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Long Non-coding RNA LINC00115 Contributes to the Progression of Colorectal Cancer by Targeting miR-489-3p via the PI3K/AKT/mTOR Pathway
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Long non-coding RNAs (lncRNAs) are tumor-related regulators and have been found to be involved in the underlying molecular mechanisms of colorectal cancer (CRC). However, the role of lncRNA LINC00115 during CRC progression is not entirely elucidated. In this study, we discovered that LINC00115 was significantly overexpressed in CRC, and its overexpression predicted poor patient outcomes. Downregulation of LINC00115 markedly inhibited CRC cell proliferation, increased cell apoptosis, and suppressed cell migration and invasion. Moreover, downregulation of LINC00115 led to the inactivation of PI3K/AKT/mTOR signaling. Bioinformatics analysis identified miR-489-3p as a candidate target of LINC00115. Furthermore, we revealed an inverse correlation between LINC00115 and miR-489-3p in CRC tissues. Importantly, by luciferase reporter assay, we found that miR-489-3p might directly target LINC00115, and downregulation of miR-489-3p could rescue the biological effects induced by the absence of LINC0015. In conclusion, our findings demonstrated that LINC00115 serves as an oncogene in CRC metastasis. Deeper understanding of the LINC00115/miR-489-3p axis might provide potential therapeutic targets against CRC metastasis.
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INTRODUCTION

As an aggressive and metastatic disease, colorectal cancer (CRC) is the fifth most common cancer globally and the third most common cause of cancer-related mortality (Siegel et al., 2019). In a recent report by Chen et al., CRC amounts to the second leading cause of cancer-related mortality, and its incidence is still on the rise in China (Chen et al., 2018). Although advances in surgery and chemotherapy have been achieved during the past decades, survival and prognosis are still poor because most patients with advanced CRC present emergent chemoresistance, cancer recurrence, or distant metastasis (Siegel et al., 2017; Dekker et al., 2019). Furthermore, the underlying molecular mechanisms of CRC carcinogenesis and progression have not yet been fully understood. In recent years, it has been reported that CRC develops through the accumulation of genetic mutants and epigenetic modifications (Coppede et al., 2014; Okugawa et al., 2015; Hong, 2018). Thus, it is necessary to develop a better understanding of the development and progression of CRC to identify novel improved therapeutic strategies for CRC patients.

Non-coding RNAs (ncRNAs), including microRNAs (miRNAs), long ncRNAs (lncRNAs), and circular RNAs (circRNAs), have been recently reported to be involved in the regulation of protein-coding genes in both physiological and pathological conditions (Kapranov et al., 2007; Esteller, 2011; Cech and Steitz, 2014). In the CRC carcinogenesis and progression, some miRNAs were reported to play a crucial role in cell function modulation, including cell growth, invasion, autophagy, and apoptosis (Chandra Gupta and Nandan Tripathi, 2017; Dai et al., 2019). For example, miR-708 is reported to be one of the lowest expressed miRNAs in CRC tissues and could suppress cell proliferation, induce apoptosis, and reduce metastasis by directly targeting the Zinnia endonuclease 1. Just like the extensive participation of miRNAs in cancer, lncRNAs, which are transcripts usually longer than 200 nucleotides with limited protein-coding capability, have attracted much more attention due to their unique role during cancer development and progression. Several lncRNAs, such as metastasis-associated lung adenocarcinoma transcript 1, HOX transcript antisense RNA, TTN antisense RNA 1 (TTN-AS1), small nucleolar RNA host gene 6, and long intergenic non-protein coding RNA 1503 (LINC001503) have been demonstrated recently to be involved in the competitive endogenous RNA (ceRNA) network and regulate gene expression in several cancers, including CRC (Lu et al., 2018; Duan et al., 2019; Sun et al., 2019; Wang X. et al., 2019; Wang Y. et al., 2019; Yu et al., 2019). For instance, lncRNA growth arrest-specific 5 upregulated the expression of phosphatase and tensin homolog by functioning as a ceRNA of miR-222-3p, thus inhibiting CRC cell migration and invasion and promoting cell autophagy (Liu L. et al., 2019). It is certain that the interplay between lncRNAs and miRNAs exerts potential roles in CRC carcinogenesis and progression and is critical for the regulatory network of CRC.

In our study, we first detected the expression patterns of LINC00115 in CRC and found LINC00115 to be significantly upregulated. We also found that LINC00115 knockdown significantly inhibited CRC cell proliferation, induced cell apoptosis, and suppressed the metastatic capacity. Bioinformatics analysis revealed a potential interaction between LINC00115 and miR-489-3p. Therefore, we explored the expression profiles of miR-489-3p in CRC tissues and verified its relationship with LINC00115, revealing a promising LINC00115/miR-489-3p axis that contributes to the progression of CRC.



MATERIALS AND METHODS


Tissue Samples

CRC and normal tissue samples were selected from 100 CRC patients treated with radical surgery in the Henan Oncology Hospital between 2012 and 2014. All patients signed the informed consent voluntarily, and their tissue samples had been examined by at least three experienced pathologists. The study was approved by the Medical Ethics Committee of the Affiliated Cancer Hospital of Zhengzhou University, Henan Cancer Hospital.



Cell Cultures

Five CRC cancer cell lines (LoVo, HT-29, Caco-2, SW620, and SW480) and normal epithelial cell lines (FHC) were obtained from ATCC (Shanghai, China). In addition, Dulbecco’s modified Eagle’s medium (DMEM) (Gibco, Grand Island, NY, United States) supplemented with 10% fetal bovine serum (Gibco, Australia origin) was used for cell incubation. Moreover, these cells were cultured in the incubator at 37°C with 5% CO2.



Cell Transfection

The LINC00115-specific small-interfering RNAs (siRNAs) were applied to transfect the CRC cell lines (including HT-29 and LoVo) with Lipofectamine 3000 transfection reagent (Thermo Fisher Scientific, United States). In addition, miR-489-3p inhibitors or relative negative control sequence (miR-487-3p NC) were further transfected. The LINC00115-1 downregulated CRC cells were further transfected with Lipofectamine 3000 transfection reagent. The complete siRNA sequences are listed in Table 1.


TABLE 1. Sequences of oligomers and primers used in the present research.
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RT-qPCR Assay

According to the manufacturer’s protocol, the total RNA from the tissue samples or CRC cell lines was extracted with Trizol reagent (Takara, Dalian, China). Then, the PrimeScript RT Master Mix (Takara) was used to reverse transcribe 500 ng RNA into complementary DNA (cDNA), followed by the cDNA amplification with SYBR-Green PCR kit (Roche, Basel, Switzerland). Reactions were incubated in a 96-well optical plate at 95°C for 10 min, followed by 40 cycles at 95°C for 15 s and 60°C for 60 s. The expression levels of the target genes were analyzed with the 2–ΔΔCt method. The complete sequences of the primes are shown in Table 1.



Cell Counting Kit 8 Assay

First, the treated cells (1000/well) were collected and planted in 96-well plates. After incubation for 24, 48, 72, and 96 h, diluted Cell Counting Kit 8 (CCK-8) solution was added into each well for reaction, respectively. Subsequently, the optical density value was collected by a microplate reader (Molecular Devices, Sunnyvale, CA, United States) at 450 nm.



Transwell Assay

The Transwell chambers (0.8 μm; Corning, NY, United States) with or without Matrigel coating (Corning) were used to evaluate cell migration and invasion ability. First, the treated cells (3 × 105/well) were collected and placed in the top chamber, while 500 μl of DMEM medium with 20% fetal bovine serum was added in the low chamber. Subsequently, after removing the non-invading and non-migrating cells with cotton-tipped swabs, the other cells were fixed and stained with 0.1% crystal violet. Finally, the invaded and migrated cells were examined with a light microscope.



Flow Cytometric Analysis

For cell apoptosis rate detection, cells were treated with a cell apoptosis detection kit (Keygen, Nanjing, China) and were evaluated by a FACSCanto II flow cytometer (San Jose, CA, United States) according to the manufacturer’s instructions.



Dual-Luciferase Reporter Assays

Cells were transfected with pmirGLO-LINC00115-MUT or pmirGLO-LINC00115-WT plasmid and then cotransfected with miR-489-3p mimics or miR-489-3p NC. Then, the relative luciferase activity was detected and evaluated by the dual-luciferase reporter assay system (Promega, Madison, WI, United States) according to the manufacturer’s instructions.



Western Blotting

Radioimmunoprecipitation assay (RIPA) lysis buffer (Beyotime, Shanghai, China) was applied to extract the total proteins. Subsequently, the total protein concentration was detected and evaluated via the BCA Protein Assay Kit (Beyotime). Then, equal quantities of proteins were separated on 10% sodium dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-PAGE) gel and transferred into polyvinylidene fluoride membranes. Subsequently, the membranes were incubated with 10% bovine serum albumin and then with primary antibodies (PI3K, p-PI3K, AKT, p-AKT, mTOR, p-mTOR, and GADPH) and then incubated with secondary antibodies. Finally, GeneSnap using SynGene systems was performed to evaluate the protein bands.



Bioinformatics Analysis

The binding site of LINC00115 and miR-489-3p was predicted using the starBase platform1.



Statistical Analysis

All data were shown as mean ± SD. Then, GraphPad Prism v7.0 software and IBM SPSS 20.0 software were applied for data evaluation in this study. All experiments were performed at least three times. Furthermore, data differences between the two groups were evaluated by chi-square test or Student’s t-test. For p < 0.05, the differences were considered statistically significant.



RESULTS


LINC00115 Is Upregulated in CRC

The expression pattern of LINC00115 in CRC tissues was detected using reverse transcription quantitative PCR (RT-qPCR assay), and LINC00115 was found to be dramatically upregulated in CRC tissue samples (Figure 1A, p < 0.001). Meanwhile, in this study cohort, cases with LINC00115 overexpression accounted for 76% (76/100) of the CRC patients (Figure 1B). Subsequently, the tissue samples cohort was divided into low- and high-expression groups, based on the median of relative LINC00115 expression. Further statistical analysis revealed that expression of LINC00115 was highly associated with T stage (p = 0.000), N stage (p = 0.000), and tumor–node–metastasis (TNM) stage (p = 0.000) (Table 2). In addition, we performed multivariate analysis with Cox regression model to evaluate the prognostic correlation between the LINC00115 expression and the clinicopathological characteristics of CRC patients. The results showed that TNM stage (p = 0.000) and LINC00115 expression (p = 0.000) were highly related with relapse-free survival time of CRC patients (Figure 1C), while multivariate analysis showed that TNM stage (95% CI: 2.308–22.954, p = 0.001) and LINC00115 expression (95% CI: 1.203–5.108, p = 0.014) might be the independent risk factors for CRC patients in relapse-free survival (Table 3). Taken together, our results indicated that LINC00115 was upregulated in CRC tissues, and its expression was closely associated with the pathogenesis and outcomes of CRC patients.
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FIGURE 1. LINC00115 is upregulated in colorectal cancer (CRC). (A) LINC00115 was significantly upregulated in CRC tissues samples relative to normal tissues evaluated by reverse transcription quantitative PCR (RT-qPCR) assay. (B) LINC00115 is overexpressed in 76% (76/100) cases of CRC patients. (C) The relationship between the expression of LINC00115 and relapse-free survival time. (D) LINC00115 was upregulated in CRC cell lines (LoVo, HT-29, Caco-2, SW620, and SW480) relative to the normal cells (FHC). *p < 0.05, ***p < 0.001.



TABLE 2. Correlation between LINC00115 expression and clinicopathological characteristics of patients with colorectal cancer (n = 100).
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TABLE 3. Univariate and multivariate Cox regression analysis of LINC00115 for predicting the relapse-free survival of patients with colorectal cancer (n = 100).
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Downregulation of LINC00115 Inhibits Cell Growth in CRC Cells

As shown in RT-qPCR results, LINC00115 is also significantly upregulated in CRC cell lines (LoVo, HT-29, Caco-2, SW620, and SW480 cells) when compared with the normal cell (FHC) (Figure 1D). LoVo and HT-29 cells expressed higher LINC00115 levels. Then, we constructed LINC00115 knockdown LoVo and HT-29 cells via transfection of two independent siRNA sequences. The results revealed that compared to a negative control group (si-Control), the selected siRNAs could significantly downregulate LINC00115 expression in LoVo and HT-29 cells (referred to si-LINC00115-1 group and si-LINC001156-2 group), while si-LINC00115-1 group showed higher inhibition efficiency (Figures 2A,B). CCK-8 assay revealed that the silencing of LINC00115 could significantly suppress the proliferative ability of LoVo and HT-29 cells (Figures 2C,D). Consequently, our data revealed that LINC00115 was closely implicated in the CRC cell growth.
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FIGURE 2. Knockdown of LINC00115 suppresses cell growth on colorectal cancer (CRC) cells. (A,B) Downregulation efficiency of LINC00115 by a small interfering RNA (siRNA)-transfected method in LoVo cells and HT-29 cells, respectively. (C,D) Cell growth ability of LINC00115-downregulated LoVo cells and HT-29 cells detected by CCK-8 assay. ***p < 0.001.




Downregulation of LINC00115 Induces Cell Apoptosis in CRC Cells

Since CRC cell apoptotic status is highly associated with proliferative ability, we further detected the apoptosis rates of CRC cells using flow cytometry. Compared with cells in the control group, LoVo cells in the si-LINC00115-1 and the si-LINC00115-2 groups exhibited an increased apoptotic rate, including early, late, and total proportions (Figure 3A). Similar results were observed in HT-29 cells, where downregulation of LINC00115 by siRNAs induced increased early, late, and total cell apoptosis (Figure 3B). Therefore, our data suggested that LINC00115 could induce CRC cell apoptosis in vitro.
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FIGURE 3. Downregulation of LINC00115 induces more apoptosis in colorectal cancer (CRC) cells. (A) Cell apoptotic images of LoVo cells and transfected with LINC00115-specific siRNAs (up) and the relative statistical analysis (down). (B) Cell apoptotic images of HT-29 cells transfected with LINC00115-specific siRNAs (up) and the relative statistical analysis (down). ***p < 0.001.




Downregulation of LINC00115 Inhibits Metastasis in CRC Cells

Considering that patients with LINC00115 dysregulation always presented with lymph node metastasis, we speculated that LINC00115 might play a pivotal role in CRC cell metastasis. As shown in the Transwell assay, LINC00115 silencing significantly inhibited cell migration and invasion abilities of LoVo cells (Figure 4A). Consistently, HT-29 cells in si-LINC00115-1 and si-LINC00115-2 groups showed decreased migration or invasion counts compared with cells in the control group (Figure 4B). Hence, our data indicated that LINC0015 downregulation inhibits metastasis in CRC cells.
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FIGURE 4. Downregulation of LINC00115 suppresses migration and invasion abilities of colorectal cancer (CRC) cells. (A) Knockdown of LINC00115 dramatically reduced the number of invaded and migrated LoVo cells detected by Transwell assay. (B) Knockdown of LINC00115 dramatically reduced the number of invaded and migrated HT-29 cells detected by Transwell assay. ***p < 0.001.




Downregulation of LINC00115 Regulates the PI3K/AKT/mTOR Pathway in CRC Cells

To clarify how LINC00115 regulates the proliferation and metastasis of CRC cells, we performed Western blotting and found that silencing LINC00115 in LoVo cells could significantly reduce the expression levels of p-mTOR, p-PI3K, and p-AKT proteins (Figure 5A). In line with this observation, the reduction in p-mTOR, p-PI3K, and p-AKT proteins was also observed in HT-29 cells with si-LINC00115-1 or si-LINC00115-2 transfection (Figure 5B). Therefore, we concluded that LINC00115 downregulation might suppress metastatic and proliferative abilities through the PI3K/AKT/mTOR pathway in CRC.
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FIGURE 5. Downregulation of LINC00115 regulates PI3K/AKT/mTOR pathway in colorectal cancer (CRC) cells. (A) After transfected with LINC00115-specific small interfering RNAs (siRNAs), the expression levels of PI3K, AKT, mTOR, p-PI3K, p-AKT, and p-mTOR in LoVo cells (up) and the relative gray value (down). (B) After transfected with LINC00115-specific siRNAs, the expression levels of PI3K, AKT, mTOR, p-PI3K, p-AKT, and p-mTOR in HT-29 cells (up) and the relative gray value (down). ***p < 0.001.




MiR-489-3p Is a Direct Downstream Target of LINC00115 in CRC

Using a publicly available bioinformatic algorithm (starBase v2.0), we identified that miR-489-3p might be a downstream target of LINC00115. To further address the relationship between miR-489-3p and LINC00115 in CRC progression, we first detected the expression pattern of miR-489-3p in CRC samples. RT-qPCR results showed that, compared with normal tissue, miR-489-3p was significantly downregulated in CRC tumor samples (Figure 6A, p < 0.05), and the downregulation of miR-489-3p accounted for 70% (70/100) of the CRC tissue samples (Figure 6B). Interestingly, we also found that the expression levels of miR-489-3p were negatively correlated with those of LINC00115 (Figure 6C). Meanwhile, RT-qPCR results also showed that, compared with normal cells (FHC), miR-489-3p is significantly downregulated in CRC cell lines (Figure 6D); LoVo and HT-29 cells also showed a lower expression (Figure 6D). To clarify the underlining association, we subsequently predicted their potential binding site, which is shown in Figure 6E. Further luciferase reporter assay indicated that, when treated with miR-489-3p mimics, wild-type cells showed lower luciferase activity (Figure 6F). Therefore, these results consistently revealed that miR-489-3p might be a direct target of LINC00115 in CRC.
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FIGURE 6. MiR-489-3p might be the downstream of LINC00115. (A) MiR-489-3p was significantly upregulated in colorectal cancer (CRC) tissues relative to adjacent normal tissues detected by reverse transcription quantitative PCR (RT-qPCR). (B) MiR-489-3p is downregulated in 70% (70/100) of CRC patients. (C) Correlation between LINC00115 and miR-489-3p in 100 cases of CRC tissue samples. (D) The expression of miR-489-3p in CRC cell lines and the normal cells. (E) The predicted 3′ UTR binding regions of LINC00115 on miR-489-3p. (F) Relative luciferase activity in 293T cells after cotransfection with pmirGLO-LINC00115-WT or pmirGLO-LINC00115-MUT, along with miR-489-3p specific mimics or NC. *p < 0.05, **p < 0.01, ***p < 0.001.




MiR-489-3p Inhibition Rescues the CRC Cells Proliferation Ability Induced by the LINC00115 Depletion

First, we discovered that, compared with the si-control group, the si-LINC00115-1 and si-LINC00115-2 groups showed higher expressions of miR-489-3p, and the si-LINC00115-1 group showed the highest expression of miR-489-3p (Figures 7A,B). To further confirm the potential role of miR-489-3p in regulating CRC progression, we downregulated the expression of miR-489-3p in si-LINC00115-1 LoVo and HT-29 cells by transfecting miR-489-3p specific inhibitors (Figures 7A,B). CCK-8 assay showed that miR-489-3p inhibition could increase cell proliferation ability in LINC00115-knockdown LoVo and HT-29 cells (Figures 7C,D). Furthermore, flow cytometric analysis showed that miR-489-3p downregulation could significantly reduce cell apoptosis rate when compared with miR-489-3p NC group (Figures 7E,F). These results consistently indicated that downregulation of LINC00115 might suppress CRC cell growth by targeting miR-489-3p.
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FIGURE 7. Inhibition of miR-489-3p rescue anticell proliferation abilities colorectal cancer (CRC) cells induced by depletion of LINC00115 in CRC cells. (A,B) The expression of miR-489-3p in LINC00115-downregulated LoVo and HT-29 cells after transfection with miR-489-3p negative control (NC) or miR-489-3p inhibitors. (C,D) Cell proliferation ability of LINC00115-downregulated LoVo and HT-29 cells, with or without depletion of miR-489-3p, detected by CCK-8 assay. (E,F) Cell apoptotic rates of LINC00115-downregulated LoVo and HT-29 cells, with or without depletion of miR-489-3p, detected by flow cytometry. ***p < 0.001.




MiR-489-3p Inhibition Rescues the CRC Cells Metastatic Ability and the PI3K/AKT/mTOR Signaling Pathway Is Induced by the LINC00115 Depletion

The results of the Transwell assays showed that, both in LoVo (Figure 8A) and HT-29 cells (Figure 8B), the antimetastatic ability induced by the LINC00115 depletion could be reversed by miR-489-3p inhibition. Furthermore, after the miR-489-3p depletion, the expression levels of p-mTOR, p-AKT, and p-PI3K proteins in si-LINC00115-1 LoVo and HT-29 cells were significantly increased compared with those in the miR-489-3p NC group (Figures 8C,D). In summary, these results consistently indicated that LINC00115 downregulation could suppress the CRC cells’ metastatic ability and regulate the PI3K/AKT/mTOR signaling pathway.
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FIGURE 8. Inhibition of miR-489-3p reverse the anticell metastasis abilities and PI3K/AKT/mTOR pathway induced by depletion of LINC00115 in colorectal cancer (CRC) cells. (A,B) Knockdown of LINC00115 dramatically reduced the number of invaded and migrated LoVo and HT-29 cells detected by Transwell assay. (C,D) The expression levels of PI3K, AKT, mTOR, p-PI3K, p-AKT, and p-mTOR on LoVo and HT-29 cells (up) and the relative gray value (down). ***p < 0.001.




DISCUSSION

An increasing number of studies have highlighted the critical roles of lncRNAs in CRC carcinogenesis and cancer cells metastasis. They could serve as a multifaceted regulator in a broad range of cancer gene modulation in transcriptional, posttranscriptional, and epigenetic levels. Here, we reported for the first time the lncRNA LINC00115 as a novel cancer-promoted regulator in CRC. LINC00115 was originally reported in lung cancer as a potential prognostic biomarker (Jiang et al., 2018). In another study, LINC00115 was identified to be a critical regulator of glioma stem-like cell tumorigenicity (Tang et al., 2019). In our study, qRT-PCR assay was conducted to estimate the LINC00115 expression levels in 100 paired CRC tissues and adjacent normal tissues. The results showed a significantly increased LINC00115 expression in CRC tissues compared to adjacent normal tissues. We also observed that upregulation of LINC00115 was strongly related to the advanced TNM stage, larger tumor size, and lymphatic metastasis of CRC patients, thus suggesting that LINC00115 could be a prognostic factor for CRC.

There is increasing evidence that a high lncRNA expression is significantly correlated with unfavorable CRC prognosis. The elevated expressions of lncRNA TTN-AS1, XIST, TUG1, and SNHG12 indicate poor prognoses for CRC patients (Liu et al., 2018; Liu Y. et al., 2019; Wang M. et al., 2019; Wang Y. et al., 2019). Our multivariate survival study proved that LINC00115 is an independent prognostic factor for relapse and poor survival in CRC patients. Importantly, functional assays further identified that knockdown of LINC00115 could have inhibited cell proliferation, migration, and invasion and facilitated cell apoptosis in vitro. These findings indicate that LINC00115 was associated with the CRC carcinogenesis and progression, but the exact regulatory mechanism still needs to be clarified.

An increasing amount of multiscale omics data showed that lncRNAs exert their biological effects by working together with different molecules, such as miRNAs, mRNAs, and proteins. For instance, lncRNAs might interact with miRNAs by binding onto their 3′ untranslated region and thus acting as miRNA sponges. Currently, the functional pattern of LINC00115 in CRC cells remains to be established. Hence, we searched several databases and found that miR-489-3p was a target gene for LINC00115. Previous research has shown that miR-489-3p was sponged by LINC01446 and targeted TPT1 to regulate glioblastoma progression (Zhang et al., 2018). In osteosarcoma, miR-489-3p significantly suppressed cell invasion and metastasis both in vitro and in vivo (Liu et al., 2017). In the present study, we are the first to propose that miR-489-3p might be a target of LINC00115. Through the luciferase reporter gene assay, we confirmed that LINC00115 could directly bind to miR-489-3p. We also found a negative correlation between LINC00115 and miR-489-3p expressions in CRC tissues. Therefore, we predicted that LINC00115 acts as a ceRNA to sequester miR-489-3p, but further experiments are needed.

Numerous studies collectively indicated the importance of intricate crosstalk between lncRNAs and PI3K/AKT/mTOR signaling (Zhu et al., 2016; Huang et al., 2019). mTOR frequently acts as an oncogenic signaling cascade in human malignancies (Hua et al., 2019). It is a serine/threonine protein kinase belonging to the PI3K-related kinase family and forms the catalytic subunit of two kinds of protein complexes, including mTOR complex 1 (mTORC1) and 2 (mTORC2) (Tsang et al., 2007). While mTORC1 controls gene transcription and protein translation in growth-related processes, mTORC2 promotes cell proliferation and survival. Accumulating studies have revealed that PI3K/AKT/mTOR acted as key drivers of cellular growth, adhesion, migration, and survival in human carcinogenesis, including CRC, in which the activation of PI3K/AKT/mTOR signaling supports cancer cell growth, metastasis, and drug resistance (Meng and Zheng, 2015; Bahrami et al., 2018). PI3K/AKT/mTOR signaling also serves as an integration mediator in the crosstalk of oncogenic signaling pathways (Bahrami et al., 2018). PI3K and AKT phosphorylation is the key step for their activation. Once phosphorylated, PI3K activates and phosphorylates AKT and mTOR downstream to cause a cascade reaction. In recent studies, miR-489-3p was shown to interact with the PI3K/AKT/mTOR signaling in various cancers, such as glioma, breast cancer, and melanoma (Chen et al., 2016, 2017; Li et al., 2017). Interestingly, it was found that the phosphorylated levels of PI3K (p-PI3K), AKT (p-AKT), and mTOR (p-mTOR) were decreased after LINC00115 depletion, while their total protein levels remained unchanged, suggesting that LINC00115 positively regulates the PI3K/AKT/mTOR pathway. The involvement of LINC00115 in mediating CRC cell proliferation and migration via modulating the PI3K/AKT/mTOR pathway justifies the idea that anti-LINC00115 compounds or agents consequently targeting the PI3K/AKT/mTOR pathway might serve as novel therapeutic strategies for the CRC treatment.



CONCLUSION

In conclusion, our study has delineated the unique role of LINC00115 in CRC and specifically described the underlying molecular mechanisms. We confirmed that LINC00115 is upregulated in CRC and functions as an independent predictor of progression-free survival, leading to tumor progression and aggressiveness. Importantly, we are the first to demonstrate that the LINC00115/miR-489-3p axis is markedly linked to CRC cell proliferation, migration, and invasion, which was achieved by interacting with the PI3K/Akt/mTOR signaling pathway. The findings from our study open up a new understanding of CRC and identify a promising biomarker and therapeutic target for enhancing CRC treatment.

However, limitations of the present study should also be noticed. First, our conclusions were based on the examination on cell lines and may not reflect the exact process in the organism; more in vivo researches need to be carried out in further study. Second, further prospective studies with eligibility criteria applicable to clinical trials are needed to confirm our results that LINC00115 exerts as a promising prognostic marker for CRC.
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