 2020). β-catenin, the key effector molecule responsible for triggering the transcription of Wnt-specific genes, has also been shown to be linked with HNSCC. A recent study showed that β-catenin overexpression is linked to elevated transcriptional activity in HNSCC (Kartha et al., 2018). Although Wnt/β-catenin signaling pathway-associated mutations are not primarily involved in HNSCC, studies have shown that cross-talk between other signaling pathways, such as FAT1 and AJUBA, can change the activity of the Wnt signaling pathway (Beck and Golemis, 2016). Understanding the signaling pathways that govern disease prognosis is crucial for combating this cancer. The NP approach involves uncovering signaling pathways, bioactives-disease-related target genes, and constructing target gene/protein interaction networks.
4 PLANT BIOACTIVES TARGETING ORAL, HNC
Plant-derived phytochemicals have shown significant anticancer activity against many types of cancer, including oral and HN cancer. Many of these bioactive compounds from plants are already employed as chemotherapeutic agents in cancer treatment, such as taxanes (from the bark of Taxus brevifolia), vinca alkaloids (from Catharanthus roseus), and Camptothecin and its derivatives (from Camptotheca acuminata), among others (Changxing et al., 2020). Integrating traditional knowledge with modern drug discovery approaches, including NP, has enabled researchers to predict the anticancer properties of several phytocompounds traditionally used in different medicinal systems, such as Sideha, Ayurveda, and traditional Chinese medicine (Halder and Jha, 2023). This approach shows promise in discovering novel therapeutic targets and in understanding the mechanisms of action of plant bioactive compounds, potentially leading to more effective and targeted treatments for oral and HNC (Figure 3). Hence, understanding these plant bioactive molecules and their direct human disease targets using NP is a recent trend in the modern era. In this section, we delineate the plant bioactives and their direct oral HN cancer-associated targets. This will serve as a significant reference for the treatment of oral and HN cancers and further research.
[image: Figure 3]FIGURE 3 | Network pharmacology for elucidation of the anti-cancer activity of plant bioactive compounds against oral, and head and neck cancer.
4.1 Gene targets of plant bioactives against oral cancer
In different medicinal systems, plant-based remedies, especially formulations, concoctions, or pills, are regularly used to treat oral cancer. Some important plants used to treat oral cancer include neem (Azadirachta indica), turmeric (Curcuma longa), ginseng (Panax ginseng), holy basil (Ocimum tenuiflorum), licorice (Glycyrrhiza glabra), Indian frankincense (Boswellia serrata), aswagandha (Withania somnifera), cat claws (Uncaria tomentosa), and milk thistle (Silybum marianum) (Busia, 2016; Hari, 2020). The anti-inflammatory activity of some of these plants may aid in controlling the inflammation and pain associated with oral cancer. Scientific research on the anticancer properties of certain plants highlights their major phytochemical compounds and mechanisms of action against oral cancer. Notably, curcumin, an active constituent of turmeric, has been shown to effectively impede cancer proliferation and metastasis by disrupting EGFR signaling pathways, particularly by blocking EGFR phosphorylation (Somarriva et al., 2016).
Furthermore, Zhen et al. (2014) found that curcumin inhibits various gene targets associated with OSCC proliferation, including uPAR, uPA, MMP-9 (matrix metalloproteinase-9), and MMP-2. Additionally, we observed the downregulation of genes linked to EGFR signaling, such as STAT3, ERK1/2, and Akt, when the human OSCC cell line (SCC-25) was treated with curcumin, and this effect occurred in a dose-dependent manner. In the case of milk thistle, silymarin (a mixture of silychristin, silibinin, and silydianin) has demonstrated potent anticancer activity. Following the administration of silymarin, human oral cancer cell lines (HSC-4, YD15, and Ca9.22) exhibited increased expression of DR5 and cleaved caspase-8 proteins, resulting in the death of cancer cells via BH3 interacting-domain death agonist (BID) protein cleavage and subsequent TRAIL-induced apoptosis (Won et al., 2018). Moreover, the presence of silymarin led to upregulation of cytochrome c protein expression in oral cancer cells. Consequently, this upregulation causes a reduction in the mitochondrial membrane potential and results in reduced ATP generation. A comprehensive list of phytochemicals, their sources, and modes of action against oral cancer is provided in Table 2.
TABLE 2 | Phytochemicals and their targets against oral cancer.
[image: Table 2]The application of NP has facilitated the discovery of several gene targets linked to various plant compounds with known anti-oral cancer properties. For example, Yu et al. (2022) identified specific anti-oral cancer targets of tangeritin, a bioactive constituent derived from aged citrous peels. Citrous peel is renowned in TCM owing to its potential anticancer properties. Tangeritin targets CDK1, ESR1, and PIK3R1. In vitro analysis using the SCC 25 cell line demonstrated upregulation of all core targets, as predicted by the NP approach. Another study by Ladke et al. (2022) showed that NP can be used to identify anti-oral cancer gene targets of bioactive compounds present in G. glabra. They discovered that the bioactive compound wortmannin possesses anti-oral cancer properties by targeting the hub gene androgen receptor and disrupting the PI3K-AKT pathway (Ladke et al., 2022).
Similarly, Zhang et al. (2021) employed the NP approach to elucidate the anticancer mechanism of Huanglianjiedu decoction against oral cancer. The authors identified approximately 35 bioactive compounds in the decoction, with 52 hub genes associated with these compounds. The central mechanism responsible for the anticancer effect was attributed to apoptosis induced by the inhibition of the phosphorylation of NF-κB p65 and ERK1/2 (Zhang et al., 2021). These studies collectively underscore the utility of NP, combined with in vitro investigations, in pinpointing the core targets of plant bioactive compounds and uncovering the mechanisms underlying their anti-oral cancer properties.
4.2 Gene targets of plant bioactives against HNC
Plants such as tea (Camellia sinensis), turmeric (C. longa), mistletoe (Viscum album), and aloe vera (Aloe barbadensis miller) have traditionally been used in medicinal systems to treat HNC (Sagar et al., 2006; Al-Achi, 2020). Current research on natural anticancer compounds has shed light on the distinctive mechanisms of action found in these plants. For example, curcumin targets inhibitor kappa B kinase (IκK) and triggers apoptosis in HNSCC by suppressing the NF-κB pathway (Wilken et al., 2011). In contrast, catechins, particularly epigallocatechin-3-gallate (EGCG) from the tea plant, hinder the metastasis of HNSCC cells by focusing on the RECK (Reversion Inducing Cysteine Rich Protein with Kazal Motifs) gene. RECK is a negative regulator of MMP, and decreased expression of MMP-2 and MMP-9 is associated with reduced invasion and metastasis of cancer cells (Kim and Kim, 2014). Table 3 presents a comprehensive list of the targets of the bioactive compounds derived from various plants. A notable observation from this table is that the majority of these bioactive target signaling pathways are closely linked to cell apoptosis.
TABLE 3 | Phytochemicals and their targets against HNC.
[image: Table 3]NP has significantly enhanced our understanding of the gene targets linked to traditional formulations used for treating HNC, shedding light on the underlying mechanisms of action. For example, Mi et al., 2020 conducted an NP-based analysis of LeiGongTeng (Tripterygii Radix), a Chinese remedy for cancer, and found that its active constituents (beta-sitosterol, nobiletin, and kaempferol) exert anticancer effects by targeting the RELA, ESR1, CASP3, and VEGFA genes. Similarly, Gao et al., 2021 investigated the gene targets of Baiying Qinghou decoction in laryngeal SCC (LSCC). The essential anticancer targets associated with the decoction were identified as TP53, NOS3, IL1B, and EGFR. In both studies, the PI3K-Akt signaling pathway was recognized as a crucial pathway influenced by bioactive compounds present in these remedies. Moreover, an NP study of Yinchen Wuling San, a complex medical prescription comprising six medicinal plants used for cancer treatment, revealed that the genes TNF, AKT1, and EGFR are targeted by the bioactive compounds of Yinchen Wuling San against HNSCC (Zhang et al., 2022). The gene targets obtained through NP could be further validated through molecular docking and other in silico experiments to confirm the effects of bioactive compounds on these targets. In the future, more investigations are required to uncover the multi-target pharmacological mechanism of plant bioactives against oral, HN cancer.
5 IN SILICO CONFIRMATION OF ANTICANCER EFFECT OF BIOACTIVES AGAINST ORAL, NECK AND HEAD CANCER USING DOCKING
Molecular docking is a computational approach extensively employed in drug discovery and development, and is often complemented by NP. The integration of molecular docking simulations with NP enables the prediction of interactions between potential bioactive molecules and specific protein targets involved in cancer pathways. The sequential steps involved in the molecular docking experiment proceeding with the NP study (Figure 4) were as follows.
[image: Figure 4]FIGURE 4 | Steps involved in network pharmacology and molecular docking approach for pharmacological activities.
5.1 Preparation of the ligand
Ensuring an optimized geometry of the ligand is imperative for successful molecular docking simulations. The 3D structure of ligands can be obtained from chemical databases, namely, PubChem (https://pubchem.ncbi.nlm.nih.gov/), ChemSpider (http://www.chemspider.com/), ChEMBL (https://www.ebi.ac.uk/chembl/), as well as medicinal plant databases such as IMPPAT (Indian Medicinal Plants, Phytochemistry And Therapeutics, https://cb.imsc.res.in/imppat/) and TCMSP (Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform, https://tcmsp-e.com/tcmsp.php), where bioactive compounds from medicinal plants are listed (Ru et al., 2014; Mohanraj et al., 2018). In the case of a lack of ligand structure files, molecular modeling tools such as ChemSketch (https://www.acdlabs.com/resources/free-chemistry-software-apps/chemsketch-freeware/), ChemDraw (https://revvitysignals.com/products/research/chemdraw), and OpenBabel (https://openbabel.org/) can be utilized to generate the necessary 3D structure files. Once the 3D structure file is procured, preparation steps are undertaken, including assignment of partial charges and protonation states, generation of tautomers, addition of missing atoms, removal of water and nonessential groups, and geometry optimization (energy minimization) (Madhavi Sastry et al., 2013).
5.2 Preparation of protein
The 3D structure of the protein target, identified through an NP study, can be sourced from protein structure databases, such as the Protein Data Bank (PDB), a comprehensive repository of protein structures determined through techniques such as X-ray crystallography, nuclear magnetic resonance (NMR), and electron microscopy (https://www.rcsb.org/). Alternatively, if the structure is not available in the database, 3D protein structures can be generated using homology modeling or ab initio methods based on the protein sequence. Subsequently, essential protein preparation steps must be executed, including the removal of water molecules and other heteroatoms, addition of hydrogen atoms, assignment of partial charges, and protonation states to amino acids, followed by energy minimization (Tripathi and Misra, 2017).
5.3 Docking parameters and simulations
After preparing the ligand and protein files, it was essential to configure the required parameters for conducting the docking simulation. Molecular docking can be executed either in site-specific mode, where a 3D grid is centered around a specific binding site, or in blind mode, where the grid encompasses the entire protein structure. The grid defines the spatial coordinates used to evaluate ligand positions during docking. Molecular docking tools, such as Autodock (https://autodock.scripps.edu/) and Autodock Vina (https://vina.scripps.edu/), require the user to set parameters including ligand and protein flexibility, search algorithm, number of runs, population size, number of generations, and scoring function prior to initiating the docking simulation. Other widely used molecular docking tools, such as DOCK (https://dock.compbio.ucsf.edu/), Glide (https://www.schrodinger.com/products/glide), and Gold (https://www.ccdc.cam.ac.uk/solutions/software/gold/), also offer a range of customizable parameters. With the correct configuration of docking parameters, the ligand and protein underwent molecular docking simulations, providing valuable insights into their potential interactions.
5.4 Analysis and visualization of docking results
The docking results were subjected to comprehensive analysis, primarily focusing on the binding energies generated during the docking process, where the ligand was docked onto various regions of the protein. The pose, representing the specific conformation of the ligand docked onto a particular region of the protein, was assessed based on its binding energy, which serves as a key indicator of favorable interactions and strong binding affinity. Consequently, the pose with the lowest binding energy was assigned the highest ranking. Following the examination of binding energies for diverse poses, the highest-ranking pose was visually inspected using specialized visualization tools such as PyMOL (https://pymol.org/2/), RasMol (https://www.openrasmol.org/), and Discovery Studio Visualizer (https://discover.3ds.com/discovery-studio-visualizer-download). Visualization serves as a valuable aid in comprehending the binding modes and identifying potential key residues that actively participate in ligand–protein interactions.
5.5 Molecular docking of bioactives against oral cancer targets
Recently, molecular docking has become a prevalent technique employed either independently or in conjunction with NP to assess the affinity of bioactive compounds toward oral cancer targets. For instance, Jayaraman et al. (2022) conducted a molecular docking investigation of bioactive constituents extracted from Eclipta alba, targeting the oral cancer proteins AKT1 and AKT2 using the Autodock tool. AKT1 and AKT2 are crucial for promoting cancer cell survival by conferring resistance to apoptosis (Degan and Gelman, 2021). The bioactive compounds subjected to docking simulations encompass stigmasta-3, 5-dien-7-one, 9, 12-octadecadienoic acid, and palmitic acid. Among these bioactive compounds, palmitic acid exhibited a high binding affinity towards AKT1, displaying a binding energy of −5.88 kcal/mol. The interaction between palmitic acid and AKT1 involves the formation of hydrogen bonds with the residues THR160 and PHE161. Similarly, 9, 12-octadecadienoic acid demonstrated binding to Akt2 with a binding energy of −5.65 kcal/mol and engaged in forming two hydrogen bonds with the LYS160 residue.
On the other hand, Yu et al. (2022) conducted a study utilizing NP in conjunction with molecular docking to validate the observed results. The bioactive compounds present in the citrous peel were subjected to molecular docking simulations against the core targets predicted by the NP. Notably, the compounds sitosterol, 5,7-dihydroxy-2-(3-hydroxy-4-methoxyphenyl)chroman-4-one, and naringin demonstrated the most substantial binding affinities towards the targets CDK1 (−9.6 kcal/mol), ESR1 (−8.4 kcal/mol), SRC (−9.6 kcal/mol), and PIK3R1 (−8.7 kcal/mol), respectively. Furthermore, sitosterol, hesperidin, and hesperidin exhibited equal binding affinities (−6.7 kcal/mol). Similarly, Hou et al. (2021) employed NP to elucidate the potential oral cancer targets of bioactive compounds derived from Scutellaria baicalensis Georgi. Through network analysis, five core targets (VEGFA, MAPK3, AKT1, SRC, and PIK3R1) and nine major hub compounds were identified. Subsequently, molecular docking simulations were conducted with the core targets and hub compounds, leading to the observation that baicalein exhibited a favorable binding energy of < −7 kcal/mol for all investigated targets and established four hydrogen bonds with VEGFA.
5.6 Molecular docking of bioactives against HNC targets
Molecular docking is a crucial and widely utilized approach for the preliminary screening and selection of potential drug candidates targeting HNC. Top-ranking compounds identified through docking studies are often subjected to rigorous in vitro and in vivo assays. A study by Lv et al. (2020) presented a comprehensive evaluation of piperlongumine (PL) as a candidate agent against HNC using in silico, in vitro, and in vivo experiments. Through in silico studies, AKT1 emerged as a promising gene target for the treatment of head and neck cancer. Subsequent docking simulations demonstrated a favorable binding interaction between PL and AKT1, with a binding energy of −4.69 kcal/mol. The binding interface involved specific interactions with negatively charged residues of the target protein. In vitro analysis further corroborated the high binding affinity of PL towards AKT1, as evidenced by an equilibrium dissociation constant of 123.3 μM. These findings reinforce the potential of PL as a viable therapeutic candidate for HNC treatment. An experiment using FaDu cell-transplanted mice was conducted to validate the in vivo efficacy of the PL. Administration of PL to mice led to a significant reduction in tumor size compared to the control group, indicating its potential anti-tumor activity in vivo. Gao et al. (2021) employed a molecular docking approach to elucidate the mechanism underlying the inhibition of LSCC proliferation by the Baiying Qinghou decoction. The findings demonstrated that the active constituent quercetin exhibited a notably higher binding affinity towards one of the targets, NO3 (−7.12 kcal/mol). Furthermore, Ling et al., 2022 reported a significant binding affinity of the bioactive compound celastrol towards nasopharyngeal carcinoma (NPC) targets, namely, IL6, VEGFA, and TNF. Additionally, NPC cells treated with celastrol exhibited reduced expression of VEGFA and TNF-. Collectively, these studies provide compelling evidence that the molecular docking approach, when combined with NP, effectively confirms the anti-head and neck cancer properties of bioactive compounds.
6 DISCUSSION
NP is a modern approach and utilizes “multicomponent-multitarget” complex network model in drug development (Hopkins, 2007). Numerous drugs act through several targets. This method provides a detailed, in-depth, and comprehensive study of drug-disease interactions and is utilized to determine the mechanistic role of natural products (Yu et al., 2020; Li et al., 2021). NP have been widely employed to explore drugs against numerous diseases, including cancer (Jeyasri et al., 2020; Muthuramalingam et al., 2020; Aarthy et al., 2022; Adarshan et al., 2022; Muthuramalingam et al., 2023a; Muthamil et al., 2024). However, the implication of NP in drug development against from natural sources oral and HN cancer has recently emerged due to the post-treatment emergence of oral cancer and the adverse effects of synthetic drugs.
Similar to other diseases, NP could contribute to the exploration of drug molecules against multiple targets in oral and HNC. NP identifies crucial target genes and pathways implicated in tumor formation and progression by combining diverse data sources, such as genomics, transcriptomics, proteomics, and metabolomics. The potency and toxicity of drug molecules can also be predicted using the NP approach. In addition, NP governs a system-level understanding of drug interplay with targets, which is key for producing safer and more powerful anticancer therapies.
7 LIMITATIONS
NP is primarily involved in drug development, which helps revitalize natural medicines. However, the bottlenecks in implying NP research on natural medication will be solved in the future. Numerous publicly available databases are essential for NP studies to determine the active ingredients and disease-specific targets. Apart from their curation, inconsistencies in databases are caused by a diversity of information sources, theories, and experimental outcomes. Furthermore, the pharmacokinetic features of drug constituents are determined by the ADMET approach in NP, which mandates experimental validation. The dissection of putative targets relies on the one or often one single database, due to the less numbers of publicly available databases. Compilation of diverse databases into a comprehensive database will be useful for improving the potential of NP studies. Further experimental validation is necessary to confirm the results obtained via NP analysis.
8 CONCLUSION
NP is a powerful approach to unravel the intricate molecular mechanisms underlying various diseases. In addition, natural compounds, such as parthenolide, and traditional Chinese medicine, such as YWLS, have the potential to treat these cancers. This review discusses a diverse range of methods, from metabolomics and lipidomics to NP and molecular docking and provides comprehensive insights into potential treatments and therapeutic targets. The pursuit of innovative strategies offers hope for novel avenues in cancer therapy. Publicly accessible databases play a pivotal role in enhancing our understanding of these diseases. Additionally, it offers a treasure trove of information on genes, miRNAs, drugs, and genetic variations related to oral, head, and neck cancer. Databases, such as HNOCDB, HNCDB, OrCGDB, OrCa-dB, and dbGENVOC, are crucial resources for researchers and clinicians. They facilitate precision medicine research and provide a platform for the integration of genomic technologies including transcriptomics, gene sequencing, proteomics, and microarrays, which have generated extensive data in this field. Furthermore, the field of NP has benefitted significantly from the availability of various databases and tools. These encompass databases related to traditional Chinese medicine, compound and drug information, target interactions, and gene-disease associations. Additionally, advanced algorithms, such as Random Walk and PRINCE, along with visualization tools, such as Cytoscape and Pajek, enable researchers to analyze and understand complex molecular networks more comprehensively. These integrated approaches hold great promise for advancing our knowledge of these diseases and developing more effective and personalized treatment strategies. By sharing data and collaborating and continuously evolving these resources, the scientific and medical community can drive significant progress in the fight against complex and challenging cancers. To achieve significant medicinal advancemnets in the future, NP must be combined with cutting-edge, real-time research. Overall, this review lays the touchstone for further exploration of traditional medicines, their protective mechanisms in oral, HNC treatments, and the applications of NP in drug discovery.
AUTHOR CONTRIBUTIONS
PM: Conceptualization, Investigation, Methodology, Resources, Software, Validation, Writing–original draft, Writing–review and editing. RJ: Investigation, Methodology, Resources, Validation, Writing–original draft. VV: Investigation, Methodology, Resources, Software, Writing–original draft. AP: Investigation, Methodology, Resources, Writing–original draft. AD: Investigation, Methodology, Resources, Writing–original draft. HS: Conceptualization, Funding acquisition, Investigation, Supervision, Writing–review and editing. MT: Formal Analysis, Investigation, Resources, Writing–review and editing. MR: Formal Analysis, Investigation, Resources, Writing–review and editing. MK: Formal Analysis, Investigation, Writing–review and editing. RO: Formal Analysis, Investigation, Methodology, Writing–review and editing. DDS: Formal Analysis, Investigation, Writing–review and editing. BV: Conceptualization, Formal Analysis, Investigation, Resources, Software, Supervision, Writing–review and editing.
ACKNOWLEDGMENTS
This work was supported by the fund of research for the next-generation of academics of Gyeongsang National University in 2024.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Aarthy, M., Muthuramalingam, P., Ramesh, M., and Singh, S. K. (2022). Unraveling the multi-targeted curative potential of bioactive molecules against cervical cancer through integrated omics and systems pharmacology approach. Sci. Rep. 12, 14245. doi:10.1038/s41598-022-18358-7
 Adarshan, S., Akassh, S., Avinash, K., Bharathkumar, M., Muthuramalingam, P., Shin, H., et al. (2022). Transcriptomics, cheminformatics, and systems pharmacology strategies unveil the potential bioactives to combat COVID-19. Mol. Basel, Switz. 27, 5955. doi:10.3390/molecules27185955
 Al-Achi, A. (2020). A concise treatise on natural remedies. United Kingdom: Cambridge Scholars Publishing. Available at: https://www.cambridgescholars.com/product/978-1-5275-5001-8 (Accessed May 22, 2024). 
 Allegra, C. J., Rumble, R. B., Hamilton, S. R., Mangu, P. B., Roach, N., Hantel, A., et al. (2016). Extended RAS gene mutation testing in metastatic colorectal carcinoma to predict response to anti–epidermal growth factor receptor monoclonal antibody therapy: American society of clinical oncology provisional clinical opinion update 2015. J. Clin. Oncol. 34, 179–185. doi:10.1200/jco.2015.63.9674
 Arantes, L. M. R. B., de Carvalho, A. C., Melendez, M. E., Carvalho, A. L., and Goloni-Bertollo, E. M. (2014). Methylation as a biomarker for head and neck cancer. Oral Oncol. 50, 587–592. doi:10.1016/j.oraloncology.2014.02.015
 Auguste, A., Deloumeaux, J., Joachim, C., Gaete, S., Michineau, L., Herrmann-Storck, C., et al. (2020). Joint effect of tobacco, alcohol, and oral HPV infection on head and neck cancer risk in the French West Indies. Cancer Med. 9, 6854–6863. doi:10.1002/cam4.3327
 Baek, S. H., Ko, J. H., Lee, H., Jung, J., Kong, M., Lee, J. W., et al. (2016). Resveratrol inhibits STAT3 signaling pathway through the induction of SOCS-1: role in apoptosis induction and radiosensitization in head and neck tumor cells. Phytomedicine 23, 566–577. doi:10.1016/j.phymed.2016.02.011
 Beck, T. N., and Golemis, E. A. (2016). Genomic insights into head and neck cancer. Cancers Head. Neck 1, 1. doi:10.1186/s41199-016-0003-z
 Becker, K. G., Barnes, K. C., Bright, T. J., and Wang, S. A. (2004). The genetic association database. Nat. Genet. 36 (5), 431–432. doi:10.1038/ng0504-431
 Bossi, P., Resteghini, C., Paielli, N., Licitra, L., Pilotti, S., and Perrone, F. (2016). Prognostic and predictive value of EGFR in head and neck squamous cell carcinoma. Oncotarget 7 (45), 74362–74379. doi:10.18632/oncotarget.11413
 Busia, K. (2016). Fundamentals of herbal medicine: major plant families, analytical methods, materia medica volume 2. United States: Xlibris Corporation. 
 Cameron, S., Merida, L., Mehlika, H.-R., Topkas, E., Endo-Munoz, L., Cumming, A., et al. (2012). Focal overexpression of CEACAM6 contributes to enhanced tumourigenesis in head and neck cancer via suppression of apoptosis. Mol. cancer 11, 74. doi:10.1186/1476-4598-11-74
 Cerami, E., Gao, J., Dogrusoz, U., Gross, B. E., Sumer, S. O., Aksoy, B. A., et al. (2012). The cBio cancer genomics portal: an open platform for exploring multidimensional cancer genomics data. Cancer Discov. 2, 401–404. doi:10.1158/2159-8290.cd-12-0095
 Changxing, L., Galani, S., Hassan, F.-U., Rashid, Z., Naveed, M., Fang, D., et al. (2020). Biotechnological approaches to the production of plant-derived promising anticancer agents: an update and overview. Biomed. Pharmacother. 132, 110918. doi:10.1016/j.biopha.2020.110918
 Chatelain, K., Phippen, S., McCabe, J., Teeters, C. A., O’Malley, S., and Kingsley, K. (2011). Cranberry and grape seed extracts inhibit the proliferative phenotype of oral squamous cell carcinomas. Evid-Based Complement. Altern. Med. 2011, 467691–467712. doi:10.1093/ecam/nen047
 Chauhan, R., Trivedi, V., Rani, R., and Singh, U. (2022). A study of head and neck cancer patients with reference to tobacco use, gender, and subsite distribution. South Asian J. Cancer 11 (01), 046–051. doi:10.1055/s-0041-1740601
 Chen, C. Y. C. (2011). TCM Database@ Taiwan: the world's largest traditional Chinese medicine database for drug screening in silico. PloS one 6, e15939. doi:10.1371/journal.pone.0015939
 Chen, H.-J., Lin, C.-M., Lee, C., Shih, N.-C., Amagaya, S., Lin, Y., et al. (2013). Phenethyl isothiocyanate suppresses EGF-stimulated SAS human oral squamous carcinoma cell invasion by targeting EGF receptor signaling. Int. J. Oncol. 43, 629–637. doi:10.3892/ijo.2013.1977
 Chen, J. Y., Mamidipalli, S., and Huan, T. (2009). HAPPI: an online database of comprehensive human annotated and predicted protein interactions. BMC genomics 10, S16–S11. doi:10.1186/1471-2164-10-S1-S16
 Chen, L. F., Cohen, E. E. W., and Grandis, J. R. (2010). New strategies in head and neck cancer: understanding resistance to epidermal growth factor receptor inhibitors. Clin. Cancer Res. 16, 2489–2495. doi:10.1158/1078-0432.ccr-09-2318
 Chen, X., Liu, M. X., and Yan, G. Y. (2012). Drug–target interaction prediction by random walk on the heterogeneous network. Mol. Biosyst. 8, 1970–1978. doi:10.1039/c2mb00002d
 Cho, J. H., Johnson, D. E., and Grandis, J. R. (2018). Therapeutic implications of the genetic landscape of head and neck cancer. Semin. Radiat. Oncol. 28 (1), 2–11. doi:10.1016/j.semradonc.2017.08.005
 Courtney, K. D., Corcoran, R. B., and Engelman, J. A. (2010). The PI3K pathway as drug target in human cancer. J. Clin. Oncol. 28, 1075–1083. doi:10.1200/jco.2009.25.3641
 Dai, X., and Shen, L. (2022). Advances and trends in omics technology development. Front. Med. 9, 911861. doi:10.3389/fmed.2022.911861
 Degan, S. E., and Gelman, I. H. (2021). Emerging roles for AKT isoform preference in cancer progression pathways. Mol. Cancer Res. 19, 1251–1257. doi:10.1158/1541-7786.mcr-20-1066
 Dittmann, K., Mayer, C., Fehrenbacher, B., Schaller, M., Raju, U., Milas, L., et al. (2005). Radiation-induced epidermal growth factor receptor nuclear import is linked to activation of DNA-dependent protein kinase. J. Biol. Chem. 280, 31182–31189. doi:10.1074/jbc.M506591200
 Dohleman, B. S. (2006). Exploratory social network analysis with Pajek. Psychometrika 7, 605–606. doi:10.1007/s11336-005-1410-y
 Dubot, C., Bernard, V., Sablin, M. P., Vacher, S., Chemlali, W., Schnitzler, A., et al. (2018). Comprehensive genomic profiling of head and neck squamous cell carcinoma reveals FGFR1 amplifications and tumour genomic alterations burden as prognostic biomarkers of survival. Eur. J. Cancer 91, 47–55. doi:10.1016/j.ejca.2017.12.016
 Fang, Y. C., Huang, H. C., Chen, H. H., and Juan, H. F. (2008). TCMGeneDIT: a database for associated traditional Chinese medicine, gene and disease information using text mining. BMC Complement. Altern. Med. 8, 58–11. doi:10.1186/1472-6882-8-58
 Fasano, M., Della Corte, C. M., Viscardi, G., Di Liello, R., Paragliola, F., Sparano, F., et al. (2021). Head and neck cancer: the role of anti-EGFR agents in the era of immunotherapy. Ther. Adv. Med. Oncol. 13, 1758835920949418. doi:10.1177/1758835920949418
 Ferraguti, G., Terracina, S., Petrella, C., Greco, A., Minni, A., Lucarelli, M., et al. (2022). Alcohol and head and neck cancer: updates on the role of oxidative stress, genetic, epigenetics, oral microbiota, antioxidants, and alkylating agents. Antioxidants 11, 145. doi:10.3390/antiox11010145
 Gao, J., Aksoy, B. A., Dogrusoz, U., Dresdner, G., Gross, B., Sumer, S. O., et al. (2013). Integrative analysis of complex cancer genomics and clinical profiles using the cBioPortal. Sci. Signal 6, pl1. doi:10.1126/scisignal.2004088
 Gao, K., Zhu, Y., Wang, H., Gong, X., Yue, Z., Lv, A., et al. (2021). Network pharmacology reveals the potential mechanism of Baiying Qinghou decoction in treating laryngeal squamous cell carcinoma. Aging 13, 26003–26021. doi:10.18632/aging.203786
 Gaulton, A., Bellis, L. J., Bento, A. P., Chambers, J., Davies, M., Hersey, A., et al. (2012). ChEMBL: a large-scale bioactivity database for drug discovery. Nucleic acids Res. 40, D1100–D1107. doi:10.1093/nar/gkr777
 GBD 2016 Disease and Injury Incidence and Prevalence Collaborators (2017). Global, regional, and national incidence, prevalence, and years lived with disability for 328 diseases and injuries for 195 countries, 1990-2016: a systematic analysis for the Global Burden of Disease Study 2016. Lancet London, Engl. 390, 1211–1259. doi:10.1016/S0140-6736(17)32154-2
 Gfeller, D., Grosdidier, A., Wirth, M., Daina, A., Michielin, O., and Zoete, V. (2014). SwissTargetPrediction: a web server for target prediction of bioactive small molecules. Nucleic acids Res. 42, W32–W38. doi:10.1093/nar/gku293
 Gilson, M. K., Liu, T., Baitaluk, M., Nicola, G., Hwang, L., and Chong, J. (2016). BindingDB in 2015: a public database for medicinal chemistry, computational chemistry and systems pharmacology. Nucleic acids Res. 44, D1045–D1053. doi:10.1093/nar/gkv1072
 Grandis, J. R., Melhem, M. F., Barnes, E. L., and Tweardy, D. J. (1996). Quantitative immunohistochemical analysis of transforming growth factor-alpha and epidermal growth factor receptor in patients with squamous cell carcinoma of the head and neck. Cancer 78 (6), 1284–1292. doi:10.1002/(SICI)1097-0142(19960915)78:6<1284::AID-CNCR17>3.0.CO;2-X
 Grandis, J. R., and Tweardy, D. J. (1993). Elevated levels of transforming growth factor alpha and epidermal growth factor receptor messenger RNA are early markers of carcinogenesis in head and neck cancer. Cancer Res. 53, 3579–3584.
 Halder, M., and Jha, S. (2023). Medicinal plants and bioactive phytochemical diversity: a fountainhead of potential drugs against human diseases. Sustain. Dev. Biodivers. , 39–93. doi:10.1007/978-981-19-9936-9_2
 Hama, T., Yuza, Y., Saito, Y., O-uchi, J., Kondo, S., Okabe, M., et al. (2009). Prognostic significance of epidermal growth factor receptor phosphorylation and mutation in head and neck squamous cell carcinoma. Oncol 14, 900–908. doi:10.1634/theoncologist.2009-0058
 Hamosh, A., Scott, A. F., Amberger, J., Bocchini, C., Valle, D., and McKusick, V. A. (2005). Online Mendelian Inheritance in Man (OMIM), a knowledgebase of human genes and genetic disorders. Nucleic acids Res. 33, D514–D517. doi:10.1093/nar/gki033
 Hari, V. (2020). Phytomedicine: healing herbs. India: Notion Press. Available at: https://books.google.co.kr/books/about/Phytomedicine.html?id=0FIMEAAAQBAJ&redir_esc=y (Accessed May 21, 2024). 
 Hopkins, A. L. (2007). Network pharmacology. Nat. Biotechnol. 25, 1110–1111. doi:10.1038/nbt1007-1110
 Hou, F., Liu, Y., Cheng, Y., Zhang, N., Yan, W., and Zhang, F. (2021). Exploring the mechanism of Scutellaria baicalensis georgi efficacy against oral squamous cell carcinoma based on network pharmacology and molecular docking analysis. Evid-Based Complement. Altern. Med. 2021, 5597586–5597615. doi:10.1155/2021/5597586
 Hsin, K. Y., Matsuoka, Y., Asai, Y., Kamiyoshi, K., Watanabe, T., Kawaoka, Y., et al. (2016). systemsDock: a web server for network pharmacology-based prediction and analysis. Nucleic acids Res. 44, W507–W513. doi:10.1093/nar/gkw335
 Huang, D. W., Sherman, B. T., and Lempicki, R. A. (2009). Systematic and integrative analysis of large gene lists using DAVID bioinformatics resources. Nat. Protoc. 4, 44–57. doi:10.1038/nprot.2008.211
 Huang, L.-T., Li, T.-J., Li, M.-L., Luo, H.-Y., Wang, Y.-B., and Wang, J.-H. (2023). Untargeted lipidomic analysis and network pharmacology for parthenolide treated papillary thyroid carcinoma cells. BMC Complement. Med. Ther. 23, 130. doi:10.1186/s12906-023-03944-7
 Huang, S.-M., Li, J., and Harari, P. M. (2002). Molecular inhibition of angiogenesis and metastatic potential in human squamous cell carcinomas after epidermal growth factor receptor blockade. Mol. Cancer Ther. 1, 507–514. Available at: https://pubmed.ncbi.nlm.nih.gov/12479268/ (Accessed May 21, 2024).
 Irani, S. (2020). New insights into oral cancer—risk factors and prevention: a review of literature. Int. J. Prev. Med. 11, 202. doi:10.4103/ijpvm.ijpvm_403_18
 Ishida, K., Ito, S., Wada, N., Deguchi, H., Hata, T., Hosoda, M., et al. (2007). Nuclear localization of beta-catenin involved in precancerous change in oral leukoplakia. Mol. Cancer 6, 62. doi:10.1186/1476-4598-6-62
 Iwai, S., Katagiri, W., Kong, C., Amekawa, S., Nakazawa, M., and Yura, Y. (2005). Mutations of the APC, beta-catenin, and axin 1 genes and cytoplasmic accumulation of beta-catenin in oral squamous cell carcinoma. J. Cancer Res. Clin. Oncol. 131, 773–782. doi:10.1007/s00432-005-0027-y
 Jayaraman, L., Shivaji, S., and Anandakumar, S. (2022). Phytochemical screening, cytotoxic activity and molecular docking studies of Eclipta alba leaves extract against oral cancer. Rasayan J. Chem. 15, 676–685. doi:10.31788/RJC.2022.1516754
 Jeyasri, R., Muthuramalingam, P., Suba, V., Ramesh, M., and Chen, J.-T. (2020). Bacopa monnieri and their bioactive compounds inferred multi-target treatment strategy for neurological diseases: a cheminformatics and system pharmacology approach. Biomolecules 10, 536. doi:10.3390/biom10040536
 Johnson, D. E., Burtness, B., Leemans, C. R., Lui, V. W. Y., Bauman, J. E., and Grandis, J. R. (2020). Head and neck squamous cell carcinoma. Nat. Rev. Dis. Prim. 6 (1), 92. doi:10.1038/s41572-020-00224-3
 Kalyankrishna, S., and Grandis, J. R. (2006). Epidermal growth factor receptor biology in head and neck cancer. J. Clin. Oncol. 24, 2666–2672. doi:10.1200/jco.2005.04.8306
 Kartha, V. K., Alamoud, K. A., Khikmet, S., Nguyen, B.-C., Laroche, F., Feng, H., et al. (2018). Functional and genomic analyses reveal therapeutic potential of targeting β-catenin/CBP activity in head and neck cancer. Genome Med. 10, 54. doi:10.1186/s13073-018-0569-7
 Kerrien, S., Aranda, B., Breuza, L., Bridge, A., Broackes-Carter, F., Chen, C., et al. (2012). The IntAct molecular interaction database in 2012. Nucleic acids Res. 40, D841–D846. doi:10.1093/nar/gkr1088
 Keysar, S. B., Astling, D. P., Anderson, R. M., Vogler, B. W., Bowles, D. W., Morton, J. J., et al. (2013). A patient tumor transplant model of squamous cell cancer identifies PI3K inhibitors as candidate therapeutics in defined molecular bins. Mol. Oncol. 7, 776–790. doi:10.1016/j.molonc.2013.03.004
 Kim, J., So, S., Lee, H. J., Park, J. C., Kim, J. J., and Lee, H. (2013). DigSee: disease gene search engine with evidence sentences (version cancer). Nucleic acids Res. 4, W510–W517. doi:10.1093/nar/gkt531
 Kim, Y. S., and Kim, C.-H. (2014). Chemopreventive role of green tea in head and neck cancers. Integr. Med. Res. 3, 11–15. doi:10.1016/j.imr.2013.12.005
 Kovacs, E., Zorn, J. A., Huang, Y., Barros, T., and Kuriyan, J. (2015). A structural perspective on the regulation of the epidermal growth factor receptor. Annu. Rev. Biochem. 84, 739–764. doi:10.1146/annurev-biochem-060614-034402
 Krishnan, M., and Venkidasamy, B. (2022). PEITC: a prospective natural metabolite in oral cancer treatment. Oral Oncol. 133, 106044. doi:10.1016/j.oraloncology.2022.106044
 Kuhn, M., Szklarczyk, D., Pletscher-Frankild, S., Blicher, T. H., Von Mering, C., Jensen, L. J., et al. (2014). STITCH 4: integration of protein–chemical interactions with user data. Nucleic acids Res. 42, D401–D407. doi:10.1093/nar/gkt1207
 Ladke, V. S., Kumbhar, G. M., Joshi, K., and Kheur, S. (2022). Systemic explanation of Glycyrrhiza glabra's analyzed compounds and anti-cancer mechanism based on network pharmacology in oral cancer. J. Oral Biosci. 64 (4), 452–460. doi:10.1016/j.job.2022.09.002
 Lamb, J., Crawford, E. D., Peck, D., Modell, J. W., Blat, I. C., Wrobel, M. J., et al. (2006). The Connectivity Map: using gene-expression signatures to connect small molecules, genes, and disease. Sci . 313, 1929–1935. doi:10.1126/science.1132939
 Leeman-Neill, R. J., Wheeler, S. E., Singh, S. V., Thomas, S. M., Seethala, R. R., Neill, D. B., et al. (2009). Guggulsterone enhances head and neck cancer therapies via inhibition of signal transducer and activator of transcription-3. Carcinogenesis 30, 1848–1856. doi:10.1093/carcin/bgp211
 Leethanakul, C., Patel, V., Gillespie, J. W., Pallente, M., Ensley, J. F., Sittichai, K., et al. (2000). Distinct pattern of expression of differentiation and growth-related genes in squamous cell carcinomas of the head and neck revealed by the use of laser capture microdissection and cDNA arrays. Oncogene 19, 3220–3224. doi:10.1038/sj.onc.1203703
 Lemmon, M. A., and Schlessinger, J. (2010). Cell signaling by receptor tyrosine kinases. Cell 141, 1117–1134. doi:10.1016/j.cell.2010.06.011
 Levine, A. E., and Steffen, D. L. (2001). OrCGDB: a database of genes involved in oral cancer. Nucleic Acids Res. 29, 300–302. doi:10.1093/nar/29.1.300
 Li, F., Hatano, T., and Hattori, N. (2021). Systematic analysis of the molecular mechanisms mediated by coffee in Parkinson’s disease based on network pharmacology approach. J. Funct. Foods 87, 104764. doi:10.1016/j.jff.2021.104764
 Li, Y. H., Yu, C. Y., Li, X. X., Zhang, P., Tang, J., Yang, Q., et al. (2018). Therapeutic target database update 2018: enriched resource for facilitating bench-to-clinic research of targeted therapeutics. Nucleic acids Res. 46, D1121-D1127–D1127. doi:10.1093/nar/gkx1076
 Li, Z., Qiu, X., He, Q., Fu, X., Ji, F., and Tian, X. (2023). CCND1-associated ceRNA network reveal the critical pathway of TPRG1-AS1-hsa-miR-363-3p-MYO1B as a prognostic marker for head and neck squamous cell carcinoma. Sci. Rep. 13, 11831. doi:10.1038/s41598-023-38847-7
 Ling, J., Huang, Y., Sun, Z., Guo, X., Chang, A., Pan, J., et al. (2022). Exploration of the effect of Celastrol on protein targets in nasopharyngeal carcinoma: network pharmacology, molecular docking and experimental evaluations. Front. Pharmacol. 13, 996728. doi:10.3389/fphar.2022.996728
 Ling, J., Zhang, L., Wang, Y., Chang, A., Huang, Y., Zhao, H., et al. (2023). Fisetin, a dietary flavonoid, increases the sensitivity of chemoresistant head and neck carcinoma cells to cisplatin possibly through HSP90AA1/IL-17 pathway. Phytother. Res. 37, 1997–2011. doi:10.1002/ptr.7723
 Liu, P., Cheng, H., Roberts, T. M., and Zhao, J. J. (2009). Targeting the phosphoinositide 3-kinase pathway in cancer. Nat. Rev. Drug Discov. 8, 627–644. doi:10.1038/nrd2926
 Liu, Z., Guo, F., Wang, Y., Li, C., Zhang, X., Li, H., et al. (2016). BATMAN-TCM: a bioinformatics analysis tool for molecular mechANism of traditional Chinese medicine. Sci. Rep. 6, 21146. doi:10.1038/srep21146
 Lui, V. W. Y., Hedberg, M. L., Li, H., Vangara, B. S., Pendleton, K., Zeng, Y., et al. (2013). Frequent mutation of the PI3K pathway in head and neck cancer defines predictive biomarkers. Cancer Discov. 3, 761–769. doi:10.1158/2159-8290.CD-13-0103
 Lv, F., Deng, M., Bai, J., Zou, D., Wang, J., Li, H., et al. (2020). Piperlongumine inhibits head and neck squamous cell carcinoma proliferation by docking to Akt. Phytother. Res. 34 (12), 3345–3358. doi:10.1002/ptr.6788
 Madhavi Sastry, G., Adzhigirey, M., Day, T., Annabhimoju, R., and Sherman, W. (2013). Protein and ligand preparation: parameters, protocols, and influence on virtual screening enrichments. J. Comput. Aided Mol. Des. 27, 221–234. doi:10.1007/s10822-013-9644-8
 Majumdar, D., Jung, K.-H., Zhang, H., Nannapaneni, S., Wang, X., Amin, A. R. M. R., et al. (2014). Luteolin nanoparticle in chemoprevention: in vitro and in vivo anticancer activity. Cancer Prev. Res. 7, 65–73. doi:10.1158/1940-6207.capr-13-0230
 Mangal, M., Sagar, P., Singh, H., Raghava, G. P., and Agarwal, S. M. (2013). NPACT: naturally occurring plant-based anti-cancer compound-activity-target database. Nucleic acids Res. 41, D1124–D1129. doi:10.1093/nar/gks1047
 Mao, L., Hong, W. K., and Papadimitrakopoulou, V. A. (2004). Focus on head and neck cancer. Cancer Cell 5, 311–316. doi:10.1016/s1535-6108(04)00090-x
 Matthews, L., Gopinath, G., Gillespie, M., Caudy, M., Croft, D., de Bono, B., et al. (2009). Reactome knowledgebase of human biological pathways and processes. Nucleic acids Res. 37, D619–D622. doi:10.1093/nar/gkn863
 Mehra, R., Cohen, R. B., and Burtness, B. A. (2008). The role of cetuximab for the treatment of squamous cell carcinoma of the head and neck. Clin. Adv. Hematol. Oncol. 6, 742–750.
 Mi, J., Liu, C., Xu, M., and Wang, R. (2020). Network pharmacology to uncover the molecular mechanisms of action of LeiGongTeng for the treatment of nasopharyngeal carcinoma. Med. Sci. Monit. Basic Res. 26, e923431. doi:10.12659/msmbr.923431
 Mitra, S., Das, S., Das, S., Ghosal, S., and Chakrabarti, J. (2012). HNOCDB: a comprehensive database of genes and miRNAs relevant to head and neck and oral cancer. Oral Oncol. 48, 117–119. doi:10.1016/j.oraloncology.2011.09.014
 Mohanraj, K., Karthikeyan, B. S., Vivek-Ananth, R. P., Chand, R. P. B., Aparna, S. R., Mangalapandi, P., et al. (2018). IMPPAT: a curated database of Indian medicinal plants, Phytochemistry and therapeutics. Sci. Rep. 8, 4329. doi:10.1038/s41598-018-22631-z
 Muraro, E., Fanetti, G., Lupato, V., Vittorio, G., Steffan, A., Gobitti, C., et al. (2021). Cetuximab in locally advanced head and neck squamous cell carcinoma: biological mechanisms involved in efficacy, toxicity and resistance. Crit. Rev. Oncol. Hematol. 164, 103424. doi:10.1016/j.critrevonc.2021.103424
 Muthamil, S., Muthuramalingam, P., Kim, H.-Y., Jang, H.-J., Lyu, J.-H., Shin, U. C., et al. (2024). Unlocking prognostic genes and multi-targeted therapeutic bioactives from herbal medicines to combat cancer-associated cachexia: a transcriptomics and network pharmacology approach. Int. J. Mol. Sci. 25, 156. doi:10.3390/ijms25010156
 Muthuramalingam, P., Akassh, S., Rithiga, S. B., Prithika, S., Gunasekaran, R., Shin, H., et al. (2023a). Integrated omics profiling and network pharmacology uncovers the prognostic genes and multi-targeted therapeutic bioactives to combat lung cancer. Eur. J. Pharmacol. 940, 175479. doi:10.1016/j.ejphar.2022.175479
 Muthuramalingam, P., Govindasamy, R., Venkidasamy, B., Krishnan, M., and Shin, H. (2023b). Network pharmacology: a systems perspective possible underpinning approach for oral cancer treatment. DARU J. Pharm. Sci. 31, 273–275. doi:10.1007/s40199-023-00466-y
 Muthuramalingam, P., Jeyasri, R., Valliammai, A., Selvaraj, A., Karthika, C., Gowrishankar, S., et al. (2020). Global multi-omics and systems pharmacological strategy unravel the multi-targeted therapeutic potential of natural bioactive molecules against COVID-19: an in silico approach. Genomics 112, 4486–4504. doi:10.1016/j.ygeno.2020.08.003
 Nair, S., Bonner, J. A., and Bredel, M. (2022). EGFR mutations in head and neck squamous cell carcinoma. Int. J. Mol. Sci. 23, 3818. doi:10.3390/ijms23073818
 Nickel, J., Gohlke, B. O., Erehman, J., Banerjee, P., Rong, W. W., Goede, A., et al. (2014). SuperPred: update on drug classification and target prediction. Nucleic acids Res. 42, W26–W31. doi:10.1093/nar/gku477
 Noor, F., Tahir ul Qamar, M., Ashfaq, U. A., Albutti, A., Alwashmi, A. S., and Aljasir, M. A. (2022). Network pharmacology approach for medicinal plants: review and assessment. Pharm. (Basel) 15, 572. doi:10.3390/ph15050572
 Ortiz-Cuaran, S., Bouaoud, J., Karabajakian, A., Fayette, J., and Saintigny, P. (2021). Precision medicine approaches to overcome resistance to therapy in head and neck cancers. Front. Oncol. 11, 614332. doi:10.3389/fonc.2021.614332
 Panossian, A., and Efferth, T. (2022). Network pharmacology of adaptogens in the assessment of their pleiotropic therapeutic activity. Pharmaceuticals 15, 1051. doi:10.3390/ph15091051
 Peri, S., Navarro, J. D., Amanchy, R., Kristiansen, T. Z., Jonnalagadda, C. K., Surendranath, V., et al. (2003). Development of human protein reference database as an initial platform for approaching systems biology in humans. Genome Res. 13, 2363–2371. doi:10.1101/gr.1680803
 Pinero, J., Bravo, A., Queralt-Rosinach, N., Gutiérrez-Sacristán, A., Deu-Pons, J., Centeno, E., et al. (2016). DisGeNET: a comprehensive platform integrating information on human disease-associated genes and variants. Nucleic acids Res. 45, D833-D839–D839. doi:10.1093/nar/gkw943
 Pradhan, S., Das, S., Singh, A. K., Das, C., Basu, A., Majumder, P. P., et al. (2021). dbGENVOC: database of GENomic Variants of Oral Cancer, with special reference to India. Database 2021, baab034. doi:10.1093/database/baab034
 Prgomet, Z., Andersson, T., and Lindberg, P. (2017). Higher expression of WNT5A protein in oral squamous cell carcinoma compared with dysplasia and oral mucosa with a normal appearance. Eur. J. Oral Sci. 125, 237–246. doi:10.1111/eos.12352
 Qin, L., Yin, Y.-T., Zheng, F.-J., Peng, L.-X., Yang, C.-F., Bao, Y.-N., et al. (2015). WNT5A promotes stemness characteristics in nasopharyngeal carcinoma cells leading to metastasis and tumorigenesis. Oncotarget 6, 10239–10252. doi:10.18632/oncotarget.3518
 Rajamoorthi, A., Shrivastava, S., Steele, R., Nerurkar, P., Gonzalez, J. G., Crawford, S., et al. (2013). Bitter melon reduces head and neck squamous cell carcinoma growth by targeting c-met signaling. PLoS ONE 8, e78006. doi:10.1371/journal.pone.0078006
 Ramshankar, V., and Krishnamurthy, A. (2014). Chemoprevention of oral cancer: green tea experience. J. Natl. Sci. Biol. Med. 5, 3–7. doi:10.4103/0976-9668.127272
 Rappaport, N., Twik, M., Plaschkes, I., Nudel, R., Iny Stein, T., Levitt, J., et al. (2017). MalaCards: an amalgamated human disease compendium with diverse clinical and genetic annotation and structured search. Nucleic acids Res. 45, D877-D887–D887. doi:10.1093/nar/gkw1012
 Rekha, K., Venkidasamy, B., Govindasamy, R., Neralla, M., and Thiruvengadam, M. (2022). Isothiocyanates (AITC and BITC) bioactive molecules: therapeutic potential for oral cancer. Oral Oncol. 133, 106060. doi:10.1016/j.oraloncology.2022.106060
 Reshmi, G., Sona, C., Priyanka, J., Jijith, V. S., Prathibha, R., Surya, R., et al. (2012). OrCa-dB: a complete catalogue of molecular and clinical information in oral carcinogenesis. Oral Oncol. 48, e19. doi:10.1016/j.oraloncology.2012.02.006
 Rhee, C., Sen, M., Lu, D., Wu, C., Leoni, L. M., Rubin, J. S., et al. (2002). Wnt and frizzled receptors as potential targets for immunotherapy in head and neck squamous cell carcinomas. Oncogene 21, 6598–6605. doi:10.1038/sj.onc.1205920
 Ru, J., Li, P., Wang, J., Zhou, W., Li, B., Huang, C., et al. (2014). TCMSP: a database of systems pharmacology for drug discovery from herbal medicines. J. Cheminform. 6, 13–16. doi:10.1186/1758-2946-6-13
 Sagar, S. M., Yance, D., and Wong, R. K. (2006). Natural health products that inhibit angiogenesis: a potential source for investigational new agents to treat cancer—Part 1. Curr. Oncol. 13, 14–26. doi:10.3747/co.v13i1.77
 Schlessinger, J. (2004). Common and distinct elements in cellular signaling via EGF and FGF receptors. Science 306, 1506–1507. doi:10.1126/science.1105396
 Schobert, R., and Biersack, B. (2019). Chemical and biological aspects of garcinol and isogarcinol: recent developments. Chem. Biodivers. 16, e1900366. doi:10.1002/cbdv.201900366
 Scully, C., Field, J. K., and Tanzawa, H. (2000). Genetic aberrations in oral or head and neck squamous cell carcinoma 2: chromosomal aberrations. Oral Oncol. 36 (4), 311–327. doi:10.1016/s1368-8375(00)00021-x
 Shannon, P., Markiel, A., Ozier, O., Baliga, N. S., Wang, J. T., Ramage, D., et al. (2003). Cytoscape: a software environment for integrated models of biomolecular interaction networks. Genome Res. 13, 2498–2504. doi:10.1101/gr.1239303
 Shiah, S.-G., Hsiao, J. R., Chang, W. M., Chen, Y., Jin, Y.-T., Tung, Y. W., et al. (2014). Downregulated miR329 and miR410 promote the proliferation and invasion of oral squamous cell carcinoma by targeting wnt-7b. Cancer Res. 74, 7560–7572. doi:10.1158/0008-5472.can-14-0978
 Shrotriya, S., Agarwal, R., and Sclafani, R. A. (2014). A perspective on chemoprevention by resveratrol in head and neck squamous cell carcinoma. Adv. Exp. Med. Biol. 815, 333–348. doi:10.1007/978-3-319-09614-8_19
 Somarriva, C., Fernández, A., Candia, J., Campos, J., Albers, D., and Briceño, J. (2016). Dysregulation and detection methods of EGFR in oral cancer. A narrative review. J. Oral Res. 5 (7), 285–292. doi:10.17126/joralres.2016.057
 Sterling, T., and Irwin, J. J. (2015). ZINC 15–ligand discovery for everyone. J. Chem. Inf. Model. 55, 2324–2337. doi:10.1021/acs.jcim.5b00559
 Subramanian, A., Narayan, R., Corsello, S. M., Peck, D. D., Natoli, T. E., Lu, X., et al. (2017). A next generation connectivity map: L1000 platform and the first 1,000,000 profiles. Cell 17, 1437–1452. doi:10.1016/j.cell.2017.10.049
 Sundvall, M., Karrila, A., Nordberg, J., Grénman, R., and Elenius, K. (2010). EGFR targeting drugs in the treatment of head and neck squamous cell carcinoma. Expert Opin. Emerg. Dr. 15, 185–201. doi:10.1517/14728211003716442
 Sung, F. L., Poon, T. C. W., Hui, E. P., Ma, B. B. Y., Liong, E., To, K. F., et al. (2005). Antitumor effect and enhancement of cytotoxic drug activity by cetuximab in nasopharyngeal carcinoma cells. Vivo (Athens, Greece) 19, 237–245. Available at: https://pubmed.ncbi.nlm.nih.gov/15796181/ (Accessed May 21, 2024).
 Supplitt, S., Karpinski, P., Sasiadek, M., and Laczmanska, I. (2021). Current achievements and applications of transcriptomics in personalized cancer medicine. Int. J. Mol. Sci. 22, 1422. doi:10.3390/ijms22031422
 Szklarczyk, D., Franceschini, A., Wyder, S., Forslund, K., Heller, D., Huerta-Cepas, J., et al. (2015). STRING v10: protein–protein interaction networks, integrated over the tree of life. Nucleic acids Res. 43, D447–D452. doi:10.1093/nar/gku1003
 Tang, G., Cho, M., and Wang, X. (2022). OncoDB: an interactive online database for analysis of gene expression and viral infection in cancer. Nucleic Acids Res. 50, D1334–D1339. doi:10.1093/nar/gkab970
 Tao, A., Wang, X., and Li, C. (2021). Effect of lycopene on oral squamous cell carcinoma cell growth by inhibiting IGF1 pathway. Cancer Manag. Res. 13, 723–732. doi:10.2147/CMAR.S283927
 Tao, W., Li, B., Gao, S., Bai, Y., Shar, P. A., Zhang, W., et al. (2015). CancerHSP: anticancer herbs database of systems pharmacology. Sci. Rep. 5, 11481. doi:10.1038/srep11481
 Tathineni, P., Joshi, N., and Jelinek, M. J. (2023). Current state and future directions of EGFR-directed therapy in head and neck cancer. Curr. Treat. Options Oncol. 24, 680–692. doi:10.1007/s11864-023-01080-5
 Tripathi, A., and Misra, K. (2017). Molecular docking: a structure-based drug designing approach. JSM Chem. 5 (2), 1042–1047. doi:10.3390/molecules200713384
 Vander Broek, R., Mohan, S., Eytan, D., Chen, Z., and Van Waes, C. (2013). The PI3K/Akt/mTOR axis in head and neck cancer: functions, aberrations, cross-talk, and therapies. Oral Dis. 21, 815–825. doi:10.1111/odi.12206
 Vanunu, O., Magger, O., Ruppin, E., Shlomi, T., and Sharan, R. (2010). Associating genes and protein complexes with disease via network propagation. PLoS Comput. Biol. 6, e1000641. doi:10.1371/journal.pcbi.1000641
 Wang, X., Li, Y., Pan, M., Lu, T., Wang, M., Wang, Z., et al. (2022). CEACAM5 inhibits the lymphatic metastasis of head and neck squamous cell carcinoma by regulating epithelial-mesenchymal transition via inhibiting MDM2. Clin. Sci. (Lond). 136, 1691–1710. doi:10.1042/CS20220581
 Wang, X., Shen, Y., Wang, S., Li, S., Zhang, W., Liu, X., et al. (2017). PharmMapper 2017 update: a web server for potential drug target identification with a comprehensive target pharmacophore database. Nucleic acids Res. 45, W356-W360–W360. doi:10.1093/nar/gkx374
 Wang, Y., Zhou, C., Li, T., and Luo, J. (2024). Prognostic value of CDKN2A in head and neck squamous cell carcinoma via pathomics and machine learning. J. Cell Mol. Med. 28, e18394. doi:10.1111/jcmm.18394
 Wei, L., Chen, W., Zhao, J., Fang, Y., and Lin, J. (2020). Downregulation of CLCA4 expression is associated with the development and progression of colorectal cancer. Oncol. Lett. 20, 631–638. doi:10.3892/ol.2020.11640
 Wilken, R., Veena, M. S., Wang, M. B., and Srivatsan, E. S. (2011). Curcumin: a review of anti-cancer properties and therapeutic activity in head and neck squamous cell carcinoma. Mol. Cancer 10, 12. doi:10.1186/1476-4598-10-12
 Wise-Draper, T. M., Bahig, H., Tonneau, M., Karivedu, V., and Burtness, B. (2022). Current therapy for metastatic head and neck cancer: evidence, opportunities, and challenges. Am. Soc. Clin. Oncol. Educ. Book 42, 1–14. doi:10.1200/edbk_350442
 Wishart, D. S., Feunang, Y. D., Guo, A. C., Lo, E. J., Marcu, A., Grant, J. R., et al. (2018). DrugBank 5.0: a major update to the DrugBank database for 2018. Nucleic acids Res. 46, D1074-D1082–D1082. doi:10.1093/nar/gkx1037
 Wishart, D. S., Knox, C., Guo, A. C., Shrivastava, S., Hassanali, M., Stothard, P., et al. (2006). DrugBank: a comprehensive resource for in silico drug discovery and exploration. Nucleic acids Res. 34, D668–D672. doi:10.1093/nar/gkj067
 Won, D.-H., Kim, L.-H., Jang, B., Yang, I.-H., Kwon, H.-J., Jin, B., et al. (2018). In vitro and in vivo anti-cancer activity of silymarin on oral cancer. Tumour Biol. 40, 1010428318776170. doi:10.1177/1010428318776170
 Xie, H., Ma, Y., Li, J., Chen, H., Xie, Y., Chen, M., et al. (2020). WNT7A promotes EGF-induced migration of oral squamous cell carcinoma cells by activating β-catenin/MMP9-mediated signaling. Front. Pharmacol. 11, 98. doi:10.3389/fphar.2020.00098
 Xue, R., Fang, Z., Zhang, M., Yi, Z., Wen, C., and Shi, T. (2013). TCMID: traditional Chinese medicine integrative database for herb molecular mechanism analysis. Nucleic acids Res. 41, D1089–D1095. doi:10.1093/nar/gks1100
 Yan, D., Zheng, G., Wang, C., Chen, Z., Mao, T., Gao, J., et al. (2022). HIT 2.0: an enhanced platform for herbal ingredients' targets. Nucleic acids Res. 50, D1238–D1243. doi:10.1093/nar/gkab1011
 Yao, Z. J., Dong, J., Che, Y. J., Zhu, M. F., Wen, M., Wang, N. N., et al. (2016). TargetNet: a web service for predicting potential drug–target interaction profiling via multi-target SAR models. J. Comput. Aided Mol. Des. 30, 413–424. doi:10.1007/s10822-016-9915-2
 Ye, H., Ye, L., Kang, H., Zhang, D., Tao, L., Tang, K., et al. (2010). HIT: linking herbal active ingredients to targets. Nucleic acids Res. 39, D1055–D1059. doi:10.1093/nar/gkq1165
 Yeh, Y. T., Hsu, Y. N., Huang, S. Y., Lin, J. S., Chen, Z. F., Chow, N. H., et al. (2016). Benzyl isothiocyanate promotes apoptosis of oral cancer cells via an acute redox stress-mediated DNA damage response. Food Chem. Toxicol. 97, 336–345. doi:10.1016/j.fct.2016.09.028
 Yu, J., Wang, L., and Bao, L. (2020). Exploring the active compounds of traditional Mongolian medicine in intervention of novel coronavirus (COVID-19) based on molecular docking method. J. Funct. Foods 71, 104016. doi:10.1016/j.jff.2020.104016
 Yu, J. S. L., and Cui, W. (2016). Proliferation, survival and metabolism: the role of PI3K/AKT/mTOR signalling in pluripotency and cell fate determination. Development 143, 3050–3060. doi:10.1242/dev.137075
 Yu, Z., Wu, Y., Ma, Y., Cheng, Y., Song, G., and Zhang, F. (2022). Systematic analysis of the mechanism of aged citrus peel (Chenpi) in oral squamous cell carcinoma treatment via network pharmacology, molecular docking and experimental validation. J. Funct. Foods 91, 105012. doi:10.1016/j.jff.2022.105012
 Zanzoni, A., Montecchi-Palazzi, L., Quondam, M., Ausiello, G., Helmer-Citterich, M., and Cesareni, G. (2002). MINT: a Molecular INTeraction database. FEBS Lett. 513, 135–140. doi:10.1016/s0014-5793(01)03293-8
 Zeng, X., Zhang, P., He, W., Qin, C., Chen, S., Tao, L., et al. (2018). NPASS: natural product activity and species source database for natural product research, discovery and tool development. Nucleic acids Res. 46, D1217-D1222–D1222. doi:10.1093/nar/gkx1026
 Zhang, B., Liu, G., Wang, X., and Hu, X. (2022). Identification of molecular targets and potential mechanisms of yinchen wuling san against head and neck squamous cell carcinoma by network pharmacology and molecular docking. Front. Genet. 13, 914646. doi:10.3389/fgene.2022.914646
 Zhang, D., Li, G., Chen, X., Jing, Q., Liu, C., Lu, S., et al. (2019a). Wnt3a protein overexpression predicts worse overall survival in laryngeal squamous cell carcinoma. J. Cancer 10, 4633–4638. doi:10.7150/jca.35009
 Zhang, L., Ling, Z., Hu, Z., Meng, G., Zhu, X., and Tang, H. (2021). Huanglianjiedu Decoction as an effective treatment for oral squamous cell carcinoma based on network pharmacology and experimental validation. Cancer cell Int. 21, 553. doi:10.1186/s12935-021-02201-6
 Zhang, Q., Li, X., Su, X., Zhang, H., Wang, H., Yin, S., et al. (2019b). HNCDB: an integrated gene and drug database for head and neck cancer. Front. Oncol. 9, 371. doi:10.3389/fonc.2019.00371
 Zhao, L., Zhang, H., Li, N., Chen, J., Xu, H., Wang, Y., et al. (2023). Network pharmacology, a promising approach to reveal the pharmacology mechanism of Chinese medicine formula. J. Ethnopharmacol. 309, 116306. doi:10.1016/j.jep.2023.116306
 Zhen, L., Fan, D., Yi, X., Cao, X., Chen, D., and Wang, L. (2014). Curcumin inhibits oral squamous cell carcinoma proliferation and invasion via EGFR signaling pathways. Int. J. Clin. Exp. Pathol. 7, 6438–6446. Available at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4230161/ (Accessed March 6, 2022).
 Zimmermann, M., Zouhair, A., Azria, D., and Ozsahin, M. (2006). The epidermal growth factor receptor (EGFR) in head and neck cancer: its role and treatment implications. Radiat. Oncol. 1, 11. doi:10.1186/1748-717x-1-11
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2024 Muthuramalingam, Jeyasri, Varadharajan, Priya, Dhanapal, Shin, Thiruvengadam, Ramesh, Krishnan, Omosimua, Sathyaseelan and Venkidasamy. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-15-1410942-t001.jpg
Databases/Tools

TCMID (Traditional Chinese Medicine
Integrated Database)

TCMSP (Traditional Chinese medicine
systems pharmacology database)

TCMGeneDIT (Database of traditional
Chinese medicne, gene, and discase
information using text mining)

HIT 20 (Herbal Ingredients’ Targets
Database Introduction)

TCM@Taiwan (Database o traditional
Chinese medicine @Taiwan)

NPACT (Naturaly occurring Plant based
Anticancerous Compound:-sctiviy-Target
database)

CancerHSP (Anticancer Herbs database of
Systems Pharmacology)

NPASS (Natural Product Actvity and
‘Species Source Database)

DRUG TARGET DATABASES

9

Drughank

TTD (Therapeutic targe database)

STITCH (Search Tool for Interacting
Chemicals)

STITCH (Search Tool for Interacting
Chemicls)

CHEMBL

zne

BindingDB

WEB SERVERS FOR TARGET PREDICTION

Description

It connects the gap between TCM and
contemportylife sciences contain detls
about TCM formulas and compounds of
herbs

“Tool that captures the connections.
between drugs, targets and diseases

Information sbout association between
TCMs, genes, diseases, TCM effects and.
TCM ingredients

HIT i & manually curated database that
provides details on the proten targets of
compounds found in Chinese herbs

Currently the globes hugest non
‘commercial TCM database. It provides
information about 61,000 compounds
‘comprised in 453 TCM herbs taken from
Chinese medical texts and scientific
articles

“The NPACT database, compiled from 762
articls,contains chemicals obtained from
plants that exhibit anti-cancerous activity

It records anticancer herbal medicines
with anticancer molecules. It shows the
moleculr structure and nine key ADME.
features of each molecule

It governs comprehensive detais of
speciessources and biologicalfunctions of
natural products

Drughank atributes detaled moleclar
information on drugs and their
mechanisms, comprising detais on their
chemical, pharmacological,
pharmaceutica, and ADME, interacions
and their targets

1 gives detals on drugs,targets, targeted
diseases, and pathways

Itis 2 database of known and predicted.
interactions between chemicals and
proteins

Itis 2 database of known and predicted
interactions between chemicals and
proteins

1t composes more druglike bioactve
compounds than other drug target
databases

Iatributes detals about igands and their
purchasabilty, argets, linical trials, etc.

It governs experimentaly calculsted
protein- ligand binding affinity data

TCM databases

» Serveasa comprehensive repository

 Facilitates pathway and network
analysis of TCM ingredients and
thei target protins

 Support for drug discovery and
development

 Facltaes the identification of
bioactive compounds

© Assiss in target identification and.
validation

 Provides mechanisic insights nto.
the therapeuic effcts of TCM

 Enables predictive modeling and
nevwork analysis

© Integraton of diverse data sources

‘© Employs text mining and natural
langusge processing techniques

© Easy accessibilty and user-friendly
interface

o Availble to
community and promoting
collaboration

e scientfic

© Supports evidence based practce
@ Provides comprehensive iformation
onTCM.

© Facltaes drug discovery eforts by
dentifing potential antcancer
compounds

 Integrates data from multplesources

@ Covers a diverse aray of chemical
structures and compounds

© User-Friendly Interface

 Faclitates Drug Discovery

© Ofers s holisic view of the
phanmacogic profertis of
anticancer hebs, hebing recarchers
toidentfy potentil theapeutic targes
and mechansms of acton

‘& The database includes data on the
species sources of natural products,
alloving rescarchers to identiy the
organisms from which specific
compounds are derived.

 Facilitates Drug Discovery and
functional food development

© Easy to sccess

© Regularly updated with new
information on drugs!

It offers poverful search
functionality

@ TTD provides tools for target
prioritization

 Integration with other databases

© Comprehensive Information

© TTD s frecly accessibl online

© Users can access 2 vast amount of
chemical information

® Many search tools can integrate data
from various sources

 Some tool offer visualzation
features

© Advanced search tools may
incorporste predictive modeling
algorithms.

© Users can aceess 2 vast amount of
chemical information

@ Many search tools can integrate data
from various sources

@ Some tools offer visualzation
features

* Advanced search tools may
incorporate predictve modeling
algorithms.

© Open access

ot cont
bioactive molecules

 High-quality data

 Provides detaled structural
information on bioactive molecules

s  vast amount of data on

 Large compound library

 Diverse chenical space

 Easy to access

 Integration vith virtual screcning
tools

© Offers customization opions for
compound selection

* Vast data repository

 Ofers  user-frendly interface

 Provides structural information for
many protein-ligand complexes,
including protein crystl strctures
and ligand conformations

 Free access

© The accurscy and completeess of
data in TCMID may vary depending
on the availabilty and quality of
input data

 TCMID must adhere to ethical
principls and regulatory
requirements

© Limitatons of predictive models

 TCMSP analyses may oversimplify
the biological complexiy and
context senstivity

© Incomplete Coverage and Bias

 Text mining algorthms may struggle
with semantic ambiguity and
context sensitivity

It may have limitations in terms of
the completeness and accuracy of
the data

1t may require specialized knowledge
and sill to effctively navigate and.
interpret the data

© Limited Coverage of Clinical Trals
® Requires regular updates and
maintenance

© The database may provide a
simpliied representation of
anticancer mechanisms, requiring
additional experimental validation
and mechanistic studies for
comprehensive understanding

© It requires continual updates and
maintenance to incorporate new
data, improve data quality, and
address software bugs or
compatibilty issues

© Data limitations
 Complnity of biological activites
 Validaton challenges

 Access to certain advanced features
or datasets may require a
subscription fee

© Limited coverage

© Lack of clinical evidence

© The qualiy o data in TTD may vary
 The data may be incomplete or
limited for certain targets

© Integrating data from disparate
Sources can be comples, leading to
compatbilty issues or incomplete
datasets

o Access to high-qualty chemical
databases may come with a
signifiant cost

© Integrating data from disparate
Sources can be comples, leading to
compatibily isses or incomplte
datasets

 Access to high-qualty chemical
databases may come with a
significant cost

© CHEMBL strives to provide high-
qualty data, erors, inconsistencies,
or outdated information may st
exist i the database.

© Limited experimental detsls

o Limited structural information

 The quality control of compounds in
the ZINC database may vary

 Access o the ZINC database is free,
the costof purchasing compounds
for experimentl valdation can be
significant

 Complsity of anslysis
© Lack of sructural coversge

Website

hutp/swnemegabionet,
orghemid/

hutp/lsp v eduscn/
temspphp.

http e ifescienceant.
edutw/

hitpi/hit2badd-caonet

hutpfem e edu !

hutp/erdd osddnet!
raghavalnpac

hutplsp awsuafeducn’
CancerHSP php

hutp/bidd2nus edussg/
NPAS

hetp /s drugbank.co/

hetp/bidd nus.edu.sg/
groupltdidasp

hitpsAnewcbiacuk
chemblds

hutp/zincis docking org

swwebindingdborg

Reference

Xue et al. 2013)

Ru etal. 01)

Fang et al. 2008)

Yan etal. (2022)

Chen (2011)

Mangal et al. (2013)

Taoet al (2015)

Zeng et al. (2018)

Wishart et al, 2006;
Wishart et al, 2018

Lietal. Q013)

Kuhn et al. (2014)

Kuhn et al. (2014)

Gaulton et al. (2012)

Stering and Inwin (2015)

Gilson et al. (2016)

5 Swetrd A web tool for predicing targets and the | ® Predict potential intersctions o Operates as a black-box mode,  huppredicton haritde | Nickel et a. (2014)
ATC (Anatomica Therapeutic Chemical) | between drugs and procin targets | mcaning that users have lmited
codes of molecules  Provides access to a large ibrary of | vislty into the underlying
compounds slgorithms and fetures wsed for
 User-frendly interfce preiction
 Rapid predictons of drug-arget | © Limited compounds coverage
interactons
6 TageNe It predicts the targes of molcules bused | High-throughput screning o TargerNet may produce flse htpargenetschddcom | Yao etal (2016)
on the QSAR model wich  Can prdic iteractions between | positve and flse negtives
mathematcally communes precise various ypes of molcules * Limited scope of preiction
chemicl rais of molecues to their It offrs a costefective and -
bioaciviies efcient spprosch
7 SwisTagpredicion Web toolt identify the tagets of * Large arge database o Users havelimited visbilty into the  htp/vo. Gller et al. (2014)
compounds based on  combo of 2D and | User-frendly intefice undelying algorthms and featres  wisstargetpredicton.ch
3D similaity computes with known @ Fast predicton wsd fo predicion
compounds * Integration with other tools
18| SytemsDock SystemsDock evaluates the potential of | User-Friendly Inteface o Integrating diverse types of hipsystemsdockunit, | Hsin et al. (2016)
protcin-lgand binding and presents the | # Comprehensive analyss biologicl data can be challenging st/
potential vith  score wsing a molcculsr | # Itegraton of mltple data types | due to diffrences in dta formats,
docking algorthm quality, and rlabilty
19| Phamapper Tt predicts prosei targets of compounds | ® Supportshigh-hroughput target | 1t primarly focuses on predicting  hup:/Hsbccustaducn/ | Wang etal. (017)
based on pharmacophore model prediction interactions betwen smll pharmmapper!
 Enables sers o predit potental | molecles and individual target
target proteins for small molecules | protins
bused on pharmacophore mapping, | » Limited preictive sceuracy
DISEASE DATABASES
20| OMIM (Online Mendelin Inheritance in The curated datsbase OMIM ofes detals | I is considered an authoritaive | ® Primrily focuses on monogenic  hip/vn.nchi Hamosh et a. 2005)
Man database) on the genetic buss nd the relted gencs | source of information on genetic | disorders with a well-defied  gov/ominy/
for all known Mendelian disorders disorders genetc basis, which may limi its
 Userfiendlyiterfacewith powerful | coverage of comples disases with
search functionlity multiactoril or polygenic
 Provides links to reevant scenific | inheriance patems
lieraure
 Contins curtedinformation on the
relationships between genes and
discases
2 MalaCards Human discase database which is an | @ Faclates the exploration o gene- & Acces to certan feaures or hip v malscardsorg/ | Rappaport et a. 2017)
integeated compilation of human discsses | discase associatons advanced functioaltes o
and their annotations  User-friendly interfice MalaCards may reqire 3
 Regulary updated with new rescarch | subscription or payment
findings and data
2 DisGeNET “The detaled gene-discase asociaion | ® Maltiple evidence types o Limited annotation detals e disgenctorg | Pinero et al. (2016)
(GDA)database thatatributs thecureent | ® Employs semantc integration | It contains a wealth ofdataon gene-
Knowledge of human genetic discses | techniques to harmonize datafrom | discase asociation, which can be
disparate sources and standardize | complx and challenging to anslyze
gene and discsse annotatons
3 Dige A text mining scarch engine which | ® Focus on protcinprotein o The accuracy of information i hup/gcancerongiigee | Kim et al. (2013)

governs evidence sentences exploring.
genes participated in the emergence of
disease via biological proceses

WEB SERVERS AND TOOLS FOR NETWORK AND FUNCTIONAL ANALYSIS

interactions

 Includes information on how
protein-proten interactions are
implicated in discases

Digsee can vary
o Access 1o certain advanced

functionalities of DigSee may
require a subscription or payment

2%

]

2

Cytoscape

BATMAN-TCM (Bioinformatics Analysis
Tool for Molecular mechANism of TCM)

DAVID (Database for Annotation,
Visualization and Integrated Discovery)

CMsp (Connecivity Map)

A tool for combining, visualizing, and
examining data i the context ofnetworks

“The online bioinformatics ool for
studying the molecular mechanism
of TCM.

1t govems enrichment analysis for the
gene list from diverse biological facets

‘Online tool for finding discase-gene-drug.
association based on the simlarity of their
gene-expresson signatures

o Provides a vide range of
visualization options.

 Offers a comprehensive site of
network analysis tools, enabling
users to perform various network
analyses

© lntegration vith bioinformatics
databases

 Cytoscape features a plugin
architecture

1t has @ large and actve user
community

 Facltaes the identification of
biological pathways and processes
associated with TCM compounds

© Employs computationsl algorthms
to predict potential interactons.
between TCM compounds and
target proteins

» Provides comprehensive functional
annotation tools

It offers enrichment analyss tools

@ DAVID offers customizable analysis
opions

* Largessale dta

 Open Access

 Chiap faciltatesthe idenificaton of
the moleculr mechanisms ofcton
for bioacive small molcules

 CMap enabiesdrug repurposing
ot by idenifying existing drugs
or compounds

© Lack of native anslysis tools

® Users may encounter compatibility
issues or bugs when using certain
plugins

© The accuracy and relablity of
BATMAN-TCM predictions
depend on the availbilty and.
quality of the input data

© DAVID has limitations on the size
of the input gene

 DAVID relies on predefined
functional annotations and gene sets
from existing databases

© Geneexpresson profils in CMap are
genaratad from culurad humn cel
Tines, whidh may not full recapitilate
the complesity o i vivo biologeal
Systems or tsue-speiic respones 10
smal mokede tratments

© Linited medharisic insghts

hitp/wecytoscapeorg/

hutp/bionetncpsborg/

batman-tem,

hutp/david abee ncfe gov

hutps/cucio

Shannon et a. (2003)

Liu et al. (2016)

Huang et al. (2009)

Lamb et al. (2006
Subramanian etal. 2017)





OPS/images/fphar-15-1410942-t002.jpg
Bioactive

compounds

Plant source

Mechanism of action

Reference

Lycopene

Isothiocyanate

Anthocyanins and other
phenolics from berries

Garcinol

Resveratrol

Red fruits and vegetables like
watermelons, tomatoes, apricots, pink

guavas, and pink grapefruits

Broceoli, watercress, brussels sprouts,
cabbage

Black raspberries

Garcinia indica fruit peel and leaves

Grapes, apples, blucberries, plums, and
peanut

IGF1, IGFBP-1,
IGFBP-3 and
FOX01

ATM, CHK2,
and p53

activator protein 1
(AP-1) and NF-xB

STAT-3, P65, Ki-67
and CD31

STAT-3

Reduction in cell proliferation by impeding the
IGFI pathway

Induces G2/M phase arrest and apoptosis,
demonstrating notable selectivity with less toxicity
towards normal cells

‘The extracts display potent anti-proliferative
properties against human cancer cels, promoting
apoptosis. Furthermore, they effectively inhibit AP-
1'and NF-xB in cell cultures

Effectively inhibits HNSCC cell growth in mice with
minimal toxicity. Leads to the downregulation of
STAT-3, p65, Ki-67, and CD31

Resveratrol effectively suppresses the
STAT3 cascade in HNSCC cells by inducing
Suppressors of cytokine signaling (SOCS)-1. This
induction results in the inhibition of STAT3
phosphorylation and subsequently hinders cell
proliferation

Tao et al. (2021)

Yeh et al. (2016)

Chatelain et al. (2011)

Schobert and Biersack
(2019)

Baek et al. (2016)

Catechins

Camellia sinensis

P21, P53 and P73

Effectively disrupts P21, P53, and P73, leading to cell
cycle arrest and enhanced apoptosis, thereby
inhibiting cancer cell proliferation

Ramshankar and
Krishnamurthy, (2014)






OPS/images/fphar-15-1410942-g003.gif
Nel'mmpnmnlmlnzy! Computer ddedDNE e
compound terseion Designing & ldenticationof
e Pharmacologicalproperties

&






OPS/images/fphar-15-1410942-g004.gif
Analyzing and Visualizing
docking results

-»&u

e 2

&
Gene targets Gene targets Running Molecular ~ Grid box
ot bleaciies ‘ofcancer  Doeking Simulation  Construction

i 100

Targets common (o ,
bloactves and cancer “Tools for Molecular Docking.

%
B S

Protcin and Ligand Preparation
for Dacki





OPS/images/fphar-15-1410942-t003.jpg
Bioactive

compound

Plant source

Target genes

Mechanism of action

Reference

Guggulsterone

Bitter melon extract

Lycopene

Resveratrol

Luteolin

Isothiocyanate

Commiphora mukul

Bitter Melon

Red fruits and vegetables such as
watermelons, tomatoes, apricots, pink
guavas, and pink grapefruits

Grapes, apples, blueberries, plums, and
peanut

Broccoli, thyme, pepper, celery

Broccoli, watercress, Brussels sprouts,
cabbage

Phosphotyrosine and
STAT-3

MCLI, ¢-MYC and
P-STAT-3

MMP-2, MMP-9 and
VEGF
MEK/ERK/NF-kB

NF-xB

EGEFR, IKK and IxB

Inhibition of STAT -3

Inhibits cell proliferation by targeting c-met signaling

Stops invasion and metastasis by inhibiting VEGF
‘mediated angiogenesis

Induces Apoptosis

Blocks the NF-«B pathway

Suppressed EGF-stimulated SAS cell proliferation by

inactivating NF-xB through phosphorylated IKK and
IkB, which resulted in the reduction of MMP-2 and
MMP-9 expression

Leeman-Neillet al.
(2009)

Rajamoorthi et al.
(2013)

Irani (2020)

Shrotriya et al.
(2014)

Majumdar et al.
(2014)

Chen et al. (2013)






OPS/xhtml/nav.xhtml
Contents

		Cover

		Network pharmacology: an efficient but underutilized approach in oral, head and neck cancer therapy—a review		1 Introduction

		2 Databases for identification of oral, HNC specific genes		2.1 Head and neck oral cancer database (HNOCDB)

		2.2 Head and neck cancer database (HNCDB)

		2.3 Oral cancer gene database (OrCGDB)

		2.4 Oral cancer database (OrCa-dB)

		2.5 Database of GENomic variants of oral cancer (dbGENVOC)

		2.6 Databases and tools used in network pharmacology





		3 Cell signaling pathways involved in head and neck cancer		3.1 Epidermal growth factor receptor (EGFR) pathway

		3.2 PI3K/AKT/mTOR pathway

		3.3 WNT/NOTCH signaling pathway





		4 Plant bioactives targeting oral, HNC		4.1 Gene targets of plant bioactives against oral cancer

		4.2 Gene targets of plant bioactives against HNC





		5 In silico confirmation of anticancer effect of bioactives against oral, neck and head cancer using docking		5.1 Preparation of the ligand

		5.2 Preparation of protein

		5.3 Docking parameters and simulations

		5.4 Analysis and visualization of docking results

		5.5 Molecular docking of bioactives against oral cancer targets

		5.6 Molecular docking of bioactives against HNC targets





		6 Discussion

		7 Limitations

		8 Conclusion

		Author contributions

		Acknowledgments

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Pharmacology






OPS/images/fphar-15-1410942-g001.gif





OPS/images/fphar-15-1410942-g002.gif
‘Matatinad i
Hoad Mock Oral Cancer(HINC). pmpea—

i 2;.:&

!

Advanced or Recurreny
Hetaeat FRC.
Lo e e vesmers

e Tesners

B nmmmrmw

2 ImaZomersy
§ Seniirees









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





