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A B S T R A C T   

Glioma is the most common malignant intracranial tumor, accounting for 80 % of all malignant 
brain tumors. Growing evidence suggests that lncRNAs are involved in the growth, angiogenesis, 
metastasis, and therapeutic resistance in a variety of tumors, including glioma. In this study, 
lncBIRC3-OT (NONHSAT159592.1), which is highly expressed in glioma, was screened by RNA- 
seq method and verified by quantitative reverse transcription polymerase chain reaction. Sub-
sequently, we knocked down the endogenous expression of lncBIRC3-OT in U87 and U251 cells 
and found that down-regulated lncBIRC3-OT inhibited cell proliferation, colony formation, 
migration, and invasion. Mechanically, lncBIRC3-OT could guide RELA protein to the 
stanniocalcin-1 (STC1) promoter, initiate STC1 transcription, and ultimately promote the pro-
gression of glioma. Together, these findings suggest that lncBIRC3-OT is an important regulator 
promoting glioma progression, and may be a promising therapeutic target for glioma.   

1. Background 

Glioma is the most common malignant intracranial tumor, accounting for 80 % of all malignant brain tumors [1]. In recent years, 
advances in new technologies and research have greatly improved the clinical diagnosis, prognosis assessment, and treatment of 
glioma [2]. However, the prognosis of glioma patients remains unfavorable, with overall survival of only 14–17 months [3]. Therefore, 
there is an urgent need to elucidate and decipher the biological mechanisms of glioma occurrence and development, and to develop 
effective therapeutic strategies to overcome this deadly disease. 

Long non-coding RNAs (LncRNAs) are a class of non-coding transcripts with more than 200 nucleotides [4]. LncRNAs are involved 
in transcriptional, post-transcriptional, and epigenetic regulation, thereby participating in various physiological and pathological 
processes [5,6]. There is growing evidence that lncRNAs are involved in tumor growth, angiogenesis, metastasis, and drug resistance in 
gliomas [7–9]. For example, lncRNA XLOC013218 confers temozolomide resistance by activating PI3K/AKT signaling in glioblastoma 
[10]. LncRNA LINREP promotes glioma progression by protecting polypyrimidine tract-binding protein 1 from ubiquitin-proteasome 
degradation [11]. LncRNA-FAM66C modulates the tumor microenvironment and hypoxia-related pathways in glioblastoma [12]. 
Overall, lncRNAs have been recognized as important epigenetic regulators of gliomas. 

In this study, we identified lncBIRC3-OT (NONHSAT159592.1) as a conserved and significantly upregulated lncRNA in gliomas via 
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RNA sequencing and qRT-PCR. Next, we demonstrate that lncBIRC3-OT knockdown inhibited the proliferation, migration, invasion, 
and epithelial-mesenchymal transition (EMT) process in U87 and U251 cells. Regarding the mechanism, lncBIRC3-OT recruits RELA to 
the STC1 promoter, and then initiates STC1 transcription, thereby enhancing the malignant behaviors of glioma cells. Thus, lncBIRC3- 
OT may be a promising therapeutic target for glioma. 

2. Materials and methods 

2.1. Cells and cell culture 

Human glioma cell lines (U87 and U251) were purchased from the American Type Culture Collection (Rockville, Maryland, USA) 
and cultured in Dulbecco’s Modified Eagle Medium (DMEM, Gibco, Carlsbad, USA) supplemented with 10 % fetal bovine serum 
(Gibco, Carlsbad, USA). 

2.2. Clinical specimens 

The 22 glioma tissues and 15 normal brain tissues used in this study were collected from the Characteristic Medical Center of the 
Chinese People’s Armed Police Force with written informed consent. This study was approved by the Ethical Review Committees of the 
Characteristic Medical Center of the Chinese People’s Armed Police Force (No. 2022-0002.1). Written informed consent has been 
obtained from the participant or guardian. 

2.3. Database 

The mRNA expression and survival analysis of STC1 in glioblastoma multiform (GBM) were analyzed by the Gene Expression 
Profiling Interactive Analysis (GEPIA) database (http://gepia.cancer-pku.cn) [13]. The JASPAR database was used to predict the 
potential transcription factor binding site of transcription factor RELA on the STC1 promoter [14]. 

2.4. Cell transfection 

RELA overexpressed plasmids (pcDNA3.1-RELA), STC1 overexpressed plasmids (pcDNA3.1-STC1), lncBIRC3-OT shRNAs (sh- 
lncBIRC3-OT, 5′-AAGAAAGAACATGTAAAGTGTGT-3′) and RELA siRNA (si-RELA, 5′-CTCTTCTCAAGTGCCTTAATAGT-3′) were pro-
vided by GenePharma (Shanghai, China). Transfection of pcDNA3.1-RELA, pcDNA3.1-STC1, and sh-lncBIRC3-OT was performed by 
Lipofectamine 2000 (Thermo Fisher, Waltham, MA, USA). Transfection of si-RELA was conducted by Lipofectamine RNAiMAX 
(Thermo Fisher, Waltham, MA, USA). 

2.5. Quantitative reverse transcription polymerase chain reaction (QRT–PCR) 

The expression levels of lncBIRC3-OT and STC1 mRNA were examined by qRT-PCR. TRIzol (Invitrogen, USA) was applied for RNA 
extraction. SYBR Green (Takara, Japan) was used to prepare the reaction mix. QRT-PCR was performed in the ABI 7500 Real-Time PCR 
System. The relative expression of indicated genes was calculated using the 2− ΔΔCt method, normalized to glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH). The primer sequences for qRT-PCR are listed in Table 1. 

2.6. CCK-8 assay 

1 × 103 cells were seeded into a 96-well plate. After 24, 48, or 72 h of incubation, 10 μL CCK-8 solution was added to each well for 
staining. After incubation for 1 h, the absorbance was detected at 450 nm using an enzyme immunoassay analyzer. 

2.7. Colony formation assay 

Cells (1 × 103/well) were implanted into 12-well plates. After two weeks, cells were stained with 0.1 % crystal violet (Solarbio, 

Table 1 
The primer sequences for RT-PCR.  

Genes Primer sequences 

NONHSAT183359.1 Forward: 5′-AGCCTCAGTAGCCG-3′ 
Reverse: 5′-TCCCGTCACTTTCAG-3′ 

STC1 Forward: 5′-AGCTGCCCAATCACTTCTCC-3′ 
Reverse: 5′-CTCATTGGTGCGTCTCCTGT-3′ 

RELA Forward: 5′- ATTTCCGCCTCTGGCGAATG-3′ 
Reverse: 5′- TGATCTCCACATAGGGGCCA-3′ 

GAPDH Forward: 5′-GACAGTCAGCCGCATCTTCT-3′ 
Reverse: 5′-GCGCCCAATACGACCAAATC-3′  

R. Wang et al.                                                                                                                                                                                                          

http://gepia.cancer-pku.cn


Heliyon 9 (2023) e21777

3

Beijing, China) for 10 min. Finally, cell clones were observed under a microscope and photographed. 

2.8. Cell invasion assay 

Transwell chambers (Corning, NY, USA) were pretreated with Matrigel (BD Bioscience, Bedford, USA) and were used for cell in-
vasion assays. Cells (1 × 105 cells) in 200 μL of FBS-free DMEM were added to the upper chamber, and 600 μL of complete medium to 
the lower chamber. After 48 h of culture, cells were fixed with 4 % paraformaldehyde for 30 min. After staining with 1 % crystal violet 
solution for 15 min, the cells that invaded the lower chamber were photographed and counted under a microscope. 

2.9. Western blot 

Protein was isolated with Lysis Buffer (Sangon, Shanghai, China). BCA Protein Quantitation Kit (Sangon, Shanghai, China) was 
used for protein quantification. Then, the protein samples were separated by SDS-PAGE, transferred to nitrocellulose membranes, and 
blocked with 5 % BSA. The membranes were incubated with primary antibodies overnight at 4 ◦C and then incubated with secondary 
antibodies for 1 h. The membranes were treated with ECL luminescence reagent (Sangon, Shanghai, China). The protein bands were 
then exposed and scanned. Image J software was used to analyze the grayscale values of protein bands. The primary antibodies used in 
this study are listed as follows: E-cadherin (1:5000, #60335-1-lg), N-cadherin (1:2000, #66219-1-lg), Vimentin (1:2000, #60330-1- 
lg), RELA (1:1000, #66535-1-lg), STC1 (1:1000, #20621-1-AP) and GAPDH (1:10000, #60004-1-lg) were obtained from Proteintech 
(Wuhan, China). 

2.10. RNA pull-down assay 

RNA pull-down assay was performed using the Pierce Magnetic RNA-Protein Pull-Down Kit (ThermoFisher, Shanghai, China) as 
previously reported [15]. The biotin-labeled lncBIRC3-OT probes (Zoonbio, Nanjing, China) were incubated with streptavidin mag-
netic beads (ThermoFisher, Shanghai, China) for 30 min at room temperature to generate probe-bound beads. Cell lysates were mixed 
with probe-bound beads. After 1 h of incubation, the RNA-binding protein complexes were collected, washed, and eluted. The proteins 
were separated and subjected to SDS-PAGE. Specific bands were excised and analyzed by mass spectrometry (MS) or Western blot. 

2.11. RNA immunoprecipitation (RIP) assay 

EZ-Magna RIP RNA-Binding Protein Immunoprecipitation Kit (Merck, Beijing, China) was used for RIP assay as previously reported 
[16]. Cells were harvested and lysed with polysome lysis buffer. Then, cell lysates were incubated with 5 μg RELA or IgG antibody 
(Proteintech, Wuhan, China) overnight at 4 ◦C, and then incubated with protein A/G beads for 1 h at 4 ◦C. After centrifugation at 2500 
rpm for 30 s, bead precipitates were resuspended in 500 μL RIP buffer, washed, and then incubated with TRIzol RNA extraction reagent 
to isolate coprecipitated RNAs. Subsequently, the purified RNA samples were determined by qRT-PCR to assess the enrichment of 
lncBIRC3-OT to RELA. 

2.12. Chromatin immunoprecipitation (ChIP) 

To verify whether RELA binds to the STC1 promoter, a ChIP assay was conducted using the SimpleChIP® Plus Enzymatic Chro-
matin IP Kit (CST, Massachusetts, USA) [17]. Briefly, the cells were treated with 1 % formaldehyde for 10 min to produce the 
protein-DNA cross-linked complexes. The complex was then lysed and digested by micrococcal nucleases to form chromatin fragments 
of 200–800 bp. Approximately 5 % of the sample was saved and served as the input control before adding beads. The prepared 
fragments were incubated with the RELA antibodies bound to magnetic beads (IgG was the negative control). The magnetic 
bead-antibody-protein-DNA complexes were fully washed, and the protein-DNA complexes were purified and eluted. Protease K was 
used to unlink the DNA-protein crosslink. Finally, the obtained DNA fragments were analyzed by qRT-PCR and the fold changes of % 
input were used for analysis. 

2.13. Data analysis 

SPSS 22.0 software (SPSS Inc., USA) was used for all statistical analysis. Data were shown as Mean ± standard deviation (SD). 
Student’s t-test or analysis of variance (ANOVA) was used to compare two or more groups. P < 0.05 was considered significant. 

3. Results 

3.1. LncBIRC3-OT expression is upregulated in gliomas 

In previous study [18], we identified 243 up-regulated and 1163 down-regulated lncRNAs (p < 0.05 and |log2FC| > 2) in GBM 
tumor tissues relative to peritumor tissues by RNA sequencing (Fig. 1A). We focused on an uncharacterized lncRNA, NON-
HSAT159592.1, which is located on human chromosome 11 and overlaps with exons 8–10 of baculoviral IAP repeat containing 3 
(BIRC3) gene (Fig. 1B). Therefore, we termed it lncRNA BIRC3 overlapping gene (lncBIRC3-OT). LncBIRC3-OT consists of three exons 
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spanning 1041 bp and is a modestly conserved gene (Fig. 1B). The expression of lncBIRC3-OT was further examined in 22 gliomas and 
15 normal brain tissues. lncBIRC3-OT was found to be significantly highly expressed in glioma samples (Fig. 1C). Further analysis 
shows no correlation of lncBIRC3-OT expression with patient sex, WHO grade, MGMT, GFAP, and Ki-67 expression (Table 2). In 
addition, we validated that lncBIRC3-OT was significantly upregulated in several glioma cells compared to NHA cells, with U87 and 
U251 cells exhibiting the highest expression of lncBIRC3-OT (Fig. 1D). 

3.2. LncBIRC3-OT is required for malignant behaviors of glioma cells 

To determine the biological role of lncBIRC3-OT in the malignant behaviors of glioma cells, we designed a series of shRNAs tar-
geting lncBIRC3-OT to knockdown lncBIRC3-OT expression in U87 and U251 cells. As shown in Figs. S1A–B, sh#3 and sh#6 could 
significantly down-regulated lncBIRC3-OT expression but had no or little effect on BIRC3 expression. Moreover, the expression of 
lncBIRC3-OT in sh#3-transfected cells was lower than that in #6-transfected cells, so sh#3 (named sh-lncBIRC3-OT) was screened for 
subsequent experiments (Fig. 2A). Moreover, transfection of sh-lncBIRC3-OT decreased the expression of lncBIRC3-OT in both 
cytoplasm and nucleus (Fig. S1C). Next, CCK-8 assay showed that lncBIRC3-OT depletion significantly inhibited cell viability 
compared to negative control (NC) cells (Fig. 2B). Furthermore, lncBIRC3-OT knockdown remarkably inhibited the ability of a single 
cell to form a colony in U87 and U251 cells (Fig. 2C). Additionally, wound healing assay indicated that lncBIRC3-OT depletion reduced 
the migration of U87 and U251 cells (Fig. 2D). Furthermore, transwell assay showed that the number of lncBIRC3-OT-deficient cells 
passing through matrix gel was significantly reduced in U87 and U251 cells (Fig. 2E). Notably, lncBIRC3-OT depletion decreased the 
expression of N-cadherin and Vimentin compared to NC group. In contrast, lncBIRC3-OT knockdown increased the expression of 
epithelial marker E-cadherin (Fig. 2F). These findings indicated that lncBIRC3-OT is required for malignant behaviors of glioma cells 
and knockdown of lncBIRC3-OT inhibits proliferation, migration, invasion, and EMT. 

3.3. LncBIRC3-OT physically interacts with RELA 

A large number of studies have shown that lncRNA-binding proteins are closely related to various physiological and pathological 
processes [19]. We speculated that lncBIRC3-OT may promote tumor progression of glioma by binding proteins to regulate down-
stream gene expression. To figure out the mechanism of lncBIRC3-OT in glioma, we explored the potential interacting proteins of 
lncBIRC3-OT through RNA pull-down assay and mass spectrometry -based quantitative proteomics. Silver-staining results showed that 

Fig. 1. LncBIRC3-OT is highly expressed in glioma. (A) Differentially expressed lncRNAs in primary glioma tumors compared with peritumor 
tissues. (B) The UCSC database showed the genomic locus of lncBIRC3-OT on chromosome 11 and its conversation using Phylop software. (C) 
LncBIRC3-OT expression was higher in glioma tumor tissues (n = 22) than in normal brain tissues (n = 15). Data were normalized to endogenous 
GAPDH expression. (D) LncBIRC3-OT was detected in glioma cell lines and NHA cell lines. **P < 0.01, ***P < 0.001. 
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a specific band was observed in the immunoprecipitation complex enriched with lncBIRC3-OT probe (Fig. 3A). Further LS-MS analysis 
revealed that it was probably RELA (Fig. 3B). Western blot assay showed that RELA was enriched in the lncBIRC3-OT-pulldown 
complex (Fig. 3C). To further support this view, RELA antibody was used for RIP experiments, and the results showed that 
lncBIRC3-OT expression in the RELA antibody-enriched complex was significantly higher than that in the lgG group, confirming the 
interaction of lncBIRC3-OT with RELA (Fig. 3D). Moreover, immunofluorescence assay revealed that lncBIRC3-OT was colocalized 
with RELA in the nuclei of U251 cells (Fig. 3E). These data indicate that lncBIRC3-OT interacts with RELA in glioma cells. 

3.4. LncBIRC3-OT functioned with RELA to promote STC1 expression 

Previous studies showed that RELA is a transcription factor to facilitates STC1 transcription in esophageal squamous cell carcinoma 
[20]. STC1 has been identified as a crucial oncogene in glioma [21]. The expression of STC1 mRNA was upregulated in glioma 
(Fig. 4A), and high levels of STC1 predicted poor prognosis via the GEPIA database (Fig. 4B). JARPAR database showed the binding 
motif of RELA to STC1 promoter (Fig. 4C). To determine whether RELA regulates STC1 expression in glioma, ChIP experiment was 
performed. As shown in Fig. 4D, PCR amplification was performed on P1–P4 fragments without binding sites and P5 fragments with 
binding sites. It was found that the P5 fragment on the STC1 promoter region was significantly enriched in the immunoprecipitants of 
anti-RELA antibody. However, other fragments did not show enrichment. Furthermore, we performed a ChIP assay under the 
lncBIRC3-OT knockdown condition. The results showed that lncBIRC3-OT knockdown reduced the enrichment of the P5 fragment 
(Fig. 4E). Moreover, the endogenous expression of RELA was knocked down in U87 and U251 cells (Fig. 4F). We found that RELA 
deletion reduced the expression of STC1 mRNA in U87 and U251 cells (Fig. 4G). In addition, overexpression of RELA upregulated the 
expression of STC1 mRNA in glioma cells, whereas knockdown of lncBIRC3-OT abolished the promotion (Fig. 4H), indicating that 
lncBIRC3-OT is essential for RELA-mediated STC1 transcription in glioma tissues. 

3.5. Overexpression of STC1 reverses the proliferation, migration, and invasion induced by lncBIRC3-OT deletion 

To explore the role of STC1 in lncBIRC3-OT-mediated malignant phenotype in glioma cells, STC1-expressing plasmids were 
constructed and confirmed to upregulate the expression of STC1 in U87 and U251 cells (Fig. S2). Then, STC1-expressing plasmids were 
transfected into lncBIRC3-OT-deleted glioma cells (Fig. 5A). It was found that knockdown of lncBIRC3-OT suppressed malignant 
biological properties of U87 and U251 cells. In contrast, overexpression of STC1 in lncBIRC3-OT-deleted glioma cells reversed the 
proliferation (Fig. 5B), colony formation (Fig. 5C), migration (Fig. 5D), and invasion (Fig. 5E). Thus, our results demonstrated that 
lncBIRC3-OT promotes glioma progression by facilitating RELA-mediated STC1 transcription. 

4. Discussion 

Here, we identified a novel glioma-associated lncRNA termed LncBIRC3-OT, which is a crucial epigenetic regulator of glioma cell 
proliferation and invasion. We found that lncBIRC3-OT is one of the most upregulated lncRNAs in glioma and is critical for glioma cell 
proliferation and invasion, as the knockdown of lncBIRC3-OT impairs cell proliferation, migration, and invasion. Importantly, 
lncBIRC3-OT guides RELA to STC1 promoter, and enhances STC1 transcription, which in turn promotes glioma progression. Take 
together, our study identifies lncBIRC3-OT as a tumor-promoting lncRNA and reveals its role and mechanism in the malignant be-
haviors of gliomas. These data indicate that lncBIRC3-OT may be a promising target for the treatment of gliomas. 

Glioma is a highly aggressive tumor and is the most lethal primary brain tumor in adults. Only 5 % of glioma patients survive more 
than 5 years after diagnosis [22]. In recent years, the discovery of ncRNAs has added a new dimension to the diagnosis and treatment of 

Table 2 
The relationship between lncBIRC3-OT expression and clinical characteristics.  

Characteristics LncBIRC3-OT Expression P value 

Low (n = 11) High (n = 11) 

Age (Range) 14–37  
Sex    

Female 2 2 1.000 
Male 9 9  

WHO Grade   0.193 
III 6 3  
IV 5 8  

MGMT   0.500 
Negative 7 6  
Positvie 4 5  

GFAP   0.107 
Negative 3 0  
Positvie 8 11  

Ki-67   0.762 
≤5 % 1 1  
>5 % 10 10   
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glioma [23]. Among them, lncRNAs account for about 80–90 % of ncRNAs. LncRNAs are usually expressed in specific tissues or 
developmental stages [24]. Thus, they are considered as promising diagnostic and prognostic biomarkers for gliomas [25]. In recent 
years, increasing evidence revealed that dysregulation of several lncRNAs is closely associated with glioma development, progression, 
and treatment resistance [26–28]. For example, lncRNA LINREP linc-RoR has been identified as a pro-oncogenic molecule and pro-
motes glioma progression [11,29]. Moreover, several lncRNAs including LINC00520, XLOC013218, and PDIA3P1, contribute to the 
acquisition of temozolomide resistance [10,30,31]. In the present study, we found that lncBIRC3-OT was significantly highly expressed 
in glioma tissues and cells. Loss-of-function experiments revealed that knockdown of lncBIRC3-OT suppressed the malignant 
phenotype of glioma cells, as evidenced by impaired cell proliferation, migration, and invasive capacity, as well as the EMT process. 
These findings highlight the important role of lncBIRC3-OT in glioma proliferation and progression. 

Due to their structural diversity, lncRNAs can interact with miRNAs, RNAs, or proteins to regulate downstream genes and signaling 
pathways [32]. Here, we confirmed that lncBIRC3-OT had a high affinity for RELA by RNA pull-down assay followed by LC-MS and 
Western blot. RELA (also known as p65), an important member of the NF-κB pathway that drives tumor progression in many cancers, 
including gliomas [33]. Pharmacological or biological inhibition of RELA suppresses glioma tumorigenesis and progression [33,34]. 

Fig. 2. LncBIRC3-OT is required for malignant behaviours of glioma cells. (A) LncBIRC3-OT was silenced in U87 and U251 cells by shRNAs. (B) 
Cell viability was detected in lncBIRC3-OT-depleted cells by CCK-8 assay. (C) LncBIRC3-OT depletion causes a diminished colony-forming capacity 
in U87 and U251 cells. (D) Cell migration was detected in lncBIRC3-OT-depleted cells by wound-healing assays. (E) Cell invasion was analyzed in 
lncBIRC3-OT-silenced U87 and U251 cells by Transwell invasion assay. (F) N-cadherin, Vimentin, and E-cadherin were analyzed in lncBIRC3-OT- 
depleted cells by Western blot analysis. Uncropped images of blots are shown in Supplementary material. Data were shown as mean ± SD from three 
independent experiments. **P < 0.01, ***P < 0.001 vs. the NC groups. 
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Furthermore, a recent report showed that downregulation of phosphorylated RELA enhanced temozolomide sensitization in gliomas 
[35]. And, knockout of RELA sensitized GSCs to CAR-mediated antitumor activity [36]. 

RELA acts as a transcription factor that enhances the expression of multiple proliferation- or migration-related gene in tumors [37, 
38]. For example, RELA activates lncRNA NEAT1, which promotes the malignant behavior of pancreatic ductal adenocarcinoma cells 
[39]. RELA drives the expression of CXCL13 and CXCR5, which promotes breast cancer progression [40]. In addition, RELA modulates 
the expression of crucial immunosuppressive molecules in tumors [41]. A previous study showed that RELA facilitates STC1 tran-
scription and promotes esophageal squamous cell carcinoma metastasis [20]. STC1 has been identified as a prognostic biomarker in 
gliomas and participates in glioma cell migration and invasion [42]. Suppression of STC1 restrains the malignant behaviors of glioma 
cells [43]. We demonstrated that RELA could bind the STC1 promoter to drive its transcription. Functional assays demonstrated that 
overexpression of STC1 restored lncBIRC3-OT depletion-mediated inhibition of malignant behaviors in glioma cells. Therefore, we 
concluded that lncBIRC3-OT promotes glioma progression by recruiting RELA to the STC1 promoter to facilitate STC1 transcription. 

5. Conclusion 

This study elucidates that lncBIRC3-OT promotes glioma cell proliferation, migration, and invasion by guiding RELA protein to the 
STC1 promoter and promoting the transcription of STC1. This study suggests that lncBIRC3-OT may be a potential target for the 
treatment of gliomas. 

Fig. 3. LncBIRC3-OT associates with RELA. (A) Silver staining of proteins retrieved by lncBIRC3-OT probe (Sense). Scramble probe (Antisense) 
was used as a negative control. Whole cell lysates (Input) was used as a positive control. (B) RELA-specific peptides were identified with peptide 
mass fingerprinting using mass spectrometry analysis. (C) Western blot was used to measure RELA expression. Uncropped images of blots are shown 
in Supplementary material. (D) RIP assay was conducted to examine the interaction of lncBIRC3-OT with RELA. Uncropped images of blots are 
shown in Supplementary material. (E) LncBIRC3-OT was visualized by RNA-FISH, and immunofluorescence staining of RELA in U251 cells 
was performed. 
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Fig. 4. LncBIRC3-OT recruits RELA to initiate STC1 expression. (A) STC1 was overexpressed in glioma samples compared to control samples. (B) 
The survival analysis of STC1 in glioma. (C) JASPAR database showed the binding sites of RELA on STC1 promoter. (D) ChIP-PCR assays indicated 
that RELA is bound to the STC1 promoter in U87 and U251 cells. TSS, transcriptional start site. ***P < 0.001 vs. lgG group. (E) ChIP assay under 
lncBIRC3-OT knockdown condition was performed. ***P < 0.001 vs. NC group. (F) The mRNA levels of RELA in RELA-deletion glioma cells. (G) The 
mRNA levels of STC1 in RELA-deletion glioma cells. (H) U87 and U251 cells were co-transfected with sh-lncBIRC3-OT and pcDNA3.1-RELA, and the 
mRNA levels of STC1 were examined by RT-qPCR methods. Data were shown as mean ± SD from three independent experiments. *P < 0.05, ***P 
< 0.001. 
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Fig. 5. Restoration of STC1 rescues lncBIRC3-OT deletion-mediated suppression of glioma cell proliferation, migration, and invasion. (A) The 
expression of STC1 was upregulated by transient transfection in lncBIRC3-OT-silencing cells, which was detected by Western blot. Uncropped 
images of blots are shown in Supplementary material. (B) CCK8 assay and (C) colony-forming assay demonstrated that STC1 overexpression 
reversed the proliferation inhibited by lncBIRC3-OT knockdown in U87 and U251 cells. (D) Wound healing and (E) Transwell invasion assays 
showed that STC1 reversed migration and invasion induced by the knockdown of lncBIRC3-OT U87 and U251 cells. Data were shown as mean ± SD 
from three independent experiments. ***P < 0.001 vs. the NC groups; ##P < 0.01, ###P < 0.001 vs. the sh-lncBIRC3-OT groups. 
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Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi.org/10.1016/j.heliyon.2023.e21777. 
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