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Gliomas are characterized by high incidence, recurrence and mortality all of which are significant challenges to efficacious clinical treatment. The hypoxic microenvironment in the inner core and intermediate layer of the tumor mass of gliomas is a critical contributor to glioma pathogenesis. In this study, we identified an upregulated lncRNA, OR7E156P, in glioma was identified. The silencing of OR7E156P inhibited cell invasion and DNA synthesis in vitro and tumor growth in vivo. OR7E156P was intricately linked to the HIF1A pathway. Hypoxia could induce OR7E156P expression, whereas OR7E156P silencing decreased HIF1A protein levels under hypoxic conditions. Hypoxia promoted glioma cell invasion and DNA synthesis, and HUVEC tube formation, whereas OR7E156P silencing partially reversed the cellular effects of hypoxia. HIF1A overexpression promoted, whereas OR7E156P silencing inhibited tumor growth; the inhibitory effects of OR7E156P silencing on tumor growth were partially reversed by HIF1A overexpression. miR-143 directly targeted OR7E156P and HIF1A, respectively. miR-143 inhibition increased HIF1A protein levels, promoted glioma cell invasion and DNA synthesis. Moreover, they enhanced HUVEC tube formation, whereas OR7E156P silencing partially reversed the cellular effects of miR-143 inhibition. HIF1A targeted the promoter region of miR-143 and inhibited miR-143 expression. Altogether a regulatory axis consisting of OR7E156P, miR-143, and HIF1A, was identified which is deregulated in glioma, and the process of the OR7E156P/miR-143/HIF1A axis modulating glioma cell invasion through ZEB1 and HUVEC tube formation through VEGF was demonstrated.
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Introduction

Gliomas are the most common cerebral malignancies (1). Gliomas are characterized by high incidence, recurrence and fatality, with poor prognosis (2–4). Despite advances in treatment regimens such as surgery, radiation therapy and chemotherapy, a satisfactory curative effect has not been achieved as of yet (5). The main research direction is to identify agents inhibiting the invasion and growth of gliomas to ultimately improve the current treatment regimens.

Non-coding RNAs (ncRNAs) can be divided according to their length: short ncRNA, mid-size ncRNA, and long non-coding RNA (lncRNA); they can also be grouped according to their function, loci, and post-transcriptional modification. The oncogenic role of short ncRNAs such as miRNAs have been a long-lasting research topic (6). Contrastingly, the oncogenic role of lncRNAs has only recently been the subject of academic scrutiny (7–9). lncRNA mainly regulates miRNA expression in three ways (10–12): lncRNA competes with target gene mRNA for miRNA binding to counteract the miRNA-mediated suppression on target gene mRNA; lncRNA is spliced to form a miRNA precursor; lncRNA functions as an endogenous miRNA Sponge to inhibit miRNA expression. The mutual regulation between lncRNA and miRNA has been reported in tumors (13–15). Regarding gliomas, it has been revealed by Jia et al. (16) that lncRNA-H19 can regulate glioma angiogenesis and endothelial biological function through the inhibition of miR-29a. Ke et al. (17) reported that lncRNA HOTAIR interacts with miR-326 to regulate glioma cell proliferation and invasion. With the advent of the high-throughput sequencing technique, the identification of deregulated non-coding RNA network in glioma could potentially provide novel targets for glioma therapy.

Hypoxia is one of the most propitious microenvironmental conditions during tumor development, including gliomas (18, 19). In gliomas, glioblastoma multiforme (GBM) is a highly proliferative subtype. The analysis of the phenotypic profile of the regions GBM tumor revealed that the three concentric layers all bear diverse cell phenotypes. Stem cells are localized inside the anoxic and in the intermediate (i.e., hypoxic) area of the tumor mass, whereas more committed cells are scattered among the peripheral and neo-vascularized area (20). The hyperproliferation of cancer cells leads to higher oxygen consumption, exceeding the amount provided by microvessels, thereby disrupting tumor microcirculation and causing hypoxia within the solid tumor (21). The alterations in tumor biology and its microenvironment caused directly or indirectly (via activating transcription factors) by hypoxia could boost the invasive ability of tumors rendering them resistant to chemotherapy and radiotherapy (19, 22). The hypoxic microenvironment is thus regarded as a leading contributor to glioma chemoresistance (23, 24), interfering with angiogenesis, apoptosis, DNA repair, oxidative stress, immune escape, expression and activity of multi-drug resistance related genes. Factors that could potentially be linked with the hypoxic microenvironment should be considered in priority in the selection of non-coding RNA.

In this study, datasets from TCGA and microarray expression profiles from GEO were analyzed for lncRNAs abnormally-expressed in glioma tissues, and lncRNA OR7E156P was selected. The specific effects of OR7E156P on glioma cell invasion, DNA synthesis, and HUVEC tube formation were examined. The signaling pathways potentially associated with OR7E156P were analyzed and HIF1A signaling was identified. Then, the in vitro effects of OR7E156P upon the invasion and proliferation, and HUVEC (human umbilical vein endothelial cell) tube formation ability were examined under normoxia or hypoxia, and the dynamic effects of OR7E156P and HIF1A on tumor growth in nude mice in vivo were examined. Next, miRNAs which could simultaneously bind to OR7E156P and HIF1A were selected, and the putative bindings were subsequently examined. The dynamic effects of OR7E156P and miR-143 on HIF1A levels, glioma cell invasion and proliferation, and HUVEC tube formation were examined under conditions of normoxia or hypoxia. The binding of HIF1A to miR-143 promoter region and HIF1A regulation of miR-143 were ultimately examined. A network formed by lncRNA OR7E156P, miR-143, and HIF1A that might modulate hypoxia-related glioma growth and metastasis was conclusively demonstrated.



Materials and Methods


Clinical Sampling

A total of ten glioma tissues from the tumor core region (core), ten glioma tissues from the tumor intermediate region (intermediate), and ten tissue samples from the peritumoral brain edema (PTBE) region were harvested from patients who underwent surgical resection at Xiangya Hospital. The sampling procedure was conducted with the approval of the Ethics Committee of Xiangya Hospital. All the tissue samples were stored at -80°C pending further laboratory investigations.



Cell Lines and Cell Culture

The human fetal glial cell line SVG p12 (ATCC® CRL-8621™), as a normal control, was procured from ATCC (Manassas, VA, USA) and cultured in Eagle’s Minimum Essential Medium (Catalog No. 30-2003, ATCC). Human glioma cell line T98G (CRL-1690™) was obtained from ATCC and cultured in Eagle’s Minimum Essential Medium (ATCC) and supplemented with 10% fetal bovine serum (FBS; Invitrogen, Waltham, MA, USA). Human glioblastoma cell line U87-MG was procured from the Shanghai Institutes for Biological Sciences Cell Resource Center (Shanghai, China) and cultured in high-glucose Dulbecco’s modified Eagle medium (DMEM, GIBCO, Carlsbad, CA, USA) supplemented with 10% FBS. Human glioblastoma cell line LN229 was obtained from the Institute of Biochemistry and Cell Biology, Chinese Academy of Science (Shanghai, China) and cultured in DMEM/F12 1:1 medium (Corning, Corning, NY, USA) supplemented with 10% FBS. Human glioma cell line U251-MG was obtained from Sigma-Aldrich (09063001; St. Louis, MO, USA) and cultured in DMEM (GIBCO) supplemented with 10% FBS. Primary umbilical vein endothelial cells (HUVEC; PCS-100-010™) were obtained from ATCC (Manassas, VA, USA). All the cells were cultured in 5% CO2 saturation at a temperature of 37°C.

The primary human glioma cell-line was established and cultured from high-grade glioma patients’ tumor (25). Fresh human glioma tissues were thoroughly washed (in cold PBS), minced and filtered. Single-cell suspensions were obtained through digestion, and primary glioma cells were cultured in in DMEM medium (GIBCO), supplemented with a 10% FBS, penicillin/streptomycin solution (1:100, Sigma-Aldrich) and 4 mML-glutamine (Sigma-Aldrich). The phenotypes of cell lines were photographed using microphotography (26). Moreover, the cell morphology of glioma cell was evaluated with the label of GFAP and S100B proteins, and the GFAP and S100B protein expressions were detected by Immunocytochemistry (27).



Cell Transfection

The knockdown of lncRNA OR7E156P was conducted through the transduction of lentivirus containing short hairpin RNA (shRNA) specific for lncRNA OR7E156P (Lsh1/2-OR7E156P; Ori-Bio, Changsha, China). The sequences of OR7E156P shRNA listed in Table 1.


Table 1 | The sequence of shRNA OR7E156P and miR-143-5p mimics and inhibitor.



HIF-1α-overexpressing plasmid (HIF-1α-cDNA) was constructed through the insertion of the full-length HIF-1α cDNA into the pcDNA3.1 expression vector. The overexpressing plasmid was verified by DNA sequencing.



PCR-Based Analysis

The total RNA was extracted from target cells or tissues using a Trizol reagent (Invitrogen) as stipulated by the manufacturer’s instructions and then was reverse transcribed using the First-strand cDNA synthesis kit (Promega). The expression levels were then examined using the SYBR Green PCR Master Mix (Qiagen) as per the manufacturer’s instructions. Normalization was performed using Tubulin (for lncRNAs and mRNAs) or U6 (for miRNAs). Relative expression values were calculated using the 2-ΔΔCt method. The specific primer sequences used are listed in Table 2.


Table 2 | The primer sequence for PCR assay.





Histological Analyses

Hematoxylin and eosin (H&E) and immunohistochemical (IHC) staining were performed as previously described (28). The glioma tissues samples were put in 4% paraformaldehyde solution overnight, and were subsequently dehydrated in ethanol gradient, embedded in paraffin, and sliced into cross-sections of 5 μm. For H&E staining, the section samples were stained using hematoxylin and eosin after deparaffinage. The slices were then mounted and observed under a light microscope (Leica Microsystems, Wetzlar, Germany). For IHC staining, the sections were briefly incubated with 0.3% H2O2 for 15min and further incubated overnight with mouse polyclonal primary antibody of HIF-1α (ab1; Abcam, Cambridge, CA, USA). The sections were subsequently incubated with 45µl secondary antibody horseradish peroxidase-conjugated goat polyclonal anti-mouse IgG H&L (HRP) (ab6789, Abcam) at 37°C for 30 min. Slices were stained with 3, 3’-diaminobenzidine (DAB) working solution for 3 min, then washed in water for 10 min. The slices were counterstained with hematoxylin. After rewashing the slices in water for 10 minutes, the sections were finally dehydrated and mounted. The slices were ultimately observed under a microscope (Leica Microsystems).



ELISA

The amount of VEGF was determined using a Human VEGF Quantikine ELISA Kit (DVE00; R&D System, Minneapolis, MN, USA) in a DuoSet® ELISA Development Systems (R&D System) as per manufacturer’s instructions and aforementioned methods (29).



Immunoblotting

The protein levels of HIF-1α, VEGF, ZEB1, Snail, and Vimentin in target cells were detected by Immunoblotting. Target cells were resuspended in an equal volume of a RIPA lysis buffer (30). The suspension was placed on ice for 15 min, vortexed for 10 s and centrifuged for 10 min at 12,000 rpm at 4°C. The supernatant was removed and protein samples were then collected. The concentration of the protein samples was assessed using the Bio-Rad Protein Assay kit (Bio-Rad, Hercules, CA, USA). The protein samples were then loaded onto a SDS-PAGE minigel for protein separation and then transferred onto PVDF membranes. The proteins were then probed with the following antibodies: anti-HIF-1α (ab1, Abcam), VEGF (ab1316, Abcam), ZEB1 (ab203829, Abcam), Snail (ab53519, Abcam), and Vimentin (ab92547, Abcam) at 4°C overnight, and incubated with HRP-conjugated secondary antibody (1:5000). Signals were visualized using ECL Substrates (Millipore, USA). The protein expression was normalized to endogenous Tubulin.



Luciferase Activity

The predicted miR-143-5p binding to OR7E156P or 3’UTR of HIF1A was verified using a Luciferase reporter assay. The wild-type or mutated OR7E156P or 3’UTR of HIF1A was cloned to the downstream of the Renilla psiCHECK2 vector (Promega, Madison, WI, USA), named wt-OR7E156P or wt-HIF1A 3’UTR or mut-OR7E156P or mut-HIF1A 3’UTR. 293T cells were subsequently co-transfected with two types of luciferase reporter vectors and miR-143-5p mimics/miR-143-5p inhibitor and the luciferase activity was examined using the Dual-Luciferase Reporter Assay System (Promega). The sequences of miR-143-5p mimics and miR-143-5p inhibitor listed in Table 1.

For HIF-1α modulating miR-143 transcriptional activity, wildtype (psicheck-2-pro-miR-143) and mutant reporter constructs (psicheck-2-pro-miR-143-mut) were structured following the aforementioned methods (31). A miR-143 promoter fragment containing the hypoxia response element (HRE) was cloned into pGL3 luciferase vector to generate the wildtype reporter construct. Mutation at any binding sites in the HRE motifs was introduced into pGL3 luciferase vector with the QuikChange Site-Directed Mutagenesis Kit (Stratagene, La Jalla, CA, USA). Both of the constructs were verified by sequencing. Cells were subsequently co-transfected with HIF-1α-cDNA and psicheck-2-pro-miR-143 or psicheck-2-pro-miR-143-mut and pRL-cmv (Renilla luciferase). The transactivation potential was tested through the Dual-Glo Luciferase Assay System (Promega, Madison, WI, USA) by measuring luciferase activity after 48h.



RNA Immunoprecipitation (RIP)

293T cell lysates were used for RIP. The Imprint RNA Immunoprecipitation Kit (Sigma, USA) was used in RNA immunoprecipitation with the AGO2 antibody (ab32381, Abcam, USA), which is a key component of the microRNA-containing RISC complex. AGO2 were used as positive controls and IgG as the negative controls. The levels of miR-143, OR7E156P, and HIF1A in the precipitates were determined using a real-time PCR.



Cell Invasive Capacity Evaluated by Transwell Assay

Target cells were planted in medium without serum on the top side of polycarbonate Transwell filters coated with Matrigel at a density of 5 × 105. The medium with serum was fixed in the bottom chamber. The cells were incubated at a temperature of 37°C for 48 h. Non-invaded cells in the top chambers were removed with cotton swabs. Invaded cells on the lower membrane surface were fixed in 100% methanol for 10 min, air-dried, stained with crystal violet solution, and then quantified under a microscope.



DNA Synthesis Ability Examined by EdU Assay

DNA synthesis is based on the method of incorporating thymidine analogue 5-ethoxy 2-deoxyuridine (EdU) into genomic DNA using the Click-IT EdU Alexa Fluor 488 kit following the aforementioned method (32, 33). Apollo staining and DAPI staining were performed and EdU positive cells were observed under a fluorescence microscope. The incorporation rate of EdU was calculated and quantified as the ratio of EdU-positive cells (green cells) to total DAPI-positive cells (blue cells) through ImageJ software (Media Cybernetics, Silver Springs, MD, USA).



HUVEC Tubule Formation Ability

Glioma cells were infected with Lsh-NC or Lsh-OR7E156P, exposed to normoxia, and the culture medium were collected and used as a conditional culture medium (U251-MG CM and U87-MG-CM). HUVECs were then seeded into 96-well microtiter plates coated with Matrigel (80 μl/well), incubated for 1 h, and then suspended in above-mentioned conditional culture medium, respectively. The formation of tube-like structures was examined 4-6 h later. Tube formation was analyzed by quantifying the number of branches or tube length per high-powered field using a ImageJ software (NIH, Bethesda, MD, USA).



Tumorigenicity Assay

4 weeks old Babl/c nude mice were purchased from the SLAC experimental animal center (Changsha, China). All animal procedures stringently followed the ethical guidelines imposed by the Xiangya Hospital. For tumor establishment, glioma cells were infected or co-infected with Adv-HIF1A (Adv-NC as control) and/or Lsh-OR7E156P (Lsh-NC as control) and then the mice were injected subcutaneously with 2.5× 105 cells in a 200-μl total volume into their right dorsolateral flanks. After 5 weeks, the mice were sacrificed and the tumor volume was calculated as per the following formula: tumor volume (mm3) = length × width2/2. The tumor tissues were subsequently formalin-fixed and paraffin-embedded alongside standard procedures for histological observation.



Statistics Analysis

The results from at least three independent experiments were processed with GraphPad (San Diego, CA, USA) and expressed as mean ± standard deviation (S.D.). Statistical significance was evaluated by a one-way analysis of variance (ANOVA) followed by a Tukey’s multiple comparison test or by a Student’s t-test. A P value of less than 0.05 was deemed statistically significant.




Results


Selection of lncRNAs Related to Glioma Carcinogenesis

Two online datasets were selected and analyzed, the TCGA-GBM microarray dataset (AffyU133a) from Xena (http://xena.ucsc.edu/) and the GSE42658, to identify lncRNAs related to glioma carcinogenesis using bioinformatics analysis. A differential expression analysis was performed in 10 cases of para-cancer control tissues and 197 cases of GBM tumor tissues from TCGA-GBM microarray dataset (AffyU133a) using an R language toolkit limma, and 8 differentially expressed ncRNAs were yielded (|logFC| > 0.4, P < 0.05), among which 3 were down-regulated (CDR1, MEG3, PART1) and 5, up-regulated (CYB561D2, DLEU1, DLEU2, HCP5, OR7E156P) (Figure S1). A total of 5 glioma tissues and 8 non-cancerous tissues were selected from GSE42658 U251-MGU251-MG and 61 ncRNAs were found to be significantly differentially-expressed (|logFC| > 0.4, P < 0.05), among which 24 were down-regulated and 37 up-regulated (Figure S2). After cross-checking, CYB561D2, DLEU1, HCP5, and OR7E156P were selected due to their similar expression trend in both datasets (Figure 1A). For further confirmation, the expression of CYB561D2, DLEU1, HCP5 and OR7E156P were examined in a human fetal glial cell line, SVG p12, and four glioma cell lines, U87-MG, T98-G, U251-MGU251-MG MG, and LN229; Figure 1B reveals that the expression of all the four lncRNAs was significantly upregulated in all the four glioma cell lines compared with that in the SVG p12 cell line; among the four lncRNAs, OR7E156P was more upregulated. In tissue samples (clinical characteristics listed in Table 3), the expression of all the four lncRNAs was significantly upregulated in glioma tissues compared to that in adjacent non-cancerous tissues, OR7E156P more upregulated (Figure 1C). As a further confirmation, a survival analysis using a Cox proportional hazard regression model and log-rank analysis were performed. According to the RNA-seq data or microarray expression profile data from Chinese Glioma Genome Atlas (CGGA), high OR7E156P expression was correlated with a lower survival percentage (Figure 1D). Moreover, according to the RNA-seq data from the Human Cancer Atlas database (The Cancer Genome Atlas, TCGA) and the REMBRANDT database (http://betastasis.com/glioma/rembrandt/), OR7E156P expression was higher in glioma subtypes than that in non-cancerous tissue samples (Figure 1E). Therefore, lncRNA OR7E156P could be potentially associated with glioma pathogenesis, and was selected for further experimentation.




Figure 1 | Selection of lncRNAs related to glioma carcinogenesis (A) TCGA-GBM microarray dataset, AffyU133a, from Xena (http://xena.ucsc.edu/) and GSE42658 were used to select lncRNAs related glioma carcinogenesis. TCGA-HG U133UA reported differentially-expressed genes between U251-MGU251-MGglioma tissues and normal non-cancerous tissues (|logFC| > 0.4, P < 0.05); GSE53014 reported differentially-expressed genes in 5 cases glioma tissues and 8 cases normal non-cancerous tissues (|logFC| > 0.4, P < 0.05). After cross-check, CYB561D2, DLEU1, HCP5, and OR7E156P exhibited similar expression trend. (B) The expression of CYB561D2, DLEU1, HCP5, and OR7E156P was determined in SVG p12, U87-MG, T98-G, U251-MG, and LN229 cells by qRT-PCR. (C) The expression of CYB561D2, DLEU1, HCP5, and OR7E156P was determined in 10 paired tumor and adjacent non-cancerous tissue samples by qRT-PCR. (D) Cases from the Chinese Glioma Genome Atlas (CGGA)-seq or CGGA-microarray were divided into two groups, respectively, using the median value of OR7E156P expression as cut-off. The correlation between OR7E156P expression and the survival in patients with gliomas was analyzed using a Cox proportional hazard regression model and log-rank analysis and the results were shown as Kaplan-Meier survival curves. (E) OR7E156P expression in different tissues or different glioma subtypes based on the RNA-seq data from the Human Cancer Atlas database (The Cancer Genome Atlas, TCGA) and the REMBRANDT database (http://betastasis.com/glioma/rembrandt/). *p < 0.05, **p < 0.01.




Table 3 | Clinical characteristics of patients enrolled for sampling.





In Vitro and In Vivo Effects of OR7E156P on Glioma Cells

To confirm the bioinformatics analysis, OR7E156P silencing was generated in U251-MGU251-MG MG and U87-MG cells by infecting them with lentivirus containing short hairpin RNA for OR7E156P (Lsh1-OR7E156P or Lsh2-OR7E156P). Lsh-NC was infected as a negative control. The silencing efficiency was verified by a qRT-PCR and it was established that Lsh1-OR7E156P exhibited better efficiency (Figure 2A). U251-MGU251-MG MG and U87-MG cells were subsequently infected with Lsh1-OR7E156P, Lsh2-OR7E156P, or Lsh-NC, and examined for related indexes. As illustrated in Figures 2B, C, OR7E156P silencing significantly inhibited the cell invasion and DNA synthesis capacity of both glioma cell lines.




Figure 2 | In vitro and in vivo effects of OR7E156P on glioma (A) OR7E156P silencing was achieved in U251-MG and U87-MG cells by infecting cells with lentivirus containing short hairpin RNA for OR7E156P (Lsh1-OR7E156P or Lsh2-OR7E156P). Lsh-NC was infected as a negative control. The silencing efficiency was verified by qRT-PCR. Then, U251-MG and U87-MG cells were infected with Lsh1-OR7E156P, Lsh2-OR7E156P, or Lsh-NC and examined for cell invasion by Transwell assay (B); DNA synthesis capacity by EdU assay (C). (D) Subcutaneously implanted tumor model was constructed in nude mice by injecting glioma cells infected with Lsh1-OR7E156P or Lsh-NC. (E, F) Tumor volume and tumor weight were examined in each group. (G) The protein levels of Ki-67 and PCNA in tumor tissues were examined by Immunoblotting. *P < 0.05, **P < 0.01.



Firstly, the primary human glioma cell was established and cultured from high-grade glioma patients’ tumor. As presented in Figure S3A, the morphology of the primary tumor cells is depicted. Moreover, the cell morphology of primary human glioma cells, U251-MG and U87-MG cells were evaluated through the label of GFAP and S100B proteins (Figure S3B). These results suggested the successful establishment of the primary human glioma cell. The effects of OR7E156P on the primary human glioma cells’ proliferation and invasion were also subsequently investigated. The primary human glioma cells were infected with Lsh1-OR7E156P, Lsh2-OR7E156P, or Lsh-NC and the transfection efficiency was detected by a qRT-PCR assay and Lsh1-OR7E156P exhibited better efficiency (Figure S3C). As illustrated in Figures S3D, E, OR7E156P silencing significantly inhibited the cell invasion and DNA synthesis capacity of primary human glioma cell.

Regarding the in vivo effects, subcutaneously implanted tumor model was constructed in nude mice by injecting glioma cells infected with Lsh1-OR7E156P or Lsh-NC (Figure 2D). Consistent with the in vitro findings, OR7E156P silencing reduced tumor volume and tumor weight (Figures 2E, F). Meanwhile, the protein levels of Ki-67 and PCNA in tumor tissues derived from OR7E156P silenced glioma cells were significantly decreased compared to those in tumors derived from Lsh-NC-infected glioma cells (Figure 2G).



Expression and Association of OR7E156P and HIF1A Under Normoxia or Hypoxia Conditions

As mentioned above, hypoxia and hypoxia-induced expression of HIF1A play a critical role in glioma development and aggressiveness (23, 24). To investigate the mechanism of OR7E156P functions, the BioCarta tool from (https://www.gsea-msigdb.org/gsea/) was used to analyze the association between OR7E156P and HIF signaling pathway; as shown in Figure S4, BIOCARTA_HIF_PATHWAY was significantly correlated with OR7E156P. Consequently, the levels of OR7E156P and HIF1A were then examined in tissue samples and glioma cell lines in conditions of normoxia and hypoxia. The histopathological features of the core region, intermediate region, and peripheral region were examined through H&E staining. These three regions showed to be defined by distance from the hypoxic central core in the determination of the molecular and phenotypic characteristics associated with the hypoxic concentric gradient. The intermediate portion is a thin transition area between the partially necrotic core and the peripheral area, defined by the presence of tumor angiogenesis (Figure 3A). The expression of HIF1A and OR7E156P was higher in the intermediate region and highest in the core region compared to that in the peripheral region (Figure 3B). Within tissues, HIF1A expression exhibited a positive correlation with OR7E156P expression (Figure 3C). Secondly, a human fetal glial cell line SVG p12 and four glioma cell lines, U87-MG, T98-G, U251-MG, and LN229, were exposed to 1% or 20% oxygen saturations, HIF1A protein levels and OR7E156P expression levels were subsequently determined. As illustrated in Figures 3D, E, hypoxia (1% O2) significantly induced HIF1A protein levels, especially in U251-MG and U87-MG cells; the expression of OR7E156P showed to be dramatically upregulated within glioma cells than that within HEB cells, more upregulated in U251-MG and U87-MG cells. Next, U251-MG and U87-MG cells were infected with Lsh-OR7E156P, exposed to 1% or 20% oxygen saturations, and the protein levels of HIF1A were then examined. Hypoxia significantly induced the protein levels of HIF1A in both glioma cell lines compared to those in cells exposed to conditions of normoxia (#P<0.05, ##P<0.01), while OR7E156P knockdown significantly decreased hypoxia-induced increase in HIF1A protein (*P<0.05, **P<0.01; Figure 3F). Therefore, HIF1A could potentially be involved in the functions of OR7E156P on glioma cell aggressiveness. Moreover, U251-MG and U87-MG cell lines were selected for further experiments.




Figure 3 | Expression and association of OR7E156P and HIF1A under normoxia or hypoxia conditions (A) Glioma tissues samples from the core region, intermediate region, and the peripheral region were collected and examined by Hematoxylin and eosin (H&E) staining for histopathological characteristics and the immunofluorescence (IF) staining for the protein content and distribution of HIF1A. (B) The expression of HIF1A and OR7E156P in glioma tissues samples from the core region, intermediate region, and the peripheral region was examined using real-time PCR. (C) The correlation of HIF1A and OR7E156P expression in tissue samples was analyzed using Pearson’s correlation analysis. (D, E) A human fetal glial cell line SVG p12 and four glioma cell lines, U87-MG, T98-G, U251-MG, and LN229 were exposed to 1% or 20% oxygen and examined for the expression of OR7E156P using real-time PCR and protein levels of HIF1A using Immunoblotting. (F) U251-MG and U87-MG cells were transfected with Lsh-OR7E156P, exposed to 1% or 20% oxygen, and then examined for the protein levels of HIF1A by Immunoblotting. *P < 0.05, **P < 0.01, ##P < 0.01.





Dynamic Effects of HIF1A and OR7E156P on Glioma In Vitro and In Vivo

To investigate whether OR7E156P participates in the functions of HIF1A on glioma cell aggressiveness, next, U251-MG and U87-MG cells were transduced Lsh-OR7E156P or Lsh-NC, exposed to 1% O2 or 20% O2, and examined cell invasion and DNA synthesis capacity. As illustrated in Figures 4A, B, hypoxia significantly promoted cancer cell invasion and DNA synthesis, whereas OR7E156P silencing significantly attenuated the promotive effects of hypoxia on cancer cells. Next, a conditioned medium was obtained from Lsh-OR7E156P- or Lsh-NC-infected U251-MG and U87-MG cells and used for HUVEC culturing; the tube formation capacity of HUVEC in different conditional culture media was subsequently determined. Hypoxia significantly increased, whereas OR7E156P silencing partially decreased the content of VEGF in culture medium (Figure 4C). Similarly, the hypoxic condition (1% O2 saturation) significantly promoted the tube formation by HUVECs, whereas OR7E156P silencing partially inhibited HUVEC tube formation (Figure 4D).




Figure 4 | Dynamic effects of HIF1A and OR7E156P on glioma in vitro and in vivo U251-MG and U87-MG cells were transduced with Lsh-OR7E156P or Lsh-NC, exposed to 1% O2 or 20% O2, and examined for cell invasion by Transwell (A) and DNA synthesis capacity by EdU (B). (C) Conditioned medium was obtained from Lsh-OR7E156P- or Lsh-NC-infected U251-MG and U87-MG cells and used for human umbilical vein endothelial cell (HUVEC) culturing; the content of VEGF in culture medium was determined by ELISA. (D) The tube formation capacity of HUVEC in different conditional culture medium was determined. (E) Tumor volumes and weights from mice bearing tumors derived from glioma cells infected or co-infected with Adv-HIF1A (Adv-NC as control) and/or Lsh-OR7E156P (Lsh-NC as control) were measured and calculated. HIF-1α protein content and distribution in tumor tissues was examined by IHC staining. *P < 0.05, **P < 0.01, #p < 0.05, ##P < 0.01.



Regarding the dynamic effects of HIF1A and OR7E156P on tumor growth, a subcutaneously implanted tumor model was constructed in nude mice by injecting glioma cells transduced with Adv-HIF1A (Adv-NC as control) and/or Lsh1-OR7E156P (Lsh-NC as control). As illustrated in Figure 4E, the tumor volumes and weights in mice bearing tumor derived from Adv-NC + Lsh1-OR7E156P co-infected cells were the lowest; contrariwise, those in mice bearing tumor derived from Adv-HIF1A + Lsh-NC co-infected cells were the highest (Figure 4E). OR7E156P knockdown partially reversed the promotive effects of HIF1A overexpression on tumor growth (Figure 4E). Consistently, IHC staining revealed that HIF-1α protein content was the highest in Adv-HIF1A + Lsh-NC tumors while it was decreased in Adv-NC + Lsh1-OR7E156P tumors (Figure 4E). These data suggest that HIF1A overexpression could partially reverse the inhibitory effects of OR7E156P knockdown on tumor growth.



miR-143 Contributes to the Interaction of OR7E156P to HIF1A

Mechanistically, it is proposed that lncRNAs could act as miRNA “sponges”, inhibiting normal miRNA targeting activity on mRNA (34, 35). Next, the study continued to screen for miRNAs that could potentially be related to both OR7E156P and HIF1A, thus mediating the crosstalk between OR7E156P and HIF1A. As illustrated in Figure 5A, miRDB, miRwalk, and Targetscan were used to yield miRNAs targeting HIF1A and all the three tools predicted that 95 miRNAs could bind to HIF1A. Among them, twelve of the 20 miRNAs were found to be negatively correlated with HIF1A in gliomas on the linkedOmics website. Next, among these 12 miRNAs, 5 miRNAs were predicted to obtain the binding site to OR7E156P by the online tool lncTar (Figure 5A). These 5 miRNAs (miR-17, miR-20a, miR-153, miR-519d, and miR-143-5p) could potentially possess binding sites with OR7E156P/HIF1A, and are negatively correlated with HIF1A in glioma, respectively.




Figure 5 | miR-143 is involved in the cross-talk between OR7E156P and HIF1A (A) A schematic diagram showing the selection of miRNAs related to glioma and might simultaneously target OR7E156P and HIF1A. Five miRNAs were selected: miR-17, miR-20a, miR-153, miR-519d, and miR-143-5p. (B) U251-MG and U87-MG cells were infected with Lsh-OR7E156P and examined for the expression of miR-17, miR-20a, miR-153, miR-519d, and miR-143-5p by real-time PCR. (C) U251-MG and U87-MG cells were exposed to 1% or 20% oxygen and examined for the expression of miR-17, miR-20a, miR-153, miR-519d, and miR-143-5p by real-time PCR. (E) Wild-type and mutant-type OR7E156P or HIF1A 3’UTR luciferase reporter vectors were constructed as described in the Materials and Methods section. These vectors were co-transfected in 293T cells with miR-143 mimics or miR-143 inhibitor. The luciferase activity was determined. (F) RIP assays were performed to confirm the binding of miR-143 to OR7E156P and the 3’-UTR of HIF1A using AGO2 antibody. The levels of miR-143, OR7E156P, and HIF1A in precipitated AGO2 proteins were examined using real-time PCR. *P < 0.05, **P < 0.01.



To further select the candidate miRNAs, U251-MG cells were infected with Lsh-OR7E156P and examined for miR-17, miR-20a, miR-153, miR-519d, and miR-143-5p expression; as illustrated in Figure 5B, miR-17, miR-153, and miR-143-5p were significantly upregulated by OR7E156P knockdown. Moreover, U87-MG cells were exposed to 1% or 20% oxygen and miR-17, miR-20a, miR-153, miR-519d, and miR-143-5p expression were determined; as shown in Figure 5C, miR-17, miR-20a, miR-519d, and miR-143-5p were significantly downregulated under hypoxia, miR-20a and miR-143-5p more downregulated. More importantly, miR-143-5p expression was significantly downregulated in glioma core and intermediate regions compared to the peripheral region, more downregulated in glioma core region than that in the intermediate regions (Figure 5D). miR-143-5p was therefore selected for further experiments.

Next, a luciferase reporter assay was utilized to verify the putative bindings. According to the M&M section, two different types of OR7E156P or HIF1A 3’UTR luciferase reporter vectors were constructed, wild-type and mutant-type. These vectors were co-transfected in 293T cells with miR-143 mimics/inhibitor and the luciferase activity was determined. Figure 5E shows that the overexpression of miR-143 is dramatically inhibited, whereas the inhibition of miR-143 promoted wild-type luciferase reporter vectors’ luciferase activity; mutating the putative miR-143 binding site could eliminate the alterations within the luciferase activity. To further confirm the binding of miR-143 to OR7E156P and the 3’-UTR of HIF1A, AGO2 antibody was used to perform RIP assays. The anti-AGO2 immunoprecipitates containing miRNAs and their interacting RNA-components for the levels of miR-143 and OR7E156P were examined; as illustrated in Figure 5F, comparing with the anti-IgG immunoprecipitates, miR-143 and OR7E156P were more abundant in AGO2. Moreover, upon miR-143 overexpression, higher levels of OR7E156P were examined within the anti-AGO2 immunoprecipitates compared to the NC mimics group (Figure 5F); upon OR7E156P overexpression, lower levels of HIF1A mRNA were examined within the anti-AGO2 immunoprecipitates in comparison with the NC group (Figure 5F). In summary, miR-143 could potentially bind to OR7E156P and the 3’-UTR of HIF1A. Moreover, OR7E156P relieves the miR-143-induced inhibition upon H1F1A through competition with HIF1A for miR-143 binding.



Dynamic Effects of OR7E156P and miR-143 on HUVEC Tube Formation and Glioma Cell Invasion Under Hypoxia

After confirming the binding of miR-143 to OR7E156P and the 3’-UTR of HIF1A, respectively. The dynamic effects of the OR7E156P/miR-143 axis on HIF1A levels and glioma cells were subsequently investigated. Firstly, U251-MG and U87-MG cells were co-transfected with Lsh-OR7E156P and miR-143 inhibitor, exposed to 1% oxygen, and the protein levels of HIF1A were examined through Immunoblotting; as shown in Figure 6A, under hypoxia, hypoxia-induced surges in the protein contents of HIF-1α showed to be reduced by OR7E156P knockdown while they were further increased by miR-143 inhibition (Figure 6A); under hypoxia, miR-143 inhibition markedly attenuated the impacts of OR7E156P knockdown on HIF-1α protein levels (Figure 6A). Secondly, U251-MG and U87-MG cell lines were co-transfected with Lsh-OR7E156P and miR-143 inhibitor, exposed them to 1%, O2 and determined the dynamic effects of OR7E156P and miR-143 on glioma cell invasive capacity and DNA synthesis capacity. OR7E156P knockdown significantly downregulated, whereas miR-143 inhibition further upregulated hypoxia-induced cell invasion and DNA synthesis; miR-143 inhibition dramatically attenuated the effects of OR7E156P knockdown on hypoxia-induced cell invasion and DNA synthesis (Figures 6B, C). Thirdly, U251-MG and U87-MG cells were co-transfected with Lsh-OR7E156P and miR-143 inhibitor and exposed to 1% oxygen and the culture medium was collected for HUVEC incubation. The tube formation ability of HUVEC was subsequently determined. The tube formation ability of HUVECs in U251-MG (1%, Lsh-OR7E156P)-CM and U87-MG (1%, Lsh-OR7E156P)-CM was significantly inhibited while that in U251-MG (1%, miR-143 inhibitor)-CM and U87-MG (1%, miR-143 inhibitor)-CM was promoted; the inhibitory effects of OR7E156P knockdown on tube formation were significantly reversed by miR-143 inhibition (Figure 6D). Consistently, the knockdown of OR7E156P dramatically decreased, whereas the inhibition of miR-143 increased VEGF levels in the culture medium; the inhibition of miR-143 markedly attenuated the effects of OR7E156P knockdown on the culture medium’s VEGF levels (Figure 6E).




Figure 6 | Dynamic effects of OR7E156P and miR-143 on HUVEC tube formation and glioma cell invasion (A) U251-MG and U87-MG cells were co-transfected with Lsh-OR7E156P and miR-143 inhibitor, exposed to 1% oxygen, and examined for the protein levels of HIF1A using Immunoblotting. (B) U251-MG and U87-MG cells were co-transfected with Lsh-OR7E156P and miR-143 inhibitor, exposed to 1% or 20% oxygen, and examined for the cell invasion by Transwell. (C) U251-MG and U87-MG cells were co-transfected with Lsh-OR7E156P and miR-143 inhibitor and exposed to 1% or 20% oxygen, and then examined for DNA synthesis ability by EdU assay; (D) U251-MG and U87-MG cells were co-transfected with Lsh-OR7E156P and miR-143 inhibitor and exposed to 1% or 20% oxygen. The culture medium was collected for HUVEC incubation. The tube formation ability of HUVEC was determined. (E) U251-MG and U87-MG cells were co-transfected with miR-143 inhibitor and Lsh-OR7E156P, exposed to 1% oxygen, and examined for the VEGF levels in culture medium by ELISA. *P < 0.05, **P < 0.01, compared to the control group; ##P < 0.01, compared to the Lsh-NC + miR-143 inhibitor group. (F) U251-MG and U87-MG cells were co-transfected with Lsh-OR7E156P and miR-143 inhibitor, exposed to 1% oxygen, and examined for the protein levels of VEGF, ZEB1, Snail, and Vimentin by Immunoblotting. (G) U251-MG and U87-MG cells were co-transfected with Lsh-OR7E156P and miR-143 inhibitor, exposed to 1% oxygen, and examined for the mRNA levels of VEGF, ZEB1, Snail, and Vimentin by real-time qPCR. *P < 0.05, **P < 0.01, compared to the control group; ##P < 0.01, compared to the Lsh-OR7E156P + NC inhibitor group.



To investigate the underlying molecular mechanism, the protein levels and mRNA expression levels of VEGF, ZEB1, Snail, and Vimentin were examined using Immunoblotting and a real-time qPCR, respectively, under similar conditions. Figure 6F shows that hypoxia-induced VEGF, ZEB1, Snail, and Vimentin protein levels were further upregulated via miR-143 inhibition while partially downregulated via OR7E156P knockdown. Similarly, hypoxia-increased VEGF, ZEB1, and HIF1A mRNA expression levels were further upregulated via miR-143 inhibition while partially downregulated via OR7E156P knockdown (Figure 6G). miR-143 inhibition remarkably attenuated the effects of OR7E156P knockdown on these factors under conditions of hypoxia (Figures 6F, G). In summary, OR7E156P/miR-143 axis regulates HIF-1α downstream ZEB1, and VEGF signaling pathways, affecting glioma cell invasion.



HIF1A Binds to the Promoter Region of miR-143 and Inhibit miR-143 Expression

Whether HIF1A could affect miR-143 expression in return was ultimately examined. U251-MG and U87-MG cells were transduced with NC or HIF1A overexpression vector and examined for the expression of miR-143 by qRT-PCR. As illustrated in Figure 7A, HIF1A overexpression significantly downregulated miR-143 expression. Since the online tool predicted a possible HIF1A binding site in miR-143 promoter region, wild- and mutant-type miR-143 promoter luciferase reporter vectors were subsequently constructed, psicheck-2-pro-miR-143 and psicheck-2-pro-miR-143-mut, based on psiCheck-2 vectors. These vectors were co-transfected in 293T cells with pcDNA3.1/HIF1A and the luciferase activity was determined. As shown in Figure 7B, when co-transfected with psicheck-2-pro-miR-143, HIF1A overexpression significantly suppressed the luciferase activity; when co-transfected with psicheck-2-pro-miR-143-mut, HIF1A overexpression failed to alter the luciferase activity. U251-MG and U87-MG cells were co-transduced with NC or HIF1A overexpression vector and NC mimics or miR-143 mimics and examined for the expression of OR7E156P by qRT-PCR. HIF1A overexpression upregulated, whereas miR-143 overexpression downregulated OR7E156P expression; the promotive effects of HIF1A overexpression on OR7E156P were partially reversed by miR-143 overexpression (Figure 7C). In tissue samples, miR-143 was negatively correlated with OR7E156P and HIF1A, respectively (Figures 7D, E).




Figure 7 | HIF1A binds to the promoter region of miR-143 and inhibit miR-143 expression (A) U251-MG and U87-MG cells were transfected with NC or HIF1A overexpression vector and examined for the expression of miR-143 by qRT-PCR. (B) Wild- and mutant-type miR-143 promoter luciferase reporter vectors, psicheck-2-pro-miR-143 and psicheck-2-pro-miR-143-mut, were constructed based on psiCheck-2 vectors. These vectors were co-transfected in 293T cells with pcDNA3.1/HIF1A and the luciferase activity was determined. (C) U251-MG and U87-MG cells were co-transduced with NC or HIF1A overexpression vector and NC mimics or miR-143 mimics and examined for the expression of OR7E156P by qRT-PCR. (D, E) The correlation of miR-143, OR7E156P, and HIF1A expression in tissue samples was analyzed using Pearson’s correlation analysis. (F) A schematic diagram showing the process of the OR7E156P/miR-143/HIF1A axis modulating glioma cell invasion through ZEB1 and HUVEC tube formation through VEGF. ##p < 0.01, *p < 0.05, **p < 0.01, compared to psicheck-2-pro-miR-143+pcDNA3.1 or NC+NC mimics group; ##p < 0.01, compared to NC+miR-143 mimics group.






Discussion

An abnormally upregulated lncRNA, OR7E156P, in glioma was conclusively identified. Silencing of OR7E156P inhibited cell invasion and DNA synthesis in vitro and tumor growth in vivo. OR7E156P was intricately linked with the HIF1A pathway. Hypoxia could induce OR7E156P expression, whereas OR7E156P silencing decreased HIF1A protein levels under hypoxic conditions. Hypoxia promoted glioma cell invasion and DNA synthesis, and HUVEC tube formation, whereas OR7E156P silencing partially reversed the cellular effects of hypoxia. miR-143 directly targeted OR7E156P and HIF1A, respectively. miR-143 inhibition increased HIF1A protein levels, promoted glioma cell invasion and DNA synthesis, and enhanced HUVEC tube formation, whereas OR7E156P silencing partially reversed the cellular effects of miR-143 inhibition. HIF1A targeted the promoter region of miR-143 and inhibited miR-143 expression.

During glioma initiation and development, numerous genes, including lncRNAs, could be altered, which were suspected of participating in the chemoresistance of glioma. For example, by network analysis and survival analysis in cerebral lower grade glioma, Xiong et al. (36) demonstrated the risk score model based on the 10 genes that could moderately predict glioma patients’ overall survival. In this study, differentially expressed lncRNAs in glioma and non-cancerous tissue samples were compared by analyzing online datasets, and found that lncRNA OR7E156P was significantly upregulated in glioma tissue samples. Moreover, the upregulated OR7E156P was verified in glioma cell lines and glioma tissues. The abnormal upregulation of OR7E156P suggests its potential role in glioma pathogenesis and the biological function of OR7E156P in glioma remains unclear as of yet. As speculated, the silencing of OR7E156P inhibited glioma cell invasion and DNA synthesis in vitro, and inhibited tumor growth in nude mice in vivo.

Hypoxia is a hallmark characteristic of glioblastoma development. In gliomas, more immature cells are located in the inner core and in the intermediate layer of the tumor mass, and more committed cells are distributed in the peripheral and neovascularization area (37). Due to the hyperproliferation of glioma cells, the oxygen consumption outstrips the blood supply, resulting in intratumoral necrosis and hypoxic signaling induction (38). Extensive hypoxic regions in glioblastomas contribute to the highly malignant phenotype of these tumors. Hypoxic regions of glioblastoma exacerbate the prognosis and clinical outcomes of the patients as hypoxic tumor cells are resistant to chemo- and radiation therapy and are also protected by the hypoxia-induced malfunctional vasculature (39–41). Under hypoxic conditions, the expression levels of OR7E156P in glioma cells were significantly upregulated, further suggesting the role of OR7E156P in the correlation with a hypoxic microenvironment. Moreover, an online signaling pathway enrichment analysis suggested the possible association of OR7E156P with the HIF1A signaling pathway.

HIF-1α is a central mediator of hypoxia-related signaling, was increased within a number of malignancies mainly through hypoxia-induced protein stabilization (42). Within gliomas, HIF-1α primarily is localized in pseudopalisading cells around areas of necrosis and in tumor cells infiltrating the brain at the tumor margin (24). Inside the anoxic and in the intermediate area of the glioma tumor mass, the highest level of HIF-1α was observed (20). Herein, in glioma cells, hypoxia stimulation markedly increased HIF1A expression. Hypoxia-induced HIF1A upregulation in glioma cells was significantly reversed by silencing OR7E156P, suggesting that OR7E156P might affect HIF1A, subsequently modulating glioma cell response to hypoxia. As speculated, hypoxia promoted cancer cell invasion and DNA synthesis, whereas OR7E156P silencing significantly attenuated the promotive effects of hypoxia on cancer cells. In nude mice in vivo, HIF1A overexpression reversed the inhibitory effects of OR7E156P knockdown on tumor growth. Consistent with our observations, Huang et al. identified hypoxia as a factor which enhanced the migration and invasion of U87 cells through the PI3K/Akt/mTOR/HIF1A pathway (43). Rodriguez et al. demonstrated that hypoxia-induced USP22-BMI1 axis promoted the stemness and malignancy of glioma stem cells through the regulation of HIF1A (44). The above outcomes revealed that hypoxia influences the progression of glioma by regulating HIF1A.

To further investigate the underlying mechanism, the study continued to screen for miRNAs that potentially mediate the cross-talk between OR7E156P. HIF1A and miR-143 was subsequently selected. As previously reported, miR-143 could exert a tumor-suppressive effect. Within colorectal carcinoma, miR-143 targets insulin-like growth factor-I receptor to inhibit tumor growth and vascularization and to re-sensitize the tumor to oxaliplatin (45). Within cervical carcinoma, miR-143 targets H1F1A to inhibit cancer cell proliferation and apoptosis (46). Herein, miR-143 could bind to both OR7E156P and HIF1A. By competing with HIF1A for miR-143 binding, OR7E156P counteracted miR-143-mediated suppression on HIF1A. Consistently, miR-143 knockdown within glioma cells dramatically reversed the roles of OR7E156P knockdown in HIF1A, ZEB1, and VEGF expression. Regarding the cellular functions, miR-143 knockdown attenuated the roles of OR7E156P knockdown in glioma cell invasion, proliferation, and HUVEC tube formation under hypoxia. Interestingly, by both online tool prediction and experimental examination, HIF1A could bind to the promoter region of miR-143, inhibiting miR-143 expression. When HIF1A was overexpressed, miR-143-mediated suppression on OR7E156P expression was attenuated.

Altogether, a regulatory axis consisting of OR7E156P, miR-143, and HIF1A, which is deregulated in glioma was identified, and the process of the OR7E156P/miR-143/HIF1A axis modulating glioma cell invasion through ZEB1 and HUVEC tube formation through VEGF was ascertained (Figure 7F).
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References

1. Capper, D, and Reifenberger, G. Classification of Gliomas. Current Progress and Perspectives. Nervenarzt (2015) 86(6):672, 674–6, 678-80. doi: 10.1007/s00115-014-4223-3

2. Bashir, R, Hochberg, F, and Oot, R. Regrowth Patterns of Glioblastoma Multiforme Related to Planning of Interstitial Brachytherapy Radiation Fields. Neurosurgery (1988) 23(1):27–30. doi: 10.1097/00006123-198807000-00006

3. Jansen, EP, Dewit, LG, van Herk, M, and Bartelink, H. Target Volumes in Radiotherapy for High-Grade Malignant Glioma of the Brain. Radiother Oncol (2000) 56(2):151–6. doi: 10.1016/S0167-8140(00)00216-4

4. Wallner, KE, Galicich, JH, Krol, G, Arbit, E, and Malkin, MG. Patterns of Failure Following Treatment for Glioblastoma Multiforme and Anaplastic Astrocytoma. Int J Radiat Oncol Biol Phys (1989) 16(6):1405–9. doi: 10.1016/0360-3016(89)90941-3

5. Weller, M, van den Bent, M, Hopkins, K, Tonn, JC, Stupp, R, Falini, A, et al. EANO Guideline for the Diagnosis and Treatment of Anaplastic Gliomas and Glioblastoma. Lancet Oncol (2014) 15(9):e395–403. doi: 10.1016/S1470-2045(14)70011-7

6. Esquela-Kerscher, A, and Slack, FJ. Oncomirs - MicroRNAs With a Role in Cancer. Nat Rev Cancer (2006) 6(4):259–69. doi: 10.1038/nrc1840

7. Bartolomei, MS, Zemel, S, and Tilghman, SM. Parental Imprinting of the Mouse H19 Gene. Nature (1991) 351(6322):153–5. doi: 10.1038/351153a0

8. Qiu, MT, Hu, JW, Yin, R, and Xu, L. Long Noncoding RNA: An Emerging Paradigm of Cancer Research. Tumour Biol (2013) 34(2):613–20. doi: 10.1007/s13277-013-0658-6

9. Gibb, EA, Vucic, EA, Enfield, KS, Stewart, GL, Lonergan, KM, Kennett, JY, et al. Human Cancer Long Non-Coding RNA Transcriptomes. PloS One (2011) 6(10):e25915. doi: 10.1371/journal.pone.0025915

10. Balana, C, Alonso, M, Hernandez-Lain, A, Hernandez, A, Perez-Segura, P, Pineda, E, et al. SEOM Clinical Guidelines for Anaplastic Gliomas (2017). Clin Transl Oncol (2018) 20(1):16–21. doi: 10.1007/s12094-017-1762-7

11. Cai, X, and Cullen, BR. The Imprinted H19 Noncoding RNA Is a Primary MicroRNA Precursor. RNA (2007) 13(3):313–6. doi: 10.1261/rna.351707

12. Yoon, JH, Abdelmohsen, K, and Gorospe, M. Posttranscriptional Gene Regulation by Long Noncoding RNA. J Mol Biol (2013) 425(19):3723–30. doi: 10.1016/j.jmb.2012.11.024

13. Wu, Q, Guo, L, Jiang, F, Li, L, Li, Z, and Chen, F. Analysis of the miRNA-mRNA-LncRNA Networks in ER+ and ER- Breast Cancer Cell Lines. J Cell Mol Med (2015) 19(12):2874–87. doi: 10.1111/jcmm.12681

14. Lu, M, Xu, X, Xi, B, Dai, Q, Li, C, Su, L, et al. Molecular Network-Based Identification of Competing Endogenous RNAs in Thyroid Carcinoma. Genes (Basel) (2018) 9(1):44. doi: 10.3390/genes9010044

15. Li, L, Peng, M, Xue, W, Fan, Z, Wang, T, Lian, J, et al. Integrated Analysis of Dysregulated Long Non-Coding RNAs/MicroRNAs/mRNAs in Metastasis of Lung Adenocarcinoma. J Transl Med (2018) 16(1):372. doi: 10.1186/s12967-018-1732-z

16. Jia, P, Cai, H, Liu, X, Chen, J, Ma, J, Wang, P, et al. Long Non-Coding RNA H19 Regulates Glioma Angiogenesis and the Biological Behavior of Glioma-Associated Endothelial Cells by Inhibiting MicroRNA-29a. Cancer Lett (2016) 381(2):359–69. doi: 10.1016/j.canlet.2016.08.009

17. Ke, J, Yao, YL, Zheng, J, Wang, P, Liu, YH, Ma, J, et al. Knockdown of Long Non-Coding RNA HOTAIR Inhibits Malignant Biological Behaviors of Human Glioma Cells via Modulation of miR-326. Oncotarget (2015) 6(26):21934–49. doi: 10.18632/oncotarget.4290

18. Chan, N, Milosevic, M, and Bristow, RG. Tumor Hypoxia, DNA Repair and Prostate Cancer Progression: New Targets and New Therapies. Future Oncol (2007) 3(3):329–41. doi: 10.2217/14796694.3.3.329

19. Amberger-Murphy, V. Hypoxia Helps Glioma to Fight Therapy. Curr Cancer Drug Targets (2009) 9(3):381–90. doi: 10.2174/156800909788166637

20. Pistollato, F, Abbadi, S, Rampazzo, E, Persano, L, Della Puppa, A, Frasson, C, et al. Intratumoral Hypoxic Gradient Drives Stem Cells Distribution and MGMT Expression in Glioblastoma. Stem Cells (2010) 28(5):851–62. doi: 10.1002/stem.415

21. Wigerup, C, Pahlman, S, and Bexell, D. Therapeutic Targeting of Hypoxia and Hypoxia-Inducible Factors in Cancer. Pharmacol Ther (2016) 164:152–69. doi: 10.1016/j.pharmthera.2016.04.009

22. Liu, P, Zhang, H, Wu, X, Guo, L, Wang, F, Xia, G, et al. Tf-PEG-PLL-PLGA Nanoparticles Enhanced Chemosensitivity for Hypoxia-Responsive Tumor Cells. Onco Targets Ther (2016) 9:5049–59. doi: 10.2147/OTT.S108169

23. Da Ros, M, De Gregorio, V, Iorio, AL, Giunti, L, Guidi, M, De Martino, M, et al. Glioblastoma Chemoresistance: The Double Play by Microenvironment and Blood-Brain Barrier. Int J Mol Sci (2018) 19(10):2879. doi: 10.3390/ijms19102879

24. Jensen, RL. Brain Tumor Hypoxia: Tumorigenesis, Angiogenesis, Imaging, Pseudoprogression, and as a Therapeutic Target. J Neurooncol (2009) 92(3):317–35. doi: 10.1007/s11060-009-9827-2

25. Shao, NY, Wang, DX, Wang, Y, Li, Y, Zhang, ZQ, Jiang, Q, et al. MicroRNA-29a-3p Downregulation Causes Gab1 Upregulation to Promote Glioma Cell Proliferation. Cell Physiol Biochem (2018) 48(2):450–60. doi: 10.1159/000491776

26. Mullins, CS, Schneider, B, Stockhammer, F, Krohn, M, Classen, CF, and Linnebacher, M. Establishment and Characterization of Primary Glioblastoma Cell Lines From Fresh and Frozen Material: A Detailed Comparison. PloS One (2013) 8(8):e71070. doi: 10.1371/journal.pone.0071070

27. Galland, F, Seady, M, Taday, J, Smaili, SS, Goncalves, CA, and Leite, MC. Astrocyte Culture Models: Molecular and Function Characterization of Primary Culture, Immortalized Astrocytes and C6 Glioma Cells. Neurochem Int (2019) 131:104538. doi: 10.1016/j.neuint.2019.104538

28. Guo, Z, Zhang, W, Xia, G, Niu, L, Zhang, Y, Wang, X, et al. Sp1 Upregulates the Four and Half Lim 2 (FHL2) Expression in Gastrointestinal Cancers Through Transcription Regulation. Mol Carcinog (2010) 49(9):826–36. doi: 10.1002/mc.20659

29. Wiesner, D, Merdian, I, Lewerenz, J, Ludolph, AC, Dupuis, L, and Witting, A. Fumaric Acid Esters Stimulate Astrocytic VEGF Expression Through HIF-1alpha and Nrf2. PloS One (2013) 8(10):e76670. doi: 10.1371/journal.pone.0076670

30. Blough, MD, Beauchamp, DC, Westgate, MR, Kelly, JJ, and Cairncross, JG. Effect of Aberrant P53 Function on Temozolomide Sensitivity of Glioma Cell Lines and Brain Tumor Initiating Cells From Glioblastoma. J Neurooncol (2011) 102(1):1–7. doi: 10.1007/s11060-010-0283-9

31. Zhang, W, Wang, J, Zou, B, Sardet, C, Li, J, Lam, CS, et al. Four and a Half LIM Protein 2 (FHL2) Negatively Regulates the Transcription of E-Cadherin Through Interaction With Snail1. Eur J Cancer (2011) 47(1):121–30. doi: 10.1016/j.ejca.2010.07.045

32. Liu, Z, Dou, C, Yao, B, Xu, M, Ding, L, Wang, Y, et al. Ftx non Coding RNA-Derived Mir-545 Promotes Cell Proliferation by Targeting RIG-I in Hepatocellular Carcinoma. Oncotarget (2016) 7(18):25350–65. doi: 10.18632/oncotarget.8129

33. Tu, K, Liu, Z, Yao, B, Han, S, and Yang, W. MicroRNA-519a Promotes Tumor Growth by Targeting PTEN/PI3K/AKT Signaling in Hepatocellular Carcinoma. Int J Oncol (2016) 48(3):965–74. doi: 10.3892/ijo.2015.3309

34. Bayoumi, AS, Sayed, A, Broskova, Z, Teoh, JP, Wilson, J, Su, H, et al. Crosstalk Between Long Noncoding Rnas and Micrornas in Health and Disease. Int J Mol Sci (2016) 17(3):356. doi: 10.3390/ijms17030356

35. Cao, MX, Jiang, YP, Tang, YL, and Liang, XH. The Crosstalk Between Lncrna and Microrna in Cancer Metastasis: Orchestrating the Epithelial-Mesenchymal Plasticity. Oncotarget (2017) 8(7):12472–83. doi: 10.18632/oncotarget.13957

36. Xiong, Z, Xiong, Y, Liu, H, Li, C, and Li, X. Identification of Purity and Prognosis-Related Gene Signature by Network Analysis and Survival Analysis in Brain Lower Grade Glioma. J Cell Mol Med (2020) 24(19):11607–12. doi: 10.1111/jcmm.15805

37. Shen, H, Cook, K, Gee, HE, and Hau, E. Hypoxia, Metabolism, and the Circadian Clock: New Links to Overcome Radiation Resistance in High-Grade Gliomas. J Exp Clin Cancer Res (2020) 39(1):129. doi: 10.1186/s13046-020-01639-2

38. Xu, H, Rahimpour, S, Nesvick, CL, Zhang, X, Ma, J, Zhang, M, et al. Activation of Hypoxia Signaling Induces Phenotypic Transformation of Glioma Cells: Implications for Bevacizumab Antiangiogenic Therapy. Oncotarget (2015) 6(14):11882–93. doi: 10.18632/oncotarget.3592

39. Rong, Y, Durden, DL, Van Meir, EG, and Brat, DJ. ‘Pseudopalisading’ Necrosis in Glioblastoma: A Familiar Morphologic Feature That Links Vascular Pathology, Hypoxia, and Angiogenesis. J Neuropathol Exp Neurol (2006) 65(6):529–39. doi: 10.1097/00005072-200606000-00001

40. Merighi, S, Benini, A, Mirandola, P, Gessi, S, Varani, K, Leung, E, et al. Adenosine Modulates Vascular Endothelial Growth Factor Expression via Hypoxia-Inducible Factor-1 in Human Glioblastoma Cells. Biochem Pharmacol (2006) 72(1):19–31. doi: 10.1016/j.bcp.2006.03.020

41. Hsieh, CH, Shyu, WC, Chiang, CY, Kuo, JW, Shen, WC, and Liu, RS. NADPH Oxidase Subunit 4-Mediated Reactive Oxygen Species Contribute to Cycling Hypoxia-Promoted Tumor Progression in Glioblastoma Multiforme. PloS One (2011) 6(9):e23945. doi: 10.1371/journal.pone.0023945

42. Semenza, GL. Intratumoral Hypoxia, Radiation Resistance, and HIF-1. Cancer Cell (2004) 5(5):405–6. doi: 10.1016/S1535-6108(04)00118-7

43. Huang, W, Ding, X, Ye, H, Wang, J, Shao, J, and Huang, T. Hypoxia Enhances the Migration and Invasion of Human Glioblastoma U87 Cells Through PI3K/Akt/mTOR/HIF-1alpha Pathway. Neuroreport (2018) 29(18):1578–85. doi: 10.1097/WNR.0000000000001156

44. Qiu, GZ, Liu, Q, Wang, XG, Xu, GZ, Zhao, T, and Lou, MQ. Hypoxia-Induced USP22-BMI1 Axis Promotes the Stemness and Malignancy of Glioma Stem Cells via Regulation of HIF-1alpha. Life Sci (2020) 247:117438. doi: 10.1016/j.lfs.2020.117438

45. Qian, X, Yu, J, Yin, Y, He, J, Wang, L, Li, Q, et al. MicroRNA-143 Inhibits Tumor Growth and Angiogenesis and Sensitizes Chemosensitivity to Oxaliplatin in Colorectal Cancers. Cell Cycle (2013) 12(9):1385–94. doi: 10.4161/cc.24477

46. Yao, S, Zhao, W, Ou, Q, Liang, L, Lin, X, and Wang, Y. MicroRNA-214 Suppresses Osteogenic Differentiation of Human Periodontal Ligament Stem Cells by Targeting ATF4. Stem Cells Int (2017) 2017:3028647. doi: 10.1155/2017/3028647




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.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Zhao, Du, Peng, Peng, Yuan, Liu, Liu, Mo and Liao. 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-11-690213-g003.jpg
Peripheral Intermediate

Rolative ORTE56P expression

e
1o0x
T
WA
200%
f B °
52 "
2
Bas .
P 4
Euo .
g
-

5
& £
SVGp12 USTMG T8.G U251-MG LN229 £
0 9900 990 o9 0n O 0n B
B AP Al AT A
FIA [ e o o e s | D
Fo
H PRI
&S
Lm0,
§  wm LsnORTEISSP20%0;
- LshNC1%O0,
Bl
g -
i 2
£
£
SR ey | p——— :
UZETMG UBTMG | Lo ey g





OEBPS/Images/fonc-11-690213-g006.jpg





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Long Noncoding RNA OR7E156P/miR-143/HIF1A Axis Modulates the Malignant Behaviors of Glioma Cell and Tumor Growth in Mice

      

        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Clinical Sampling

          



          		

            Cell Lines and Cell Culture

          



          		

            Cell Transfection

          



          		

            PCR-Based Analysis

          



          		

            Histological Analyses

          



          		

            ELISA

          



          		

            Immunoblotting

          



          		

            Luciferase Activity

          



          		

            RNA Immunoprecipitation (RIP)

          



          		

            Cell Invasive Capacity Evaluated by Transwell Assay

          



          		

            DNA Synthesis Ability Examined by EdU Assay

          



          		

            HUVEC Tubule Formation Ability

          



          		

            Tumorigenicity Assay

          



          		

            Statistics Analysis

          



        



        



        		

          Results

        

          		

            Selection of lncRNAs Related to Glioma Carcinogenesis

          



          		

            In Vitro and In Vivo Effects of OR7E156P on Glioma Cells

          



          		

            Expression and Association of OR7E156P and HIF1A Under Normoxia or Hypoxia Conditions

          



          		

            Dynamic Effects of HIF1A and OR7E156P on Glioma In Vitro and In Vivo

          



          		

            miR-143 Contributes to the Interaction of OR7E156P to HIF1A

          



          		

            Dynamic Effects of OR7E156P and miR-143 on HUVEC Tube Formation and Glioma Cell Invasion Under Hypoxia

          



          		

            HIF1A Binds to the Promoter Region of miR-143 and Inhibit miR-143 Expression

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-11-690213-g005.jpg
IncTar

Reported mRNA
miRDB  miRWalk in glma mIRNA{S1get o ORTE1GER:

(base. pawraﬂ
A hsa-miR-17-5p
..g.m 20259
@' mm 1535
ea5190.3p
heamR-143:6p

Ta,ge,,c, Linkedomics
(miRNA negatively
©  conatedwin HIFTA) >

o,

§ 15 vsTuG

1
mULHIF1A -UAGCGCGEA-
HFIASUTR Posten 246256






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-11-690213-g001.jpg
o SVGpi2mm UST-MGEm T96-G

TCGAHG U133A
(agFC>04,or< 04, PYAe<005) i“ 8 s
20,
oyessinz 5y
oLewn H
g
omeer £
HE
(067 »04 or 0.4, PYaue<005) Zoo
Creseioz  OLEU | HoPs  oRrEser
53010 gaa™ o0 § 5010
i i i i
§1s gu Em e E
H 2] . [ g1
210 2 H N
H R g Goof (] [£] o]
Sos Nl
£ 3 H H
goo oo £ oo. Zoo
o s
f f,.v“ yfff‘j f*”f fvffj
E © é @
Ew Pa
: H
: CGoAse CaGAmaray

[ —————Y

TCGA (Affymetrix HT HG U133A)

R —— [e—
REMBRANDT (Gene expression n gioma subtypes)





OEBPS/Images/table2.jpg
Gene Forward Reverse

CYB561D2 CTGGAACAGGAGGGGAGGGGTG CGGGCAGGTGTGGAAATAAGCA
DLEU1 GTTGGAGGTAAACAAATACGGGTC AAGGTCTCATTGATACATTCCGTTG
HCPS GGGGTCTGAAGGATGGTGACTGCG ACACTGCCTGGTGAGCCTGTTTGA
OR7E156P CAACTTGATTGCCTTACAAATGACC GGGAGTTGAGAAGGGTCACAGA
HIF1A GAACGTCGAAAAGAAAAGTCTCG CCTTATCAAGATGCGAACTCACA
VEGF AGGGCAGAATCATCACGAAGT AGGGTCTCGATTGGATGGCA

ZEB1 ACAACCAAGTGCAGAAGA CATTTGCAGATTGAGGCTGA

Snail TCGGAAGCCTAACTACAGCGA AGATGAGCATTGGCAGCGAG
Vimentin AGTCCACTGAGTACCGGAGAC CATTTCACGCATCTGGCGTTC
miR-17 GCACTGCAGTGAAGGCAC CAGTGCGTGTCGTGGA

miR-20a GCCGTAAAGTGCTTATAGTGC CAGTGCGTGTCGTGGA

miR-153 GCCTTGCATAGTCACAAAA CAGTGCGTGTCGTGGA

miR-519d GCAAAGTGCCTCCCTTT CAGTGCGTGTCGTGGA
miR-143-5p GGTGCAGTGCTGCATC CAGTGCGTGTCGTGGA

Tubulin TGGACTCTGTTCGCTCAGGT TGCCTCCTTCCGTACCACAT

ue CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT





OEBPS/Images/fonc-11-690213-g002.jpg
e i

A B B ORTE156P  ORTE156P
o
o e :
£1s £ - L ORTES6P - * o]
1 See S .
H ; .
i - L2 ORTE1S6P
gl le i =
i
BASS 4 i
el
s i
FI L
& U251-MG UST-MG.

Lot Lena.
OR7E1SEP _ ORTE1SEP

Lot Laha.
ORTE1S6P _ ORTE1SGSP.

LanNe

e
- Lz ORTE 88

LahOR7E156P

K67

PeNA

Tubuin - —

I = .
Ie HoOoF o oflam





OEBPS/Images/table3.jpg
Number age gender Peritumoral brain edema Tumor size (cm) WHO grading Tumor location KPS Survival state
g} 65 male obvious 3.6x3.0 4 The left side of the thalamus 40 waking state
2 55 male obvious 8.6x4.5 2 The left temporal occipital lobe 70 waking state
3 30 male obvious 4.4x4.5 4 The left frontal lobe 50 waking state
4 66 male obvious 7.3x4.3 4 The left parietal occipital lobe 70 waking state
5 54 female obvious 7.2x4.5 4 The left temporal lobe 100 waking state
6 63 male obvious 5.5x4.5 4 The left frontal lobe 30 comatose state
7 10 female little 7.5x4.3 2 epencephalon 70 waking state
8 54 female obvious 2.7x6.5 4 The right temporal parietal lobe 70 waking state
9 33 female little 5.3x3.9 3 The right insular lobe 80 waking state
10 28 female little 3.0x3.8 2 The right basal ganglia region 60 waking state
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miR-143-5p inhibitor

Top Strand: GATCCACACAGCAGGTCAAGAGGAGTC
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