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miR-1246 is a microRNA firstly recognized through application of a high throughput sequencing technique in human embryonic stem cells. Subsequent studies have shown the role of this microRNA in the carcinogenesis. miR-1246 has been found to exert oncogenic roles in colorectal, breast, renal, oral, laryngeal, pancreatic and ovarian cancers as well as melanoma and glioma. In lung, cervical and liver cancers, studies have reported contradictory results regarding the role of miR-1246. miR-1246 has been reported to regulate activity of RAF/MEK/ERK, GSK3β, Wnt/β-catenin, JAK/STAT, PI3K/AKT, THBS2/MMP and NOTCH2 pathways. In addition to affecting cell cycle progression and proliferation, miR-1246 can influence stemness and resistance of cancer cells to therapeutics. In the current review, we describe the summary of in vitro and in vivo studies about the influence of miR-1246 in carcinogenesis in addition to studies that measured expression levels of miR-1246 in clinical samples.
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INTRODUCTION
miR-1246 has been firstly recognized through application of a high throughput sequencing technique in human embryonic stem cells (Morin et al., 2008). Subsequent studies have mapped the human miR-1246-coding gene, i.e., MIR1246 gene on chromosome 2q31.1 and reported the impact of p53 on the regulation of its expression (Zhang et al., 2011). Notably, the nucleotide sequence of the mature miR-1246 is identical to the central region of the RNU2-1 RNA (Xu et al., 2019), a small nuclear RNA which constructs the scaffold for establishment of the U2 complex in the spliceosome (Patel and Bellini, 2008).
Theoretically, the stem-loop TaqMan technique for detection of miR-1246 is expected to amplify both miR-1246 and RNA, U2 Small Nuclear 1 (RNU2-1). However, the poly-A tailing SYBR strategy can differentiate between miR-1246 and RNU2-1, since the sizes of the amplified fragments can be differentiated through assessment of their meting curves (Xu et al., 2019). Application of the latter strategy for assessment of miR-1246 expression in wild type and MIR1246 knockout pancreatic adenocarcinoma cells and exosomes originated from these cells has led to identification of a variant of the mature miR-1246 in exosomes that is transcribed from cellular RNU2-1 in an independent manner from Drosha and Dicer miRNA processing enzymes (Xu et al., 2019).
Several researchers have assessed expression of miR-1246 in different cancer cell lines using a variety of miRNA-profiling assays. Subsequently, they have performed functional assays to find the effects of miR-1246 up-regulation or silencing on proliferation and invasive properties of these cells. Finally, the impact of this miRNA on tumor growth has been appraised in xenograft models constructed by injection of human cancer cell lines. In the current review, we describe the summary of these two types of studies in addition to those measured expression levels of miR-1246 in clinical samples.
CELL LINE STUDIES
Experiments in colorectal cancer cell lines have shown oncogenic role of miR-1246. In this type of cancer, the m (6) A methyltransferase METTL3 oncogene has been shown to increase methylation of pri-miR-1246 to enhance maturation of pri-miR-1246. Notably, miR-1246 has been predicted to suppress expression of the Sprouty Related EVH1 Domain Containing 2 (SPRED2) tumor suppressor, thus increasing activity of MAPK pathway (Peng et al., 2019).
Expression of miR-1246 has been found to be increased in exosomes derived from colorectal cancer cells infected with Fusobacterium nucleatum. In fact, this cancer-associated bacterium can enhance pro-metastatic behaviors through delivery of these exosomes into un-infected cells (Guo et al., 2021).
Expression of miR-1246 has also been reported to be surged in SW620, SW480, HCT116, HT29 and LOVO colorectal cancer cells, parallel with down-regulation of Cyclin G2 (CycG2). Experiments in HCT-116 and LOVO cells have verified CycG2 as the target of miR-1246. Up-regulation of miR-1246 has exerted pro-proliferative and pro-invasive effects in these cells, while its silencing has reversed these effects (Wang et al., 2016).
Exosomal and cellular levels of miR-1246 have been reported to be higher in organoid lines generated from colorectal cancer compared with organoid lines from colorectal adenomas. Consistent with this finding, miR-1246 up-regulation and down-regulation have enhanced reduced proliferation of an adenocarcinoma cell line, respectively (Nagai et al., 2021).
Another experiment in breast cancer cells has demonstrated high levels of miR-1246 in metastatic breast cancer cells compared with both non-metastatic cancer cells and non-neoplastic breast cells. miR-1246-containing exosomes from metastatic breast cancer cells can alter viability, migratory potential and chemoresistant phenotype of non-malignant breast cells. Functionally, miR-1246 suppresses expression of Cyclin G2 (Li et al., 2017).
In renal cell carcinoma cells, miR-1246 has an oncogenic effect through suppressing expression of PCK1. Notably, the tumor suppressor long non-coding RNA (lncRNA) GABPB1-AS1 has been shown to sponge miR-1246 in these cells (Gao et al., 2020).
Figure 1 shows the oncogenic role of miR-1246 in colorectal, breast and renal cancers.
[image: Figure 1]FIGURE 1 | Oncogenic role of miR-1246 in colorectal, breast and renal cancers.
miR-1246 has been demonstrated to increase the migration and invasive aptitudes of A549 adenocarcinomic human alveolar basal epithelial cells. In addition, miR-1246 could enhance epithelial-mesenchymal transition (EMT) of lung cancer cells. This miRNA could decrease levels of E-cadherin, while enhancing vimentin and TGF-β levels. Functionally, miR-1246 can target 3′-untranslated region of GSK-3β, thus regulating activity of Wnt/β-catenin pathway (Yang et al., 2019).
Yuan et al. have investigated the impact of ionizing radiation (IR)-induced extracellular miRNAs on proliferation and radioresistance of A549 adenocarcinomic cells. They have reported particular abundance of miR-1246 outside of cells compared with its levels inside the cells. Irradiation could increase expression levels of miR-1246 in A549 and H446 cells in dose- and time-dependent manners. Extracellular miR-1246 has been shown to be transferred from donor cells to recipients through a non-exosome associated route enhancing proliferation and resistance of A549 cells to irradiation. Functionally, miR-1246 reduces expression of death receptor 5 (DR5) (Yuan et al., 2016).
miR-1246 has been among up-regulated miRNAs in the sphere-forming cells compared with the parental A549 and HCC1588 cells. Suppresion of miR-1246 has led to reduction of levels stemness and EMT markers in these cells. Moreover, anti-miR-1246 could suppress proliferation, sphere-formation, colony forming ability and invasiveness of lung cancer cells (Kim et al., 2016). Similarly, Huang et al. have reported up-regulation of miR-1246 and METTL3 in A549 and H1299 cells, parallel with down-regulation of PEG3. METTL3 has been shown to affect m6A marks of miR-1246, therefore increasing expression of miR-1246. Cumulatively, m6A methyltransferase METTL3 modifies the m6A marks of miR-1246 to up-regulates miR-1246 and subsequently increase progression of lung cancer (Huang et al., 2021).
Contrary to these studies, Xu et al. have reported down-regulation of miR-1246 in A549, H1650 and H1299 cell lines compared to a normal human bronchial epithelial cell line. MiR-1246 overexpression remarkably inhibited cell invasion as well as up-regulated E-cadherin expression and down-regulated N-cadherin, Vimentin, ZEB1 and Snail expressions in A549 cells. Further studies have confirmed CXCR4 as a target gene of miR-1246, and CXCR4 silence significantly abolished the promotion effect of miR-1246 suppression on cell invasion and EMT process in A549 cells. Besides, miR-1246 blocked JAK/STAT and PI3K/AKT signal pathways by regulation of CXCR4 (Xu et al., 2018). Figure 2 shows dual roles of miR-1246 in lung cancer.
[image: Figure 2]FIGURE 2 | Dual roles of miR-1246 in lung cancer.
In SiHa HPV16-positive cervical cancer cell line, HPV16 E6 silencing has led to enhancement of miR-1246 expression, thus down-regulation of miR-1246 target DYRK1A. Meanwhile, overexpression of HPV16 E6 in HPV-negative C33A cell line has resulted in down-regulation of miR-1246 (Yang et al., 2015). Another study has shown that miR-1246 increases proliferation, invasiveness and migratory potential of SiHa cells through inhibition of expression of thrombospondin 2 (Chen et al., 2014). miR-1246 has also been among up-regulated miRNAs in radioresistant cervical cancer cells. Expression of this miRNA could be enhanced by irradiation of cervical cancer cells. Up-regulation of miR-1246 has increased survival of cervical cancer cells upon irradiation (Zhang et al., 2013). Figure 3 shows dual roles of miR-1246 in cervical cancer.
[image: Figure 3]FIGURE 3 | Dual roles of miR-1246 in cervical cancer.
Experiments in a co-culture model of hepatic stellate cells (HSCs) and hepatocellular carcinoma cells have shown that expression of miR-1246 is activated by HSCs. miR-1246 has been shown to target RORα. Up-regulation of miR-1246 or silencing of RORα has promoted proliferation, invasive properties, and metastatic aptitude of hepatocellular cancer cells through activation of Wnt/β-catenin pathway and enhancement of EMT (Huang J.-L. et al., 2020). Another study has shown that miR-1246 increases invasiveness of hepatocellular carcinoma cells via modulation of CADM1 expression (Sun et al., 2014). Moreover, miR-1246 has been reported to promote stemness features such as self-renewal, resistance to therapeutics, tumorigenic potential, and metastasis through enhancing activity of Wnt/β-catenin pathway. This effect is mediated through down-regulation of expression levels of AXIN2 and GSK3β. Oct4 has been identified as the direct regulator of miR-1246 expression which activates β-catenin in hepatic cancer stem cells (Chai et al., 2016).
On the other hand, Zhang et al. have shown that expression of miR-1246 is induced by p53. This miRNA has been shown to inhibit proliferation of hepatocellular carcinoma cells through influencing expression of NFIB (Zhang et al., 2015). Figure 4 shows dual roles of miR-1246 in hepatocellular carcinoma.
[image: Figure 4]FIGURE 4 | Dual roles of miR-1246 in hepatocellular carcinoma.
In oral squamous cell carcinoma, miR-1246 has been shown to target CCNG2 to facilitate stemness properties and induce resistance to chemotherapy (Lin et al., 2018). Moreover, exosomal transfer of this miRNA has enhanced cell motility and invasiveness of oral squamous cell carcinoma cells through targeting DENND2D (Sakha et al., 2016). Consistent with this finding, small extracellular vesicles originated from laryngeal squamous cell carcinoma cells have been shown to enter into neighboring cells. Lack of miR-1246 in these vesicles abolished development of this kind of cancer. miR-1246 content of small vesicles could participate in the pathoetiology of laryngeal squamous cell carcinoma through suppressing CCNG2 expression (Huang Q. et al., 2020). miR-1246 is involved in the progression of melanoma via changing expression levels FOXA2 (Yu et al., 2020). Moreover, miR-1246 has been shown to increase resistance of melanoma cells to BRAF inhibitors (Kim et al., 2017). Figure 5 shows oncogenic role of miR-1246 in oral and laryngeal squamous cell carcinomas and melanoma.
[image: Figure 5]FIGURE 5 | Oncogenic role of miR-1246 in oral and laryngeal squamous cell carcinomas and melanoma.
Exosomes originated from glioma cell cultures under hypoxic conditions could shuttle miR-1246 to normoxic glioma cells and enhance their migratory potential and invasiveness (Qian M. et al., 2021). Another study has shown the impact of these exosomes in induction of polarization of macrophages into M2 phenotype through targeting TERF2IP and subsequent influence on the activities of STAT3 and NF-κB signaling (Qian et al., 2020).
In pancreatic cancer, miR-1246 could increase chemoresistance and stemness through modulation of CCNG2 (Hasegawa et al., 2014).
Finally, in ovarian cancer, miR-1246 can confer resistance to chemotherapeutics through influencing Cav1/p-gp/M2-type macrophages (Kanlikilicer et al., 2018).
Figure 6 shows the oncogenic role of miR-1246 in glioma, pancreatic cancer and ovarian cancer.
[image: Figure 6]FIGURE 6 | Oncogenic role of miR-1246 in glioma, pancreatic cancer and ovarian cancer.
Table 1 shows the outlines of in vitro studies focusing on the function of miR-1246 in cancer.
TABLE 1 | Outlines of in vitro studies about function of miR-1246 (∆: knock-down or deletion, FN: Fusobacterium nucleatum, sEV: Small extracellular vesicle, GEM: gemcitabine).
[image: Table 1]ANIMAL STUDIES
Most of animal studies have indicated an oncogenic role for miR-1246, since its silencing has led to reduction of tumor size and attenuation of tumor growth (Table 2). Moreover, expression of miR-1246 has been found to be elevated in the plasma exosomes of patient-originated orthotopic xenograft animals compared to control animals (Hannafon et al., 2016). However, in prostate cancer, miR-1246 up-regulation has significantly inhibited tumor growth in the xenograft models, suggesting its tumor suppressive role. Moreover, in miR-1246 overexpressing xenograft models, exosomal levels of this miRNA has been reduced. Taken together, miR-1246 has been identified as a tumor suppressor miRNA being selectively packaged in prostate cancer exosomes, resulting in its high abundance in serum yet low concentrations inside the cells (Bhagirath et al., 2018). In the xenograft model of leukemia, miR-1246-containing extracellular vesicles have been shown to confer quiescence on residual hematopoietic stem cells (Abdelhamed et al., 2019).
TABLE 2 | Outline of studies about the function of miR-1246 in animal models (∆: knock-down or deletion, PDX: derived orthotopic xenograft, NOD-SCID: non-obese diabetic/severe combined immunodeficiency, NSG: NOD Cg-Prkdcscid Il2rgtm1Wjl/SzJ).
[image: Table 2]CLINICAL STUDIES
Serum levels of miR-1246 have been found to be higher in the sera of colorectal cancer patients compared to healthy subjects (Salah et al., 2020). Similarly, miR-1246 has been found as the most up-regulated miRNA in the sera of patients with lung cancer (Yang et al., 2019). Levels of miR-1246 have been found to be higher in laryngeal squamous cell carcinoma tissues and plasma small extracellular vesicles. This miRNA has been more enriched in small extracellular vesicles instead of being in soluble form (Sakha et al., 2016). Almost all studies in clinical settings have reported up-regulation of miR-1246 in neoplastic tissues and sera of patients compared with controls (Table 3).
TABLE 3 | Results of studies that reported dysregulation of miR-1246 or other genes that interact with miR-1246 in clinical samples.
[image: Table 3]However, Yang et al. have shown down-regulation of miR-1246 in cervical cancer tissues compared with normal controls. Notably, down-regulation of miR-1246 has been inversely correlated with clinical stage and HPV16 E6 infection. Yet, its levels have not been correlated with age, tumor diameters, invasion deepness, lymph node involvement, or vascular invasion (Yang et al., 2015).
Table 3 Results of studies that reported dysregulation of miR-1246 or other genes that interact with miR-1246 in clinical samples (OS: Overall survival, DFS: disease-free survival, TNM: tumor-node-metastasis, ANCTs: adjacent non-cancerous tissues, FN: Fusobacterium nucleatum, CD44v6: a CSC population with increased resistance to chemotherapeutic agents, NMRD: non-malignant respiratory diseases, NSCLC: non-small cell lung cancer, PTGs: potential target genes, LUAD: lung adenocarcinoma, ESCC: esophageal squamous cell carcinoma, miR-1246real and miR-1246pred: real and predicted miR-1246 expression levels, BPH: benign prostate hyperplasia, EFS: event-free survival, PFS: progression-free survival, LC: liver cirrhosis, CH: chronic hepatitis, HC: healthy controls, UICC: Union for International Cancer Control, GBM: glioblastoma, LGG: low-grade glioma, PDAC: pancreatic ductal adenocarcinomas, IPMN: intraductal papillary mucinous neoplasms, NET: well differentiated neuroendocrine tumors, HGSOC: High-grade serous ovarian carcinoma, OSC: ovarian serous carcinoma, EVs: extracellular vesicles, DDLPS: dedifferentiated liposarcoma, EWS: Ewing’s sarcoma).
Diagnostic value of miR-1246 has been validated in different neoplastic disorders (Table 4). The most promising results have been revealed in breast cancer. This miRNA could separate breast cancer patients from healthy controls with area under receiver operating characteristic curve (AUC) of 0.967 (Cui et al., 2018). In hepatocellular carcinoma, miR-1246 could be used as a diagnostic marker for differentiation of cancer status from cirrhosis and healthy controls with AUC values of 0.97 and 0.83, respectively (Moshiri et al., 2018). Expression level of miR-1246 in serum samples have been shown to distinguish colorectal cancer patients from healthy subjects with sensitivity of 100% and specificity of 80% (Salah et al., 2020). This miRNA could separate lung cancer patients from healthy controls with AUC value of 0.82 (Huang and Qu, 2020). Moreover, serum and urine levels of miR-1246 could be used as diagnostic markers for esophageal cancer with AUC values of 0.91 and 0.82, respectively (Hoshino et al., 2021).
TABLE 4 | Diagnostic value of miR-1246 in cancers (NMRD: non-malignant respiratory diseases, NSCLC: non-small cell lung cancer, ESCC: esophageal squamous cell carcinoma, ETR: Early tumor recurrence, HGSOC: High-grade serous ovarian carcinoma).
[image: Table 4]DISCUSSION
miR-1246 is a miRNA with essential impact on carcinogenic events in different tissues. It exerts oncogenic roles in colorectal, breast, renal, oral, laryngeal, pancreatic and ovarian cancers as well as melanoma and glioma. However, in lung, cervical and liver cancers, studies have reported contradictory results regarding the role of miR-1246. Although several targets have been found for miR-1249 using bioinformatics tools and luciferase assay, CCNG2 is the most appreciated target of this miRNA in the context of cancer. miR-1246/CCNG2 axis not only regulates cell proliferation and cell cycle progression, but also is involved in chemoresistant phenotype.
The main mechanism of dysregulation of miR-1246 in cancer is methylation of pri-miR-1246 by methyltransferase METTL3 and modulation of maturation of pri-miR-1246. Unlike other miRNAs, the role of sponging lncRNAs on its expression is less studied.
miR-1246 has been reported to regulate activity of RAF/MEK/ERK, GSK3β, Wnt/β-catenin, JAK/STAT, PI3K/AKT, THBS2/MMP and NOTCH2 pathways. The role of miR-1246 in response to therapeutic modalities has been verified in different settings, indicating its crucial roles in determination of response to targeted therapies, radiotherapy as well as chemotherapy. In fact, miR-1246 can facilitate evolution of cancer through conferring stemness and EMT as well as induction of cell cycle progression and proliferation.
Diagnostic role of miR-1246 has been vastly appraised in different clinical settings, revealing nearly ideal AUC values, particularly in esophageal, prostate, breast, lung, liver, pancreatobiliary tract and ovarian cancers. The AUC, sensitivity and specificity values obtained for miR-1246 in different cancers are far superior to conventional biomarkers in these cancers. Thus, this miRNA represents an appropriate diagnostic biomarker for neoplastic conditions. Since its levels have been decreased following therapeutic interventions, it has additional advantage in patients’ follow-up. Although miR-1246 can be a putative therapeutic target for cancer, there is no tissue-specific therapeutic approach designed based on miR-1246 until now.
Taken together, miR-1246 is mostly regarded as an oncogenic miRNA in human cancers, albeit some inconsistencies exist for some types of cancers. The interactions of miR-1249 with other types of non-coding RNAs such as lncRNAs and circular RNAs have not been completely assessed. Identification of such interactions has implications in design of diagnostic panels for different cancers.
CONCLUSIONS AND FUTURE PERSPECTIVES
miR-1246 is an oncogenic miRNA in several tissues. Therapeutic intervention with its expression or methylation pattern can be regarded as a novel modality. However, it is necessary to design tissue-specific therapeutic approaches.
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