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Interferon-gamma regulates the progression of neuroblastoma cells through interferon-regulatory factor-1
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Abstract: Objective: This study aimed to elucidate the influence of IFN-gamma (IFN-γ) in neuroblastoma (NB) cells and reveal its potential underlying molecular mechanism. Methods: The Cell Counting Kit-8, Transwell apparatus, and flow cytometry were employed to assess cellular viability, migratory capacity, invasive potential, and apoptotic rates, respectively. RNA-seq combined with bioinformatics analysis revealed differentially expressed genes (DEGs) and their possible biological functions. Protein levels were determined by western blot analysis. Results: IFN-γ treatment resulted in diminished cell viability, mitigated migratory and invasive capabilities, and augmented apoptotic activity in the SK-N-BE (2) cell line, whereas it exhibited the opposite effect in SH-SY5Y cells. Furthermore, interferon regulatory factor 1 (IRF-1) was the common DEG in both IFN-γ-treated SK-N-BE (2) and SH-SY5Y cells. Additionally, we found that it was underexpressed in NB tissues. The depletion of IRF-1 promoted the progression of both SK-N-BE (2) and SH-SY5Y cells. Moreover, IRF-1 knockdown effectively counteracted the effects of IFN-γ on SK-N-BE (2) cells, while exacerbating them in SH-SY5Y cells. Conclusion: This study verified that IFN-γ exerted a distinct role in both N-Myc-and non-N-Myc-amplified NB cells, partially by mediating the expression of IRF-1, suggesting that it may serve as a potent agent for treating patients with NB.
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Introduction

Neuroblastoma (NB) is a common malignancy that frequently occurs in children aged <5 years [1,2]. Among malignant tumors diagnosed in children under 15 years of age, NB accounts for at least 7% [3]. NB typically begins in one of the adrenal glands and metastasizes to multiple parts of the body. Additionally, metastases are discovered in 50%–60% of patients diagnosed with NB [4]. Although various clinical approaches have effectively improved the prognosis of patients with NB, the survival rate of children with advanced NB remains low [5]. Previous studies have demonstrated that NB spontaneously regreses or transforms into a benign form; however, other cases remain unchanged after treatment [6], which poses a substantial challenge for curing NB. Hence, it is vital to explore effective agents for NB to advance pediatric oncology.

Interferon regulatory factor 1 (IRF-1) is a transcription factor that plays a pivotal role in the immune response, particularly in regulating type I interferons and other genes involved in antiviral and antitumor activities. It is constitutively expressed at low levels in many cell types, where it maintains the expression of its target genes, and its expression can be induced by various stimuli, including viral infections and cellular stress [7]. IRF-1 functions downstream of pathogen recognition receptor signaling and modulates the immune response by regulating the activity of immune cells, such as natural killer and T cells. In addition to being recognized as a tumor suppressor gene, IRF-1 exerts antiproliferative and proapoptotic effects on cancer cells, thereby inhibiting tumor growth and progression [8]. The dual role of IRF-1 in innate immunity and cancer suppression highlights the complexity of its function in maintaining cellular homeostasis and defense against pathogens. Recent studies have indicated that IRF-1 upregulates the expression of programmed death ligand 1 (PD-L1), which bears implications for the use of immune checkpoint inhibitors in cancer therapy. These findings contribute to our understanding of the role of IRF-1 in the immune system and its potential therapeutic applications [9].

Diverse transcription factors, such as N-Myc, are implicated in NB development [10]. N-Myc was first discovered in NBs [11] and is mainly expressed in nervous system malignancies, including NB [12]. In NB cells, N-Myc plays a multifaceted role. Additionally, it interacts with aurora kinase A (AURKA), resulting in the stabilization of N-Myc and limiting cell cycle arrest at the G2/M phase. This interaction is crucial for the survival of NB cells because the inhibition of AURKA results in the degradation of N-Myc, which subsequently triggers cell death. Furthermore, N-Myc overexpression has been associated with metabolic reprogramming in NB cells, thereby promoting a glycolytic phenotype, which is a common feature of cancer cells [13]. N-Myc amplification occurs in >40% of patients with NB [14], as well as in patients with NB classified as high-risk [6]. Additionally, N-Myc can accelerate NB cell processes, including proliferation, angiogenesis, and chemotherapy resistance [6,15,16]. Increasing evidence has revealed that N-Myc amplification enhances the ability of cells to resist tumor necrosis factors and inhibits tumor cell apoptosis [17]. Conversely, silencing N-Myc inhibits NB cell proliferation and induces apoptosis [18]. Therefore, reducing N-Myc-amplified cells and increasing non-N-Myc-amplified cells may effectively prevent NB development.

Being the only type II interferon, IFN-gamma (IFN-γ) plays an essential role in the immune response of host cells [19]. IFN-γ activates multiple signaling pathways, thereby contributing to immune stimulation and regulation [20]. Emerging studies have indicated that IFN-γ can inhibit cell proliferation and angiogenesis, facilitate apoptosis, and serve as a tumor suppressor in various cancers [19,21]. Notably, IFN-γ has been demonstrated to suppress N-myc expression in NB cells [22]. Nevertheless, the specific roles and molecular mechanisms of IFN-γ in NB cells require further exploration.

In this study, we investigated the effects of IFN-γ in NB cells and attempted to elucidate the downstream gene involved in the regulation of N-Myc expression by IFN-γ in NB cells. These findings further substantiated the potential of IFN-γ as a clinical agent for treating NB.

Materials and Methods

Tissue microarray and immunohistochemistry (IHC) assay

The NB and normal adrenal tissue microarray (Zhongke Guanghua (Xi’an) Intelligent Biotechnology Co., Ltd., N264001, Xi’an, Shaanxi, China) included 22 NB tissues and four normal adrenal tissues.

The IHC assays were performed according to the manufacturer’s instructions. The tissue slices (5 μm) were dewaxed, rehydrated, and underwent antigen retrieval by immersion in a container with 0.01 M citrate buffer solution (pH 6.0). After heating in a microwave at medium power for 10 min, the tissue slices were cooled in the buffer for 35 min. They were sequentially rinsed with 1× TBS (ST661-500 ml, Beyotime Biotech. Inc., Shanghai, China) for 1 min per rinse, followed by a 10-min incubation with a 3% H2O2 solution to quench endogenous peroxidase activity at room temperature. Afterward, the tissue slices were rinsed again with 1× TBS, then blocked for 1 h at room temperature in 10% goat serum (C0265, Beyotime Biotech. Inc., Shanghai, China). Subsequently, the tissue slices were incubated with the primary antibody (IRF1 antibody, 11335-1-AP, Proteintech, Chicago, USA) for 1.5 h at room temperature, followed by another series of rinses with 1× TBST (PR20017, Proteintech, Chicago, USA), for 1 min each. Finally, the tissue slices were incubated with a secondary antibody (DD13, Tongling Biological, Xiamen, China) for 30 min at room temperature. And the sections were stained using a DAB Kit (ml095670, Shanghai Enzyme Linked Biotechnology Co., Ltd., Shanghai, China) [3,23].

Cell culture

SK-N-BE (2) (LJS-h380) and SH-SY5Y (LJS-h187) cells were obtained from Wuhan Lingsi Biotechnology Co., Ltd. (Wuhan, China). SK-N-BE (2) cells were maintained in DMEM/F-12 (iCell-0005, iCell Bioscience, Shanghai, China) supplemented with 10% fetal bovine serum (FBS; FB15015; CLARK BIOSCIENCE, Webster, TX, USA) and 1% penicillin-streptomycin (P/S) solution (BL505A, Biosharp, Hefei, Anhui, China). SH-SY5Y cells were incubated in MEM (61100087; Gibco, New York, NY, USA) and Ham’s F-12 (iCell-0006; iCell Bioscience, Shanghai, China) (1:1) supplemented with 10% FBS and 1% P/S solution. All cells were incubated at 37°C in a 5% CO2 atmosphere.

IRF-1 knockdown

Small interfering RNAs (siRNAs) targeting IRF-1 (siRNA-1, siRNA-2, and siRNA-3) were synthesized by GenePharma (Gene ID: 3659). Following this, 10 μL of siRNA was transfected into cells employing Lipofectamine 2000 (11668-019, Invitrogen, Waltham, MA, USA). After 48 h, the cells were collected, and IRF-1 expression was measured. The siRNA sequences used are listed in Table 1.
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Quantitative real-time polymerase chain reaction (RT-qPCR)

Total RNA was isolated using an Ultrapure RNA Kit (DNase I) (CW0597S; CWBIO, Taizhou, Jiangsu, China). RNA was reverse transcribed using a kit (AE311, TransGen Biotech, Beijing, China), and RT-qPCR was performed using a kit (AQ131, TransGen Biotech). All protocols were performed according to the manufacturer’s instructions. The 2−ΔΔCT method was employed to calculate the expression of IRF-1. The primers used are listed in Table 2.
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Cell counting kit 8 (CCK-8) assay

The cells were seeded in 96-well plates (10,000 cells/well). IFN-γ (0, 500, 750, 1000, or 15000 ng/mL) was subsequently administered to the cells and incubated for 48 h. Next, the 10 μL CCK-8 solution (BS350B, Biosharp, Hefei, Anhui, China) was supplemented into each well for another 1 h. The absorbance at 450 nm was measured using a microplate reader (HBS-1096A, Nanjing De Tie Experimental Equipment Co., Ltd., Nanjing, Jiangsu, China).

Transwell assay

A transwell chamber (353097; Falcon, New York, NY, USA) was employed to observe cell migration and invasion. The cells (1,000,000 cells/well) were treated with IFN-γ (750 ng/mL) or/and transfected with si-IRF1. To analyze cell migration, cells (200,000 cells/mL) were inoculated into the upper chamber containing 500 μL of FBS-free medium. Concurrently, 500 μL of the fully supplemented medium was introduced into the lower compartment. Following a 24-h incubation period at 37°C, the cells that had successfully migrated to the lower surface were subjected to staining using a 0.1% solution of crystal violet (A600331-0100, Sangon, Biotech, Shanghai, China). Next, cell images from six random fields were captured using an optical microscope (XD202, Nanjing Jiangnan Novel Optics Co., Ltd., Nanjing, Jiangsu, China). To analyze cell invasion, the chambers were covered with Matrigel (354230, BD Biosciences, Franklin Lakes, NJ, USA), and the other steps were consistent with those performed for cell migration.

Cell apoptosis

An Annexin V-FITC/PI apoptosis detection kit (40302ES20; YEASEN, Shanghai, China) was used to detect apoptotic cells. The cells (1,000,000 cells/well) were treated with IFN-γ (750 ng/mL) or/and transfected with si-IRF1. Subsequently, the cell suspension, within the concentration range of 10,000 to 100,000 cells/mL, was collected into 500 μL of binding buffer and enriched with 5 μL of Annexin V-FITC and 10 μL of propidium iodide (PI). Thereafter, the cells were incubated in darkness for a duration of 5 min, prior to the assessment of apoptosis via flow cytometry (CytoFLEX, Beckman Coulter, Indianapolis, IN, USA).

Bioinformatics analysis

Differentially expressed genes (DEGs) analysis

In total, 3 μg of total cellular RNA was sent to Wuhan Lingsi Biotechnology Co., Ltd. (Wuhan, China), for RNA sequencing to obtain two sets of transcriptome data. The R software package DESeq was used to analyze DEGs (fold changes >2, q values < 0.01, false discovery rate (FDRs) <0.01) in each transcriptome. A Venn diagram was constructed to summarize the DEGs shared between SK-N-BE (2) and SH-SY5Y cells.

Gene ontology (GO) [24] and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis [25] were performed on DEGs using the ClusterProfiler package. p < 0.05 served as the cutoff standard [26].

Western blotting

Total protein was collected using lysis buffer (P0013B, Beyotime, Shanghai, China) and quantified using a specific kit (PC0020, Solarbio, Beijing, China). Polyvinylidene fluoride (PVDF) membranes (YA1701, Solarbio, Beijing, China) containing proteins were incubated with primary antibody at 4°C overnight. Subsequently, the membranes were treated with secondary antibodies (Table 3) and incubated for 60 min at room temperature. The protein bands were evaluated using a specific reagent (PE0010, Solarbio, Beijing, China) on a gel imaging acquisition and analysis system (4300, Shanghai Qinxiang Scientific Instrument Co., Ltd., Shanghai, China). Finally, the ImageJ software (v1.8.0, NIH, Rockville, MD, USA) was used to quantify the protein bands.
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Statistical analysis

Data from no less than three independent experiments were analyzed using Graphpad Prism 8.0 software (GraphPad Software, San Diego, CA, USA) and are expressed as the mean ± standard deviation. A Student’s t test or analysis of variance was used to analyze differences between two or multiple groups, respectively. *p < 0.05, **p < 0.01, ***p < 0.001, #p < 0.05, ##p < 0.01, ###p < 0.001, &p < 0.05, &&p < 0.01, and &&&p < 0.001 indicated statistical significance.

Results

IFN-γ regulates NB cell progression

Initially, we treated N-Myc-amplified SK-N-BE (2) and non-N-Myc-amplified SH-SY5Y cells with various doses of IFN-γ (0, 500, 750, 1000, or 15000 ng/mL). The results revealed that IFN-γ administration dramatically decreased the viability of SK-N-BE (2) cells while increasing that of SH-SY5Y cells (Fig. 1A). An intermediate concentration of IFN-γ at 750 ng/mL was chosen for the continuation of the experimental series. The Transwell assay results indicated that IFN-γ effectively curtailed the migratory and invasive activities of SK-N-BE (2) cells, conversely, it stimulated these parameters in SH-SY5Y cells (Fig. 1B,C). Flow cytometry indicated that IFN-γ treatment induced apoptosis in SK-N-BE (2) cells and decreased apoptosis in SH-SY5Y cells (Fig. 1D). These findings demonstrated that IFN-γ exerted a distinct effect on both N-Myc-and non-N-Myc-amplified cells.
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Figure 1: IFN-gamma (IFN-γ) regulates neuroblastoma (NB) cell progression. (A) The viability of SK-N-BE (2) and SH-SY5Y cells. (B and C) Migration and invasion of SK-N-BE (2) (B) and SH-SY5Y cells (C). (D) Apoptosis in SK-N-BE (2) and SH-SY5Y cells. *p < 0.05, **p < 0.01, and ***p < 0.001 vs. 0 or control group.

Screening of DEGs

To investigate the effect of IFN-γ on gene expression in N-Myc-amplified and non-N-Myc-amplified NB cells, we compared mRNA levels in SK-N-BE (2) and SH-SY5Y cells after IFN-γ treatment with those in the respective untreated cells, using R software. As shown in Fig. 2A, 423 upregulated and 11 downregulated genes were identified in SK-N-BE (2) cells (Fig. 2A). In addition, 724 upregulated and 213 downregulated genes were identified in the SH-SY5Y cells (Fig. 2B). Following this, GO and KEGG pathway enrichment analysis of the DEGs was performed. In both SK-N-BE (2) and SH-SY5Y cells, the enriched GO pathways included positive regulation of I-kappaB kinase/NF-kappaB, inflammatory response, and endoplasmic reticulum (ER) to Golgi transport vesicle membrane signaling (Fig. 2C,D). KEGG analysis revealed that Epstein-Barr virus infection, viral myocarditis, and cell adhesion molecule pathways were enriched in both SK-N-BE (2) and SH-SY5Y cells (Fig. 2E,F).
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Figure 2: Screening of differentially expressed genes (DEGs). (A and B) Volcano plot of the transcriptome. The up-regulated and down-regulated DEGs were represented using red and green dots, respectively. (C and D) Gene ontology (GO) enrichment analysis for DEGs. (E and F) Kyoto encyclopedia of genes and genomes (KEGG) pathway analysis for DEGs.

IRF-1 is the target of IFN-γ in NB cells

Venn diagram software showed that 311 genes were differentially expressed in SK-N-BE (2) and SH-SY5Y cells after IFN-γ treatment, of which IRF-1 attracted our attention (Fig. 3A). In addition, we performed IHC assays on a tissue microarray (N264001) and verified that IRF-1 expression in normal adrenal tissues (n = 4) was notably higher than that in NB tissues (n = 22) (Fig. 3B), indicating that IRF-1 is likely implicated in the progression of NB. Thus, we silenced IRF-1 in SK-N-BE (2) and SH-SY5Y cells using siRNA targeting IRF-1 and selected siRNA-3 as the most efficient for subsequent experiments (Fig. 3C).
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Figure 3: Interferon regulatory factor 1 (IRF-1) is the target of IFN-γ in NB cells. (A) Venn diagram illustrating the overlapping genes in SK-N-BE (2) and SH-SY5Y cells. (B) IRF-1 expression in tissues was measured using an immunohistochemistry (IHC) assay. (C) The IRF-1 expression level was evaluated using a real-time polymerase chain reaction (RT-qPCR) assay. **p < 0.01, ***p < 0.001 vs. the siRNA-NC group.

IRF-1 plays a role in the effects of IFN-γ in NB cells

Further analysis demonstrated that IRF-1 knockdown facilitated the proliferation, migration, and invasion of SK-N-BE (2) and SH-SY5Y cells. Moreover, decreased IRF-1 levels effectively reversed the effects of IFN-γ in SK-N-BE (2) cells, while they enhanced the effects of IFN-γ in SH-SY5Y cells (Fig. 4A–C). Flow cytometry revealed that IFN-γ induced apoptosis in SK-N-BE (2) cells, while conversely inhibiting apoptosis in SH-SY5Y cells. IRF-1 knockdown alone exhibited contrasting effects to IFN-γ in SK-N-BE (2) cells and the same effects in SH-SY5Y cells. Similarly, IRF-1 depletion counteracted the effects of IFN-γ in SK-N-BE (2) cells and further decreased apoptosis in SH-SY5Y cells (Fig. 4D).
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Figure 4: IRF-1 is plays a role in the effects of IFN-γ in NB cells. (A) The viability of SK-N-BE (2) and SH-SY5Y cells. (B) The migration (top) and invasion (bottom) of SK-N-BE (2) cells. (C) The migration (top) and invasion (bottom) of SH-SY5Y cells. (D) The apoptosis of SK-N-BE (2) and SH-SY5Y cells. *p < 0.05, **p < 0.01, and ***p < 0.001 vs. the control group. #p < 0.05 and ###p < 0.001 vs. the si-IRF1 group. &&p < 0.01, &&&p < 0.001 vs. the IFN-γ group.

The caspase and B-cell lymphoma-2 (Bcl-2) family participate in cell apoptosis [27]. As presented in Fig. 5, IFN-γ notably increased the content of Bcl-xL/Bcl-2-associated death promoter (Bad) and caspase-3 while decreasing that of Bcl-2 in SK-N-BE (2) cells. However, IRF-1 knockdown exerted contrasting effects to IFN-γ and partially reversed the effects of IFN-γ in SK-N-BE (2) cells. Furthermore, in SH-SY5Y cells, IFN-γ administration decreased the protein levels of Bad and Caspase-3 and up-regulated Bcl-2 expression. Additionally, IRF-1 depletion further enhanced the effects of IFN-γ on apoptosis-related proteins (Fig. 5). These data highlighted that IRF-1 reversed the effects of IFN-γ in N-Myc-amplified NB cells while enhancing them in non-N-Myc-amplified NB cells.
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Figure 5: IRF-1 affects apoptosis-related proteins in the presence of IFN-γ. Bad, Bcl-2, caspase-3 content in SK-N-BE (2) SH-SY5Y cells. *p < 0.05 and ***p < 0.001 vs. the control group. ###p < 0.001 vs. the si-IRF1 group. &&&p < 0.001 vs. the IFN-γ group.

Discussion

This study revealed that IFN-γ treatment reduced cell viability, suppressed migration and invasion, and induced apoptosis in N-Myc-amplified NB cells. Additionally, IFN-γ exhibited a positive role in non-N-Myc-amplified NB cells. Bioinformatics analysis revealed that IRF-1 expression was dramatically down-regulated in both IFN-γ-treated SK-N-BE (2) and SH-SY5Y cells. Furthermore, IRF-1 was insufficiently expressed in NB tissues. Moreover, IRF-1 knockdown promoted cell progression and reduced apoptosis in SK-N-BE (2) and SH-SY5Y cells. Interestingly, in SK-N-BE (2) cells, IRF-1 effectively reversed the effects of IFN-γ, whereas in SH-SY5Y cells, IRF-1 enhanced these effects.

NB is recognized as a serious childhood cancer that poses a threat to the survival of many children [28,29]. Patients with NB are generally divided into four categories: very low-, low-, intermediate-, and high-risk [1,30]. The outcomes for high-risk patients are extremely poor [31,32]. N-Myc amplification is an essential marker of high-risk patients [31,32]. Furthermore, N-Myc expression is strongly associated with poor outcomes in patients with NB [33]. Increasing evidence has shown that N-Myc amplification accelerates the progression of NB by promoting the cell cycle and epithelial-mesenchymal transformation [34]. Consequently, the reduction of N-Myc-amplified cells could constitute a viable therapeutic strategy for neuroblastoma. Nonetheless, this approach is hindered by the absence of a well-defined binding site, no agent has been developed to efficiently target N-Myc-amplified NB cells.

IFN-γ can induce cytotoxic effects and modulate intracellular immune responses [19]. Recent studies have indicated that IFN-γ plays a crucial antitumor role in a variety of cancers [35]. For example, Zhang et al. discovered that IFN-γ suppresses proliferation and migration in pancreatic cancer cells through the Rho GDP dissociation inhibitor 2 (RhoGDI2)/Ras-related C3 botulinum toxin substrate 1 (Rac1)/NF-κB cascade signaling pathway [19]. Cui et al. demonstrated that IFN-γ secreted by NK cells enhances the cytotoxicity of NK-92 cells against colorectal cancer cells [36]. Notably, the latest research demonstrates that IFN-γ exhibits great potential for the treatment of NB [37]. Furthermore, IFN-γ was verified to decrease N-myc levels in NB cells [38]. However, whether IFN-γ affects the ratio of N-Myc-amplified NB cells to non-N-Myc-amplified NB cells remains unclear. In the study, we employed SK-N-BE (2) and SH-SY5Y cells to elucidate the roles of IFN-γ in NB cells. The results demonstrated that IFN-γ inhibited proliferation, suppressed migration and invasion, and induced apoptosis in SK-N-BE (2) cells, while IFN-γ exerted a opposite effect in SH-SY5Y cells.

Additionally, our present study analyzed the transcriptome of SK-N-BE (2) and SH-SY5Y cells after IFN-γ administration, and discovered 434 and 937 DEGs in SK-N-BE (2) and SH-SY5Y cells, respectively. GO and KEGG analyses demonstrated that the DEGs in SK-N-BE (2) and SH-SY5Y cells were enriched in signaling pathways related to viral regulation and immune responses, including the positive regulation of I-kappaB kinase/NF-kappaB, inflammatory response, Epstein-Barr virus infection, and viral myocarditis. These data suggested that IFN-γ was associated with tumor immunity, consistent with previous findings [39,40]. Nevertheless, the molecular mechanisms underlying the regulation of the immune response by IFN-γ in NB cells require further exploration in future studies.

Studies have suggested that the tumor microenvironment plays a significant role in the progression of NB, and IFN-γ, being a potent immunomodulatory cytokine, could potentially influence this environment and the behavior of the tumor. Furthermore, IFN-γ may contribute to the remodeling of the tumor microenvironment. It affects the expression of various molecules involved in cell adhesion, migration, and angiogenesis, all of which are critical processes for tumor growth and metastasis. Theoretically, by altering these processes, IFN-γ could impede the invasive and metastatic potential of NB cells [41].

IRF-1 is a downstream gene of the IFN-γ cascade signal and a classical tumor suppressor gene [9,42]. IRF-1 suppresses this process and induces apoptosis in multiple tumors, including cervical cancer [43] and hepatocellular carcinoma [44]. Recent studies have indicated that IRF-1 plays a positive role in NB inhibition [41]. In this study, we revealed that IRF-1 expression was down-regulated in both IFN-γ-treated SK-N-BE (2) and SH-SY5Y cells. Knockdown of IRF-1 remarkably enhanced proliferation, migration, and invasion, while inhibiting apoptosis in both SK-N-BE (2) and SH-SY5Y cells. In addition, IRF-1 depletion effectively reversed the effects of IFN-γ in SK-N-BE (2) cells; however, it further intensified these effects in SH-SY5Y cells, which might be attributed to the powerful anti-cancer effect of IRF-1 itself.

Given that we only explored the effect of IFN-γ on the development of both N-Myc-amplified and non-N-Myc-amplified NB cells in vitro, the effect of IFN-γ on the progression of these cells in vivo needs further investigation. Additional experiments will be performed to verify the other downstream genes associated with the roles of IFN-γ in NB cells.

Conclusion

This study proved that IFN-γ treatment suppressed proliferation, migration, and invasion and induced apoptosis in N-Myc-amplified NB cells. In contrast, IFN-γ accelerated cell progression and inhibited apoptosis in non-N-Myc-amplified NB cells. Additionally, we demonstrated that IRF-1 exerted a negative effect on the progression of NB cells and played a role in the effect of IFN-γ on NB cells. Consequently, these findings support the application of IFN-γ as a potential therapeutic agent for NB.
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TABLE 1

The siRNA sequences

Name

Sense (5'-3')

Antisense (5'-3")

IRF1-Homo-264
IRF1-Homo-1119
IRF1-Homo-371

Negative control

GGCUAGAGAUGCAGAUUAATT
CAGAUCUGAAGAACAUGGATT
GACAUCAACAAGGAUGCCUTT
UUCUCCGAACGUGUCACGUTT

UUAAUCUGCAUCUCUAGCCTT
UCCAUGUUCUUCAGAUCUGTT
AGGCAUCCUUGUUGAUGUCTT
ACGUGACACGUUCGGAGAATT
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TABLE 3

Antibody details
Item No. Supplier Country
BAD Antibody (23 kDa) LJS-A-6471 Wubhan lingsi biotechnology Co., Ltd. China
Bcl-2 Antibody (26 kDa) LJS-B-9103 Wuhan lingsi biotechnology Co., Ltd. China
Cleaved-caspase 3 antibody (17 kDa) LJS-B-0711 Wuhan lingsi biotechnology Co., Ltd. China
Anti-beta tubulin rabbit pAb GB11017 Servicebio China
HRP-conjugated goat anti-mouse IgG (H + L) GB23301 Servicebio China
HRP-conjugated goat anti-rabbit IgG (H + L) GB23303 Servicebio China
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TABLE 2

RT-qPCR primers [Homo sapiens (human)]

Gene Forward (5'-3') Reverse (5'-3')

IRF-1 (Gene ID: 3659) CGGAGCTGGGCCATTCACA CCCTTGTTCCTGCTCTGGTCTTTC
GAPDH (Gene ID: 2597) AATCCCATCACCATCTTCCA AAATGAGCCCCAGCCTTCT
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