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LINC00511/miRNA-143-3p Modulates Apoptosis and Malignant Phenotype of Bladder Carcinoma Cells via PCMT1
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Bladder cancer has easy recurrence characteristics, but its occurrence and development mechanism are still unclear. Non-coding RNA is a kind of RNA that exists widely and cannot be translated into proteins, which has played a key role in the regulation of biological functions of tumor cells. However, the regulation mechanism of non-coding RNA on bladder tumors is not fully understood. By microarray analysis and database analysis, we found that LINC00511 was significantly highly expressed in bladder cancer. The expressions of LINC00511, miR-143-3p, and PCMT in bladder cancer tissues and cells were detected by quantitative reverse transcription–polymerase chain reaction. The relationship between the expressions of miR-143-3p and PCMT1 and the clinicopathological parameters of the tumor was analyzed. The proliferation and invasion of bladder cancer cells were detected by MTT assay and Transwell assay. The expression levels of E-cadherin and vimentin in bladder cancer cells were detected by Western blot. Cell apoptosis was detected by flow cytometry. In vivo, TCCSUP or SW780 cells were inoculated into BALB/c nude mice to detect tumor volume and weight. Bioinformatics and dual luciferase reporter gene were used to analyze the relationship between LINC00511 and miR-143-3p and its downstream target gene PCMT1. The results showed that LINC00511 could target miR-143-3p/PCMT1 to regulate the proliferation, migration, and apoptosis of bladder cancer TCCSUP or SW780 cells and promote the occurrence and development of bladder cancer.
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INTRODUCTION

Bladder cancer is a kind of urogenital tumor with high morbidity and mortality (Chen et al., 2020; Woła̧cewicz et al., 2020). There are two types of bladder cancer: non-muscular invasive bladder cancer (TA and T1) and muscular invasive bladder cancer (T2–4) (Kunze et al., 1983). Although radical surgery and radiotherapy are effective, one-quarter of patients with muscle-invasive bladder cancer still have a poor prognosis (Sternberg et al., 2015). In addition, approximately 75% of patients presented with non-muscular invasive bladder cancer, and the other 25% presented with muscular invasive bladder cancer or metastatic tumor (Burger et al., 2013). Patients with non-muscular invasive bladder cancer have up to 50% risk of recurrence and 20% risk of progression within 5 years. For high-risk patients, cystoscopy and urinalysis every 3 months are required routinely (Cambier et al., 2016; Chang et al., 2016). Although cystoscopy is an effective method for detecting bladder cancer, it can also produce several adverse reactions. Common adverse reactions include infection, dysuria, frequent urination, and hematuria. Therefore, it is very important to study the pathogenesis of bladder cancer and control the recurrence of bladder cancer. It is indispensable to develop non-invasive diagnostic tools for the screening and monitoring of bladder cancer to improve the quality of life of patients.

Non-coding RNA refers to a kind of RNA that cannot be translated into proteins in cells; however, it can regulate various biological functions of cells (Yao et al., 2019; Statello et al., 2020). As a signal molecule, bait molecule, skeleton molecule, and guide molecule, it can directly participate in the epigenetic inheritance and transcriptional and posttranscriptional regulation of cells and genes and also play a key role in the occurrence and development of tumors. More and more studies have revealed that lncRNA can interact with DNA, RNA, and proteins to participate in histone modification, chromatin remodeling, and other cell biological processes (Fabbri et al., 2019). Endogenous competitive RNA (ceRNA) is one of the mechanisms by which lncRNAs perform biological functions, refer to that lncRNAs act as “sponge” to specifically bind miRNA, inhibit the function of miRNA, indirectly regulate protein-coding genes, and thus affect the biological function of cells (Schmitz et al., 2016). Clinically, there are many types of lncRNA associated with bladder cancer, including HOTAIR, MALAT1, H19, etc. (Sun et al., 2015; Lv et al., 2017; Qi et al., 2019), all of which play an important role in the occurrence and development of bladder cancer. Strengthening the understanding of the role of non-coding RNA in bladder cancer can improve the early diagnosis and treatment of laryngeal cancer and hopefully improve the quality of life after surgery.

In this study, lncRNAs differentially expressed in bladder cancer were investigated by chip technology. The high expression of LINC00511 in bladder cancer was determined by computer database analysis and collection of bladder cancer tumor samples and adjacent tissues. The purpose of this study was to investigate the relationship between LINC00511 on proliferation, invasion, and apoptosis of bladder cancer cells and to explore its regulatory pathways.



MATERIALS AND METHODS


Tissue Specimen

Tissue specimens were selected from the specimen bank of The Institute of Urology, China Medical University, with complete clinical data and definite diagnosis of bladder cancer (47 cases of cancer tissue and 47 cases of adjacent tissue). The experiment involving human tissue was authorized and approved by the ethics committee of China Medical University. The patients provided their written informed consent to participate in this study.



Gene Expression Microarray Analysis

The array images were analyzed using Agilent Feature Extraction software (version 11.0.1.1). Subsequently, quantile normalization and data processing were performed by the GeneSpring GX v12.1 software package (Agilent Technologies, CA, United States). LncRNAs that have flags present or marginal in at least 50% of samples were used for data analysis. To identify differentially expressed lncRNAs, Welch t test was performed on the normalized intensity of each lncRNA, followed by Benjamini and Hochberg method to adjust p values. Differentially expressed lncRNAs were defined as lncRNAs with absolute fold change ≥1.5 and adjusted p < 0.05.



Animals

BALB/c nude mice (female; 4–6 weeks, Dashuo Experimental Animal Center, Chengdu, China) were used for the experiment of Xenograft; TCCSUP and SW780 cells (5 × 106) were injected subcutaneously. Tumor volume and weight were recorded once a week. The animal study was reviewed and approved by China Medical University.



Cell Culture

All bladder cancer cell lines were purchased from Cell Resource Center (Chinese Academy of Sciences, Shanghai, China) and cultured in a medium containing 10% fetal bovine serum (McCoy 5A) and 1640 (Hyclone) and in a constant temperature environment containing 5% CO2 and 37∘C.

The TCCSUP and SW780 cell lines stably transfected with sh-LINC00511/sh-NC were constructed by Wuhan Biofavor Biotech Service Co., Ltd. (Wuhan, China).



Colony Formation

TCCSUP and SW780 cells in the logarithmic growth phase were prepared and cultured in dishes containing culture medium for 2–3 weeks. The culture was terminated when visible clones appeared in the Petri dish, stained with Giemsa staining solution, and the number of clones was calculated.



Quantitative Reverse Transcription–Polymerase Chain Reaction

Total RNA samples were extracted using TRIzol (Invitrogen, Carlsbad, CA, United States). Real-time reverse transcription–polymerase chain reaction (RT-PCR) was performed in 7500 Fast Real-Time PCR System (Applied Biosystems) using SYBR® Green Master Mix (Thermo Fisher Scientific, Inc., MA, United States). Comparative threshold cycle (Ct) method was used to calculate the level of mRNAs and miRNAs.



RNA Immunoprecipitation Assay

The combination of LINC00511 and Ago2 was detected by the RNA immunoprecipitation (RIP) kit (Millipore, Bedford, MA, United States). All experiments were carried out according to kit instructions. The antibody was anti-Ago2 (ab57113, Abcam, MA, United States). Anti–immunoglobulin G (Santa Cruz Biotechnology, TX, United States) was used as the control group.



RNA Pull-Down

TCCSUP cells were transfected with 50 nM biotin-labeled Wt-bio-miR-143-3p and Mut-bio-miR-143-3p (Sangon Biotech, Shanghai, China). The experimental method was described previously (Zhao et al., 2019). The binding RNA was purified with Trizol, and the expression of LINC00511 was determined.



Transfection

The TCCSUP and SW780 cells were transfected until the cell density reached 80% confluency. The plasmid of LINC00511 and PCMT1/sh-PCMT was constructed by Genechem (Shanghai, China). miR-143-3p mimics and inhibitor were constructed by Ribo (Ribo Bio, Guangzhou, China). The plasmids were transfected by electroporation.



Western Blot

Western blot was performed as described previously (Li et al., 2020). The primary antibody of PCMT1 (1:500), E-cadherin (1:500), vimentin (1:1,000), and GAPDH (1:2,000) were purchased from ProteinTech (Wuhan, China).



MTT Assay

TCCSUP and SW780 were plated in 96-well plates. MTT solution (0.5 mg/mL) was purchased from Beyotime Biotechnology (Shanghai, China) and incubated for 4 h at 37°C. Then 150 μL dimethyl sulfoxide incubated for 15 min. The absorbance was measured by spectrophotometer (NanoDrop Technologies, DE, United States) at 493 nm.



Fluorescence in situ Hybridization Assay

The probes of LINC00511, 18s RNA, and U6 RNA were synthesized; Ribo fluorescence was used for fluorescence in situ hybridization (FISH) kit (Ribo Bio, Guangzhou, China). Nucleus was stained with DAPI. The experimental steps were performed as described (Guo et al., 2018).



Cell Apoptosis Assay

Cells were treated with serum starvation. Apoptosis was analyzed using an apoptosis detection kit (Invitrogen, MA, United States) according to the instructions. Apoptosis rate was calculated by the proportion of early apoptotic cells and late apoptotic cells in the total number of cells.



Luciferase

The 3′-UTR of LINC00511/PCMT1 including the wild type (WT) binding sites or mutant (MUT) was inserted into pmirGLO vector. The LINC00511/PCMT1 reporter plasmids were cotransfected with miR-143-3p mimics or mimics-NC. Luciferase activities were tested using a luciferase reporter assay kit (Promega, WI, United States).



Matrigel Transwell Assay

Twenty-four-well Matrigel Transwell (Corning, NY, United States) was used to investigate cell invasion; 2 × 105 TCCSUP or SW780 was seeded on precoated Matrigel (1 μg/μL, BD Biosciences, CA, United States). Medium including fetal bovine serum was used to stimulate invasion in the bottom of wells. After 48 h, the invasion cells were stained by 0.1% crystal violet solution.



In situ Hybridization

In situ hybridization (ISH) was performed as previously described (Yang et al., 2013). The digoxigenin-labeled LINC00511-specific probe was 5′-TTCTC AAAGC GAGTC GACGA ACCCA CACCC TGACT TACAC-3′.



Statistical Analysis

Data are shown as mean ± SD. Student t test or one-way analysis of variance was used to compare the groups. p < 0.05 was considered significant.




RESULTS


LINC00511 Was Highly Expressed in Bladder Cancer

We detected differentially expressed lncRNAs in clinical samples by microarray and found that LINC00511 expression was increased in bladder cancer (Figure 1A). Similarly, the clinical samples collected through PCR detection found that LINC00511 was elevated in the cancer tissues compared to the adjacent tissues (Figure 1B). In situ hybridization also showed that LINC00511 was more positive in bladder cancer tissues (Figure 1C). According to the lnCAR database, LINC00511 was highly expressed in bladder cancer (Figure 1D). The relative ceRNA network in Figure 1E indicates that LINC00511 may play a biological role by interacting with microRNAs. The above results suggest that LINC00511 may be involved in the development of bladder cancer.
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FIGURE 1. High expression of LINC00511 in bladder tissues. (A) Microarray analysis of the differentially expressed lncRNAs between bladder samples and non-tumor samples. (B) LINC00511 level in fresh bladder samples and adjacent tissues was measured using quantitative RT-PCR. n = 47; **p < 0.01. (C) Representative images of LINC00511 expression in bladder tissues analyzed using ISH. (D) The expression of LINC00511 bladder samples and non-tumor samples predicted by lnCAR (https://lncar.renlab.org/). (E) LINC00511 correlation mRNA network diagram predicted by lnCAR.





Silencing LINC00511 Alleviated the Malignancy of Bladder Cancer Cells

To determine the role of LINC00511 in bladder cancer, we first screened the expression levels of LINC00511 in various bladder cancer cell lines (Figure 2A) and selected SW780 with a relatively high expression of LINC00511 and TCCSUP with relatively low level of LINC00511 for subsequent experiments. Lentivirus infection was used to construct LINC00511 knockdown stable cell lines (Figure 2B). We found that silencing LINC00511 inhibited the proliferation (Figure 2C), clone formation (Figure 2D), and invasion (Figure 2E) of TCCSUP and SW780.
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FIGURE 2. Knockdown of LINC00511 attenuated bladder cancer cells proliferation, colony formation, and invasion. (A) The level of LINC00511 was determined using quantitative RT-PCR in six human bladder cancer cell lines, including 5637, J82, RT4, SW780, T24, and TCCSUP, compared to SV-HUC-1, the human bladder cell biochemistry Pillon, n = 4. (B) Detection of LINC00511 expression in TCCSUP and SW780 stably transfected cell lines. n = 6; **p < 0.01. (C) MTT assays were performed to assess the proliferation of the TCCSUP and SW780 in response to knockdown LINC00511. n = 10; **p < 0.01. (D) The colony formation capacity of the TCCSUP and SW780 after silencing LINC00511. n = 4; **p < 0.01. (E) Transwell invasion assay of TCCSUP and SW780 cells after silencing LINC00511. n = 4; **p < 0.01; ***p < 0.001.





Down-Regulation of LINC00511 Expression Inhibited Tumor Growth in vivo

The experiment of the xenograft tumor model in nude mice showed that stable silencing TCCSUP and SW780 cells were injected subcutaneously into the right flank (Figure 3A). The results showed that silencing LINC00511 could reduce the weight (Figure 3B) and volume of xenograft tumors (Figure 3C). Based on ISH results, the silence of LINC00511 is verified (Figure 3D). Furthermore, LINC00511 knockdown significantly increased the epithelial marker E-cadherin and decreased the mesenchymal marker vimentin (Figure 3E). And then, the expressions of apoptosis-related proteins caspase 3 and PARP in xenograft tumors were detected. We found that cell apoptosis increased after LINC00511 knockdown, which may be one of the mechanisms of sh-LINC00511 inhibiting tumor growth (Figure 3F).
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FIGURE 3. Silencing of LINC00511 inhibited bladder tumor growth in vivo. (A) Representative images of tumors injected with TCCSUP and SW780 cells, n = 4. (B) The weight of tumors. n = 4; **p < 0.01. (C) The tumor volumes. n = 4; **p < 0.01. (D) Representative ISH image showing LINC00511 expression in xenograft tumors. (E) E-cadherin and vimentin proteins levels in xenograft tissues were measured by Western blot. n = 4. (F) Apoptosis of xenograft was measured by Western blot, n = 3.





LINC00511 Competitively Bound With miR-143-3p

In order to delve the potential mechanism of LINC00511, we first explored its localization. FISH showed that LINC00511 mainly localized in the cytoplasm (Figure 4A). It suggests that LINC00511 may play a role by endogenous competing with microRNA. LINC00511 was predicted to potentially bind to miR-143-3p using the lncRNASNP2 and miRanda databases12, respectively. The binding site in miR-143-3p and LINC00511 was identified (Figure 4B). In addition, the luciferase assay showed that miR-143-3p down-regulated the luciferase activity of the LINC00511–WT vector (Figure 4C). RIP/RNA pull-down was used to further verify the interrelationship between LINC00511 and miR-143-3p (Figures 4D,E). Moreover, the level of miR-143-3p increased after the knockdown of LINC00511 (Figure 4F).
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FIGURE 4. miR-143-3p is a target of LINC00511. (A) LINC00511 was mainly expressed in the cytoplasm of TCCSUP cells. n = 3. (B) The binding sites for LINC00511 in the miR-143-3p sequence were predicted by biological prediction website. (C) TCCSUP cotransfected with miRNAs (mimics NC or miR-143-3p mimics) and a reporter vector containing LINC00511 segments (WT or MUT) that bind to miR-143-3p. n = 4; **p < 0.01. (D) RIP detection of LINC00511 binding to AGO2, AGO2: argonaute 2; n = 3; *p < 0.05. (E) RNA pull-down analysis of the binding of LINC00511 to miR-143-3p. n = 3; *p < 0.05. (F) The regulation of miR-143-3p expression by LINC00511 was detected by quantitative RT-PCR (qRT-PCR). n = 6; *p < 0.05. (G) The efficiency of miR-143-3p mimics and inhibitor was detected by qRT-PCR. n = 3; *p < 0.05. WT, wild type; MUT, mutant.





LINC00511 Functioned in TCCSUP and SW780 Proliferation and Invasion by Regulating miR-143-3p

We further tested whether LINC00511 functions through miR-143-3p. Initially, the efficiency of miR-143-3p mimic and inhibitor was verified in Figure 4G. Additionally, miR-143-3p mimics inhibited the proliferation and invasion of the TCCSUP and SW780 cells induced by LINC00511 (Figures 5A–C). Similarly, the epithelial–mesenchymal transition (EMT) effect of LINC00511 was reversed by the miR-143-3p mimics (Figure 5D). On the contrary, the sh-LINC00511 inhibition on proliferation, invasion, and EMT of TCCSUP and SW780 were reversed by miR-143-3p inhibitor (Figures 5E–H). Thus, LINC00511 functions as an oncogene in bladder cancer by regulating miR-143-3p.
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FIGURE 5. LINC00511 negatively regulated miR-143-3p involved in bladder cancer cell proliferation and invasion. (A) MTT assays were used to test the proliferation of TCCSUP and SW780 in response to forced expression LINC00511 or miR-140-5p mimics. n = 10; *p < 0.05; **p < 0.01. (B,C) The colony formation and Transwell invasion assay of TCCSUP and SW780 cells transfected with LINC00511 plasmid or transfected with miR-143-3p mimics simultaneously. n = 4; *p < 0.05. (D) E-cadherin and vimentin proteins were determined using Western blot after transfected with LINC00511 plasmid or miR-143-3p mimics. n = 3. (E) MTT assays were used to detect the proliferation of TCCSUP and SW780 in response to transfect with miR-143-3p inhibitor in LINC00511 knockdown cells. n = 10; *p < 0.05; **p < 0.01. (F,G) The colony formation and Transwell invasion assay of TCCSUP and SW780 cells transfected with miR-143-3p inhibitor after silencing LINC00511. n = 4; *p < 0.05. (H) E-cadherin and vimentin proteins were determined using Western blot after being transfected with miR-143-3p inhibitor in LINC00511 knockdown cells. n = 3.





LINC00511 Regulated Bladder Cancer Cell Apoptosis Through miR-143-3p

As displayed in Figure 6A, the apoptosis rate was decreased after overexpression LINC00511, but was restored after treatment with miR-143-3p mimics. Conversely, knockdown of LINC00511 resulted in apoptosis of TCCSUP and SW780, and miR-143-3p mitigated this effect (Figure 6C). The results for apoptosis-related proteins showed the same results (Figures 6B,D).
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FIGURE 6. LINC00511 negatively regulated miR-143-3p involved in bladder cancer cell apoptosis. (A,B) Apoptosis of TCCSUP and SW780 cells in response to forced expression LINC00511 or miR-143-5p mimics was detected by flow cytometry and Western blot. n = 3; *p < 0.05. (C,D) Apoptosis of TCCSUP and SW780 cells transfected with miR-143-5p inhibitor after silencing LINC00511 was detected by Flow cytometry and Western blot. n = 3; *p < 0.05.





LINC00511 Modulated the Expression of the miR-143-3p Target PCMT1

Using TARGETSCAN7.2 software3, we found that miR-143-3p directly bound to L-isoaspartate (D-aspartate) O-methyltransferase PCMT1, a protein in human cancer was generally cognized (Figure 7A). The miR-143-3p mimics down-regulated the luciferase activity of the WT PCMT 3′-UTR in the luciferase assay (Figure 7B). Next, we explored whether LINC00511 modulates the expression of PCMT1 by targeting miR-143-3p. The PCMT1 mRNA and protein levels were increased in LINC00511 overexpression TCCSUP and SW780 cells and were decreased in cells transfected with the miR-143-3p mimics (Figures 7C,D). Based on these results, LINC00511 negatively modulates miR-143-3p expression and targets PCMT1. Our previous studies have shown that PCMT1 is an adverse prognostic biomarker involved in bladder cancer cell migration and invasion by regulating EMT-related genes (Dong et al., 2018). However, the effect of PCMT1 on apoptosis remains unclear. In order to verify the effect of PCMT on apoptosis, we first confirmed the efficiency of PCMT plasmid and sh-RNA (Figure 7E). Here, our results demonstrated that PCMT1 inhibited bladder cancer cell apoptosis, and silencing PCMT reduced the inhibitory effect of LINC00511 on apoptosis (Figures 7F–I).
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FIGURE 7. LINC00511 modulated the expression of PCMT1 by targeting miR-143-3p. (A) The predicted binding site between PCMT1 and miR-143-3p. (B) Luciferase activity was determined cotransfected with miR-143-3p and reporter vector containing PCMT1 WT or MUT 3’-UTR segments that bind to miR-143-3p. n = 4; **p < 0.01. (C) PCMT1 expression was tested in TCCSUP and SW780 cells using quantitative RT-PCR after the transfection of LINC00511 plasmid or miR-143-3p mimics. n = 6; **p < 0.01. (D) PCMT1 protein level was tested in TCCSUP and SW780 cells by Western blot after transfection of LINC00511 plasmid or miR-143-3p mimics. n = 3. (E) The efficiency of PCMT plasmid and sh-RNA. n = 3. (F,H) Apoptosis of TCCSUP and SW780 cells transfected with PCMT1 detected by flow cytometry and Western blot. n = 3; *p < 0.05. (G,I) Knocking down PCMT partially reduced the inhibitory effect of LINC00511 on apoptosis of TCCSUP and SW780 cells detected by flow cytometry and Western blot. n = 3; *p < 0.05.





Correlations Between the LINC00511 and miR-143-3p and PCMT1 Levels in Human Bladder Tissues

Next, we explored miR-143-3p and PCMT1 expression in bladder tissues and corresponding adjacent tissues using quantitative RT-PCR. The miR-143-3p was significantly decreased in the bladder tissues compared with the related non-cancerous tissues (Figure 8A). In addition, an opposite correlation was identified between LINC00511 and miR-143-3p expression levels (Figure 8B). PCMT1 was significantly up-regulated in the bladder tissues (Figure 8C). Furthermore, PCMT1 was a positively correlated gene of LINC00511 (Figure 8D).
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FIGURE 8. Expression and the correlations between LINC00511 and miR-143-3p and PCMT1 expression. (A) The level of miR-143-3p was measured in fresh bladder samples and non-cancer tissues using quantitative RT-PCR (qRT-PCR). n = 47; ***p < 0.001. (B) Correlations between the LINC00511 and miR-143-3p were analyzed using Spearman rank correlation analysis. R = -0.1299, p = 0.0128. (C) PCMT1 level in fresh bladder cancer samples and non-cancer tissues was analyzed using qRT-PCR. n = 47; ***p < 0.001. (D) Correlations between the LINC005111 and PCMT1 were analyzed using Spearman rank correlation analysis. R = 0.2517, p = 0.002.






DISCUSSION

With the development of next-generation sequencing technology, lncRNA has become a hot spot in the field of non-coding RNA research in recent years. LncRNA can regulate gene expression in various ways and is widely involved in the up-regulation or down-regulation of oncogenes or tumor suppressor genes and plays a very important regulatory function in various physiological and pathological activities such as cell differentiation, proliferation, metabolism, apoptosis, and senescence (Ji et al., 2020; Kanwal et al., 2020). The differential expression of lncRNA in malignant tumors and the molecular mechanism of action have been gradually investigated, and more and more lncRNAs have been found to be closely related to the occurrence and development of tumors. Some lncRNAs, such as ITGB1, UCA1, and DUXAP10, have been reported to play a key role in bladder cancer, significantly affecting the proliferation, migration, invasion, drug resistance, and other malignant biological behaviors of bladder cancer cells, and are correlated with early diagnosis, recurrence, metastasis, and prognosis of bladder cancer (Lv et al., 2018; Avgeris et al., 2019; Dai et al., 2019). LINC00511 is a newly discovered lncRNA with an oncogenic function, which can promote the proliferation and invasion of tumor cells by regulating miRNA expression (Wu et al., 2020; Zhang et al., 2020). In addition, it has been reported that knockdown of LINC00511 promoted apoptosis of bladder cancer cells via suppressing Wnt/β-catenin signaling pathway (Li et al., 2018). The results of our study showed that the expression of LINC00511 in bladder cancer tissues and cell lines was significantly increased, indicating that LINC00511 may act as an oncogene in the occurrence and development of bladder cancer. In this study, MTT and Matrigel invasion assay showed that high expression of LINC00511 significantly increased the proliferation and invasion of bladder cancer cells.

One of the mechanisms of lncRNAs in tumors is the “molecular sponge” effect; that is, through competitive binding of miRNA and down-regulation of miRNA expression, the suppression effect of miRNA on its target causes is dried and interfered. Bioinformation technology prediction showed that LINC00511 could combine with miR-143-3p, and miR-143-3p could combine with PCMT1. MiR-143-3p is significantly low expressed in gastric cancer and lung cancer tissues, negatively regulates the occurrence and development of tumors, promotes the growth and metastasis of tumor cells, and plays an obvious role in tumor suppressor genes (He et al., 2020; Lu et al., 2020). Meanwhile, miR-143-3p has been reported to induce apoptosis in granulosa and rectal cancer cells (Zhong et al., 2020; Shan et al., 2021). Therefore, we investigated the effects of LINC00511/miR-143-3p on the proliferation, invasion, and apoptosis of bladder cancer cells. The results of this study showed that forced expression of miR-143-3p could reverse the proliferation invasion and apoptosis resistance caused by LINC00511.

In recent years, PCMT1 has been gradually considered to be involved in tumor occurrence and development. In lung adenocarcinoma, previous studies found that the expression of PCMT1 was significantly higher in patients with clinically advanced or invasive adenocarcinoma than in patients with clinically early or preinvasive adenocarcinoma (Zhao et al., 2012). It is reported that PCMT1 is a predictive biomarker for poor prognosis in surgically resected lung adenocarcinoma. Studies have shown that breast cancer patients with higher PCMT1 expression have significantly lower survival rates than those with lower PCMT1 expression. PCMT1 expression was high in bladder cancer tissues, and the expression level of PCMT1 was related to the metastasis, staging, and grading of bladder cancer. The higher the expression level of PCMT, the shorter the survival time of patients. The results of this study showed that after LINC00511 inhibited the expression of miR-143-3p, the expression of PCMT1 gene was significantly increased, suggesting that LINC00511 may promote the expression of PCMT1 gene by targeting the expression of miR-143-3p.

However, there are some limitations to our study. It was found in our previous study that PCMT did not affect the proliferation ability of cells (Dong et al., 2018). Therefore, the mechanism of the LINC00511 and miR-143-3p on cell proliferation still needs to be further studied.

To sum up, this study showed that LINC00511 was significantly overexpressed in bladder cancer, and silencing LINC00511 could reduce the proliferation and invasion ability of bladder cancer cells, and its molecular mechanism might be to inhibit the expression of miR-143-3p and promote the expression of PCMT1. LINC00511 may provide a new target for molecular therapy of bladder cancer.
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FOOTNOTES
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