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Objectives

Macrophage-derived exosomes (Mφ-Exos) are involved in tumor onset, progression, and metastasis, but their regulation in oral squamous cell carcinoma (OSCC) is not fully understood. RBPJ is implicated in macrophage activation and plasticity. In this study, we assessed the role of Mφ-Exos with RBPJ overexpression (RBPJ-OE Mφ-Exos) in OSCC.



Materials and Methods

The long non-coding RNA (lncRNA) profiles in RBPJ-OE Mφ-Exos and THP-1-like macrophages (WT Mφ)-Exos were evaluated using lncRNA microarray. Then the functions of Mφ-Exo-lncRNA in OSCC cells were assessed via CCK-8, EdU, and Transwell invasion assays. Besides, luciferase reporter assay, RNA immunoprecipitation, and Pearson’s correlation analysis were adopted to confirm interactions. Ultimately, a nude mouse model of xenografts was used to further analyze the function of Mφ-Exo-lncRNAs in vivo.



Results

It was uncovered that lncRNA LBX1-AS1 was upregulated in RBPJ-OE Mφ-Exos relative to that in WT Mφ-Exos. RBPJ-OE Mφ-Exos and LBX1-AS1 overexpression inhibited OSCC cells to proliferate and invade. Meanwhile, LBX1-AS1 knockdown boosted the tumor to grow in vivo. The effects of RBPJ-OE Mφ-Exos on OSCC cells can be reversed by the LBX1-AS1 knockdown. Additionally, mechanistic investigations revealed that LBX1-AS1 acted as a competing endogenous RNA of miR-182-5p to regulate the expression of FOXO3.



Conclusion

Exo-LBX1-AS1 secreted from RBPJ-OE Mφ inhibits tumor progression through the LBX1-AS1/miR-182-5p/FOXO3 pathway, and LBX1-AS1 is probably a diagnostic biomarker and potential target for OSCC therapy.
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Introduction

Oral squamous cell carcinoma (OSCC) is one of the most aggressive head and neck cancers and has a poor survival rate (1). Although multiple therapeutic strategies can be administered clinically to treat OSCC, the overall 5-year survival rate after diagnosis remains less than 50%, mainly owing to cancer metastasis to lymph nodes and distant sites (2, 3). Therefore, a better understanding of the molecular mechanisms underlying OSCC metastasis is essential to develop novel therapies against OSCC.

Increasing evidence unveils that exosomes (Exos) mediate the interactions between macrophages and cancer cells (4–6). M2 macrophage-derived exosomes facilitate hepatocarcinoma metastasis by transferring α β integrin to tumor cells (7), and M2 bone marrow-derived macrophage-derived exosomes shuffle microRNA-21 to accelerate immune escape of glioma by modulating PEG3 (8). Besides, downregulated lncRNA SBF2-AS1 in M2 macrophage-derived exosomes elevates miR-122-5p to restrict XIAP, thereby limiting pancreatic cancer development (9).

Long non-coding RNAs (lncRNAs) are a class of transcripts longer than 200 nucleotides with no protein-coding capacity and are poorly conserved (10). LncRNAs have also been found in Exos (11), and they are thought to modulate the expression of genes and miRNAs (12). Exosome-Transmitted lncRNAs can regulate growth of cancers (13, 14). Recent studies have unveiled the involvement of lncRNAs in OSCC progression by competitive sponging miRNAs (15, 16). For instance, lncRNA RC3H2 facilitates cell proliferation by targeting microRNA-101-3p/EZH2 axis in OSCC (17). However, whether Mφ-Exo-lncRNAs can regulate the progression of OSCC is unclear.

The Notch pathway is involved in several cancers progression (18, 19), and it is also believed to be responsible for the activation and differentiation of macrophages (20, 21). The recombination signal binding protein for immunoglobulin kappa J region (RBPJ) is often used as a marker for the activation of Notch signaling (22). Upon ligand binding, the Notch intracellular domain translocates into the nucleus and forms a complex with the transcription factor RBPJ to activate expression of Notch target genes (22). Loss of the Notch effector RBPJ promotes tumorigenesis (23). Moreover, Notch-RBPJ signal transduction regulates the transcription factor IRF8 to facilitate inflammatory macrophage polarization (24).

In the current research, we probed the impacts of Mφ-Exos overexpressing RBPJ (RBPJ-OE Mφ-Exos) on OSCC cell proliferation and invasion and compared them with Exos from THP-1-like macrophages (WT Mφ-Exos) (25). To further understand the regulatory mechanism of RBPJ-OE Mφ-Exos in OSCC, we also determined the differentially regulated lncRNAs when RBPJ was upregulated in Mφ-Exos. In addition, we identified the miRNA binding partners of the lncRNA upregulated in RBPJ-OE Mφ-Exos and their targets. The aim of this study was to further understand the mechanisms of macrophage-derived exosomes-lncRNA, and to identify diagnostic biomarkers and potential therapeutic targets.



Materials and Methods


Cell Culture and Clinical Specimens

Human monocytic cell line THP-1 and OSCC cell lines (SCC-4 and CAL-27) were purchased from the Institute of Biochemistry and Cell Biology of the Chinese Academy of Sciences (Shanghai, China). THP-1 cells were cultured in RPMI-1640 medium provided by Gibco (Shanghai, China), and OSCC cells were cultured in Dulbecco’s Modified Eagle medium (DMEM, Gibco, China) with 10% heat-inactivated fetal bovine serum (FBS) from Thermo Fisher Scientific (Shanghai, China), 100 U/ml penicillin, and 100 µg/ml streptomycin from HyClone Laboratories (Beijing, China) at 37°C in a moist incubator with 5% CO2 and used in the exponential growth phase.

Forty paired OSCC tissues and para-tumor tissues were obtained from patients receiving surgery at Foshan Stomatological Hospital between 2016 and 2019. They were diagnosed by histopathology and received no treatment prior to the operation. Besides, all participants signed informed consent in written form before the research. This research gained the approval of the Ethics Committees of Foshan Stomatological Hospital, School of Stomatology and Medicine, Foshan University (FSU2016033), and was conducted as per the Helsinki Declaration.



Isolation of Exos Derived From THP-1 Mφ Cells With or Without the Overexpression of RBPJ

To obtain WT Mφ and RBPJ-OE Mφ, THP-1 cells underwent transfection with the pCMV6 empty vector or pCMV6 overexpressing RBPJ (OriGene, Rockville, MD, USA) and seeded at 1 × 106 cells/well in a six-well culture plate. Gradient centrifugation was utilized for Exo isolation from the cell culture medium. Specifically, the medium underwent 30-min centrifugation at 3,000 × g for removal of cells and cellular debris. Subsequent to collection of the supernatant, the medium underwent 30-min centrifugation again at 10,000 × g to discard larger microvesicles. Finally, 70-min Exo isolation from the supernatant was implemented at 110,000 × g and 4°C, and the Exos were reserved in phosphate buffered saline (PBS) at −80°C.



Transmission Electron Microscopy Assay

Exos for transmission electron microscopy (TEM) were prepared as mentioned above. Briefly, Exos were first fixed in 2.5% glutaraldehyde (pH 7.2) at 4°C, then washed in PBS, embedded in 10% gelatin, and fixed in 1% osmium tetroxide for 60 min at indoor temperature. Next, the embedded Exos were cut into 1 mm-thick blocks and dehydrated with gradient alcohol. The alcohol was then replaced with gradient mixture of Quetol-812 epoxy resin and propylene oxide. Afterwards, samples were embedded in Quetol-812 epoxy resin, polymerized at a temperature gradient, and cut into ultrathin sections using a Leica UC6 ultramicrotome. Finally, subsequent to dying by uranyl acetate and lead citrate, a transmission electron microscope was utilized for section observation.



Microarray Analysis

The isolation and quantification of the total RNAs were independently implemented using Trizol reagent provided by Life Technologies (Shanghai, China) and NanoDrop ND-1000. The enriched lncRNAs were then amplified and labeled fluorescently using the Quick Amp Labeling Kit (Agilent Technologies) as per the guideline of the manufacturer. In the meantime, we hybridize the labeled cRNAs onto an Arraystar Human lncRNA Array (8× 60K, version 2.0). Subsequent to rinsing and scanning of slides using an Agilent Scanner G2505B, the obtained images were assessed via Agilent Feature Extraction software (version 10.7.3.1). Quantile normalization and subsequent data processing were performed using GeneSpring GX software, version 11.5.1 (Agilent Technologies). Volcano plot filtering was used to identify the lncRNAs with statistically significant differences.



RNA Extraction and Quantitative Real-Time PCR (qRT-PCR)

The reverse transcription of mRNAs and lncRNAs into cDNAs was implemented using a reverse transcription kit from Takara (Beijing, China). Next, cDNAs were subjected to RT-PCR on a Quantstudio™ DX system (Applied Biosystems, Singapore) under the following conditions: denaturation at 95°C for 30 s and (denaturation at 95°C for 5 s, at 60°C for 10 s, and at 72°C for 30 s) ×40 cycles. Afterwards, we utilized 2-ΔCT or 2-ΔΔCT to quantify mRNAs and lncRNAs by normalizing to GAPDH (26) and to determine the relative expression subsequent to the normalization of miRNA expression to small nuclear U6. Each experiment was separately performed in triplicate. All PCR primers were listed in Table 1.


Table 1 | Sequences of primers for qRT-PCR and siRNA related sequence.





Cell Transfection

LBX1-AS1 overexpression plasmid (p-lncRNA) and its negative control pcDNA3.1, small interfering RNAs (siRNAs) targeting LBX1-AS1 and non-specific negative control oligos (si-NC), miR-182-5p mimics, inhibitor, and the negative control (NC), and the shRNAs were synthetized by GeneChem (Shanghai, China). Detailed sequences were depicted in Table 1. SCC-4 and CAL-27 cell lines underwent inoculation in six-well plates at 24 h prior to transfection with pcDNA3.1, p-lncRNA, si-NC, si-lncRNA, and miR-182-5p mimics or inhibitor under 50–60% cell confluence using Lipofectamine 3000 (Invitrogen) as per the guideline of the manufacturer. Later, the effects of knockdown or overexpression were examined by qRT-PCR using the RNAs that were extracted after 48-h transfection. For Exo treatment, OSCC cells were cultured in medium containing 5 μg/ml Exos from WT Mφ, RBPJ-OE Mφ or si-lncRNA and RBPJ-OE Mφ.



Cell Proliferation Assays

Approximately 1.0 × 104 transfected SCC-4 and CAL-27 cells were cultured in 96-well plates, and then underwent 1-h incubation with CCK-8 reagent (Beyotime, Shanghai, China). The absorbance at 450 nm was recorded using an Infinite M200 multimode microplate reader (Tecan, Shanghai, China).

After approximately 48-h transfection, the 5-ethynyl-2’-deoxyuridine (EdU) assay kit provided by Ribo (Guangzhou, China) was utilized to examine the proliferation of SCC-4 and CAL-27 cells. Specifically, cells were grown in culture medium containing EdU (Invitrogen) solution (1:1,000). At the proliferative stage, the cells were labeled with EdU for 2 h, followed by rinsing with PBS (0.5 g/ml) thrice. Subsequently, the cells were stained by 4′,6-diamidino-2-phenylindole (DAPI) from Invitrogen for 10 min at indoor temperature in the dark and underwent PBS rinsing more than twice. Ultimately, assessment of the stained cells was implemented via the FACSCalibur DxP flow cytometer (BD Biosciences, Shanghai, China).



Cell Invasion Assays

Cell invasion was assessed in the Matrigel assay using the 24-well invasion chamber system equipped with polycarbonic membranes (diameter 6.5 mm, pore size 8 μm) from BD Biosciences (Santa Clara, CA, USA). Subsequent to incubation and dying, a microscope was adopted to quantify cells co-cultured with Exos and migrating through the membranes in four fields that were randomly chosen. Each assay was repeated at least three times with triplicate samples each time.



Luciferase Reporter Assay

Sequences of WT or MUT LBX1-AS1 or the full length of the 3′-UTR of FOXO3 with WT or MUT putative binding sites were interposed into the pmir-GLO vector from Promega Corp. (Beijing, China). 293T cells seeded into 24-well plates underwent co-transfection with 50 nM miR-182-5p mimics or a NC and 80 ng WT or MUT plasmids using Lipofectamine 2000 (Invitrogen)and the 80 ng of plasmids were later added with 5 ng of pRL-SV40. Lastly, luciferase intensity was determined using the Dual-Luciferase Reporter Assay Kit from Promega (Beijing, China) and a microplate reader.



RNA Binding Protein Immunoprecipitation (RIP) Assay

We carried out the RIP assay using a Magna RIP Kit from Millipore (Hongkong, China) as per the guideline of the manufacturer. Specifically, cells (1 × 107) were lysed with the lysis buffer provided in the kit and the lysate was separately put into two tubes [one with anti-Argonaute2 (AGO2) antibody and the other with a non-specific anti-IgG antibody (Millipore)]. The cell lysates were incubated nightlong at 4°C, and then incubated with magnetic beads for a further hour. Proteinase K was then added for sample incubation at 55°C for another hour. In the end, RNA extraction reagent (Solarbio, Beijing, China) was used to obtain the RNAs, and specific genes were detected and measured using qRT-PCR.



Western Blot Analysis

Cell lysis was performed in RIPA buffer (Beyotime, Nantong, China) containing protease and phosphatase inhibitors (Beyotime). A BCA Protein Assay kit (Beyotime) was utilized to identify protein concentration, and the samples (40 µg proteins per lane) underwent SDS-PAGE with 10% gel for separation. Next, proteins were electrotransferred onto a PVDF membrane (Beyotime) that was sealed by 5% BSA (Beyotime) for 1 h at indoor temperature. Later, we incubated the membrane with primary antibodies against TSG101 (1:1,000, ab125011, Abcam, Shanghai, China), CD63 (1:1,000, ab217345, Abcam, Shanghai, China), FOXO3 (1:1,000, ab23683, Abcam, Shanghai, China), and GAPDH (1:1,000, ab8245, Abcam, Shanghai, China) at 4°C nightlong, and subsequently with secondary antibodies coupled to HRP (Beyotime, Nantong, China) at indoor temperature for 1 h. Immobilon ECL substrate (Millipore) was used to generate signals, which were detected using the Optimax X-ray Film Processor provided by Protec (Shanghai, China).



Xenograft Nude Mouse Model

Six-week-old adult male BALB/C nude mice (n = 3/group) were commercially provided by Shanghai SLAC Laboratory Animal Co., Ltd. (Shanghai, China) and reserved in a SPF environment with a LD (12:12) cycle. All animal studies obtained the approval of the Institutional Animal Care and Use Committee of Foshan Stomatological Hospital, School of Stomatology and Medicine, Foshan University, and implemented in line with institutional and national guidelines. SCC-4 cells undergoing stable sh-NC or sh-lncRNA transfection, or WT Mφ-Exo, RBPJ-OE Mφ-Exo or RBPJ-OE Mφ-Exo-sh-lncRNA (5 μg/ml) pretreatment were hypodermically injected into the nude mice (1 × 106 cells per mouse) on the right upper back. Later, we utilized a caliper to determine the growth of tumor every 7 days for 35 days, and calculate its volume based on the formula: volume = (length × width2)/2. Five weeks later, we intraperitoneally injected overdose pentobarbital (>120 mg/kg body weight) to kill all the mice so that they were unable to spontaneously breath. Afterwards, the xenograft tumor tissues were sampled for subsequent analyses.



Statistical Analysis

GraphPad Prism 6.0 software provided by GraphPad Inc. (San Diego, CA, USA) was utilized to statistically evaluate data. Experimental results were presented as mean ± standard deviation (SD). The statistically significant differences between tumor tissues and para-tumor tissues were determined using paired Student’s t-test. Besides, the statistically significant differences between other two groups were detected using Mann-Whitney U-test or unpaired Student’s t-test in light of conditions. Furthermore, the comparisons among different groups (multigroup comparisons) were implemented by one-way ANOVA and the post hoc Bonferroni test. Lastly, Pearson’s correlation coefficient was determined to test associations among LBX1-AS1, miR-182-5p, and FOXO3. P < 0.05 signified statistically significant differences.




Results


Mφ-Exos Overexpressing RBPJ Inhibit Proliferation and Invasion of OSCC Cells

WT Mφ-Exos and RBPJ-OE Mφ-Exos were isolated by ultracentrifugation and characterized by TEM (Figure 1A). To further confirm the identity of the Exos, the expression levels of CD63 and TSG101 (Exo markers) were evaluated. Western blot assessment showed that the isolated Exos were enriched with CD63 and TSG101 (Figure 1B). These data indicate the successful isolation of Exos from WT Mφ-Exos and RBPJ-OE Mφ-Exos.




Figure 1 | Exosomes derived from macrophages overexpressing RBPJ inhibit proliferation and invasion of OSCC cells. (A) Exosomes isolated from WT THP-1 derived macrophages (WT Mφ-Exos) and RBPJ-overexpressed macrophages (RBPJ-OE Mφ-Exos) imaged by transmission electron microscopy (TEM). Scale bar = 0.5 μm. (B) Levels of exosome markers CD63 and TSG101 in WT or RBPJ-OE Mφ-Exos were determined by Western blotting. (C, D) Cell proliferation in OSCC cell lines SCC-4 and CAL-27 treated with WT Mφ-Exos, RBPJ-OE Mφ-Exos, or negative control was assessed by CCK-8 (C) and EdU assay (D). (E) Transwell invasion assay is performed to indicate cell invasion. All experiments were performed three times. **P < 0.01 and ***P < 0.001 for statistical difference, ns: no significance.



To further investigate the effects of these two groups of Exos on the proliferation of OSCC cells, we cocultured SCC-4 or CAL-27 cells with Exos for 4 days and measured cell proliferation through CCK-8 and EdU experiments. As demonstrated in Figures 1C–D, the presence of RBPJ-OE Mφ-Exos significantly curbed SCC-4 and CAL-27 cells to proliferate when compared with WT Mφ-Exos or negative control groups. In addition, Transwell invasion assays indicated that RBPJ-OE Mφ-Exos were able to inhibit invasion of SCC-4 and CAL-27 cells (Figure 1E). Overall, these results confirm that the overexpression of RBPJ in Exos can suppress OSCC cells to proliferate and invade.



Expression Profiles of lncRNAs in RBPJ-OE Mφ-Exos

We wonder whether RBPJ-OE Mφ-Exos could influence the expression of RBPJ in OSCC cells. We performed qRT-PCR to detect the expression of RBPJ in the WT Mφ, RBPJ-OE Mφ, WT Mφ-Exos, RBPJ-OE Mφ-Exos, WT Mφ-Exos treated SCC-4/CAL-27 cells, and RBPJ-OE Mφ-Exos treated SCC-4/CAL-27 cells. Our results showed that RBPJ mRNA is highly expressed in RBPJ-OE Mφ (Supplementary Figure 1A). Nevertheless, there is no significant difference of RBPJ level between WT Mφ-Exos treated SCC-4/CAL-27 cells and RBPJ-OE Mφ-Exos treated SCC-4/CAL-27 cells (Supplementary Figure 1B). As the PCR amplification cycles of RBPJ in WT Mφ-Exos and RBPJ-OE Mφ-Exos are higher than 40, we can’t detect the expression level of it in the exosomes. This result means that RBPJ could not be enriched in macrophage exosomes. We wonder whether there are different expressions of lncRNAs between WT Mφ-Exos and RBPJ-OE Mφ-Exos. The lncRNA profiles in RBPJ-OE Mφ-Exos and WT Mφ-Exos were evaluated using a lncRNA microarray technique. Twenty-seven lncRNAs were differentially expressed (P < 0.05 and log2FC > 2.0 or < −2.0) in RBPJ-OE Mφ-Exos and the controls (Figures 2A, B). We have uploaded the data of this lncRNA profiles on ArrayExpress with the accession E-MTAB-9989. Among them, 24 lncRNAs dramatically rose up and 3 lncRNAs evidently declined. LBX1-AS1 with the most obvious rising trend was selected and validated by qRT-PCR in RBPJ-OE Mφ-Exos and WT Mφ-Exos (Figure 2C). In the meantime, it was unveiled that LBX1-AS1 was expressed in the RBPJ-OE Mφ at a notably higher level relative to that in the WT Mφ cells (Figure 2D). Compared with those in the producer cells, the levels of LBX1-AS1 are enriched by approximately 4 folds in the RBPJ-OE Mφ-Exos (Figure 2E).




Figure 2 | LBX1-AS1 expression profiles in exosomes derived from RBPJ-overexpressed macrophages. (A) Cluster heatmap showing 27 aberrantly expressed LBX1-AS1s, including 24 upregulated and 3 downregulated LBX1-AS1s in exosomes derived from RBPJ-overexpressed macrophages compared to the controls. The red color represents high expression, whereas the blue color represents low expression. (B) Volcano map. (C, D) The relative expression of LBX1-AS1 in Mφ-Exos (C) and Mφ cells (D) was validated by qRT-PCR. (E) The fold change of LBX1-AS1 expression between the exosomes and their corresponding producer cells. (F, G) The qRT-PCR assay indicated the difference in the LBX1-AS1 expression in RBPJ-overexpressed Mφ cells transfected with or without LBX1-AS1 siRNA (F), as well as in exosomes from those cells (G). ***P < 0.001 vs WT Mφ-Exos, ###P < 0.001 vs RBPJ-OE Mφ-Exos.





Mφ-Exo-LBX1-AS1 Inhibits OSCC Cells to Proliferate and Invade

Since the LBX1-AS1 level was the highest in RBPJ-OE Mφ-Exos, to remove its expression from Exos, the siRNA of LBX1-AS1 was transfected into Mφ cells for 48 h, after which Exos were collected (Figures 2F–G). Next, OSCC cell proliferation and invasion were investigated by coculturing cells with Mφ-Exos. The inhibitory effects of RBPJ-OE Mφ-Exos on the proliferation and invasion of OSCC cells (SCC-4 and CAL-27) were eliminated when LBX1-AS1 was knocked down in Exos (Figures 3A–C). This would be expected if there was an association between RBPJ and LBX1-AS1.




Figure 3 | Mφ-Exo-LBX1-AS1 inhibits proliferation and invasion of OSCC cells. To remove LBX1-AS1 from exosomes, siRNA of LBX1-AS1 was transfected into THP-1 cells and Mφ-Exos were collected at 48 h post-transfection (RBPJ-OE Mφ-Exo-si-LBX1-AS1). OSCC cell lines SCC-4 and CAL-27 were cocultured with WT Mφ-Exos, RBPJ-OE Mφ-Exos, or RBPJ-OE Mφ-Exo-si-LBX1-AS1. (A, B) Cell proliferation in OSCC cell lines SCC-4 and CAL-27 was assessed by CCK-8 assay (A) and EdU assay (B). (C) Cell invasion in OSCC cell lines SCC-4 and CAL-27 was assessed by Transwell assay. All experiments were performed three times. **, ##P < 0.01 and ***, ###P < 0.001 as indicated. **/*** vs. WT Mφ-Exos, ##/### vs. RBPJ+/+ Mφ-Exos.



To continuously figure out the biological role of LBX1-AS1 in OSCC cells, SCC-4 and CAL-27 cells underwent transfection with a LBX1-AS1 overexpression vector or siRNA#1 (Figure 4A). The results unveiled that LBX1-AS1 overexpression significantly inhibited OSCC cells to proliferate and invade and LBX1-AS1 downregulation significantly promoted it (Figures 4B–D). As with the overexpression of RBPJ, the overexpression of LBX1-AS1 inhibited proliferation and invasion of OSCC cells.




Figure 4 | LBX1-AS1 inhibits proliferation and invasion of OSCC cells. (A, B) SCC-4 and CAL-27 cells were transfected with LBX1-AS1 overexpression plasmids, siRNA and controls. (B, C) Cell proliferation in OSCC cell lines SCC-4 and CAL-27 was assessed by CCK-8 assay (B) and EdU assay (C). (D) Cell invasion of OSCC cell lines SCC-4 and CAL-27 was assessed by Transwell invasion assay. All experiments were performed three times. *P < 0.05, **P < 0.01, and ***P < 0.001 for statistical differences.





LBX1-AS1 Interacts With miR-182-5p

For discovering more about the specific regulation of LBX1-AS1, we performed bioinformatics prediction (starBase). Bioinformatics analysis predicted that LBX1-AS1 and miR-182-5p possessed complementary binding sites (Figure 5A). Then we carried out a dual-luciferase experiment in 293T cells to confirm this interaction by mutating the predicted binding site in LBX1-AS1. It was unveiled that the luciferase activity was reduced only in presence of WT LBX1-AS1 and miR-182-5p mimics in OSCC cells (Figure 5B), which was further validated using an Ago2 RIP assay. MiRNA is a component of the RNA-induced silencing complex (RISC) containing Ago2. Ago2 is required for miRNA-mediated gene silencing. In this study, we analyzed if LBX1-AS1 and miR-182-5p constitute the same RISC and performed RIP assay in OSCC cells. It is shown that LBX1-AS1 and miR-182-5p were enriched in the immunoprecipitation from anti-Ago2 group than IgG control (Figure 5C). Moreover, the level of miR-182-5p was prominently lower in cells overexpressing LBX1-AS1 and higher in cells with LBX1-AS1 silenced (Figure 5D), indicating that miR-182-5p expression was strongly influenced by the level of LBX1-AS1. Besides, levels of LBX1-AS1 and miR-182-5p were also analyzed in OSCC and matched para-carcinoma tissues, and the results further substantiated that OSCC tissues exhibited a lower LBX1-AS1 level (Figure 5E) and a higher miR-182-5p level (Figure 5F). Besides, Pearson’s analysis confirmed a negative interrelation between LBX1-AS1 and miR-182-5p (Figure 5G). This indicates that LBX1-AS1 may compete to interact with miR-182-5p and prevent it from regulating other pathways.




Figure 5 | LBX1-AS1 interacts with miR-182-5p. (A) Putative complementary sites within miR-182-5p and LBX1-AS1 were predicted by bioinformatics analysis. (B) Dual-luciferase reporter assays demonstrate that miR-182-5p is a direct target of LBX1-AS1 in OSCC cells. (C) The Ago2 RIP showed that Ago2 significantly enriched LBX1-AS1 and miR-182-5p. (D) The level of miR-182-5p was determined by qRT-PCR in SCC-4 and CAL-27 cells after transfection. (E) The expression level of LBX1-AS1 in 40 OSCC tissues and matched para-carcinoma normal tissues was determined by qRT-PCR. (F) The expression level of miR-182-5p in the above tissues was determined by qRT-PCR. (G) The expression levels of miR-182-5p are negatively correlated with LBX1-AS1 in OSCC tissues. **P < 0.01 and ***P < 0.001 for statistical differences.





LBX1-AS1 Represses OSCC Cells to Proliferate and Invade via the miR-182-5p/FOXO3 Pathway

We next probed the potential binding sites of miR-182-5p. Target prediction and assessment were implemented using starBase (http://starbase.sysu.edu.cn) and miRDB (http://mirdb.org), which identified that miR-182-5p probably interacts with FOXO3, a tumor suppressor gene implicated in several cancers (27–29). Recent study also pointed out that miR-182-5p promotes hepatocellular carcinoma progression by repressing FOXO3a (30). Later, we mutated two potential miR-182-5p target sites in FOXO3 (Figure 6A) and performed a luciferase reporter experiment, which ascertained that miR-182-5p overexpression in SCC-4 cells dramatically weakened the luciferase activity of FOXO3 at both target sites (Figure 6B). Thereafter, we examined the transfection efficiency of miR-182-5p mimics and inhibitor (Figure 6C). The mRNA and protein levels of FOXO3 dropped down in SCC-4 and CAL-27 cells overexpressing miR-182-5p but rose up in OSCC cells undergoing miR-182-5p inhibitor transfection (Figures 6D–E). Overexpression of LBX1-AS1 upregulated FOXO3 whereas miR-182-5p mimics transfection reversed it in SCC-4 cells (Figure 6F). Besides, downregulation of LBX1-AS1 inhibited FOXO3 whereas miR-182-5p inhibitor transfection reversed it in CAL-27 cells (Figure 6F). Relative to the matched paracarcinoma tissues, FOXO3 was expressed at a lower level in OSCC tissues (Figure 6G). In OSCC tissues, FOXO3 was negatively correlated with miR-182-5p, but positively correlated with LBX1-AS1 expression (Figures 6H–I). Further, LBX1-AS1 overexpression inhibited cells to proliferate and invade whereas miR-182-5p mimics transfection reversed it in SCC-4 and CAL-27 cells (Figures 7A–C). Nevertheless, LBX1-AS1 mutant plasmid can’t inhibit the cell proliferation and invasion of OSCC cells (Figures 7A–C). It can be assumed that LBX1-AS1 inhibits proliferation and invasion in OSCC cells by interacting with miR-182-5p and upregulating FOXO3 expression.




Figure 6 | LBX1-AS1/miR-182-5p axis is critical for FOXO3 expression. (A) Bioinformatics analysis revealed the predicted binding sites between FOXO3 and miR-182-5p. (B) Luciferase reporter assay demonstrated miR-182-5p mimics significantly decreased the luciferase activity of FOXO3-WT in SCC-4 cells. (C) The transfection efficiency of miR-182-5p mimics and inhibitor in SCC-4 and CAL-27 cells. (D, E) The mRNA (D) and protein (E) level of FOXO3 was detected through qRT-PCR and western blotting after transfection with miR-182-5p mimics and inhibitor in SCC-4 and CAL-27 cells. (F) LBX1-AS1 overexpression upregulated FOXO3 and siRNA downregulated FOXO3, this effect can be reversed by co-transfection with miR-182-5p mimics or miR-182-5p inhibitors (miR-182-5p-inh) in SCC-4 or CAL-27 cells respectively. (G) The expression levels of FOXO3 in 40 OSCC tissues and matched para-carcinoma normal tissues was determined by qRT-PCR. (H) Expression levels of FOXO3 negatively correlated with miR-182-5p in OSCC tissues. (I) Expression levels of FOXO3 positively correlated with LBX1-AS1 in OSCC tissues. **, ##P < 0.01 and ***, ###P <  0.001 as indicated. * vs. miR-NC; Control, # vs. in-NC.






Figure 7 | LBX1-AS1 inhibits proliferation and invasion of OSCC cells by interacting with miR-182-5p and upregulating FOXO3 expression. (A, B) Cell proliferation in OSCC cell lines SCC-4 and CAL-27 was assessed using CCK-8 assay (A) and EdU assay (B). (C) Cell invasion of OSCC cell lines SCC-4 and CAL-27 was assessed by Transwell invasion assay. All experiments were performed three times. **P < 0.01 and ***, ###P < 0.001 as indicated, ns, no significance. **/*** and ns vs. Control, ### vs. p-LBX1-AS1+miR-182-5p NC.





RBPJ-OE Mφ-Exos Inhibits Tumor Growth Through the LBX1-AS1/miR-182-5p/FOXO3 Pathway In Vivo

For proving the effect of Mφ-Exo-LBX1-AS1 on the modulation of OSCC growth in vivo, SCC-4 cells transfected with sh-lncRNA or sh-NC or cocultured with WT Mφ-Exos, RBPJ-OE Mφ-Exos, or RBPJ-OE Mφ-Exo-sh-lncRNA were subcutaneously injected into nude mice. The level of LBX1-AS1, miR-182-5p, and FOXO3 from the xenograft tumors were detected by qRT-PCR (Figures 8A–C). Tumors cultured with RBPJ-OE Mφ-Exos were significantly smaller, whereas those undergoing sh-lncRNA transfection were significantly larger. The greatest differences in the tumor volume and weight were observed in the tumors between RBPJ-OE Mφ-Exos group and sh-lncRNA group (Figures 8D–F). What’s more, the inhibitory effects of RBPJ-OE Mφ-Exos on the tumor growth in vivo were eliminated when LBX1-AS1 was knocked down in Exos (Figures 8D–F). These results signify that RBPJ-OE Mφ-Exos might inhibit tumor growth through a LBX1-AS1/miR-182-5p/FOXO3 pathway in xenograft tumor models.




Figure 8 | RBPJ-OE Mφ-Exos inhibit tumor growth by LBX1-AS1/miR-182-5p/FOXO3 pathway in mouse xenograft tumor model. (A) The level of LBX1-AS1 was detected by qRT-PCR. (B) The level of miR-182-5p was detected by qRT-PCR. (C) The level of FOXO3 was detected by qRT-PCR. (D) Representative images of xenograft tumors (three mice per group) in nude mice. (E) Tumor volume is monitored every 7 days for 35 days. (F) The weights of xenograft tumors are summarized. *P < 0.05, **P < 0.01 and ***P < 0.001 for statistical differences.






Discussion

Macrophages are abundant in the OSCC tumoral environment and associated with its progression (31, 32). Moreover, the macrophage environment is heterogenous with the progression of tumors dependent on alternatively polarized M2 macrophages and tumorigenic immune responses dependent on M1-polarized macrophages (33, 34). Therefore, improving the understanding of macrophage regulation in the tumoral environment is important in developing effective therapies for OSCC. Notch-RBPJ signaling is believed to regulate TLR-induced inflammatory macrophage polarization by the indirect regulation of M1-specific genes (24).

In this study, we examined whether overexpressing RBPJ in macrophages would influence OSCC cells. We found that RBPJ-OE Mφ-Exos could inhibit cell proliferation and invasion of OSCC cells. Furthermore, we probed their interrelations by investigating the differentially regulated lncRNAs in Mφ-Exos with upregulated RBPJ. Using the lncRNA microarray technique, we discovered that 27 Exo-lncRNAs were differentially regulated in WT Mφ-Exos with RBPJ overexpression, of which 24 were upregulated and 3 were downregulated. Later, we selected highest expressed lncRNA, LBX1-AS1 for further analysis. Then we unveiled that the inhibitory effects of RBPJ-OE Mφ-Exos on the proliferation and invasion of OSCC cells (SCC-4 and CAL-27) were eliminated when LBX1-AS1 was knocked down in Exos. Meanwhile, LBX1-AS1 overexpression dramatically repressed OSCC cells to proliferate and invade. These associations required further investigation, so we searched for miRNAs that may interact with LBX1-AS1.

The public database (starBase) predicted that LBX1-AS1 may interact with miR-182-5p, which was validated via dual luciferase reporter and RIP assays. Our studies proved that LBX1-AS1 and miR-182-5p constitute the same RISC. Then, a negative correlation between miR-182-5p and LBX1-AS1 in OSCC and matched para-carcinoma tissues was confirmed by Pearson’s analysis. Thus, we deduced that LBX1-AS1 may repress miR-182-5p to prevent it from interacting in other pathways. StarBase revealed that miR-182-5p interacted with FOXO3, a well-known tumor suppressor gene (27–29). Furthermore, FOXO3a reactivation mediates the synergistic cytotoxic effects of rapamycin and cisplatin in oral squamous cell carcinoma cells (35). In the current research, we found that LBX1-AS1 overexpression upregulated FOXO3 and inhibited cells to proliferate and invade whereas miR-182-5p mimics transfection reversed them in OSCC cells. What’s more, FOXO3 expression displayed a negative interrelation with miR-182-5p level and a positive correlation with LBX1-AS1 level in OSCC tissues. In vivo assays further verified that RBPJ-OE Mφ-Exos might inhibit tumor growth through a LBX1-AS1/miR-182-5p/FOXO3 pathway in xenograft tumor models.

This research has several deficiencies. First, the effect of the exosomes derived from LBX1-AS1-overexpressed macrophage cells on OSCC cells should be explored. Second, it is worth trying to inject RBPJ-overexpressed macrophage-derived exosomes daily into OSCC-injected mice to examine its therapeutic potential. Third, another macrophage activation method (non-transgenic) should be included in this study to further confirm the effects of activated macrophage-derived exosomes.

To conclude, LBX1-AS1 suppress OSCC cells to proliferate and invade via the miR-182-5p/FOXO3 pathway. Moreover, RBPJ-OE Mφ-Exos inhibits tumor growth by stimulating the LBX1-AS1/miR-182-5p/FOXO3 pathway in vitro and in vivo. The above results indicate that RBPJ-OE Mφ-Exos probably play a potential regulation role in the OSCC progression and LBX1-AS1 could be a biomarker for OSCC diagnosis and potential target for OSCC therapy.
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Supplementary Figure 1 | RBPJ-OE Mφ-Exos can’t influence the expression of RBPJ in OSCC cells. (A) The relative expressions of RBPJ in WT Mφ and RBPJ-OE Mφ were detected by qRT-PCR. (B) The relative expressions of RBPJ in WT Mφ-Exos treated SCC-4/CAL-27 cells and RBPJ-OE Mφ-Exos treated SCC-4/CAL-27 cells were detected by qRT-PCR. ***P < 0.001, ns: no significance.



References

1. Shaikh, MH, Barrett, JW, Khan, MI, Kim, HAJ, Zeng, PYF, Mymryk, JS, et al. Chromosome 3p loss in the progression and prognosis of head and neck cancer. Oral Oncol (2020) 109:104944. doi: 10.1016/j.oraloncology.2020.104944

2. Brocklehurst, PR, Baker, SR, and Speight, PM. Oral cancer screening: what have we learnt and what is there still to achieve? Future Oncol (2010) 6:299–304. doi: 10.2217/fon.09.163

3. Ong, YLR, Tivey, D, Huang, L, Sambrook, P, and Maddern, G. Factors affecting surgical mortality of oral squamous cell carcinoma resection. Int J Oral Maxillofac Surg (2020) 50:1–6. doi: 10.1016/j.ijom.2020.07.011

4. Xiao, M, Zhang, J, Chen, W, and Chen, W. M1-like tumor-associated macrophages activated by exosome-transferred THBS1 promote malignant migration in oral squamous cell carcinoma. J Exp Clin Cancer Res (2018) 37:143. doi: 10.1186/s13046-018-0815-2

5. Linton, SS, Abraham, T, Liao, J, Clawson, GA, Butler, PJ, Fox, T, et al. Tumor-promoting effects of pancreatic cancer cell exosomes on THP-1-derived macrophages. PloS One (2018) 13:e0206759. doi: 10.1371/journal.pone.0206759

6. Zhu, X, Shen, H, Yin, X, Yang, M, Wei, H, Chen, Q, et al. Macrophages derived exosomes deliver miR-223 to epithelial ovarian cancer cells to elicit a chemoresistant phenotype. J Exp Clin Cancer Res (2019) 38:81. doi: 10.1186/s13046-019-1095-1

7. Wu, J, Gao, W, Tang, Q, Yu, Y, You, W, Wu, Z, et al. M2 macrophage-derived exosomes facilitate hepatocarcinoma metastasis by transferring alphaM beta2 integrin to tumor cells. Hepatology (2020). doi: 10.1002/hep.31432

8. Yang, F, Wang, T, Du, P, Fan, H, Dong, X, and Guo, H. M2 bone marrow-derived macrophage-derived exosomes shuffle microRNA-21 to accelerate immune escape of glioma by modulating PEG3. Cancer Cell Int (2020) 20:93. doi: 10.1186/s12935-020-1163-9

9. Yin, Z, Zhou, Y, Ma, T, Chen, S, Shi, N, Zou, Y, et al. Down-regulated lncRNA SBF2-AS1 in M2 macrophage-derived exosomes elevates miR-122-5p to restrict XIAP, thereby limiting pancreatic cancer development. J Cell Mol Med (2020) 24:5028–38. doi: 10.1111/jcmm.15125

10. Wang, Y, Wang, Y, Luo, W, Song, X, Huang, L, Xiao, J, et al. Roles of long non-coding RNAs and emerging RNA-binding proteins in innate antiviral responses. Theranostics (2020) 10:9407–24. doi: 10.7150/thno.48520

11. Wang, X, Pei, X, Guo, G, Qian, X, Dou, D, Zhang, Z, et al. Exosome-mediated transfer of long noncoding RNA H19 induces doxorubicin resistance in breast cancer. J Cell Physiol (2020) 235:6896–904. doi: 10.1002/jcp.29585

12. Mao, Q, Liang, XL, Zhang, CL, Pang, YH, and Lu, YX. LncRNA KLF3-AS1 in human mesenchymal stem cell-derived exosomes ameliorates pyroptosis of cardiomyocytes and myocardial infarction through miR-138-5p/Sirt1 axis. Stem Cell Res Ther (2019) 10:393. doi: 10.1186/s13287-019-1522-4

13. Zhang, Y, Liu, YT, Tang, H, Xie, WQ, Yao, H, Gu, WT, et al. Exosome-Transmitted lncRNA H19 Inhibits the Growth of Pituitary Adenoma. J Clin Endocrinol Metab (2019) 104:6345–56. doi: 10.1210/jc.2019-00536

14. Kang, M, Ren, M, Li, Y, Fu, Y, Deng, M, and Li, C. Exosome-mediated transfer of lncRNA PART1 induces gefitinib resistance in esophageal squamous cell carcinoma via functioning as a competing endogenous RNA. J Exp Clin Cancer Res (2018) 37:171. doi: 10.1186/s13046-018-0845-9

15. Zhao, C, Zou, H, Wang, J, Shen, J, and Liu, H. A Three Long Noncoding RNA-Based Signature for Oral Squamous Cell Carcinoma Prognosis Prediction. DNA Cell Biol (2018) 37:888–95. doi: 10.1089/dna.2018.4317

16. Liu, S, Liu, LH, Hu, WW, and Wang, M. Long noncoding RNA TUG1 regulates the development of oral squamous cell carcinoma through sponging miR-524-5p to mediate DLX1 expression as a competitive endogenous RNA. J Cell Physiol (2019) 234:20206–16. doi: 10.1002/jcp.28620

17. Qiao, J, Liu, M, Tian, Q, and Liu, X. Microarray analysis of circRNAs expression profile in gliomas reveals that circ_0037655 could promote glioma progression by regulating miR-214/PI3K signaling. Life Sci (2020) 245:117363. doi: 10.1016/j.lfs.2020.117363

18. Kushwaha, PP, Vardhan, PS, Kapewangolo, P, Shuaib, M, Prajapati, SK, Singh, AK, et al. Bulbine frutescens phytochemical inhibits notch signaling pathway and induces apoptosis in triple negative and luminal breast cancer cells. Life Sci (2019) 234:116783. doi: 10.1016/j.lfs.2019.116783

19. Guo, J, Li, P, Liu, X, and Li, Y. NOTCH signaling pathway and non-coding RNAs in cancer. Pathol Res Pract (2019) 215:152620. doi: 10.1016/j.prp.2019.152620

20. Nakano, T, Katsuki, S, Chen, M, Decano, JL, Halu, A, Lee, LH, et al. Uremic Toxin Indoxyl Sulfate Promotes Proinflammatory Macrophage Activation Via the Interplay of OATP2B1 and Dll4-Notch Signaling. Circulation (2019) 139:78–96. doi: 10.1161/CIRCULATIONAHA.118.034588

21. Lin, Y, Zhao, JL, Zheng, QJ, Jiang, X, Tian, J, Liang, SQ, et al. Notch Signaling Modulates Macrophage Polarization and Phagocytosis Through Direct Suppression of Signal Regulatory Protein alpha Expression. Front Immunol (2018) 9:1744. doi: 10.3389/fimmu.2018.01744

22. Xu, T, Park, SS, Giaimo, BD, Hall, D, Ferrante, F, Ho, DM, et al. RBPJ/CBF1 interacts with L3MBTL3/MBT1 to promote repression of Notch signaling via histone demethylase KDM1A/LSD1. EMBO J (2017) 36:3232–49. doi: 10.15252/embj.201796525

23. Kulic, I, Robertson, G, Chang, L, Baker, JH, Lockwood, WW, Mok, W, et al. Loss of the Notch effector RBPJ promotes tumorigenesis. J Exp Med (2015) 212:37–52. doi: 10.1084/jem.20121192

24. Xu, H, Zhu, J, Smith, S, Foldi, J, Zhao, B, Chung, AY, et al. Notch-RBP-J signaling regulates the transcription factor IRF8 to promote inflammatory macrophage polarization. Nat Immunol (2012) 13:642–50. doi: 10.1038/ni.2304

25. Auwerx, J. The human leukemia cell line, THP-1: a multifacetted model for the study of monocyte-macrophage differentiation. Experientia (1991) 47:22–31. doi: 10.1007/BF02041244

26. Livak, KJ, and Schmittgen, TD. Analysis of relative gene expression data using real-time quantitative PCR and the 2(-Delta Delta C(T)) Method. Methods (2001) 25:402–8. doi: 10.1006/meth.2001.1262

27. Liu, C, Zhao, Y, Wang, J, Yang, Y, Zhang, Y, Qu, X, et al. FoxO3 reverses 5-fluorouracil resistance in human colorectal cancer cells by inhibiting the Nrf2/TR1 signaling pathway. Cancer Lett (2020) 470:29–42. doi: 10.1016/j.canlet.2019.11.042

28. Salem, M, Shan, Y, Bernaudo, S, and Peng, C. miR-590-3p Targets Cyclin G2 and FOXO3 to Promote Ovarian Cancer Cell Proliferation, Invasion, and Spheroid Formation. Int J Mol Sci (2019) 20. doi: 10.3390/ijms20081810

29. Park, SH, Chung, YM, Ma, J, Yang, Q, Berek, JS, and Hu, MC. Pharmacological activation of FOXO3 suppresses triple-negative breast cancer in vitro and in vivo. Oncotarget (2016) 7:42110–25. doi: 10.18632/oncotarget.9881

30. Cao, MQ, You, AB, Zhu, XD, Zhang, W, Zhang, YY, Zhang, SZ, et al. miR-182-5p promotes hepatocellular carcinoma progression by repressing FOXO3a. J Hematol Oncol (2018) 11:12. doi: 10.1186/s13045-018-0599-z

31. Li, X, Bu, W, Meng, L, Liu, X, Wang, S, Jiang, L, et al. CXCL12/CXCR4 pathway orchestrates CSC-like properties by CAF recruited tumor associated macrophage in OSCC. Exp Cell Res (2019) 378:131–8. doi: 10.1016/j.yexcr.2019.03.013

32. Cai, J, Qiao, B, Gao, N, Lin, N, and He, W. Oral squamous cell carcinoma-derived exosomes promote M2 subtype macrophage polarization mediated by exosome-enclosed miR-29a-3p. Am J Physiol Cell Physiol (2019) 316:C731–40. doi: 10.1152/ajpcell.00366.2018

33. Bardi, GT, Smith, MA, and Hood, JL. Melanoma exosomes promote mixed M1 and M2 macrophage polarization. Cytokine (2018) 105:63–72. doi: 10.1016/j.cyto.2018.02.002

34. Orecchioni, M, Ghosheh, Y, Pramod, AB, and Ley, K. Macrophage Polarization: Different Gene Signatures in M1(LPS+) vs. Classically and M2(LPS-) vs. Alternatively Activated Macrophages. Front Immunol 10 (1084) 2019. doi: 10.3389/fimmu.2019.01084

35. Fang, L, Wang, H, Zhou, L, and Yu, D. FOXO3a reactivation mediates the synergistic cytotoxic effects of rapamycin and cisplatin in oral squamous cell carcinoma cells. Toxicol Appl Pharmacol (2011) 251:8–15. doi: 10.1016/j.taap.2010.11.007



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Ai, Wei, Wu, Tang, Li and Zou. 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/fonc-11-605884-g005.jpg
LBXIASTWI & cucaccaugUCU-CCAUUUUGCCAAR 3
[

3 ucacacucaAGAUGGU-AACGGULY §°

1825

LBXI-ASTMUT §' cucaccaugUCU-CCAUUAACGGUUa 3

caLar

= g
antiagoz
=t

Loxtast

R85 LoxTAS1  miR162-5p

H

k3
H
3

obs

Rolative RNA

Contrbi(80) Cantert40)

Sl

- mRAC
RS

CAL2T

= mRAC
R 18250

ucierase vty
o mRNG)

H
g

Lo1-AS1 W LBX1-AST MUT®  LBX1-AST WTLBXTAS1 MUT

s = comol
T muas
g malsans

Relativo RNA lovlof LBXI-AS1

“Convoi) Canderta0)

oo

Lextast





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Exosomal LncRNA LBX1-AS1 Derived From RBPJ Overexpressed-Macrophages Inhibits Oral Squamous Cell Carcinoma Progress via miR-182-5p/FOXO3

      

        		

          Objectives

        



        		

          Materials and Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Cell Culture and Clinical Specimens

          



          		

            Isolation of Exos Derived From THP-1 Mφ Cells With or Without the Overexpression of RBPJ

          



          		

            Transmission Electron Microscopy Assay

          



          		

            Microarray Analysis

          



          		

            RNA Extraction and Quantitative Real-Time PCR (qRT-PCR)

          



          		

            Cell Transfection

          



          		

            Cell Proliferation Assays

          



          		

            Cell Invasion Assays

          



          		

            Luciferase Reporter Assay

          



          		

            RNA Binding Protein Immunoprecipitation (RIP) Assay

          



          		

            Western Blot Analysis

          



          		

            Xenograft Nude Mouse Model

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Mφ-Exos Overexpressing RBPJ Inhibit Proliferation and Invasion of OSCC Cells

          



          		

            Expression Profiles of lncRNAs in RBPJ-OE Mφ-Exos

          



          		

            Mφ-Exo-LBX1-AS1 Inhibits OSCC Cells to Proliferate and Invade

          



          		

            LBX1-AS1 Interacts With miR-182-5p

          



          		

            LBX1-AS1 Represses OSCC Cells to Proliferate and Invade via the miR-182-5p/FOXO3 Pathway

          



          		

            RBPJ-OE Mφ-Exos Inhibits Tumor Growth Through the LBX1-AS1/miR-182-5p/FOXO3 Pathway In Vivo

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-11-605884-g001.jpg
s c = Control caLar

T Wiese e conta
RS eExe Fa T WikaEo
rsoror [ §5°) < Resen e teo

WTMgExo  RBPU++Mg-Exo o &
Phge
o o
o
°
. o
Gontra FR=t
EL oy
L ]
Wrkp£so Eo
3
H
&

RBPI++Mo-Exo scc4  CAL27

= Control
. . =i
§ = RoRi e
sco4 2
2]
5 35
oz 3% % §e
H

“Coksl WiNMeExo  REPJHeMe-Exo





OEBPS/Images/fonc-11-605884-g007.jpg
owHsy-E
S
oo

T ——
wurdg-zauu Jonuoo

+isv-ixaT a5
———
S
Jonoo

38

i

2%
lonog | owuu WM de sy § i
in S sievixan 3o 3g
isvixan FH 52
£ 3 = 3E
o H 3 5 : =3
A | of E o5 2
g b 22 Go 2 2
e N\ £1 it 3 a3
1 zzss N\ [Ten %2 8% i

i339%8 % FTTH W 33
LERY] - £ g

L o - .






OEBPS/Images/fonc-11-605884-g003.jpg
A o L3
WINgExo

< Repatiewg£x0

- REP s Mg-ExoraiLOX1AST

N

20y = REPIANlg Ex0
= RBPIe M Ex0sABXLAST

WrtgExo

- RPN Ex0
RBPJ-/oMe-Exoe

e

Wrwgxo

RBPLioMe-Ex0

. - REpi g Exor
: oy SBRIASH

i
5
H

nvasion o c

WTMo-Exo RBPJH/+Wg-Exo  RBPH/sMg-EXO
b ey

scca  caar





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc-11-605884-g008.jpg





OEBPS/Images/fonc-11-605884-g002.jpg
(o3ommon
O LswxaTIo oA i sweren

—Lextast

oz enviray

WT Mo-Exo RBPJs/+Me-Exo

WTWg REPisieMe






OEBPS/Images/fonc.2021.605884_cover.jpg
’ frontiers
in Oncology

Exosomal LncRNA LBX1-AS1
Derived From RBPJ
Overexpressed-Macrophages
Inhibits Oral Squamous Cell
Carcinoma Progress
via miR-182-5p/FOX0O3





OEBPS/Images/fonc-11-605884-g006.jpg
A L

SCC-4(Target 1)
Targot 1: chre:109001067-109001073(+] L c
FOXO3WT 5 cuacagagassacCOUUUGCCARR S e
1T " ez

MR85 ¥ ucacacucasgauGGUAACGGUUY §' =
FOXO3MUT 5" cuacagagaaaacCCUAACGGUUa 3" 4

£

s

Targot 2: chr6:109001903-109001915(+]
FOX03 WT 5 cageUCAGCUGUCCACUCAUUGCCAAR 3]

FoXD3 T FOXG3 MUT
SCo4(Target 2

N mirNC H

MRAG25p 3 ucacACUCARGA-UG-GUARCOGULS| § H
roros w s csasenccucucoacvamcoauuny| 13" ]

£

25

H

i.

L FOXO3WT FOXO3 MUT

miRne e . [
= R 26p ARz 8pin sce4 caLar sco4 caLar
- e W  rors - e FOXO e
H J Ty T ——————
354 Q8o = o S5 05eE
3 $99% 3391 itif 114
H tfer €D: % 355 "§id
g2 -] £ 8 235 % 183
2 E E g 3 ER- |
L E & x 2 33
E " ses o g3 ER
g i3

e " ' H
g s
Fom
H
H
& Coamcantersn) Ly ore






OEBPS/Images/table1.jpg
Name Sequence

LBX1-AS1 Forward ~ 5'- CAGGCGTTCCTTTCTTTCTG-3
Reverse  5'- AGGACAGACGCTTGAGGAAA-3'

FOXO03 Forward ~ 5'- CGGACAAACGGCTCACTCT-3'
Reverse  5'- GGACCCGCATGAATCGACTAT-3’

GAPDH Forward  5'-GGCTGTTGTCATACTTCTCATGG-3'
Reverse  5-GGATCTCGCTCCTGGAAGATG-3’

ue Forward ~ 5'-CTCGCTTCGGCAGCACA-3'
Reverse  5-AACGCTTCACGAATTTGCGT-3'

miR-182-5p Forward ~ 5'- ACACTCCAGCTGGGTTTGGCAATG

Reverse

LBX1-AS1 siRNA Sense
Antisense

miR-182-5p mimics ~ Sense
Antisense

miR-182-5p inhibitor  Sense

GTAGAACT-3
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