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Hsa_circ_0002137 stabled by LIN28B promotes osteosarcoma cell growth through the hsa-miR-1246/BCL2 axis
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Abstract: Circular RNAs (circRNAs) are a novel class of non-coding RNA that have recently shown to have huge capabilities in the regulation of gene expression at the posttranscriptional level. Growing evidence has indicated that circRNAs could serve as competing endogenous RNAs (ceRNAs) to sponge microRNAs (miRNAs) and suppress functions of targeted miRNAs. Osteosarcoma (OS) is the most common malignant primary bone cancer. Hsa_circ_0002137 is upregulated in OS. However, the role of hsa_circ_0002137 in OS remains unclear. Using miRNA pull-down assay, we showed that cir_0002137 sponged hsa-miR-1246, and BCL2 apoptosis regulator (BCL2) mRNA was a potential target of hsa-miR-1246 in human osteosarcoma (HOS) cells. Further, we found that hsa_cir_0002137 could enhance the expression of BCL2 hsa-miR-1246 and promote HOS cell growth through sponging hsa-miR-1246. Moreover, RNA binding protein immunoprecip itation (RIP) assay revealed that lin-28 homolog B (LIN28B) protein associated with hsa_circ_0002137, and LIN28B could increase hsa_circ_0002137 stability and thus accelerate OS cell growth. Our work was the first to study the functions of hsa_circ_0002137, has-miR-1246 and LIN28B in OS, and these results may provide novel therapeutic targets for OS treatment.
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Introduction

Osteosarcoma (OS), which is characterized by high metastatic potential and poor clinical prognosis as well as high recurrence rate (Li et al., 2019; Song and Li, 2018), is widely regarded as the most common malignant primary bone cancer in children and adolescents (Li et al., 2019). Despite the rapid development of therapeutic strategies, the five-year survival rate of OS patients is still unsatisfactory (Li et al., 2019). In order to improve the curative ratio and prognosis of OS, it is urgent to find novel and more effective therapeutic targets with a better understanding of the molecular mechanisms that underlie the occurrence and development of OS (Li and Song, 2017).

CircRNAs are novel endogenous noncoding-RNAs (Wang et al., 2019b) characterized by a covalent closed-loop structure with neither 5’ to 3’ polarity nor polyadenylated tail (Qu et al., 2015). Functional circular RNAs have been proved to be sequestrant agents of RNA binding protein, cytoplasmic microRNA sponges, and nuclear transcription regulators, indicating circular RNA as a participant in the regulatory network of gene expression (Hansen et al., 2013b; He et al., 2017a). Through the ceRNA network, circular RNA can play an important role in the development of various diseases (An et al., 2017; He et al., 2017a; Huang et al., 2016; Wang et al., 2017), including OS (Soghli et al., 2020).

As the target of circRNAs, miRNAs are regulatory molecules that are frequently found to be aberrantly expressed in cancers and may contribute to tumor heterogeneity (Suzuki et al., 2015). A large variety of miRNAs have been demonstrated to be closely associated with OS (Wang et al., 2019a; Wang et al., 2020). Recent efforts have focused on identifying miRNAs as diagnostic biomarkers or therapeutic targets (Kreth et al., 2018; Zhang et al., 2016).

LIN28B (UniProtKB Q6ZN17) contributes to tumorigenesis by regulating the mature of let-7 miRNAs as an RNA-binding protein (RBP) (Balzeau et al., 2017; Wang et al., 2015). Although LIN28B expression is upregulated in OS (Mizushima et al., 2020), the role of LIN28B in OS is unclear. In addition, the effect of LIN28B on circRNA expression remains to be elucidated.

In this study, we investigated the role of hsa_circ_ 0002137 in OS. Our study revealed that hsa_circ_0002137 regulated BCL2 expression by targeting has-miR-1246 and therefore enhanced OS cell growth. LIN28B protein can increase hsa_circ_0002137 stability by interacting with hsa_circ_0002137 and subsequently promote OS cell growth. These results may provide novel therapeutic targets for OS treatment.

Materials and Methods

Cell culture

HOS cells, MG63 cells, U2OS cells, and hFOB1.19 cells were obtained from the Cell Bank at the Chinese Academy of Sciences (Shanghai, China). All cells are maintained in DMEM (Dulbecco’s modified eagle’s medium) (Gibco BRL, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (FBS) (Gibco BRL) and cultured at 37°C in a 5% CO2 humidified incubator. The 3rd passage HOS cells were used in this study, and HOS cells exhibited a doubling time of 36 h.

Cell transfection

According to the protocol of the manufacturer, biotin-labeled probes, small interfering RNAs (siRNAs), vectors, 50 nmol/μL miRNA mimics or inhibitors were transfected into HOS cells by Lipofectamine 2000 (Thermo Fisher Scientific, Waltham, MA, USA). After incubation with siRNAs, vectors, miRNA mimics or inhibitors, cells were collected for subsequent experiments.

MiRNA pulldown

Biotin-labeled hsa-miR-1246 pulldown probe (AAUGGAUU UUUGGAGCAGG) and NC (negative control) pulldown probe were synthesized by HeChuang Biotech Inc., Guangzhou, China. After transfection, miRNA pulldown was carried out to detect whether hsa-miR-1246 could bind to hsa_circ_0002137 and BCL2 mRNA, and the complementary binding between hsa_circ_0002137, hsa-miR-1246 and BCL2 mRNA had been primarily identified by bioinformatics tools. Firstly, hsa-miR-1246 probe (AAUGGAUUUUUGGAGCAGG) was synthesized, at the same time, cells were separated into two groups: for the first group, we applied biotinylated hsa-miR-1246 as probes; for the other one, we applied biotinylated non-related sequence probes as NC group. Then, cell centrifugation was carried out, and we collected the supernatant as input group. For the precipitate, magnetic beads (Thermo Fisher Scientific) were incubated with biotinylated hsa-miR-1246 and NC probes to generate probe-coated beads, they were then incubated with cell lysates at 4°C overnight. After that, the RNAs bound to the beads were isolated. Hsa_circ_0002137, BCL2 mRNA and GAPDH as three different kinds of primers were given respectively to the equal volume of the isolated RNAs from both pulldown and NC groups. The abundance of hsa_circ_0002137, BCL2 mRNA and GAPDH in bound fractions was evaluated by qRT-PCR analysis.

RT-qPCR

Total RNA was isolated using Trizol reagent (Invitrogen, Carlsbad, Calif, USA). Subsequently, 1 μg RNA was used for cDNA synthesis performed by PrimeScript II 1st Strand cDNA Synthesis Kit (Takara, Dalian, Liaoning, China). Next, SYBR Premix Ex Taq II (Takara) was used for RT-qPCR analysis performed by a 7500 Fast Real-Time PCR system (Applied Biosystems). Besides, outward-facing primers or divergent primers utilized in RT-qPCR were synthesized by Sangon Biotech (Shanghai, China). Primers used in this study as follows: hsa_circ_0002137 (GeneBank ID: NM_025076, length of the amplicon: 190 bp), 5’-CTTCTGGAGGTATTTCCACTGTC-3’ (forward), 5’- AGAAGAGGCTATGGATGGAGTA-3’ (reverse); LIN28B (loci: 4095-4202, GeneBank ID: NM_001004317.4, length of the amplicon: 108 bp), 5’-GGCAGCAGGTCTGTGAATTA-3’ (forward), 5’-GATCAGCTTACAGGGCTAAGAG-3’ (reverse); BCL2 (loci: 4686-4783, GeneBank ID: NM_000633.3, length of the amplicon: 98 bp), 5’- GGCCAGGGTCAGAGTTAAATAG-3’ (forward), 5’- GGAGGTTCTCAGATGTTCTTCTC-3’ (reverse); GAPDH (loci: 350-486, GeneBank ID: NM_001289745.3, length of the amplicon: 137 bp), 5’-GCACCGTCAAGGCTGAGAAC-3’ (forward), 5’-TG GTGAAGACGCCAGTGGA-3’ (reverse). GAPDH was used as an internal control for RNA expression. The relative expression of candidate genes was normalized to internal control using the 2–ΔΔCt equation. At least three technical repeats were set for RT-PCR verification each time.

Dual-luciferase reporter gene assay

First, three siRNAs for silencing hsa_circ_0002137 expression were synthesized by Sangon (Shanghai, China), screens were carried out to select the effective siRNA. Wild-type (WT) BCL-2 mRNA 3’UTR or a mutant (MUT) sequence of the binding site for hsa-miR-1246 in BCL-2 mRNA 3’UTR was inserted into luciferase reporter gene vectors. After co-transfected with luciferase vectors and siRNA NC, hsa_circ_0002137 siRNA, mimic NC and hsa-miR-1246 mimic respectively, cells seeded into 24-well plates were subjected to luciferase activity determination using the Dual Luciferase Reporter Assay System (Promega, Madison, WI, USA) at 48 h after transfection.

Western blot

Proteins were extracted by RIPA buffer (Beyotime Biotechnology, Shanghai, China) with protease and phosphatase inhibitors (Beyotime Biotechnology), quantified, loaded on SDS-PAGE with 30 μg per lane, and transferred onto PVDF membranes (Millipore, Billerica, MA, USA). After the membranes being blocked with 5% defatted milk, the primary antibodies were added to shake the bed at 4°C overnight. Subsequently, the secondary antibody goat anti-rabbit IgG H&L (Southern Biotech, Birmingham, AL, USA, 4050-05, 1:5000) was added to incubate at room temperature for 1 h. After two times incubation, TBST was used to wash the membrane three times. Ultimately, color rendering was performed using hypersensitive ECL (Beyotime Biotechnology). The primary antibodies include BCL2 (UniProtKB Q92934) antibody (Bioss, Beijing, China, #bs-20351R, 1:500), LIN28B antibody (Bioss, #bs-20351R, 1:1000) and internal reference GAPDH antibody (Aksomics, Shanghai, China, #KC-5G5, 1:10000).

CCK8 assay

Cells were seeded into 96-well plates at 5 × 103 cells per well and cultured for indicated time points. Cell viability was evaluated using Cell Counting Kit-8 (Beyotime Biotechnology, #C0037) according to the manufacturer’s instructions. OD values were read using a microplate reader (BioTek Company, Winooski, VT, USA) at the 450 nm-wavelength. Each time point was repeated in three wells, and the experiment was independently performed three times.

Detection of cell apoptosis by flow cytometry

Cell apoptosis was analyzed by an Annexin V-FITC apoptosis detection kit (BD Biosciences, San Jose, CA, USA). Transfected OS cells were collected and resuspended in 1.25 μL Annexin V-FITC binding buffer. Subsequently, 10 μL PI was added to stain the cells in the dark for about 15 min. At last, the double staining cells were subjected to flow cytometry (FACScan, BD Biosciences) to detect the apoptosis rate.

RIP assay

RIP assay was performed by RNA Binding Protein Immunoprecipitation Kit (Hechuang). Briefly, 1.5 × 107 cells were collected and split. Then cell lysates were incubated with protein A/G beads and LIN28B antibody (Proteintech, # 24017-1-AP, Chicago, IL, USA) or IgG (negative control) at 4°C for 24 h. Next, beads were collected by a magnetic separation device, and RIP products were eluted from beads. Subsequently, RNA was extracted from RIP products and detected by qPCR.

Statistical analysis

All experiments of this study were repeated in triplicate, and at least three technical repeats were set in each time. Data were expressed as the mean ± standard deviation (SD) and analyzed using unpaired 2-sided Student’s t-test. Statistical analysis was performed using SPSS 22.0 (SPSS Inc., Chicago, IL, USA). p < 0.05 indicated significant difference.

Results

Hsa_circ_0002137 silencing suppresses OS cell growth

The level of hsa_circ_0002137 was detected in HOS cells, MG63 cells, U2OS cells, and hFOB1.19 osteoblast cells. Results showed that the level of hsa_circ_0002137 increased highest in HOS cells compared to that in hFOB1.19 cells, so HOS cells were utilized for the subsequent experiments (Fig. 1A). The sequencing result identified that hsa_circ_0002137 was amplified (Fig. 1B). Then HOS cells were utilized for performing the loss-of-function experiments. Hsa_circ-0002137 siRNAs, which could stably knock-down the expression of hsa_circ_0002137, were used to explore the function of hsa_circ_0002137 in HOS cells. As shown in Fig. 1C, hsa_circ_0002137 expression was significantly reduced by siRNAs. Among the three siRNAs, si 1-hsa_circ_0002137 reduced hsa_circ_0002137 expression most efficiently (Fig. 1C). Thus, si 1-hsa_circ_0002137 was chosen for further study. To assess the role of hsa_circ_0002137 on OS cell proliferation, we carried out a CCK8 assay. Results showed that silencing of hsa_circ_0002137 suppressed the HOS cell proliferation (Fig. 1D). Moreover, apoptosis assay detected by flow cytometry showed that, in HOS cells, hsa_circ_0002137 silencing increased the apoptosis cell rate compared to the negative control group (Fig. 1E). Overall, the results suggested that hsa_circ_0002137 silencing could suppress the OS cell proliferation.
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Figure 1: Silencing of hsa_circ_0002137 suppresses HOS cell growth. (A) The level of hsa_circ_0002137 in HOS cells, MG63 cells, U2OS cells and hFOB1.19 cells. (B) Sequencing of qPCR products obtained from A. (C) The level of hsa_circ_0002137 in HOS cells treated with or without siRNAs. (D) The growth rate of HOS cells treated with or without hsa_circ_0002137 siRNA. (E) Flow cytometry analysis of HOS cells for apoptosis and quantification of apoptotic cells per group. Cells were treated with or without hsa_circ_0002137 siRNA. Annexin V labeled with FITC and PI were used to stain cells. NC: negative control; si: siRNA. *indicates a significant difference compared with the NC or Control group (*P < 0.05).

Hsa_circ_0002137 enhances OS cell growth as a sponge for hsa-miR-1246

Functional experiments had revealed the oncogenic role of hsa_circ_0002137 on OS. Further bioinformatics analysis indicated that hsa-miR-1246 can bind with hsa_circ_0002137 (Fig. 2A). In addition, results of miRNA pulldown indicated that hsa-miR-1246 could bind with hsa_circ_0002137 (Fig. 2B). Furthermore, the overexpression of hsa-miR-1246 suppressed HOS proliferation detected by CCK-8 assay, and hsa-miR-1246 inhibitor could reverse the effect of si-hsa_circ_0002137 on HOS proliferation (Fig. 3A). Moreover, overexpression of hsa-miR-1246 induced the apoptosis of HOS cells (Fig. 3B), while hsa-miR-1246 inhibitor could reverse the effect of si-hsa_circ_0002137 on HOS cell apoptosis (Fig. 3B). Taken together, these results suggested that hsa_circ_0002137 sponged hsa-miR-2146 to promote HOS cell growth and suppress HOS cell apoptosis.
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Figure 2: Hsa_circ_0002137 sponges hsa-miR-1246 in HOS cells. (A) Prediction of the hsa-miR-1246 binding site in hsa_circ_0002137 by Starbase. (B) miRNA pulldown and qPCR analysis of the association between hsa_circ_0002137 and hsa-miR-1246 in HOS cells. NC: negative control.
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Figure 3: Hsa_circ_0002137 enhances HOS cell growth and suppresses apoptosis by sponging hsa-miR-2146. (A) The growth rate of HOS cells treated with hsa-miR-2146 mimic, inhibitor or hsa_circ_0002137 siRNA. (B) Flow cytometry analysis of HOS cells for apoptosis and quantification of apoptotic cells per group. Cells were treated with hsa-miR-2146 mimic, inhibitor or hsa_circ_0002137 siRNA. Annexin V labeled with FITC and PI were used to stain cells. NC: negative control; si: siRNA. *indicates significant a difference compared with the Control group (*p < 0.05).

Hsa-miR-1246 inhibits OS cell growth by targeting BCL2

To further investigate the downstream target of hsa-miR-1246 in HOS cells, TargetScan (https://www.targetscan.org/) was utilized. The analysis found that BCL2 was the most potential predicted target of hsa-miR-1246. The potential binding site of hsa-miR-1246 in the 3’ UTR of BCL2 mRNA was shown in Fig. 4A. BCL2 suppresses apoptosis and is highly expressed in a variety of cancer cells (Radha and Raghavan, 2017). Using miRNA pulldown, we found that BCL2 mRNA bound with hsa-miR-1246 (Fig. 4B). Subsequently, luciferase reporter assay demonstrated that hsa-miR-1246 negatively regulated BCL2 transcription while results of Western blotting indicated that hsa-miR-1246 decreased BCL2 protein expression in HOS cells (Figs. 4C, 4D). Consistently, the knockdown of hsa_circ_0002137 reduced the transcription activity and protein expression of BCL2 (Figs. 4C and 4D).
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Figure 4: Hsa-miR-2146 targets BCL2 in HOS cells. (A) Prediction of the hsa-miR-2146 binding site in BCL2 miRNA 3’ UTR using Targetscan. (B) miRNA pulldown and qPCR analysis of the association between hsa-miR-1246 and BCL2 mRNA in HOS cells. (C) Luciferase activity of BCL2 in HOS cells treated with hsa-miR-2146 mimic or hsa_circ_0002137 siRNA. Protein abundance of BCL2 in HOS cells treated with hsa-miR-2146 mimic or hsa_circ_0002137 siRNA. NC: negative control; si: siRNA; WT: wild type; Mut: Mutant. *indicates a significant difference compared with the Blank or Control group (*p < 0.05).

Next, the results of the CCK-8 assay found that overexpression of hsa-miR-1246 inhibited HOS cell proliferation. By contrast, BCL2 overexpression attenuated the hsa-miR-1246-mediated inhibition of HOS cell proliferation (Fig. 5A). Apoptosis assay also demonstrated that overexpression of hsa-miR-1246 induced HOS cell apoptosis, whereas BCL2 overexpression abolished the effect of hsa-miR-1246 on HOS cell apoptosis (Fig. 5B). Together, these data suggested that hsa-miR-1246 could suppress HOS cell proliferation by targeting BCL2.
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Figure 5: Hsa-miR-2146 inhibits HOS cell growth by targeting BCL2. (A) The growth rate of HOS cells treated with hsa-miR-2146 mimic or BCL2 expression vector. (B) Flow cytometry analysis of HOS cells for apoptosis and quantification of apoptotic cells per group. Cells were treated with hsa-miR-2146 mimic or BCL2 expression vector. Annexin V labeled with FITC and PI were used to stain cells. NC: negative control; vec: expression vector; si: siRNA. *indicates a significant difference compared with the Control group (*p < 0.05).

Hsa_circ_0002137 interacts with LIN28B protein in OS cells

To further interrogate/delineate/investigate the mechanism that governs hsa_circ_0002137 expression, RNA-binding proteins associated with hsa_circ_0002137 were predicted computationally using POSTAR2 (http://lulab.life.tsinghua.edu.cn/postar2/index.php). The analysis suggested that LIN28B can interact with hsa_circ_0002137 (Fig. 6A). Thus, we performed RIP to identify the physical interaction of LIN28B protein with hsa_circ_0002137. As shown in Fig. 6B, LIN28B protein interacted with hsa_circ_0002137 in HOS cells. Similar to hsa_circ_0002137, LIN28B protein level was increased in HOS cells compared to that in hFOB1.19 cells (Fig. 6C). Furthermore, in IHCs we detected enriched LIN28B protein localized in the cytoplasm of HOS cells, whereas it is less abundant in the nuclei (Fig. 6D). Thus, we guessed LIN28B may regulate hsa_circ_0002137 expression at the post-transcriptional level.
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Figure 6: LIN28B interacts with hsa_circ_0002137 and is upregulated in HOS cells. (A) The prediction of interaction between LIN28B and hsa_circ_0002137. (B) RIP and qPCR analysis of the association between LIN28B and hsa_circ_0002137 in HOS cells. (C) The level of LIN28B protein detected by WB in hFOB1.19 cells and HOS cells. (D) The level and location of LIN28B protein detected by IHC in HOS cells. Green: LIN28B; Bule: DAPI. *indicates a significant difference compared with other groups (*p < 0.05).

LIN28B protein increases hsa_circ_0002137 stability in OS cells

To investigate the mechanism of how LIN28B regulates hsa_circ_0002137 expression, LIN28B expression vectors or LIN28B siRNAs were transfected into HOS cells to overexpress or silence LIN28B. Among the three siRNAs, si-LIN28B 1 was found to be the most efficient (Suppl. Figs. S1A and S1C). Therefore, si-LIN28B 1 was used for subsequent experiments. In addition, LIN28B expression vectors could drive LIN28B overexpression effectively in HOS cells (Suppl. Figs. S1B and S1C). Indeed, the overexpression of LIN28B upregulated hsa_circ_0002137 expression, whereas silencing LIN28B reduced the level of hsa_circ_0002137 (Fig. 7A). A previous study has revealed that long non-coding RNA (lncRNA) NEAT1 is stabilized by LIN28B in ovarian cancer (Wu et al., 2018). Considering that LIN28B interacted with hsa_circ_0002137, we hypothesized that LIN28B protein may affect hsa_circ_0002137 stability. Dactinomycin was used to measure hsa_circ_0002137 stability. Results showed that hsa_circ_0002137 level was decreased robustly following the one-hour treatment of dactinomycin at 1 h, and almost diminished at 4 h in the control group (Fig. 7B). In comparison, the hsa_circ_0002137 level in LIN28B-overexpressed cells declined more slowly (Fig. 7B). Consistently, the decay of hsa_circ_0002137 in control cells corresponded to a half-life of 3.1 h, while LIN28B overexpression significantly prolonged the half-life of hsa_circ_0002137 to 4.3 h (Fig. 7B). These data suggested that LIN28B regulated hsa_circ_0002137 abundance by increasing its stability in HOS cells.
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Figure 7: LIN28B protein increases hsa_circ_0002137 stability in HOS cells. (A) The level of hsa_circ_ 0002137 in HOS cells treated with LIN28B vec or LIN28B siRNA. (B) The remaining level of hsa_circ_ 0002137 in HOS cells treated with dactinomycin at 0, 1, 2, 3, and 4 h. NC: negative control; vec: expression vector; si: siRNA. *indicates a significant difference compared with other groups (*p < 0.05).

LIN28B promotes OS cell growth through hsa_circ_0002137

Given our previous finding that hsa_circ_0002137 promotes cell growth (Fig. 3), we next asked whether LIN28B contributes to OS cell growth through hsa_circ_0002137. Results of the CCK8 assay indicated that the overexpression of LIN28B enhanced HOS cell proliferation, whereas the knockdown of LIN28B suppressed HOS cell growth (Fig. 8A). Moreover, silencing hsa_circ_0002137 abolished the effect of overexpressed LIN28B on HOS cell proliferation (Fig. 8A). By contrast, the overexpression of LIN28B reduced HOS cell apoptosis, whereas silence of LIN28B induced HOS cell death (Fig. 8B). Furthermore, hsa_circ_0002137 knockdown attenuated the anti-apoptotic effect of LIN28B in HOS cells (Fig. 8B). Therefore, these results demonstrated that LIN28B enhanced OS cell growth through hsa_circ_0002137.

[image: images]

Figure 8: LIN28B suppresses HOS cell growth through hsa_circ_0002137. (A) The growth rate of HOS cells treated with LIN28B vec, LIN28B siRNA or hsa_circ_0002137 siRNA. (B) Flow cytometry analysis of HOS cells for apoptosis and quantification of apoptotic cells per group. Cells were treated with LIN28B vec, LIN28B siRNA or hsa_circ_0002137 siRNA. Annexin V labeled with FITC and PI were used to stain cells. NC: negative control; vec: expression vector; si: siRNA. *indicates a significant difference compared with the control group (*p < 0.05).

Discussion

Our study revealed that hsa_circ_0002137 enhanced OS cell growth by regulating BCL2 expression by targeting has-miR-1246 and LIN28B protein associated with hsa_circ_0002137 to increase the hsa_circ_0002137 stability and subsequently accelerated OS cell growth. These results may provide novel therapeutic targets for OS treatment.

With the advances of high-throughput sequencing or next-generation sequencing (NGS) and bioinformatics analysis, an increasing number of functional circular RNAs have been discovered and identified in multiple diseases, especially tumorigenesis (Kristensen et al., 2018). CircRNAs may serve as potential diagnostic biomarkers or therapeutic targets as they play important roles in biological processes (Shan et al., 2020; Sheng et al., 2018; Wang et al., 2018). In addition, circRNAs have been widely reported to act as an “miRNA sponge” to regulate its downstream target genes (Hansen et al., 2013a). Several studies have demonstrated the fundamental roles of circRNAs in OS progression by sponging miRNAs. For example, the knockdown of hsa_circ_0001564 suppresses OS proliferation and induces cell cycle arrest and apoptosis by acting miRNA sponge (Song and Li, 2018). As another example, circ-NT5C2 facilitates OS proliferation and metastasis by targeting miR-448 (Liu et al., 2017). Moreover, circ-UBAP2 accelerates OS progression by sponging miR-143 (Zhang et al., 2017). Our present data validated that hsa_circ_0002137 could promote OS cell growth by sponging hsa-miR-1246.

To date, the functions of hsa-miR-1246 remain controversial. In numerous cancer types, hsa-miR-1246 is considered as an onco-miRNA. For example, hsa-miR-1246 enhances metastasis of colorectal cancer via regulating the SPRED2/MAPK pathway (Peng et al., 2019). In breast cancer, exosomal hsa-miR-1246 accelerates tumorigenesis progression and drug resistance by targeting Cyclin-G2 (Li et al., 2017). Moreover, hsa-miR-1246 from the tumor-initiating cell facilitates non-small cell lung cancer progression (Zhang et al., 2016). On the contrary, hsa-miR-1246 induced by p53 suppresses hepatocellular carcinoma cell growth via targeting nuclear factor I/B (Zhang et al., 2015). Here, our study discovered that hsa-miR-1246 inhibited OS cell growth and revealed its contribution to OS for the first time.

During tumor formation, apoptosis, also known as programmed cell death, is usually inhibited, and cancer cells undergo uncontrolled proliferation (Pfeffer and Singh, 2018). BCL2 is an anti-apoptotic protein that may protect cells from a variety of apoptotic stimuli, including cytotoxic drugs, irradiation, heat, or growth factor withdrawal (Piro and Leonardi, 2015). The upregulation of BCL2 has been described in various tumor types, including breast, colon, ovary, and prostate cancers (Delbridge and Strasser, 2015). Moreover, BCL2 could protect cancer cells from apoptosis, such as OS cells (Nedelcu et al., 2008). In addition, numerous miRNAs regulate the biological function of BCL2 in cancer cells. For instance, miR-136 induces gastric cell apoptosis by targeting BCL2 (Yu et al., 2018). Similarly, miR-204-5p triggers apoptosis by targeting BCL2 in prostate cancer cells (He et al., 2017b). In chronic lymphocytic leukemia, miR-15 and miR-16 promote apoptosis by targeting BCL2 (Cimmino et al., 2005). However, the effect of has-miR-1246 on BCL2 is unknown. This study demonstrated that BCL2 was the target of hsa-miR-1246 in OS cells and that has-miR-1246 suppressed tumorigenesis by targeting BCL2 in OS. This mechanism indicated that miRNA-regulated apoptosis plays important roles in the pathogenesis of OS and implies the therapeutic potential of targeting BCL2/hsa-miR-1246 to intervene in tumor cell growth in OS.

LIN28B is a well-recognized oncogene that suppresses the biogenesis of let7 miRNAs (Balzeau et al., 2017). Although LIN28B expression is upregulated in OS, the biological role of LIN28B in OS is unclear (Mizushima et al., 2020). Some studies have revealed the role of LIN28B in RNA stability. For example, lncRNA NEAT1 is stabilized by LIN28B protein in ovarian cancer (Wu et al., 2018). Similarly, LIN28B increases EWS-FLI1 mRNA stability in Ewing sarcoma (Keskin et al., 2020). However, whether LIN28B regulates circRNA stability remains an open question. Here, we found that LIN28B protein increased hsa_circ_0002137 stability by their physical interaction and subsequently accelerated OS cell growth. These findings suggest LIN28B regulates cirRNA stability in a similar way as it regulates RNA and promotes the model that LIN28B participates in accelerating the progression of various cancers by stabilizing RNAs. Disrupting this regulatory network possibly slows down tumor growth and improves the prognosis of cancer.

Osteosarcoma is the most frequent primary malignant solid tumor of bone. At present, the etiology and pathogenesis of OS are not clear. An increasing number of studies have shown that the occurrence, development, and prognosis of OS are closely related to the abnormal expression of oncogenes and anti-oncogenes (Kim et al., 2018; Martin et al., 2012; Xu et al., 2020). Therefore, the molecular mechanisms involved in the pathogenesis of OS will provide a theoretical basis for developing new therapies of OS.

Conclusions

Our study revealed that hsa_circ_0002137 regulated BCL2 expression by targeting has-miR-1246 and therefore enhanced OS cell growth. LIN28B protein can increase hsa_circ_0002137 stability by interacting with hsa_circ_0002137 and subsequently promote OS cell growth. These results may provide novel therapeutic targets for OS treatment.
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Supplementary Figure S1: Efficiency of LIN28B siRNA and LIN28B expression vector. A The level of LIN28B mRNA in HOS cells treated with or without siRNAs. B The level of LIN28B mRNA in HOS cells treated with or without LIN28B expression vector. C The level of LIN28B protein in HOS cells treated with LIN28B siRNA or LIN28B expression vector. NC: negative control; vec: expression vector; si: siRNA. * indicates significant difference compared with the NC or Control group (*P < 0.05).
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