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The cGAS-STING signaling pathway plays a critical role in innate immunity and defense against viral infections by orchestrating intracellular and adaptive immune responses to DNA. In the context of head and neck squamous cell carcinoma (HNSCC), this pathway has garnered significant attention due to its potential relevance in disease development and progression. HNSCC is strongly associated with risk factors such as smoking, heavy alcohol consumption, and human papillomavirus (HPV) infection. The presence or absence of HPV in HNSCC patients has been shown to have a profound impact on patient survival and prognosis, possibly due to the distinct biological characteristics of HPV-associated tumors. This review aims to provide a comprehensive overview of the current therapeutic approaches and challenges in HNSCC management, as well as the involvement of cGAS-STING signaling and its potential in the therapy of HNSCC. In addition, by advancing the present understanding of the mechanisms underlying this pathway, Activation of cGAS–STING-dependent inflammatory signaling downstream of chromosomal instability can exert both anti-tumoral and pro-tumoral effects in a cell-intrinsic manner, suggesting individualized therapy is of great importance. However, further exploration of the cGAS-STING signaling pathway is imperative for the effective management of HNSCC.
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Graphical Abstract | HNSCC is primarily caused by smoking, heavy alcohol consumption, and HPV infection. Upon activation, the cyclic cGAS-STING signaling pathway plays a crucial role in HNSCC progression. cGAS recognizes cytosolic DNA, leading to the production of cGAMP. cGAMP then binds to and activates the STING receptor, triggering downstream signaling events. This activation results in the production of pro-inflammatory cytokines and type I interferons, promoting tumor growth and immune evasion. Targeting cGAS-STING signaling pathway is promising for HNSCC treatment. Abbreviations: HNSCC, Head and Neck Squamous Cell Carcinoma; HPV, Human Papillomavirus; cGAS, cyclic GMP-AMP synthase; STING, Stimulator of Interferon Genes; cGAMP, cyclic GMP-AMP.






1 Introduction to HNSCC

Head and neck tumors comprise a variety of malignancies that occur in the neck, ear, nose, throat, and oral and maxillofacial regions. Most of these tumors arise from the mucosal epithelial cells of the oral cavity, pharynx, and larynx. More than 90% of head and neck tumors are squamous cell carcinomas, which are malignant tumors that arise from the epidermis or skin appendages (1). The incidence of Head and Neck Squamous Cell Carcinoma (HNSCC) has been steadily increasing over the years, with an estimated 1.08 million new cases predicted to be added annually, according to the Global Cancer Observatory (GLOBOCAN) (2, 3). In 2021, HNSCC is expected to account for 78% of deaths from head and neck tumors, and the incidence and mortality rates continue to rise (1). The majority of patients are diagnosed at a locally advanced stage, and the prognosis is generally poor, with approximately 50%-60% of patients experiencing local recurrence and 20%-30% developing distant metastases within two years. The five-year survival rate is typically less than 50% (4). HNSCC is a significant health problem due to its high incidence, high mortality rate, and the fact that it is the most common type of systemic tumor originating in the head and neck. HNSCC is more prevalent in men than in women, and men have two to four times the risk of developing HNSCC compared to women. The age of onset is generally over 50 years (5).

HNSCC is closely associated with smoking and heavy alcohol consumption, and countries with high tobacco and alcohol consumption have higher incidence rates (6). Human papillomavirus (HPV) is also a significant factor in the development of HNSCC (7). The HPV virus family consists of a group of DNA viruses, categorized into high-risk and low-risk types. The high-risk HPV viruses primarily include subtypes HPV16, which are the most common HPV subtypes associated with HNSCC (8).

In clinical practice, HNSCC is primarily classified into HPV-positive and HPV-negative cases. Oral and pharyngeal cancers are mainly associated with smoking and alcohol consumption, while HPV infection primarily causes oropharyngeal cancer. HPV infects the mucosal cells of the oral cavity and pharynx, integrating its DNA into the host cell genome, leading to abnormal cell proliferation and transformation, overexpression of oncogenes, and inactivation of tumor suppressor genes, ultimately resulting in malignant transformation and the development of HNSCC (9). Compared to HPV-negative HNSCC, patients with HPV-positive HNSCC exhibit distinct clinical features and treatment responses. HPV-positive patients are typically younger, have a more benign disease course, and tend to have a better prognosis. Additionally, HPV-positive HNSCC often demonstrates higher histological differentiation and fewer lymph node metastases. In clinical practice, HPV testing has become an important factor in evaluating the prognosis and selecting treatment strategies for HNSCC patients. HPV-positive HNSCC patients generally exhibit better responses to radiation therapy and chemotherapy, caused by limited DNA repair capacity (10), potentially requiring lower treatment doses and fewer treatment cycles (11). These findings underscore the urgent need for enhanced personalized treatment approaches for HNSCC.




2 Molecular mechanisms associated with cGAS-STING of HNSCC


2.1 cGAS-STING pathway overview

The cGAS-STING signaling pathway serves as a critical component of the innate immune response, particularly in recognizing and responding to cytosolic DNA, including those derived from pathogens or cellular damage. Upon detection of cytosolic DNA, the cyclic GMP-AMP synthase (cGAS) catalyzes the synthesis of cyclic GMP-AMP (cGAMP), which then binds to and activates the Stimulator of Interferon Genes (STING) protein. STING, a transmembrane protein located primarily on the endoplasmic reticulum, undergoes a conformational change upon cGAMP binding, leading to its dimerization and subsequent activation. Activated STING then translocates from the endoplasmic reticulum to perinuclear vesicles, where it recruits and activates TANK-binding kinase 1 (TBK1) (12–14). TBK1 phosphorylates STING, leading to the activation of downstream signaling cascades, including the phosphorylation of interferon regulatory factor 3 (IRF3). Phosphorylated IRF3 translocates to the nucleus, where it induces the expression of type I interferons (IFNs) and other interferon-stimulated genes (ISGs), ultimately promoting an antiviral immune response (15). Additionally, STING activation also triggers the NF-kB signaling pathway. Upon activation, TBK1 not only phosphorylates IRF3 but also contributes to the activation of Ift kinase (IKK), which subsequently phosphorylates Ihos leading to its degradation. This degradation releases NF-kB, allowing it to translocate into the nucleus, where it induces the expression of pro-inflammatory cytokines and other immune-regulatory genes (Figure 1).




Figure 1 | Introduction to cGAS-STING signaling pathway. Upon invasion by pathogens such as tumors, bacteria, and viruses, cGAS acts as a cytosolic DNA receptor, recognizing invading DNA and catalyzing the generation of 2’3’-cGAMP from ATP/GTP. STING acts as a downstream bridging molecule, recognizing cGAMP on the endoplasmic reticulum, dimerizing for transport to the Golgi apparatus, recruiting TBK1 and IKK, and phosphorylating IRF3, inducing an IRF3-dependent type I interferon response. At the same time, NF-κB is activated, releasing downstream pro-inflammatory cytokines involved in the adaptive immune response. Created using BioRender (https://biorender.com/).






2.2 Impact of TP53/Notch and c-MET/HGF/EGFR pathways on cGAS-STING in HNSCC

Similar to most solid tumors, the development of HNSCC is a long-term, multistage process involving the accumulation of epigenetic changes, including mutations in multiple oncogenes and tumor suppressor genes. Several classical pathogenic mechanisms have been identified among the key genes associated with its pathogenesis, including the TP53/Notch signaling pathway, the c-MET/HGF signaling pathway (Figure 2).




Figure 2 | Molecular mechanisms in HNSCC development. HNSCC is characterized by the accumulation of long-term, multi-stage epigenetic alterations in multiple genes. Key mechanisms include TP53/Notch, c-Met/HGF/EGFR, and cGAS-STING signaling. TP53 mutations activate Notch signaling, leading to NICD/CSL complex formation and activation of HES, HEY, and other target genes. The c-Met receptor binds HGF, triggering EGFR pathway activation and promoting HNSCC invasion, migration, and angiogenesis. In the cGAS-STING pathway, cGAS recognizes HNSCC tumor DNA and generates cGAMP, which activates STING. This leads to NF-κB pro-inflammatory responses and IRF3-dependent type I interferon responses. Additionally, after p53 phosphorylates TREX1, TRIM24 ubiquitinates (Ub) TREX1, leading to its degradation and subsequent activation of the cGAS-STING pathway. Created using BioRender (https://biorender.com/).



P53, one of the first tumor suppressor proteins to be identified, plays a critical role in regulating cell growth, DNA repair, and induction of apoptosis. Poeta et al. (16) analyzed Tumor Protein 53 (TP53) gene mutations in the DNA of 560 HNSCC patients using gene microarray and high-performance liquid chromatography and found that TP53 mutations were present in 53.3% of HNSCC patients. The presence of TP53 mutations in HNSCC has been associated with poorer prognosis, including reduced survival rates and increased risk of disease recurrence, especially in the context of surgical and radiotherapy treatments (17). Cell line study has shown that p53 induces the degradation of TREX1 through the ubiquitin ligase TRIM24. The degradation of TREX1 leads to the accumulation of cytoplasmic DNA, which activates the cGAS-STING pathway and results in the induction of type I interferons. This means that p53 utilizes the cGAS-STING innate immune pathway to exert both intrinsic and extrinsic tumor suppressive activities (18).

The Notch gene encodes a highly conserved class of cell surface receptors, mutations in the Notch gene can either promote or inhibit tumor growth, depending on the location and cell type of the tumor. In head and neck tumors (19), Notch1 inactivating mutations occur in 10%-15% of cases, making it the second most frequently mutated gene after TP53 (20). The Notch signaling pathway is also altered in HNSCC, with changes in gene copy number and expression of Notch pathway components such as JAG1 and JAG2 ligands. These changes activate the Notch signaling pathway, as demonstrated by the activation of HES1/HEY1 genes, which are effectors of the Notch pathway. Additionally, the role of Notch in HNSCC is regulated by the p53-related transcription factor p63, which acts as a suppressor of the Notch1 gene (19). Therefore, in HNSCC, while a small percentage of Notch signaling pathway undergoes inactivating mutations via the Notch1 receptor, the majority exhibit changes in the expression and copy number of Notch1 signaling pathway receptors, ligands, and related effector genes. Although there is no direct literature reporting the interaction mechanism between Notch signaling and the cGAS-STING signaling. However, existing studies have found that the Notch pathway interacts with other signaling pathways, such as NFκB, to precisely regulate cell fate (19). The cellular-mesenchymal epithelial transition factor (c-MET) belongs to the receptor tyrosine kinase family, with hepatocyte growth factor (HGF) serving as its ligand. The c-MET/HGF/EGFR signaling pathway is frequently activated during tumorigenesis, promoting tumor formation, invasive growth, and metastasis. In most HNSCC cases, c-MET expression is upregulated (21). Upon specific binding to HGF in the extracellular domain, c-MET undergoes a conformational change and forms dimers that act on downstream effectors, including phospholipase Cγ (PLCγ), cytosolic Src kinase (C-Src), phosphoinositol-3-hydroxy kinase (PI3K), α-serine/threonine protein kinase (Akt), and mitogen-activated protein kinase (MAPK) pathways (22). Furthermore, c-MET establishes a crosstalk pathway with the epidermal growth factor receptor (EGFR) that promotes chemoresistance in HNSCC through the activation of downstream signaling molecules, including RAS, RAF, MEK1, MEK2, and ERK. The cMET/HGF/EGFR signaling pathway and the cGAS-STING signaling pathway are two important cellular signaling pathways that play crucial roles in regulating cell proliferation, immune responses, and inflammation. Although there is currently no literature directly addressing the interaction between c-MET/HGF/EGFR and the cGAS-STING signaling pathway, studies have found that MET-induced CD73 can inhibit the immunogenicity of STING-mediated EGFR mutant cancer (23), suggesting that the cMET/HGF/EGFR signaling pathway indirectly affects the cGAS-STING signaling pathway.

Given the reported associations of the TP53/Notch and c-MET/HGF/EGFR signaling pathways target the cGAS-STING signaling pathway in HNSCC, suggesting a pivotal role for the cGAS-STING pathway in the response of HNSCC. Previous studies have found that STING enhances cell death in HNSCC by regulating reactive oxygen species and DNA damage (24). Therefore, further investigation into its mechanism of action may provide new insights for the treatment of HNSCC.





3 The critical role of cGAS-STING signaling in HNSCC

The cGAS-STING signaling pathway plays a crucial role in the pathogenesis of HPV-positive HNSCC. During the immune response to viral infection, the DNA receptor cGAS recognizes viral DNA as a danger signal and, activates STING, which initiates downstream signaling, promoting the expression of type I interferons. Upon binding to their receptors on the cell membrane, interferons activate the Janus Kinase/Signal Transducer and Activator of Transcription (JAK/STAT) pathway, inducing the expression of ISGs, including cytokines and chemokines. Some of these ISGs directly contribute to the elimination of viruses, thereby triggering an immune response that mediates antiviral reactions (15). HPV, primarily HPV16, integrates into the host cell genome, leading to the expression of viral oncogenic proteins E6 and E7. HPV16 oncogene E7 can inactivate the cGAS-STING signaling pathway, impairing the immune response to viral infection (25, 26).

Research has revealed STING is differentially expressed in HPV-positive and -negative HNSCC cell lines, they exhibit a gross functional defect in signaling through this pathway. Activation of STING in immune cell populations triggers antitumor mechanisms, thereby increasing the survival rate of HNSCC (27). In HPV-positive HNSCC, the activation of the cGAS-STING pathway is a critical mechanism for detecting and eliminating viral pathogens. Upon activation, STING coordinates the induction of type I interferons and other antiviral factors, promoting an immune response aimed at clearing viral infections. Additionally, STING participates in the induction of antiviral chemokines through the Signal Transducer and Activator of Transcription 6 (STAT6) and Interleukin-4 (IL-4) signaling pathways. Activation of this pathway leads to the production of chemokines that recruit immune cells to the site of infection, enhancing the antiviral immune response. A study by Li et al. (2018) (28) demonstrated that STING activation in macrophages induces the production of chemokines such as CCL17 and CCL22 through the STAT6 and IL-4 signaling pathways. The transcription factor NFκB can also be activated by STING, entering the nucleus and inducing the expression of pro-inflammatory cytokines such as Tumor Necrosis Factor Alpha (TNFα), IL-6, IL-12, and IL-1β. The most secreted cytokine in the STING pathway, IFN-β, can directly kill tumor cells and promote dendritic cell maturation for antigen presentation, triggering adaptive immune responses (Figure 3).




Figure 3 | The downstream signaling pathways activated by STING. Upon activation and subsequent dimerization, STING translocates from the endoplasmic reticulum to the Golgi apparatus, where it recruits TBK1 and IKK, leading to the induction of a pro-inflammatory response through NF-κB activation, an IRF3-dependent type I interferon response, and upregulation of transcription of the antiviral transcription factor STAT6. This drawing was created using BioRender (https://biorender.com/).



Recent studies have shown that the STING pathway is also effective in HPV-negative HNSCC models, suggesting that STING agonists may improve outcomes in both HPV-positive and HPV-negative HNSCC. Research using mouse models (24) indicates that STING activation enhances cell death through the regulation of reactive oxygen species and DNA damage. Moreover, studies (29, 30) have demonstrated that STING activation remains effective even in the absence of STING expression in cancer cells, highlighting the potential therapeutic benefit of STING agonists across different HNSCC types. Further details on the role of the cGAS-STING pathway in HPV-positive and HPV-negative diseases, and the potential of STING agonists in improving treatment outcomes, are warranted.




4 Therapy of HNSCC targeting cGAS-STING signaling


4.1 Clinical therapy of HNSCC

Currently, there is no effective specific screening strategy identified for HNSCC. While a small proportion of patients with oral precancerous lesions present with oral erythema or leukoplakia, which may be caused by cellular anisotropy, most patients are diagnosed at advanced stages. As a result, clinical data on precancerous lesions are still lacking. The current treatment for HNSCC is surgical excision or combination with adjuvant platinum-based chemotherapy and radiotherapy (CRT). The EGFR monoclonal antibody cetuximab is approved by the Food and Drug Administration (FDA) as a radiosensitizer, either alone or in combination with chemotherapy, for the treatment of patients with recurrent or metastatic disease (31). However, subsequent studies have found that its efficacy is not as good as that of cisplatin as a radiosensitizer (32, 33) (Table 1).


Table 1 | Overview of clinical therapy of HNSCC.



A recent phase II clinical trial published in the Journal of Clinical Oncology in 2021 found that subjects receiving weekly cisplatin chemotherapy (IMRT+C) maintained a good prognosis and substantial improvement in quality of life compared to patients treated with radiotherapy alone (34). The IMRT+C group met the expected endpoints, and a phase III study is expected to be conducted (Table 1).

For patients who are not suitable for radiotherapy alone, a phase III clinical trial published in the same journal reported on the efficacy of Gemcitabine plus Cisplatin (GP) and Fluorouracil plus Cisplatin (FP) chemotherapy regimens for patients with advanced HNSCC, enrolling 362 patients and showing that the GP regimen was beneficial, indicating that the GP regimen should be considered as a first-line treatment for palliative systemic chemotherapy for HNSCC (35). In contrast, a multicenter, randomized controlled, phase III clinical trial for refractory recurrent HNSCC or metastatic HNSCC showed that patients with locally advanced HNSCC who received capecitabine beat chemotherapy after completing radical radiotherapy further improved survival with less toxicity (36) (Table 1).

Cisplatin-based radiochemotherapy is the standard of care for HNSCCs. Genotoxic therapies are potent inducers of the cGAS-STING signaling pathway and the antitumor IFN-1 response by generating cytosolic DNA fragments, either free or as micronuclei (37). The activation of this response by irradiation has also been demonstrated in vitro for HNSCC cells (38). This is relevant for achieving synergistic effects of radiotherapy and immune checkpoint inhibitors in HNSCC, of which the latter has been less effective to date. CRT can effectively reduce tumor volume, but it often leads to a deteriorated quality of life due to its low specificity and significant toxicities. A randomized controlled, phase III clinical study (39) aimed at exploring the efficacy of endoscopic surgery or IMRT recourse radiotherapy showed that surgery was superior to recourse radiotherapy for locally recurrent HNSCC. In terms of targeted immunotherapy, the CAPTAIN study (40) with carrilizumab and the POLARIS-02 study (41) with teraplizumab were the first to demonstrate the efficacy and safety of first-line use of anti-PD-1 monoclonal antibodies alone in the treatment of advanced HNSCC. Investigations have shown that HPV-positive patients have a better prognosis compared to the HPV-negative group, but currently, therapies fail in 15% of HPV-positive HNSCC with local recurrence or distant metastases (42). Since cetuximab was found to lead to worse overall and tumor-free survival rates in HPV-positive HNSCC compared to cisplatin, there is still no suitable treatment for all patients (32, 33). Therefore, there is an urgent requirement to develop new therapies for HNSCC (Figure 4).




Figure 4 | Treatment strategies for HNSCC. HNSCC is mainly treated through surgical resection, with adjuvant platinum-based CRT used alone or in combination. Immune checkpoint inhibitors such as tipifarnib, cetuximab, and endoblituzumab+pembrolizumab have been recently approved by the FDA for targeted treatment of HNSCC. This drawing was created using BioRender (https://biorender.com/).






4.2 Current therapy targeting cGAS-STING signaling

Studies have shown that activation of the cGAS-STING pathway can induce type I interferon production, leading to CD8+ T cell activation and tumor regression in mouse dendritic cells (43, 44). Woo et al (45) demonstrated that both STING and IRF3 double knockout mice lost the ability to produce interferon in response to tumors, indicating that the cGAS-STING pathway can be activated to treat tumors. Analysis of tumor specimens from HNSCC patients reveals that low STING expression is associated with worse outcomes (24). Saturated fatty acids induce the expression of Nucleotide-oligomerization domain (NOD)-like receptor subfamily C3 (NLRC3), thereby suppressing the STING-IFN-I pathway and reducing the immunogenicity of HNSCC (46). HPV-positive HNSCCs exhibit enhanced STING expression correlating with improved patient survival and potential benefits from STING agonist therapies in combination with standard treatments (27).

Several STING agonists, including 5, 6-dimethylxanthenone-4-acetic acid (DMXAA) and 10-carboxymethyl-9-acridanone (CMA), have been shown to possess anti-tumor activity and anti-pathogenic microbial properties (47). DMXAA, a flavonoid that was originally used as an anti-angiogenic agent (48), was found to be a direct ligand of STING in mice and induced phosphorylation of TBK1 and IRF3 to produce type I interferon (49). However, DMXAA acts as only a partial agonist in humans. This partial agonism is due to differences in the STING receptor between species; DMXAA effectively activates STING in mice but fails to fully activate human STING, which may explain its limited anti-tumor effects observed in human clinical trials. Despite this, DMXAA reached phase III in lung cancer clinical trials, though its mechanism of action against human lung cancer remains unclear (50). Targeted delivery of STING agonists to tumors can improve cancer immunotherapy (51). cGAMP, a natural ligand of STING, induces activation of the cGAS-STING pathway and has been found to have therapeutic effects in treating tumors by Deng et al (49, 52). The combined addition of 2’5’-cGAMP also enhanced the anti-tumor response, reduced tumor size, and increased the survival rate in mice. Moreover, the synergistic effects of cGAMP with 5-FU can reduce the therapeutic toxicity of 5-FU and combat tumors more effectively (53).

In addition, the expression of cGAS and STING proteins varies across different types of tumor cells. In human lung adenocarcinoma, the loss of cGAS has been shown to enhance tumor growth (54), while high expression of STING is associated with poor prognosis in colorectal cancer patient subgroups (55). These variations in expression highlight the potential of the cGAS-STING pathway as an attractive target for cancer therapy.

The presence of HPV is closely associated with patient survival and prognosis, possibly due to the different biological characteristics, such as invasiveness and immune response, induced by HPV infection. Investigations indicate tumor regression in HNSCC animal models receiving various STING agonists. HPV-negative HNSCC cells respond to cGAS-STING pathway activators, whereas HPV-positive HNSCC cells exhibit a poorer response. Additionally, STING activation enhances cetuximab-mediated NK cell activation and DC maturation, also correlated with HPV presence (29). cGAS-STING responses are dampened in high-risk HPV type 16 positive HNSCC (26). HPV16 drives cancer immune evasion through NLRX1-mediated STING degradation (56). The roles of HPV16 E6 and E7 in suppressing HNSCC responses are well-established. The presence of the HPV16 E7 oncogene inhibits cGAS-STING pathway activation (25), primarily due to the highly conserved LXCXE motif of the E7 oncogene obstructing cGAS-STING pathway activation (26). Furthermore, HPV E5 has been found to directly interact with STING, inhibiting downstream IFN signal transduction. By limiting the presentation of antigens on cell surfaces, HPV E5 may contribute to immune evasion (57). Therefore, targeting the HPV E7 oncogene and combining it with the use of STING agonists may represent a better therapeutic and preventative strategy for HNSCC.

Chromosomal instability is one of the key factors in cancer metastasis. HPV-negative and HPV-positive HNSCC cell lines exhibit similar numerical but distinct chromosomal aberrations, with higher genomic instability observed on chromosome 3 in HPV-positive cell lines compared to HPV-negative ones (58). Studies have found that chromosomal instability leads to the release of cytoplasmic DNA, activating the cytoplasmic DNA sensing pathway and promoting the metastatic ability of cancer cells. Specifically, chromosomal instability leads to DNA breaks and damage, resulting in the release of cytoplasmic DNA. The released DNA is recognized and activates the cGAS-STING signaling pathway in the cytoplasm, thereby triggering inflammatory responses and the activation of the transcription factor Signal Transducer and Activator of Transcription 3 (STAT3). Activation of STAT3 further promotes the expression of genes associated with metastasis, enhancing the metastatic ability of cancer cells. Furthermore, studies have also found that inhibiting the cytoplasmic DNA sensing pathway or repairing chromosomal instability can effectively suppress the metastatic ability of cancer cells (59, 60).

Based on the above, the cGAS-STING pathway may serve as an effective strategy for treating HNSCC. However, as illustrated by the examples above, the activity of the STING signaling in head and neck cancers varies due to different pathogenic factors. Therefore, personalized therapeutic strategy should be taken into account due to the different response to cGAS-STING agonists of HPV subtypes and tumor microenvironment. In addition, constructing corresponding disease models based on these factors is essential for exploring and elucidating the pathogenesis of HNSCC and developing personalized treatment strategies.

Traditional preclinical models include cell lines and murine models, which are used to mimic the molecular and cellular complexity of HNSCC. Konrad Klinghammer et al. discuss the existing cell lines, primary tumor cultures, and animal models, which are important for understanding HNSCC genetic variants and treatment resistance (61). Antonio Rueda-Domínguez et al. emphasize the efficiency of these preclinical models and focus future prospects on establishing new models capable of achieving metastasis in genetically modified mice (11). Additionally, personalized medicine is gaining traction in treating HNSCC, with advances in next-generation sequencing and multi-omic analysis improving personalized treatment development. Studies suggest that mimicking the natural tumor microenvironment through 3D systems and improved in vivo models can effectively enhance the efficacy of personalized medicine (62). However, further research and optimization are needed to address the distinct biological characteristics of HPV-positive and HPV-negative cases.





5 Discussion

HNSCC stands as a formidable oncological challenge with escalating incidence and mortality rates, posing a global public health concern. While smoking and alcohol abuse have traditionally been regarded as primary risk factors for HNSCC, the role of HPV infection in its pathogenesis cannot be understated. Distinct clinical characteristics and treatment responses between HPV-positive and HPV-negative HNSCC patients underscore the urgent need for personalized therapeutic strategies. Nevertheless, the diagnostic and therapeutic differentiation between HPV-positive and HPV-negative subtypes, as well as issues regarding drug resistance and recurrence, remain incompletely addressed.

Therapeutic targeting of the cGAS-STING signaling pathway represents a focal point in current HNSCC research. This pathway, integral to immune responses, plays a pivotal role in the development of HPV-positive HNSCC. Activation of cGAS-STING signaling pathway can induce apoptosis in tumor cells and promote activation of immune cells, thereby suppressing tumor growth and metastasis. However, current research predominantly focuses on animal models, necessitating further validation of its safety and efficacy in clinical applications.

Notably, chromosomal instability emerges as a key factor in HNSCC progression. Studies have revealed that chromosomal instability leads to the release of cytoplasmic DNA, activating the cGAS-STING signaling pathway and enhancing tumor cell metastatic capability, indicating that chromosomal instability (CIN) is also a potent regulator of cGAS-STING signaling in cancer cells. Activation of cGAS–STING-dependent inflammatory signaling downstream of CIN can exert both anti-tumoral and pro-tumoral effects in a cell-intrinsic manner. Expression of type I IFNs and activation of IFNAR/STAT1 induces the expression of multiple effectors, including pro-apoptotic and anti-proliferative genes, that are detrimental to tumor cell survival. Conversely, cGAS–STING-dependent activation of NC-NF-κB signaling can drive IL6/STAT3 signaling and EMT programs, which promote tumor growth and metastasis, respectively (60). Therefore, the application of therapeutic strategy targeting cGAS-STING should be curiously evaluated due to the contradictory effects, indicating that individualized therapy is of great importance.

In summary, while the cGAS-STING signaling pathway demonstrates immense potential in HNSCC therapy, further research and clinical practice are required to ascertain its efficacy and safety in both HPV-positive and HPV-negative patients. Moreover, comprehensive considerations encompassing personalized treatment, drug resistance, and metastasis are imperative for achieving improved clinical outcomes in HNSCC management.





Author contributions

CS: Writing – review & editing, Conceptualization, Investigation. JC: Conceptualization, Methodology, Validation, Writing – original draft. BQ: Conceptualization, Project administration, Supervision, Writing – review & editing. JY: Validation, Visualization, Writing – review & editing. FY: Formal analysis, Funding acquisition, Visualization, Writing – review & editing. YZ: Funding acquisition, Resources, Visualization, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by the Natural Science Foundation of China (Grant No. 82473922; 82100309); the Open Project of State Key Laboratory of Natural Medicines, (Grant No. SKLNMKF202102).




Acknowledgments

We would like to acknowledge the use of ChatGPT, a generative AI tool developed by OpenAI (version GPT-4), for assisting in language polishing and spell-checking of this manuscript. Additionally, we thank BioRender for providing the tools to create high-quality figures that visually represent our research. The use of these tools greatly facilitated the clarity and presentation of our work.





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.





Abbreviations

HNSCC, Head and Neck Squamous Cell Carcinoma; GLOBOCAN, Global Cancer Observatory; cGAS, Cyclic GMP-AMP Synthase; STING, Stimulator of Interferon Genes; TBK1, TANK-binding Kinase 1; IRF3, Interferon Regulatory Factor 3; HPV, Human Papillomavirus; EGFR, Epidermal Growth Factor Receptor; IFNs, Interferons; ISGs, Interferon-stimulated Genes; DMXAA, 5, 6-dimethylxanthenone-4-acetic Acid; CMA, 10-carboxymethyl-9-acridanone; PLCγ, Phospholipase Cγ; PI3K, Phosphoinositol-3-hydroxy Kinase; Akt, α-serine/threonine Protein Kinase; MAPK, Mitogen-activated Protein Kinase; TP53, Tumor Protein 53; JAK/STAT, Janus Kinase/Signal Transducer and Activator of Transcription; IL, Interleukin; TNFα, Tumor Necrosis Factor Alpha; IMRT+C, Intensity-modulated Radiation Therapy plus Cisplatin; FDA, Food and Drug Administration; GP, Gemcitabine plus Cisplatin; FP, Fluorouracil plus Cisplatin; STAT6, Signal Transducer and Activator of Transcription 6; STAT3, Signal Transducer and Activator of Transcription 3; NLRC3, Nucleotide-oligomerization domain (NOD)-like receptor subfamily C3.




References

1. Xia, C, Dong, X, Li, H, Cao, M, Sun, D, He, S, et al. Cancer statistics in China and United States, 2022: profiles, trends, and determinants. Chin Med J. (2022) 135:584–90. doi: 10.1097/CM9.0000000000002108

2. Ferlay, J, Colombet, M, Soerjomataram, I, Mathers, C, Parkin, DM, Piñeros, M, et al. Estimating the global cancer incidence and mortality in 2018: GLOBOCAN sources and methods. Int J Cancer. (2019) 144:1941–53. doi: 10.1002/ijc.31937

3.Global Cancer Observatory. Available online at: https://gco.iarc.fr/ (Accessed Sep 7, 2023).

4. Chow, LQM. Head and neck cancer. N Engl J Med. (2020) 382:60–72. doi: 10.1056/NEJMra1715715

5. Windon, MJ, D’Souza, G, Rettig, EM, Westra, WH, van Zante, A, Wang, SJ, et al. Increasing prevalence of human papillomavirus-positive oropharyngeal cancers among older adults: HPV-OPSCC Increasing Among Older Adults. Cancer. (2018) 124:2993–9. doi: 10.1002/cncr.31385

6. Stein, AP, Saha, S, Kraninger, JL, Swick, AD, Yu, M, Lambert, PF, et al. Prevalence of human papillomavirus in oropharyngeal cancer: A systematic review. Cancer J. (2015) 21:138–46. doi: 10.1097/PPO.0000000000000115

7. Isayeva, T, Li, Y, Maswahu, D, and Brandwein-Gensler, M. Human papillomavirus in non-oropharyngeal head and neck cancers: A systematic literature review. Head Neck Pathol. (2012) 6:104–20. doi: 10.1007/s12105-012-0368-1

8. Tumban, E. A current update on human papillomavirus-associated head and neck cancers. Viruses. (2019) 11:922. doi: 10.3390/v11100922

9. Michaud, DS, Langevin, SM, Eliot, M, Nelson, HH, Pawlita, M, McClean, MD, et al. High-risk HPV types and head and neck cancer: HPV and HNSCC Among HPV16 Negatives. Int J Cancer. (2014) 135:1653–61. doi: 10.1002/ijc.28811

10. Zech, HB, Berger, J, Mansour, WY, Nordquist, L, von Bargen, CM, Bußmann, L, et al. Patient derived ex vivo tissue slice cultures demonstrate a profound DNA double-strand break repair defect in HPV-positive oropharyngeal head and neck cancer. Radiother Oncol. (2022) 168:138–46. doi: 10.1016/j.radonc.2022.01.017

11. Valentini, C, Ebert, N, Koi, L, Pfeifer, M, Löck, S, Erdmann, C, et al. Preclinical trial comparing radiotherapy alone versus standard radiochemotherapy in three human papilloma virus (HPV) negative and three HPV-positive head and neck squamous cell carcinoma (HNSCC) xenograft tumour models. Radiother Oncol. (2023) 183:109546. doi: 10.1016/j.radonc.2023.109546

12. Jin, L, Hill, KK, Filak, H, Mogan, J, Knowles, H, Zhang, B, et al. MPYS is required for IFN response factor 3 activation and type I IFN production in the response of cultured phagocytes to bacterial second messengers cyclic-di-AMP and cyclic-di-GMP. J Immunol. (2011) 187:2595–601. doi: 10.4049/jimmunol.1100088

13. Burdette, DL, Monroe, KM, Sotelo-Troha, K, Iwig, JS, Eckert, B, Hyodo, M, et al. STING is a direct innate immune sensor of cyclic di-GMP. Nature. (2011) 478:515–8. doi: 10.1038/nature10429

14. Ishikawa, H, Ma, Z, and Barber, GN. STING regulates intracellular DNA-mediated, type I interferon-dependent innate immunity. Nature. (2009) 461:788–92. doi: 10.1038/nature08476

15. Tanaka, Y, and Chen, ZJ. STING specifies IRF3 phosphorylation by TBK1 in the cytosolic DNA signaling pathway. Sci Signal. (2012) 5:ra20. doi: 10.1126/scisignal.2002521

16. Poeta, ML. TP53 mutations and survival in squamous-cell carcinoma of the head and neck. (2008) 14:. doi: 10.1056/NEJMoa073770

17. Skinner, HD, Sandulache, VC, Ow, TJ, Meyn, RE, Yordy, JS, Beadle, BM, et al. TP53 disruptive mutations lead to head and neck cancer treatment failure through inhibition of radiation-induced senescence. Clin Cancer Res. (2012) 18:290–300. doi: 10.1158/1078-0432.CCR-11-2260

18. Ghosh, M, Saha, S, Li, J, Montrose, DC, and Martinez, LA. p53 engages the cGAS/STING cytosolic DNA sensing pathway for tumor suppression. Mol Cell. (2023) 83:266–280.e6. doi: 10.1016/j.molcel.2022.12.023

19. Dotto, GP. Crosstalk of Notch with p53 and p63 in cancer growth control. Nat Rev Cancer. (2009) 9:587–95. doi: 10.1038/nrc2675

20. Stransky, N, Egloff, AM, Tward, AD, Kostic, AD, Cibulskis, K, Sivachenko, A, et al. The mutational landscape of head and neck squamous cell carcinoma. Science. (2011) 333:1157–60. doi: 10.1126/science.1208130

21. Di Renzo, MF, Olivero, M, Martone, T, Maffe, A, Maggiora, P, Stefani, AD, et al. Somatic mutations of the MET oncogene are selected during metastatic spread of human HNSC carcinomas. Oncogene. (2000) 19:1547–55. doi: 10.1038/sj.onc.1203455

22. Raj, S, Kesari, KK, Kumar, A, Rathi, B, Sharma, A, Gupta, PK, et al. Molecular mechanism(s) of regulation(s) of c-MET/HGF signaling in head and neck cancer. Mol Cancer. (2022) 21:31. doi: 10.1186/s12943-022-01503-1

23. Yoshida, R, Saigi, M, Tani, T, Springer, BF, Shibata, H, Kitajima, S, et al. MET-induced CD73 restrains STING-mediated immunogenicity of EGFR-mutant lung cancer. Cancer Res. (2022) 82:4079–92. doi: 10.1158/0008-5472.CAN-22-0770

24. Hayman, TJ, Baro, M, MacNeil, T, Phoomak, C, Aung, TN, Cui, W, et al. STING enhances cell death through regulation of reactive oxygen species and DNA damage. Nat Commun. (2021) 12:2327. doi: 10.1038/s41467-021-22572-8

25. Bortnik, V, Wu, M, Julcher, B, Salinas, A, Nikolic, I, Simpson, KJ, et al. Loss of HPV type 16 E7 restores cGAS-STING responses in human papilloma virus-positive oropharyngeal squamous cell carcinomas cells. J Microbiol Immunol Infect. (2021) 54:733–9. doi: 10.1016/j.jmii.2020.07.010

26. Shaikh, MH, Bortnik, V, McMillan, NAJ, and Idris, A. cGAS-STING responses are dampened in high-risk HPV type 16 positive head and neck squamous cell carcinoma cells. Microbial Pathogenesis. (2019) 132:162–5. doi: 10.1016/j.micpath.2019.05.004

27. Saulters, EL, Kennedy, PT, Carter, RJ, Alsufyani, A, Jones, TM, Woolley, JF, et al. Differential regulation of the STING pathway in human papillomavirus-positive and -negative head and neck cancers. Cancer Res Commun. (2024) 4:118–33. doi: 10.1158/2767-9764.CRC-23-0299

28. Bortolotti, D, Gentili, V, Caselli, E, Sicolo, M, Soffritti, I, D’Accolti, M, et al. DNA sensors’ Signaling in NK cells during HHV-6A, HHV-6B and HHV-7 infection. Front Microbiol. (2020) 11:226. doi: 10.3389/fmicb.2020.00226

29. Lu, S, Concha-Benavente, F, Shayan, G, Srivastava, RM, Gibson, SP, Wang, L, et al. STING activation enhances cetuximab-mediated NK cell activation and DC maturation and correlates with HPV+ status in head and neck cancer. Oral Oncol. (2018) 78:186–93. doi: 10.1016/j.oraloncology.2018.01.019

30. Baird, JR, Feng, Z, Xiao, HD, Friedman, D, Cottam, B, Fox, BA, et al. STING expression and response to treatment with STING ligands in premalignant and Malignant disease. PloS One. (2017) 12:e0187532. doi: 10.1371/journal.pone.0187532

31. Bonner, JA, Harari, PM, Giralt, J, Azarnia, N, Shin, DM, Cohen, RB, et al. Radiotherapy plus cetuximab for squamous-cell carcinoma of the head and neck. N Engl J Med. (2006) 354:567–78. doi: 10.1056/NEJMoa053422

32. Gillison, ML, Trotti, AM, Harris, J, Eisbruch, A, Harari, PM, Adelstein, DJ, et al. Radiotherapy plus cetuximab or cisplatin in human papillomavirus-positive oropharyngeal cancer (NRG Oncology RTOG 1016): a randomised, multicentre, non-inferiority trial. Lancet. (2019) 393:40–50. doi: 10.1016/S0140-6736(18)32779-X

33. Mehanna, H, Robinson, M, Hartley, A, Kong, A, Foran, B, Fulton-Lieuw, T, et al. Radiotherapy plus cisplatin or cetuximab in low-risk human papillomavirus-positive oropharyngeal cancer (De-ESCALaTE HPV): an open-label randomised controlled phase 3 trial. Lancet. (2019) 393:51–60. doi: 10.1016/S0140-6736(18)32752-1

34. Yom, SS, Torres-Saavedra, P, Caudell, JJ, Waldron, JN, Gillison, ML, Xia, P, et al. Reduced-dose radiation therapy for HPV-associated oropharyngeal carcinoma (NRG oncology HN002). JCO. (2021) 39:956–65. doi: 10.1200/JCO.20.03128

35. Hong, S, Zhang, Y, Yu, G, Peng, P, Peng, J, Jia, J, et al. Gemcitabine plus cisplatin versus fluorouracil plus cisplatin as first-line therapy for recurrent or metastatic nasopharyngeal carcinoma: final overall survival analysis of GEM20110714 phase III study. JCO. (2021) 39:3273–82. doi: 10.1200/JCO.21.00396

36. Chen, Y-P, Liu, X, Zhou, Q, Yang, K-Y, Jin, F, Zhu, X-D, et al. Metronomic capecitabine as adjuvant therapy in locoregionally advanced nasopharyngeal carcinoma: a multicentre, open-label, parallel-group, randomised, controlled, phase 3 trial. Lancet. (2021) 398:303–13. doi: 10.1016/S0140-6736(21)01123-5

37. Vanpouille-Box, C, Alard, A, Aryankalayil, MJ, Sarfraz, Y, Diamond, JM, Schneider, RJ, et al. DNA exonuclease Trex1 regulates radiotherapy-induced tumour immunogenicity. Nat Commun. (2017) 8:15618. doi: 10.1038/ncomms15618

38. Zahnreich, S, El Guerzyfy, S, Kaufmann, J, and Schmidberger, H. The cGAS/STING/IFN-1 Response in Squamous Head and Neck Cancer Cells after Genotoxic Challenges and Abrogation of the ATR-Chk1 and Fanconi Anemia Axis. Int J Mol Sci. (2023) 24:14900. doi: 10.3390/ijms241914900

39. Liu, Y-P, Wen, Y-H, Tang, J, Wei, Y, You, R, Zhu, X-L, et al. Endoscopic surgery compared with intensity-modulated radiotherapy in resectable locally recurrent nasopharyngeal carcinoma: a multicentre, open-label, randomised, controlled, phase 3 trial. Lancet Oncol. (2021) 22:381–90. doi: 10.1016/S1470-2045(20)30673-2

40. Yang, Y, Zhou, T, Chen, X, Li, J, Pan, J, He, X, et al. Efficacy, safety, and biomarker analysis of Camrelizumab in Previously Treated Recurrent or Metastatic Nasopharyngeal Carcinoma (CAPTAIN study). J Immunother Cancer. (2021) 9:e003790. doi: 10.1136/jitc-2021-003790

41. Wang, F-H, Wei, X-L, Feng, J, Li, Q, Xu, N, Hu, X-C, et al. Efficacy, safety, and correlative biomarkers of toripalimab in previously treated recurrent or metastatic nasopharyngeal carcinoma: A phase II clinical trial (POLARIS-02). JCO. (2021) 39:704–12. doi: 10.1200/JCO.20.02712

42. Gebre-Medhin, M, Brun, E, Engström, P, Haugen Cange, H, Hammarstedt-Nordenvall, L, Reizenstein, J, et al. ARTSCAN III: A randomized phase III study comparing chemoradiotherapy with cisplatin versus cetuximab in patients with locoregionally advanced head and neck squamous cell cancer. JCO. (2021) 39:38–47. doi: 10.1200/JCO.20.02072

43. Diamond, MS, Kinder, M, Matsushita, H, Mashayekhi, M, Dunn, GP, Archambault, JM, et al. Type I interferon is selectively required by dendritic cells for immune rejection of tumors. J Exp Med. (2011) 208:1989–2003. doi: 10.1084/jem.20101158

44. Fuertes, MB, Kacha, AK, Kline, J, Woo, S-R, Kranz, DM, Murphy, KM, et al. Host type I IFN signals are required for antitumor CD8+ T cell responses through CD8α+ dendritic cells. J Exp Med. (2011) 208:2005–16. doi: 10.1084/jem.20101159

45. Woo, S-R, Fuertes, MB, Corrales, L, Spranger, S, Furdyna, MJ, Leung, MYK, et al. STING-dependent cytosolic DNA sensing mediates innate immune recognition of immunogenic tumors. Immunity. (2014) 41:830–42. doi: 10.1016/j.immuni.2014.10.017

46. Heath, BR, Gong, W, Taner, HF, Broses, L, Okuyama, K, Cheng, W, et al. Saturated fatty acids dampen the immunogenicity of cancer by suppressing STING. Cell Rep. (2023) 42:112303. doi: 10.1016/j.celrep.2023.112303

47. Corrales, L, Glickman, LH, McWhirter, SM, Kanne, DB, Sivick, KE, Katibah, GE, et al. Direct activation of STING in the tumor microenvironment leads to potent and systemic tumor regression and immunity. Cell Rep. (2015) 11:1018–30. doi: 10.1016/j.celrep.2015.04.031

48. Tang, ED, and Wang, C-Y. Single amino acid change in STING leads to constitutive active signaling. PloS One. (2015) 10:e0120090. doi: 10.1371/journal.pone.0120090

49. Li, X-D, Wu, J, Gao, D, Wang, H, Sun, L, and Chen, ZJ. Pivotal roles of cGAS-cGAMP signaling in antiviral defense and immune adjuvant effects. Science. (2013) 341:1390–4. doi: 10.1126/science.1244040

50. Temizoz, B, Shibahara, T, Hioki, K, Hayashi, T, Kobiyama, K, Lee, MSJ, et al. 5,6-dimethylxanthenone-4-acetic acid (DMXAA), a partial STING agonist, competes for human STING activation. Front Immunol. (2024) 15:1353336. doi: 10.3389/fimmu.2024.1353336

51. Wu, Y-T, Fang, Y, Wei, Q, Shi, H, Tan, H, Deng, Y, et al. Tumor-targeted delivery of a STING agonist improvescancer immunotherapy. Proc Natl Acad Sci U.S.A. (2022) 119:e2214278119. doi: 10.1073/pnas.2214278119

52. Deng, L, Liang, H, Xu, M, Yang, X, Burnette, B, Arina, A, et al. STING-dependent cytosolic DNA sensing promotes radiation-induced type I interferon-dependent antitumor immunity in immunogenic tumors. Immunity. (2014) 41:843–52. doi: 10.1016/j.immuni.2014.10.019

53. Li, T, Cheng, H, Yuan, H, Xu, Q, Shu, C, Zhang, Y, et al. Antitumor Activity of cGAMP via Stimulation of cGAS-cGAMP-STING-IRF3 Mediated Innate Immune Response. Sci Rep. (2016) 6:19049. doi: 10.1038/srep19049

54. Yang, H, Wang, H, Ren, J, Chen, Q, and Chen, ZJ. cGAS is essential for cellular senescence. Proc Natl Acad Sci U.S.A. (2017) 114:E4612–20. doi: 10.1073/pnas.1705499114

55. An, X, Zhu, Y, Zheng, T, Wang, G, Zhang, M, Li, J, et al. An analysis of the expression and association with immune cell infiltration of the cGAS/STING pathway in pan-cancer. Mol Ther Nucleic Acids. (2019) 14:80–9. doi: 10.1016/j.omtn.2018.11.003

56. Luo, X, Donnelly, CR, Gong, W, Heath, BR, Hao, Y, Donnelly, LA, et al. HPV16 drives cancer immune escape via NLRX1-mediated degradation of STING. J Clin Invest. (2020) 130:1635–52. doi: 10.1172/JCI129497

57. Miyauchi, S, Kim, SS, Jones, RN, Zhang, L, Guram, K, Sharma, S, et al. Human papillomavirus E5 suppresses immunity via inhibition of the immunoproteasome and STING pathway. Cell Rep. (2023) 42:112508. doi: 10.1016/j.celrep.2023.112508

58. Arenz, A, Patze, J, Kornmann, E, Wilhelm, J, Ziemann, F, Wagner, S, et al. HPV-negative and HPV-positive HNSCC cell lines show similar numerical but different structural chromosomal aberrations. Head Neck. (2019) 41:3869–79. doi: 10.1002/hed.25924

59. Bakhoum, SF, Ngo, B, Laughney, AM, Cavallo, J-A, Murphy, CJ, Ly, P, et al. Chromosomal instability drives metastasis through a cytosolic DNA response. Nature. (2018) 553:467–72. doi: 10.1038/nature25432

60. Beernaert, B, and Parkes, EE. cGAS-STING signalling in cancer: striking a balance with chromosomal instability. Biochem Soc Trans. (2023) 51:539–55. doi: 10.1042/BST20220838

61. Tinhofer, I, Braunholz, D, and Klinghammer, K. Preclinical models of head and neck squamous cell carcinoma for a basic understanding of cancer biology and its translation into efficient therapies. Cancers Head Neck. (2020) 5:9. doi: 10.1186/s41199-020-00056-4

62. Miserocchi, G, Spadazzi, C, Calpona, S, De Rosa, F, Usai, A, De Vita, A, et al. Precision medicine in head and neck cancers: genomic and preclinical approaches. J Pers Med. (2022) 12:854. doi: 10.3390/jpm12060854




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.

Copyright © 2024 Shao, Chen, Qiang, Ye, Yan and Zhu. 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.


OEBPS/Images/fimmu.2024.1451305_cover.jpg
, frontiers | Frontiers in Immunology

The role of cGAS-STING signaling in the
development and therapy of head and
neck squamous cell carcinoma





OEBPS/Images/fimmu-15-1451305-g003.jpg
Endoplasmic Retbculbm Golgi apparatus

O

O

Antiviral Chemokines Pro-inflammatory genes Type | Interferons genes





OEBPS/Images/fimmu-15-1451305-g005.jpg
Smoking, heavy alcohol,

and HPV infection | i . 'Tumor cells

!

¥

cGAS-STING signaling pathway actived





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The role of cGAS-STING signaling in the development and therapy of head and neck squamous cell carcinoma

      

        		

          1 Introduction to HNSCC

        



        		

          2 Molecular mechanisms associated with cGAS-STING of HNSCC

        

          		

            2.1 cGAS-STING pathway overview

          



          		

            2.2 Impact of TP53/Notch and c-MET/HGF/EGFR pathways on cGAS-STING in HNSCC

          



        



        



        		

          3 The critical role of cGAS-STING signaling in HNSCC

        



        		

          4 Therapy of HNSCC targeting cGAS-STING signaling

        

          		

            4.1 Clinical therapy of HNSCC

          



          		

            4.2 Current therapy targeting cGAS-STING signaling

          



        



        



        		

          5 Discussion

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-15-1451305-g001.jpg
Recognltlon GAS Recognmon
ks, ATP+GTP @ STING
DNA JOQq. cGAS Catalyt|c

Transcrlptlon

EDIGD






OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-15-1451305-g004.jpg
Combination therapy

Stage 1 Stage 2 Stage 3 Stage 4

Operation L S, Taieted
treatment el

e Tipifarnib

e Cetuximab, Erbitux
e Enoblituzumab
+Pembrolizumab






OEBPS/Images/fimmu-15-1451305-g002.jpg
Type |

Transcription

active

CD8' T cell & NK cell





OEBPS/Images/table1.jpg
Patient Treatment
Characteristics Method
Phase II Advanced Head Weekly cisplatin
trial (2021) HNSCC patients and neck chemotherapy (IMRT+C)
(39
Phase III Advanced Head Gemcitabine plus
trial HNSCC patients and neck Cisplatin (GP) and
(published Fluorouracil plus
2021) Cisplatin (FP)
(35) chemotherapy regimens
Phase I1I Locally advanced or Head Capecitabine after
trial metastatic HNSCC and neck radical radiotherapy
(published
2021)
(36)
Phase IIT Locally Head Endoscopic surgery vs.
trial (RCT, recurrent HNSCC and neck IMRT
2021) (31) recurrence radiotherapy
Cetuximab Recurrent or Head Cetuximab compared
vs. metastatic and neck with cisplatin
Cisplatin HNSCC patients as radiosensitizer
(32)
Cetuximab Advanced Head Comparison of efficacy of
vs. HNSCC patients and neck cetuximab and cisplatin
Cisplatin

(33)






