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Aim and background

Due to the radiosensitivity and deep anatomical location of nasopharyngeal carcinoma (NPC), radiotherapy serves as the cornerstone of standardized treatment for this malignancy. Beyond its cytotoxic effects, radiotherapy can serve as an immunological adjuvant by inducing immunogenic cell death (ICD). Dendritic cells (DCs), as potent antigen-presenting cells, play a critical role in tumor immunotherapy, but their exact role in the ICD process of NPC remains unclear. The effects of high-dose radiation (≥2 Gy) on DCs and the type of immune response it elicits in NPC have not been fully elucidated.





Methods

An in vitro study was conducted to assess whether ICD of NPC 5-8F cells induced by high-dose radiation could regulate the immune response of DCs. Specifically, the maturation and antigen-presenting capacity of DCs were evaluated following co-culture with NPC cells exposed to high-dose radiation.





Results

High-dose radiation was found to induce ICD in NPC 5-8F cells, as evidenced by increased pro-inflammatory factor levels and reduced anti-inflammatory factor levels in the cell culture supernatant. Co-culture with NPC cells exposed to high-dose radiation for 15 minutes significantly enhanced the expression of surface molecules on DCs, promoting their immune sensitization.





Conclusion

High-dose radiation-induced apoptosis of NPC 5-8F cells is a form of ICD, which plays an
important role in regulating DC immune function. These findings provide insight into the immunomodulatory effects of radiotherapy in NPC and its potential to enhance tumor immunotherapy through DC activation.
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1 Introduction

Nasopharyngeal carcinoma (NPC) is an epithelial carcinoma originating from the nasopharyngeal mucosa, commonly found in Southeast Asia, East Africa, and North Africa (1). Due to the complex anatomical structure of the nasopharynx and its proximity to important blood vessels and nerves, early-stage NPC is typically treated with radiotherapy alone, while local advanced cases undergo comprehensive treatment with radiotherapy as the main approach (2). For recurrent or metastatic NPC, chemotherapy is the primary treatment modality (3). With continuous advancements in radiotherapy techniques and pharmacological treatments, the five-year survival rate for patients with NPC can reach approximately 70-80% (4). However, some patients experience local treatment failure and/or distant metastasis due to the development of radiotherapy resistances (5), which represents a significant bottleneck in the current treatment of NPC.

Radiotherapy is a therapy that uses ionizing radiation (IR) to damage the DNA structure of tumor cells, thereby inhibiting their proliferation (6). Previously, radiotherapy was believed to only exert immunosuppressive effects on the body, but more recent studies have revealed that radiotherapy can also promote antitumor immune responses, thereby acting as an immunoadjuvant (7, 8). Current research indicates that radiotherapy primarily exerts its immunoadjuvant effects through three mechanisms: Firstly, radiotherapy can induce the release of tumor cell DNA, activating the STING pathway, which promotes the expression of type I interferon, leading to the activation of CD8+ T cells and a cytotoxic T lymphocyte antitumor response (6, 9). Secondly, radiotherapy can enhance T cell recognition and cytotoxicity by inducing the release of interferons and chemokines (10, 11). Thirdly, radiotherapy can induce immunogenic cell death (ICD) in tumor cells, which is a regulated form of cell death, thereby promoting DC maturation and infiltration into tumor tissues, ultimately activating specific antitumor immune responses (12, 13). This process enhances DC antigen presentation by releasing damage-associated molecular patterns (DAMPs) from cancer cells, which ultimately activate adaptive responses of CD8+ T cells (12, 14). DAMPs include molecules such as high-mobility group box 1 (HMGB1), calreticulin (CRT), heat shock proteins 70 (HSP70) (15), among which HSP70 can be recognized by DCs through CD91, promoting DC maturation and the secretion of pro-inflammatory cytokines like TNF-α (14); CRT acts as a phagocytic signal for DCs, facilitating DC recruitment and antigen uptake; HMGB1 is a histone-chromatin binding protein released from the nuclei of tumor cells after radiation damage. It can bind to TLR4, upregulating the expression of surface molecules on DCs (such as CD80, CD83, and CD86), thereby promoting DC maturation and the proliferation and activation of T cells (16).

Several basic and clinical studies have found that the radiotherapy dose (fractionation scheme) is closely related to the therapeutic effects on tumors. Riva et al. found that increasing the radiotherapy dose could upregulate the CD8+ T cell/regulatory T cell ratio in tumors, thereby inhibiting tumor cell proliferation and prolonging the survival of mice (17). Other researchers have discovered that the occurrence of ICD in breast cancer is related to the radiation dose, and the expression of the ICD marker CRT is dose-dependent (18). However, the effects of high-dose radiotherapy on NPC and the types of immune responses remain unclear. Therefore, this study aims to investigate the effects of high-dose radiation on apoptosis, cell cycle, and ICD in NPC cells, as well as the impact of irradiated NPC on the immunophenotype of DCs. This will provide important insights into the immunological functions of DCs, immune response, and clinical protocols for NPC radiotherapy.




2 Materials and methods



2.1 Cell culture

The 5-8F human NPC cells were acquired from Fenghbio Corporation (Hunan, China). The culture medium for 5-8F cells was RPMI 1640 (Gibco, Grand Island, NY). To enhance medium, 10% FBS (Biological Industries) fetal bovine serum (FBS; Biological Industries, Beit Hamek, Israel) and 100 IU/ml penicillin/streptomycin (Gibco) were added. When the cell density reaches 80–90% confluence, the cells are digested with trypsin, passaged, and continuously cultured in a 37°C, 5% CO2 incubator. When 5-8F cells reach the logarithmic growth phase, the old medium in the culture flask is discarded, and 5 mL of fresh complete medium is added. The cells are then placed in an irradiation device (RS-2000 system) and exposed to X-rays at 160 kV and 24 mA for 0, 109, or 543 seconds, corresponding to radiation doses of 0, 2, or 10 Gy, respectively.




2.2 Preparation of DC

Human peripheral blood monocytes were used to create DCs, as previously reported (19, 20). Following informed consent and approval by Guizhou Medical University’s Animal and Medicine Ethical Committee (#2020162, 2020/4/9), whole human blood was drawn from healthy, unmedicated donors in accordance with the Declaration of Helsinki’s guidelines. Regardless of age or sex, donors were chosen at random. Recombinant human granulo-cyte-macrophage colony-stimulating factor (rhGM-CSF) and recombinant human interleukin (IL)-4 (rhIL-4) (both from Peprotech, Cranbury, NY) were added to T-75 flasks containing complete RPMI-1640 medium after CD14+ monocytes from human peripheral blood were isolated using cocktail immune-magnetic beads (Miltenyi Biotec). For 5 days, these cells were kept at 37°C in order to induce immature DCs (imDCs).




2.3 Co-culture of NPC cells with imDCs

Collect imDCs and adjust the cell density to 1×106 cells/mL using 1640 medium supplemented with 20% FBS for subsequent use. Retain the 5-8F cells that have been irradiated for 48 hours in 6-well plates along with their conditioned medium. Place the Transwell upper chambers into the 6-well plates containing the 5-8F cells, and add 2 mL of the imDC suspension (a total of 2×106 imDCs). The experimental groups are as follows: 1) imDCs group: imDCs cultured in suspension under normal conditions. 2) imDCs + 0 Gy group: co-culture of imDCs with non-irradiated 5-8F cells. 3) imDCs + 2 Gy group**: co-culture of imDCs with 5-8F cells irradiated at 2 Gy. 4) imDCs + 10 Gy group**: co-culture of imDCs with 5-8F cells irradiated at 10 Gy. The negative control group consists of 2 mL of the imDC suspension and 3 mL of PBS. All groups are cultured at 37°C in a 5% CO2 incubator.




2.4 Apoptosis analysis

Using the FITC-Annexin V/PI double staining kit (Meilunbio) and flow cytometry, apoptosis was identified. In brief, after irradiation as above, 5-8F cells were centrifuged and then resuspended in 100 μl of binding buffer that contained 5 μl of Annexin V and 5 μl of PI. Following a 15-minute dark incubation period at room temperature, the cells were resuspended in 400 μl of binding buffer and subjected to analysis using a BD FACSCanto™ Flow Cytometer and FlowJo software version 10. Annexin V-positive cells with FITC labels were identified as apoptotic cells.




2.5 Reverse transcription-polymerase chain reaction

TRIzol (Invitrogen, Carlsbad, CA) was used to extract the cells’ total RNA in accordance with established procedures (21). To assess the quantity and quality of the extracted total RNA, a NanoDrop Ultramicro spectrophotometer (ThermoFirsher Scientific, Waltham, MA) was used. Using a Fast-king gDNA Dispelling RT Supermix (Tiangen, Beijing), 1 μg of total RNA/sample was reverse-transcribed to cDNA based on the results. Next, a SYBR Premix Ex Taq kit (Takara, Tokyo, Japan) was used to conduct real-time PCR. Table 1 lists the precise primers that were utilized (22). In all cases, GAPDH served as the internal reference gene. The ΔΔCT method was then used to determine the mRNA expression levels of each gene of interest (23).


Table 1 | Primers used in this study.






2.6 Western blot

The BCA protein assay kit (Solarbio) was used to quantify the amount of total protein recovered from 5-8F cells using RIPA cell lysis solution (Solarbio) enhanced with a protease inhibitor cocktail (Sigma). After being separated on an SDS-PAGE gel, 20 μg of total protein from each sample was deposited onto a 0.45-μm nitrocellulose membrane (Millipore). HMGB1 (D260488; BBI, Shanghai, China), GAPDH (10494-1-AP; Protein-tech, Rosemont, USA), CRT (AB92516; Abcam, Cambridge, UK), and HSP70 (AB181606, Abcam, Cambridge, UK) were the main antibodies utilized. The ECL detection method identified the immunolabeled proteins. ImageJ software (NIH, Bethesda, MD) was used to quantify the protein bands.




2.7 Enzyme-linked immunosorbent assay

After collecting the cell culture supernatants of 5-8F, they were centrifuged for five minutes at 1200 rpm. After being moved into fresh EP tubes, the supernatants were thoroughly combined. Following the manufacturer’s instructions, ELISA kits (Zikerbio, Shenzhen, China) were used to measure the amounts of human HSP70, HMGB1, CRT, IL-6, IL-12p70, TNF-α, IL-10, and IL-4 in the culture medium.




2.8 Statistical analyses

The mean ± SD of at least three separate experiments is used to express all data. Every piece of data was examined to make sure it met the homogeneity assumptions. A Student’s t-test was used to compare the treatment groups statistically. Multiple group comparisons were conducted using one-way analysis of variance (One-way ANOVA). A p-value of less than 0.05 was deemed significant. Prism software (v.7.0, GraphPad, San Diego, CA) was used for all data analyses, whereas picture J program was used for picture analysis.





3 Results



3.1 High-dose radiation promoted apoptosis among 5-8F cells

Research has shown that radiation can cause single- and double-strand breaks in DNA and induce the release of radiation-induced reactive oxygen species, ultimately leading to apoptosis (24, 25). To study the effects of high-dose radiation on apoptosis in NPC cells, flow cytometry was used to assess apoptosis in 5-8F cells 48 hours after irradiated with doses of 0, 2, or 10 Gy. The results showed that the number of apoptotic cells increased significantly following 10 Gy irradiation (Figures 1A, B), with the apoptosis rate reaching 40%, including an early apoptosis rate of 28.3% and a late apoptosis rate of 11.7%. Furthermore, the mRNA expression levels of HSP90, Casp-3, and BAK1 gradually increased with the radiation dose (Figure 1C). The WB results revealed that the expression of Casp-3 protein significantly increased in 5-8F cells after 10 Gy irradiation, consistent with the qPCR findings (Figure 1D). Thus, high-dose radiation can induce more apoptosis in NPC cells, making it a more effective means of killing these cells.




Figure 1 | Apoptosis in irradiated 5-8F cells. (A) Apoptosis levels in cells after 0, 2, or 10 Gy exposures was analyzed by flow cytometry. (B) Statistics of the proportion of apoptotic cells. (C) QPCR was used to detect the mRNA expression levels of HSP90, Casp-3, and BAK1 in 5-8F cells after exposure to different radiation doses. (D) Western Bolting was used to assess the expression of the apoptotic protein Caspase-3 in 5-8F cells following various radiation doses. * indicates a statistically significant difference compared to the 0 Gy group. NS p > 0.05, *, **, ***p < 0.05, < 0.01, < 0.001.






3.2 Immunogenic cell death of 5-8F cells induced by radiation

Radiation damages tumor cells, causing dying tumor cells to release DAMPs, which in turn induces ICD in tumor cells. To investigate the effect of high-dose radiation on ICD in NPC cells, we first used qPCR to measure the mRNA expression levels of HSP70, CRT and HMGB1. The results showed that the expressions of HSP70, CRT and HMGB1 were significantly upregulated after high-dose radiation, with notable statistical significance (Figure 2A). Western blotting results indicated that as the radiation dose increased, the expression of ICD-related proteins in 5-8F cells also gradually increased (Figure 2B). After the irradiation treatments, it was also seen that the levels of HSP70, CRT and HMGB1 in the 5-8F cell culture medium increased in tandem with the levels of radiation employed (Figure 2C). Therefore, high-dose radiation can upregulate the expression of ICD-related proteins in NPC 5-8F cells, thereby inducing ICD in these cells.




Figure 2 | Select ICD-related proteins in irradiated 5-8F cells. (A) mRNA expression of HSP70 and CRT. (B) Protein expression levels of HSP70 and CRT. (C) Concentration of HSP70, CRT and HMGB1 in conditioned medium. NS p > 0.05, *, **, ***p < 0.05, < 0.01, < 0.001.






3.3 High-dose radiation impact on 5-8F cell secretion of inflammatory cytokines

Radiation can alter the levels of various cytokines in the tumor microenvironment (TME). To study the effect of high-dose radiation on the secretion of inflammatory cytokines by NPC cells, we used ELISA to measure the levels of inflammatory cytokines in the culture supernatant of 5-8F cells after irradiation. The results showed (Figures 3A, B) that Compared to the 0 Gy group, the concentrations of IL-6 and IL-12p70 in the supernatant of the 10 Gy group were significantly increased (p < 0.05). The secretion of pro-inflammatory cytokines was dose-dependent. Thus, high-dose radiation promotes the secretion of more IL-6 and IL-12p70 by 5-8F cells. Additionally, our results also showed (Figures 3C–E) that after 10 Gy irradiation, the levels of TNF-α, IL-10, and IL-4 all decreased significantly. Therefore, high-dose radiation can reduce the secretion of TNF-α, IL-10, and IL-4 by 5-8F cells.




Figure 3 | The effect of high dose radiation on secretion of inflammatory cytokines in NPC cells. The concentration of (A) IL-6, IL-12p70 (B), TNF-α (C), IL-10 (D) and IL-4 (E) in conditioned medium. NS p > 0.05, *, **, ***, **** p < 0.05, < 0.01, < 0.001, < 0.0001.






3.4 The impact of high-dose irradiated NPC cells on immature DCs

Research has shown that radiation-induced ICD in tumor cells, along with changes in the TME, can activate antigen-presenting cells and enhance their immune recognition and antigen-presenting functions. This promotes the recruitment of effector T cells, strengthening the immune response to kill tumor cells (7). As the most potent APCs in the body, DCs play a critical role in antitumor immune responses. Therefore, in this study, we co-cultured imDCs with irradiated NPC cells for 48 hours and used flow cytometry to assess the expression of surface molecules on the co-cultured DCs. The results (Figure 4) indicated that after 48 hours of co-culture, there were no significant changes in the expression of surface molecules CD11c, CD40, HLA-DR, CD86, CCR7, CD205, CD1a, CD83, CD80 and CCR5. We then performed flow cytometry again to assess the surface molecules on DCs after 72 hours of co-culture (Figure 5). The results showed that, compared to the 0 Gy group, co-culture with 2 Gy or 10 Gy irradiated NPC cells for 72 hours led to a significant decrease in the expression of CD80, CD86, CD11c, CD40, HLA-DR, CCR5, CCR7, CD205, CD1a, and CD83 on DCs (P<0.01). This indicates that prolonged co-culture with NPC cells following high-dose radiation inhibits the expression of surface molecules on DCs.




Figure 4 | The protein expression of surface molecules in immature dendritic cells cocultured with NPC cell
for 48 h. (A) Flow cytometry was used to detect the expression of surface molecules on DCs, including CD11c, CD40, HLA-DR, CD86, CCR7, CD205, CD1a, CD83, CD80 and CCR5. (B) In the statistical graph, imDCs = control group (DC without conditioned 5-8F cell media). imDCs + 0 Gy = DC cultured with media of 5-8F cells without radiation treatment. Various radiation doses used to treat 5-8F cells prior to isolation of their media to then treat DC cells arenoted: 2, and 10 Gy. NS p > 0.05, *p < 0.05.






Figure 5 | The protein expression of surface molecules in immature dendritic cells cocultured with NPC cell for 72 h. (A) Flow cytometry was used to detect the expression of surface molecules on DCs, including CD11c, CD40, HLA-DR, CD86, CCR7, CD205, CD1a, CD83, CD80 and CCR5. (B) Relative statistical graph. NS p > 0.05, *, **, ***, **** p < 0.05, < 0.01, < 0.001, < 0.0001.






3.5 The expression levels of surface molecules on DCs after short-term co-culture with NPC cells

Recent studies have shown that the innate immune response may be activated within minutes to hours after antigen presentation (26). Therefore, in this study, qPCR was used to examine the transcriptional levels of surface molecules on DCs after co-culturing for 5 minutes, 10 minutes, 15 minutes, 30 minutes, and 1 hour. The results (Figure 6) demonstrated that after 5 minutes of co-culture, the expression of CD86, CD40, CD11c, CCR5, and CCR7 was significantly upregulated in DCs co-cultured with 5-8F cells irradiated with 2 Gy, compared to the imDCs + 0 Gy group. At 15 minutes of co-culture, compared to the imDCs control group, there were no significant differences in the expression of CD80, CD86, CD40, HLA-DR, CD11c, and CCR5 in DCs co-cultured with 5-8F cells irradiated with 2 Gy. However, in DCs co-cultured with 5-8F cells irradiated with 10 Gy, the expression of CD80, CD86, HLA-DR, CCR5, and CCR7 was significantly upregulated. In conclusion, co-culture times of 5 minutes, 10 minutes, 30 minutes, and 1 hour had minimal effects on the expression of surface molecules in DCs. However, the most significant impact was observed at 15 minutes, during which the expression of surface molecules on DCs co-cultured with 5-8F cells irradiated with a high dose of radiation was significantly increased compared to the 0 Gy control group.




Figure 6 | Expression levels of genes for DC surface molecules after DC treatment with conditioned media of irradiated NPC cell for a short time. The mRNA expression levels of CD40, CD80, CD86, HLA-DR, CD11c, CCR5, and CCR7 after co-culture for 5 min, 10 min, 15 min, 30 min, and 1 h. NS p > 0.05, *, **, ***p < 0.05, < 0.01, < 0.001.







4 Discussion

Radiotherapy is the primary treatment for the majority of cancer patients (27). NPC, an epithelial carcinoma originating from the mucosal lining of the nasopharynx, exhibits high sensitivity to radiotherapy. However, due to the anatomical constraints of surrounding organs, the conventional fractionation regimen for NPC still employs standard doses (1.8-2.2 Gy/fraction) (28). Due to the detachment of dead cells after radiation exposure, the contact inhibition among the remaining cells disappears, leading to accelerated proliferation of the surviving cells (29). This ultimately manifests as an increase in cell viability, which is consistent with the concept of cellular repopulation in the 4R’s of radiobiology. Therefore, the subsequent experimental groups were defined as follows: the non-radiation group (0 Gy), the conventional-dose radiation group (2 Gy), and the high-dose radiation group (10 Gy). With advances in radiotherapy techniques, high-dose radiation has been applied clinically, and localized high-dose radiotherapy can activate DCs to induce antigen-specific T-cell immune responses (30). However, studies on the effects of high-dose radiation on NPC are limited, and there are few reports on how NPC cells exposed to high-dose radiation affect DCs. Thus, our study investigated the effects of high-dose radiation on NPC in terms of cell apoptosis and ICD. We also explored the impact of NPC cells treated with high-dose radiation on DCs. This research will help to further understand the sensitivity of NPC to different radiation doses and the changes in DC immune phenotypes during radiotherapy, providing theoretical support for the clinical treatment strategies of NPC.

The clinical efficacy of radiotherapy is closely related to its induction of autophagy, apoptosis, and the abscopal effect in tumor cells (24, 25, 31), with apoptosis being the primary form of cell death following radiotherapy (32). Our study found that the number of apoptotic NPC cells significantly increased after high-dose radiation (Figures 1A, B). Furthermore, the expression of apoptosis-related genes was then examined (Figure 1C). Our results demonstrated that the expression of HSP90, Casp-3, BAK1, and the Casp-3 protein all increased after high-dose radiation, promoting apoptosis in NPC cells. These findings are consistent with the flow cytometry results showing increased apoptosis. HSP90 is a marker of ICD, and its increased exposure on the cell surface can promote the maturation of DCs, thereby inducing an antitumor immune response (33, 34). This suggested that high-dose radiotherapy may induce DC-mediated immune response in NPC.

Radiotherapy damages tumor cells, causing dying tumor cells to release DAMPs, which can induce ICD and thereby activate APCs, enhancing the immune system’s response to tumor cells (35). These DAMP components interact with phagocytic receptors, purinergic receptors, and pattern recognition receptors (PRRs) on the surface of innate immune cells (36). Additionally, they act as activators, stimulating APCs to present antigens on MHC-I and MHC-II molecules to T cells, thereby effectively facilitating antigen presentation and mobilizing adaptive immune responses (37). In this study, we further investigated the effect of high-dose radiation on the expression of ICD-related molecules in 5-8F NPC cells. This corresponds with our findings, where the expression of HMGB1 and apoptosis in NPC cells both peaked at 10 Gy (Figure 2). Thus, high-dose radiation can induce ICD in 5-8F NPC cells, enhancing the immunogenicity of NPC and may promote the recruitment and maturation of DCs.

Cytokines play a crucial role in antitumor immunity (38), which is why this study investigates the levels of pro-inflammatory cytokines (IL-6 and IL-12p70) and anti-inflammatory cytokines (TNF-α, IL-10, and IL-4) in the supernatant of 5-8F cell cultures (Figure 3). The pro-inflammatory cytokine IL-6 is not only an essential inflammatory signal for the migration of mature DCs to lymph nodes (39) but also promotes the specific differentiation of CD8+ T cells into cytotoxic T cells (40). IL-12 stimulates the proliferation and activation of CD8+ T lymphocytes, thereby enhancing the antitumor immune response (41). After high-dose radiation, the levels of pro-inflammatory cytokines in the 5-8F cell culture supernatant were significantly higher than those in cells treated with 2Gy radiation, facilitating the antigen presentation by DCs to T cells and promoting antitumor immune responses. Research by Yu et al. has shown that TNF-α levels in the tumor tissues of NPC patients are associated with poor prognosis (42). High concentrations of IL-10 in NPC patients promote the proliferation of NPC cells and inhibit the antigen presentation by DCs and the function of cytotoxic T cells (43). Studies have shown that IL-4 mediates tumor cell proliferation and metastasis in gastric and colorectal cancers (44). Our study found that the levels of anti-inflammatory cytokines in the 5-8F cell culture supernatant were significantly reduced after high-dose radiation. Furthermore, high-dose radiation promotes the formation of an immunogenic TME in NPC, facilitating the maturation and differentiation of DCs and T cells, thereby enhancing the antitumor immune response.

Radiotherapy induces ICD in tumor cells and alters the TME, which can activate APCs and enhance their immune recognition and antigen-presenting functions (45). This facilitates the recruitment of effector T cells, boosting the immune response to ultimately kill tumor cells (18, 46). In recent years, the widespread application of immunotherapy has significantly improved the prognosis of NPC patients (47). However, radiotherapy remains the cornerstone of NPC treatment. From the perspective of radioimmunology, the key factors in radioimmunology include the types of antigens released, the function of APCs, and the resulting immune response. These factors can either contribute to an immunosuppressive tumor microenvironment or break immune tolerance to the tumor, thereby initiating a specific anti-tumor immune response and exerting an anti-tumor effect (48).

As the most potent APCs in the body, DCs upregulate the expression of costimulatory molecules such as CD80, CD86, CD40, and the chemokine receptor CCR7 upon stimulation with tumor antigens (49, 50). In this study, imDCs were co-cultured with NPC cells post-radiation to assess the expression of surface molecules on DCs. The results (Figures 4, 5) showed that, compared to normally cultured imDCs, the expression of surface molecules on imDCs was reduced after long-term co-culture (48 h or 72 h) with NPC cells, whether irradiated or not. This may be due to the long-term action of other immunosuppressive cytokines (such as VEGF, TGF-β, and lactate) released by NPC cells, leading to the downregulation of surface molecules such as CD80, CD86, and CD11c on imDCs (51, 52). Studies have suggested that DCs can quickly phagocytose antigens and upregulate the expression of related proteins (53, 54). Consistently, our results showed that when the co-culture time was shortened, the inhibition of surface molecule expression on imDCs co-cultured with NPC cells was alleviated. The expression of CD80, CD86, and HLA-DR molecules increases as DCs mature. Notably (Figure 6), when the co-culture time was reduced to 15 minutes, the expression of surface molecules on imDCs co-cultured with NPC cells post-high-dose radiation significantly increased. It can be inferred that at a co-culture duration of 15 minutes, DCs are stimulated by tumor antigens and undergo maturation, which may facilitate the activation of cytotoxic T cells and enhance the anti-tumor immune response. This suggests that DC recognition and response to NPC tumor antigens occur within a short time frame, and prolonged co-culture leads to inhibition of DC maturation due to other immunosuppressive factors. This highlights the importance of the timing of immunotherapy in combination with radiotherapy.

Many studies have noted that radiation exposure alters the function and cytokine secretion profile of DCs. Yu N et al. found that exposure to 0.2 Gy X-rays significantly enhanced the migration ability of DCs and their IL-12 production, while also upregulating CCR7 expression (55). However, Merrick et al. reported that irradiated DCs produced less IL-12 and exhibited impaired activation of naïve T cells compared to non-irradiated DCs (56). These findings suggest that the effects of radiation on the antigen-presenting function of DCs remain controversial. Our study demonstrates that in addition to directly killing NPC cells, hypofractionated ionizing radiation therapy can induce the differentiation of imDCs into mDCs, thereby initiating a specific anti-tumor immune response. These findings have important implications for a deeper understanding of clinical treatment strategies for NPC. The limitation of this study is that it only investigated, in vitro, the effect of NPC cells on DC maturation (surface molecule expression) after radiotherapy. However, in vitro experiments have shown that co-culture duration significantly influences DC maturation, which is likely critical for the activation of anti-tumor immune responses in vivo as well. Additionally, this study did not further explore the post-radiotherapy immune status of NPC patients in a clinical setting.




5 Conclusion

In conclusion, compared to conventional radiation doses (2 Gy), high-dose radiation (10 Gy) more effectively induces apoptosis, cell cycle arrest, and immunogenic cell death in NPC 5-8F cells. Additionally, short-term co-culture with NPC 5-8F cells exposed to high-dose radiation can induce DC maturation. It appears that NPC cells significantly influence the maturation of DCs and after high-dose radiation therapy.
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Gene Primer sequences (5 — 3)

GAPDH F: GACCTGACCTGCCGTCTA
R: AGGAGTGGGTGTCGCTGT

BAK1 F: GGACGACATCAACCGACGCTATG

R: AACAGGCTGGTGGCAATCTTGG

CRT F: AGATAAAGGTTTGCAGACAAGC

R: CATGTCTGTCTGGTCCAAACTA

Casp-3 F: GGAACAAATGGACCTGTTGAC
R: CTCAATGCCACAGTCCAGTTC

HMGB-1 F: AAATGAAAACCTATATCCCTCCC

R: GGGCGATACTCAGAGCAGAAG

HSP70A1A F: GACTCCCGTTGTCCCAAG

R: CGGTTCCCTGCTCTCTGT
CD80 F: GTGGTCACAATGTTTCTGTTGA
R: GTTCTTGTACTCGGGCCATATA

CD86 F: TGCTCATCTATACACGGTTACC

R: TGCATAACACCATCATACTCGA

HLA-DR F: CCAGAGACTACAGAGAATGTGG

R: TTGATGATGAAGATGGTCCCAA
CCR5 F: GCAGCTCTCATTTTCCATACAG
R: GACACCGAAGCAGAGTTTTTAG

CCR7 F: AGACCATGACCGATACCTACC

R: GCAAAAGTGGACACCGAAGA

CDl1Ic F: AGCAGCCACGAACAATTCAC

R: GAGACCTCCACATCCATCCA
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