[image: image1]miR-25 Regulates Gastric Cancer Cell Growth and Apoptosis by Targeting EGR2

		ORIGINAL RESEARCH
published: 26 October 2021
doi: 10.3389/fgene.2021.690196


[image: image2]
miR-25 Regulates Gastric Cancer Cell Growth and Apoptosis by Targeting EGR2
Liuqing Yang1, Lina Li2, Pan Chang1, Ming Wei3, Jianting Chen1, Chaofan Zhu1 and Jing Jia1*
1Second Affiliated Hospital of Xi’an Medical University, Xi’ an, China
2First Department of Medical Oncology, Affiliated Shaanxi Provincial Cancer Hospital, Xi’an, China
3Department of Pharmacology, Xi’an Medical University, Xi’an, China
Edited by:
Ramkrishna Mitra, Thomas Jefferson University, United States
Reviewed by:
Lihong Wang, Southeast University, China
Somnath Tagore, Columbia University, United States
* Correspondence: Jing Jia, jiajing0810@126.com
Specialty section: This article was submitted to RNA, a section of the journal Frontiers in Genetics
Received: 02 April 2021
Accepted: 01 October 2021
Published: 26 October 2021
Citation: Yang L, Li L, Chang P, Wei M, Chen J, Zhu C and Jia J (2021) miR-25 Regulates Gastric Cancer Cell Growth and Apoptosis by Targeting EGR2. Front. Genet. 12:690196. doi: 10.3389/fgene.2021.690196

Gastric cancer is one of the most common malignancies harmful to human health. The search for effective drugs or gene therapy has aroused the attention of scientists. So far, microRNAs, as small non-coding RNAs, have the potential to be therapeutic targets for cancer. Herein, we found a highly expressed miR-25 in gastric cancer cell. However, the function of miR-25 for gastric cancer cell growth and apoptosis was unknown. Functionally, we used RT-qPCR, western blot, CCK-8, and flow cytometry to detect gastric cancer cell growth and apoptosis. The results indicated that miR-25 promoted gastric cancer cell growth and inhibited their apoptosis. Mechanistically, we found that a gene EGR2 was a potential target gene of miR-25. Further dual-luciferase results supported this prediction. Moreover, knockdown of EGR2 promoted gastric cancer cell growth and inhibited their apoptosis by flow cytometry detection. Altogether, these findings revealed miR-25 as a regulator of gastric cancer cell growth and apoptosis through targeting EGR2.
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INTRODUCTION
Gastric cancer is one of the most common malignancies of the digestive system, which endangers human life and health (Bertuccio et al., 2009; Ferlay et al., 2015). In the last few decades, many achievements have been made in gastric cancer -related proto-oncogenes, suppressor genes, and related signal transduction pathways, but the exact mechanism of tumorigenesis has not been fully elucidated. The emergence of a new class of non-protein coding microRNA (miRNA) provides a new idea for gastric cancer research. MiRNAs play an important role in the pathogenesis of tumors, which provides a potential new strategy for understanding the clinical therapeutics of gastric cancer (Li et al., 2011). MiRNAs generally bind to their target mRNAs through complementary pairing, thus regulating the expression of target genes at the post-transcriptional level (Brennecke et al., 2003).
Recent studies have shown that miRNA plays an important role in the pathogenesis and progression of gastric cancer, which provides us with a potential direction for the study of therapeutic targets for this major disease (Huang et al., 2016; Zhang et al., 2019). Studies have shown that abnormal expression of miRNAs plays a crucial role in the pathogenesis and malignant biological phenotypes of gastric cancer, such as proliferation, apoptosis, invasion, and migration of gastric cancer cells (Wang et al., 2016; Zhang et al., 2016; Zhang et al., 2017a; Zhang et al., 2017b). MiR-25 is widely expressed in various types of tumors, and previous studies have shown that its expression level is related to the clinical characteristics and prognosis of tumors (Xu et al., 2014; Mingjun, 2015; Peng et al., 2015; Wang et al., 2015). However, the role of miR-25 in different tumors is consistent but the target genes are different (Caiazza and Mallardo, 2018). Studies have reported that miR-25 plays an oncogene role in lung cancer (Wu et al., 2015), liver cancer (Wang et al., 2015; Tian and Yao, 2016; Avencia et al., 2019), and gastric cancer (Li et al., 2015). MiRNA-25 had been investigated in gastric cancer via targeting RECK (Zhao et al., 2014), but we found that there might be other targets. Therefore, in this study, we explored the biological effect and significance of miR-25 in the tumorigenesis of gastric cancer, looking for new targets and hoping to provide a new experimental basis for understanding the pathogenesis and therapeutics of gastric cancer.
In this study, we detected the expression feature of miR-25 in normal gastric epithelial cells and gastric cancer cells by RT-qPCR. The result revealed that the expression level of miR-25 in gastric cancer cells was significantly higher than that in normal cells. Overexpression of miR-25 promoted gastric cancer cells’ growth and inhibited their apoptosis. Mechanically, we demonstrated that EGR2 was a target gene of miR-25 by dual-luciferase reporter gene assay in gastric cancer cells.
MATERIAL AND METHOD
Cell Culture
The cell line GES-1 cells (ATCC) and BGC823 cells (ATCC) were preserved in this laboratory. The cells were placed in DMEM medium containing 10% fetal bovine serum, 1 × 105 IU/L penicillin, and 1 × 105 IU/L streptomycin conventional culture in an incubator at 37°C and 5% CO2.
Cell Transfection
One day before transfection, cells were transferred to a suitable density so that the cells were in a logarithmic growth phase at the time of transfection. Firstly, DMEM was used to culture cells for about 4 h excluding serum and antibiotics. Then, negative control, miRNA mimic or inhibitor, and siRNA were transfected into cell by Lipofectamine 2000 (Invitrogen) according to operation instructions. After transfection for 6 h, the fresh medium was replaced and cultured for a continuous 48 h for further experiments.
Real Time Quantitative PCR
The total RNA was extracted with Trizol kit, and the concentration of RNA was determined by Nucleic acid analyzer. The first strand cDNA of miRNA was synthesized by reverse transcription reaction of stem-loop primers. The SYBR GREEN reagent was used for PCR amplification according to kit instructions. The real-time quantitative PCR (RT-qPCR) reaction was performed on an ABI PCR instrument and the results were analyzed. All primer sequences were listed in Table 1.
TABLE 1 | The gene primer sequence for RT-qPCR or PCR.
[image: Table 1]Western Blot
Proteins of each group were extracted and quantified with BCA protein quantitative kit. After SDS-PAGE, the proteins were transferred to PVDF membrane by electrol transfer. The product was sealed with 5% skim milk at room temperature for 60 min, separately added with corresponding primary antibody, incubated at 4°C overnight, and washed with TBST three times. Then, the secondary antibody was added at room temperature for 2 h incubation, and then washed with TBST three times. After exposure in the darkroom, the results were processed by Quantity One gel analysis software. Primary antibody Bax (21kDa, source: mouse), Bcl-2(26kDa, source: mouse) and β-actin (42kDa, source: mouse) were purchased from Proteintech. β-actin acts as the internal gene.
CCK-8 Assay
About 5 × 104 /ml cell suspensions were prepared. 100 μl cell suspension was added to the 96-well plate and continued to be cultured in an incubator at 37°C. At different time points, 10 μl CCK-8 solution was added to each well and incubated at 37°C for 1–4 h. The absorbance value at 450 nm was determined.
Cell Cycle Assay
To detect the cell cycle assay, gastric cancer cells were fixed with 70% ethanol for about 24 h at −20°C. The cells were labeled with propidium iodide (PI) for 30 min at 37°C and detected in the BD FACSVerse flow cytometer. The results of cell cycle were analyzed using the cell cycle analysis software. The detailed experimental process follows the manufacturer’s instructions (Multisciences, Hangzhou, China).
Cell Apoptosis Assay
The cells were collected directly into a 10 ml centrifuge tube. The rinse solution was washed once, and centrifuged at 800 r/min for 5 min. The cells were resuspended in solution and incubated in the dark for 15 min at room temperature. The precipitated cells were centrifuged at 800 r/min for 5 min and incubated with buffer solution once. The fluorescent dye solution was added and incubated at 4°C for 20 min to avoid light. The wavelength of excitation light in the flow cytometer was 488 nm, the wavelength of FITC was detected by a 515 nm passband filter, and the other wave length was greater than 560 nm to detect PI. On the scatter diagram of bivariate flow cytometry, living cells are shown in the lower left quadrant, which is (FITC-/PI-). The upper right quadrant is the non-living cells, i.e., dead cells, which are (FITC +/PI +). The lower right quadrant for apoptotic cells is (FITC +/PI-).
Luciferase Report Assay
The target genes predictions were revealed by bioinformatics software Targetscan 7.2 (http://www.targetscan.org/vert_72/) online. The wild-type 3′UTR or mutant-type 3′UTR of EGR2 mRNA sequence were inserted into luciferase reporter plasmids psi-CHECK2™ (Promega). EGR2 wild-type or mutant-type luciferase reporter vector and miR-25 mimic or negative control were co-transfected into 293T cells. Following the manufacturer’s instruction of Dual Luciferase Assay System (Promega), luciferase activities were measured.
Statistics Analysis
All data were expressed as mean ± standard deviation. SPSS18.0 software was used for statistical analysis, and student’ t-test was used for comparison between groups analysis of variance. *p < 0.05, **p < 0.01.
RESULT
Expression of miR-25 in Normal Gastric Epithelial Cells and Gastric Cancer Cells
Total RNA from GES-1 cells and BGC823 cells were extracted at the growth stage, respectively. Real-time quantitative PCR (RT-qPCR) result showed that the expression level of miR-25 in BGC823 cells was significantly higher than that in GES-1 cell (Figure 1A). Further RT-qPCR results showed that the expression of miR-25 in BGC823 gastric cancer cells at the growth stage was found to have an upward trend (Figure 1B). All these results indicated that the expression characteristic of miR-25 might be related to the occurrence of gastric cancer.
[image: Figure 1]FIGURE 1 | The expression profile of miR-25 in BGC823 cell. (A) The expression level of miR-25 was detected in BGC823 cell and GES-1 cell by RT-qPCR. (B) In different stages (0, 2, 4, 6 days) of culture, miR-25 expression level was detected by RT-qPCR. Value in graphs represents means ± SD. At least three independent experiments were carried out. **p < 0.01.
miR-25 Promotes Gastric Cancer Cells Growth
To reveal the function of endogenous miR-25 for BGC823 gastric cancer cells’ growth, we transfected miR-25 inhibitor into cells to affect its expression level. RT-qPCR result showed that the expression level of miR-25 was significantly decreased compared to negative control group (Figure 2A). The proliferation activity of BGC823 cells was significantly attenuated by CCK-8 detection (Figure 2B). Flow cytometry detection of cell cycle showed that G1 phase cell number increased and S phase cell number decreased (Figures 2C,D). Meanwhile, we also revealed the effect of exogenous miR-25 on BGC823 cell proliferation. MiR-25 mimic was transfected into BGC823 cell, which could enhance the expression level of miR-25 (Figure 3A). Compared to the control group, overexpression of miR-25 enhanced the BGC823 cell activity by CCK-8 assay (Figure 3B). In addition, overexpression of miR-25 resulted in G1 phase cell population reducing and S phase cell population increasing (Figures 3C,D). Together, these data revealed that miR-25 could promote BGC823 gastric cancer cells’ growth.
[image: Figure 2]FIGURE 2 | Inhibition of miR-25 inhibits BGC823 cell growth. (A) After transfection of miR-25 inhibitor into BGC823 cell, the expression level of miR-25 was detected by RT-qPCR. (B) After loss of miR-25, CCK-8 reagent was used to detect cell proliferation activity. (C) Cell cycle were analyzed by flow cytometry after being transfected with miR-25 inhibitor. (D) Statistical results of flow cytometry. Value in graphs represents means ± SD. At least three independent experiments were carried out. **p < 0.01.
[image: Figure 3]FIGURE 3 | Overexpression of miR-25 promotes BGC823 cell growth. (A) After transfection of miR-25 mimic into BGC823 cell, the expression level of miR-25 was detected by RT-qPCR. (B) After gain of miR-25, CCK-8 reagent was used to detect cell proliferation activity. (C) Cell cycle were analyzed by flow cytometry after being transfected with miR-25 mimic. (D) Cell number statistics at each stage of cell cycle. Value in graphs represents means ± SD. At least three independent experiments were carried out. **p < 0.01; *p < 0.05.
miR-25 Inhibits Gastric Cancer Cells Apoptosis
The function of miRNAs in the apoptosis of gastric cancer cells might provide an effective way to treat tumorigenesis. To elucidate the role of miR-25 for BGC823 cell apoptosis, we used molecular biology techniques and cell biology techniques to detect its effects. Firstly, after transfection of miR-25 mimic or inhibitor into BGC823 cell, we used RT-qPCR to detect the mRNA expression level of Bax, Bcl-2, and p53. Compared to the NC group, knockdown of miR-25 enhanced Bax and p53 expression level, but impeded Bcl-2 expression level (Figure 4A). The western blot analysis results indicated that knockdown of miR-25 enhanced Bax expression level and reduced Bcl-2 expression (Figure 4B). By contrast, overexpression of miR-25 reduced the Bax and p53 expression level, but induced Bcl-2 expression level (Figure 4C). Bax protein level was decreased and Bcl-2 protein level was increased (Figure 4D). Then, we used Annexin V-FITC/PI dual-staining apoptosis detection kit to detect gastric cancer cells’ apoptosis after gain or loss of miR-25. The result revealed that knockdown of miR-25 induced the number of gastric cancer cells’ apoptosis (Figure 4E). Meanwhile, overexpression of miR-25 reduced the number of apoptotic cells (Figure 4F). Together, these results demonstrated that miR-25 could inhibit gastric cancer cells’ apoptosis.
[image: Figure 4]FIGURE 4 | The function of miR-25 for BGC823 cell apoptosis. (A) After loss of miR-25, genes (Bax, p53, Bcl-2) associated with apoptosis were detected by RT-qPCR. (B) After loss of miR-25, Bax and Bcl-2 protein level were detected by western blot. (C) After gain of miR-25, genes (Bax, p53, Bcl-2) associated with apoptosis were detected by RT-qPCR. (D) After gain of miR-25, Bax and Bcl-2 protein level were detected by western blot. (E) After loss of miR-25, cell apoptosis was detected by Annexin V-FITC reagent. (F) After gain of miR-25, cell apoptosis was detected by Annexin V-FITC reagent. Value in graphs represents means ± SD. At least three independent experiments were carried out. **p < 0.01; *p < 0.05.
EGR2 is a Target Gene of miR-25 in Gastric Cancer Cells
Bioinformatics methods and a series of experiments were used to screen and verify target genes of miR-25. EGR2 caught our attention by Targetscan software prediction, the 3 ′UTR sequence of EGR2 is completely complementary to the seed region sequence of miR-25, and is also highly conserved in various species (Figure 5A). In order to identify the targeting relationship between miR-25 and EGR2, we constructed dual-luciferase reporter vectors containing the 3′UTR sequence of EGR2 gene (wild type and mutant type) respectively (Figure 5B). Firstly, miR-25 mimic was co-transfected with a dual-luciferase reporter vector containing the 3′UTR sequence of EGR2 gene (wild type or mutant type). The result revealed that overexpression of miR-25 reduced the luciferase activity of EGR2 gene 3 ′UTR wild-type reporter vector, but it did not affect the mutant vector activity (Figure 5C). Moreover, we also detected EGR2 mRNA level by RT-qPCR after gain or loss of miR-25. The results indicated that overexpression of miR-25 reduced EGR2 mRNA expression level, but knockdown of miR-25 enhanced EGR2 mRNA expression level (Figure 5D). These results revealed that EGR2 was a target gene of miR-25 in gastric cancer cells.
[image: Figure 5]FIGURE 5 | EGR2 is a target gene of miR-25. (A) miR-25 is highly conserved in various species. (B) Dual-luciferase reporter vectors containing the 3′UTR sequence of EGR2 gene (wild type and mutant type), respectively. (C) Luciferase activity analysis was detected after co-transfection miR-25 and dual-luciferase reporter vectors into cell. (D) EGR2 mRNA level was detected after gain or loss miR-25. Value in graphs represents means ± SD. At least three independent experiments were carried out. **p < 0.01; *p < 0.05.
Knockdown of EGR2 Counteracts the Role of miR-25 Inhibitor
To investigate the function of EGR2 in gastric cancer cells’ growth and apoptosis, we used EGR2 siRNA to reduce the expression of EGR2 (Figure 6A). First, the cell cycle assay results indicated that knockdown of EGR2 reduced the number of G1 phase and elevated the S phase cell population (Figures 6B,C). Meanwhile, we also detected the number of apoptosis cells’ changes by Annexin V-FITC/PI dual-staining apoptosis detection kit. The result showed that knockdown of EGR2 could inhibit gastric cancer cells’ apoptosis (Figure 6D). Together, these results demonstrated that knockdown of EGR2 promotes gastric cancer cells’ growth and inhibits their apoptosis. To further reveal the relationship of miR-25 and EGR2, an antagonistic experiment was designed. miR-25 inhibitor and EGR2 siRNA were co-transfected into gastric cancer cells. The cell cycle assay results revealed that there was no significant change in the number of cells at each stage (Figures 7A,B). Compared to the control group, there was also no significant difference in the number of apoptosis cells (Figure 7C). These data demonstrated that Knockdown of EGR2 counteracts the role of miR-25 inhibitor in gastric cancer cells.
[image: Figure 6]FIGURE 6 | Knockdown of EGR2 promotes BGC823 cell growth and inhibits cell apoptosis. (A) After knockdown of EGR2, the expression level of EGR2 was detected by RT-qPCR. (B) Cell cycle were analyzed by flow cytometry after being transfected with EGR2 siRNA. (C) Cell number statistics at each stage of cell cycle. (D) After knockdown of EGR2, cell apoptosis was detected by Annexin V-FITC reagent. Value in graphs represents means ± SD. At least three independent experiments were carried out. **p < 0.01; *p < 0.05.
[image: Figure 7]FIGURE 7 | Knockdown of EGR2 counteracts the role of miR-25 inhibitor. (A) Cell cycle were analyzed by flow cytometry after being co-transfected with miR-25 inhibitor and EGR2 siRNA. (B) Cell number statistics at each stage of cell cycle. (C) After being co-transfected miR-25 inhibitor and EGR2 siRNA, cell apoptosis was detected by Annexin V-FITC reagent.
DISCUSSION
In the present study, we found a differentially expressed miRNA in BGC823 gastric cancer cells and normal gastric mucosa cell (GES-1 cells and RGM-1 cells): miR-25. Overexpression of miR-25 promoted BGC823 gastric cancer cells and inhibited their apoptosis. EGR2 was a target gene of miR-25. Knockdown of EGR2 could promote gastric cancer cells’ growth and inhibit their apoptosis. Therefore, miR-25 might be used as a potential biomarker or therapeutic target for gastric cancer.
MiRNAs are a class of widely distributed endogenous non-coding RNA, with a size of 20–25 nucleotide, which are highly conserved genetically and can negatively or positively regulate the expression of their target genes (Gambari et al., 2011). Studies have found that miRNAs can be used as oncogenes or tumor suppressor genes to participate in the regulation of cell growth, apoptosis, and cycle (Voorhoeve et al., 2006; Manikandan et al., 2008). Some miRNAs are directly involved in the formation of human tumors (such as lung cancer, breast cancer, craniocerebral tumor, liver cancer, colorectal cancer, and lymphoma). MiRNAs can be used as both oncogenes and tumor suppressor genes to participate in multiple signaling pathways of human tumor formation (Esquela-Kerscher and Slack, 2006). Therefore, the study of specific miRNA function provides a new direction for tumor treatment and prevention.
The role of miR-25 in the pathogenesis of malignant tumors has been studied frequently. In human ovarian cancer, up-regulation of miR-25 could enhance cell proliferation and down-regulation of miR-25 could enhance the expression of pro-apoptotic proteins such as Bax and caspase-3 (Zhang et al., 2012). In non-small cell lung cancer (NSCLC), the expression level of miR-25 was up-regulated. Over-expression of miR-25 could significantly increase NSCLC cells’ proliferation, migration, and invasion, but down-regulation of miR-25 remarkably reduced cell proliferation, migration, and invasion in NSCLC cells. Further results demonstrated that FBXW7 was a direct target gene of miR-25 (Xiang et al., 2015). Moreover, in gastric cancer, overexpression of miR-25 could promote gastric cancer cell proliferation, migration, and invasion via targeting RECK (Zhao et al., 2014). This is consistent with our current findings.
In conclusion, we found that a high expression of miR-25 in BGC823 gastric cancer cells can enhance cell growth and reduce cell apoptosis via targeting gene EGR2. The result revealed that miR-25 might be a potential therapeutic target for gastric cancer.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.
AUTHOR CONTRIBUTIONS
All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.
FUNDING
This research was supported by the Education Department Service Local Special Scientific Research Projects of Shaanxi Province, China (20JC030) and the Key scientific research projects of Shaanxi Provincial Education Department in 2020(20JS135).
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Avencia, S. M., Kwon, J., Hong Chew, X., Siemens, A., Sohn, H. S., Jing, G., et al. (2019). A Novel SOCS5/miR‐18/miR‐25 Axis Promotes Tumorigenesis in Liver Cancer. Int. J. Cancer 144 (2), 311–321. doi:10.1002/ijc.31857
 Bertuccio, P., Chatenoud, L., Levi, F., Praud, D., Ferlay, J., Negri, E., et al. (2009). Recent Patterns in Gastric Cancer: A Global Overview. Int. J. Cancer 125 (3), 666–673. doi:10.1002/ijc.24290
 Brennecke, J., Hipfner, D. R., Stark, A., Russell, R. B., and Cohen, S. M. (2003). Bantam Encodes a Developmentally Regulated microRNA that Controls Cell Proliferation and Regulates the Proapoptotic Gene Hid in Drosophila. Cell 113, 25–36. doi:10.1016/s0092-8674(03)00231-9
 Caiazza, C., and Mallardo, M. (2018). The Roles of miR-25 and its Targeted Genes in Development of Human Cancer. Microrna 5 (2), 113–119. doi:10.2174/2211536605666160905093429
 Esquela-Kerscher, A., and Slack, F. J. (2006). Oncomirs - microRNAs with a Role in Cancer. Nat. Rev. Cancer 6 (4), 259–269. doi:10.1038/nrc1840
 Ferlay, J., Soerjomataram, I., Dikshit, R., Eser, S., Mathers, C., Rebelo, M., et al. (2015). Cancer Incidence and Mortality Worldwide: Sources, Methods and Major Patterns in GLOBOCAN 2012. Int. J. Cancer 136 (5), E359–E386. doi:10.1002/ijc.29210
 Gambari, R., Fabbri, E., Borgatti, M., Lampronti, I., Finotti, A., Brognara, E., et al. (2011). Targeting microRNAs Involved in Human Diseases: A Novel Approach for Modification of Gene Expression and Drug Development. Biochem. Pharmacol. 82 (10), 1416–1429. doi:10.1016/j.bcp.2011.08.007
 Huang, Z., Zhu, D., Wu, L., He, M., Zhou, X., Zhang, L., et al. (2016). Six Serum-Based miRNAs as Potential Diagnostic Biomarkers for Gastric Cancer. Cancer Epidemiol. Biomarkers Prev. 26, 188–196. doi:10.1158/1055-9965.epi-16-0607
 Li, X., Zhang, Y., Zhang, H., Liu, X., Gong, T., Li, M., et al. (2011). miRNA-223 Promotes Gastric Cancer Invasion and Metastasis by Targeting Tumor Suppressor EPB41L3. Mol. Cancer Res. 9 (7), 824–833. doi:10.1158/1541-7786.mcr-10-0529
 Li, B.-S., Zuo, Q.-F., Zhao, Y.-L., Xiao, B., Zhuang, Y., Mao, X.-H., et al. (2015). MicroRNA-25 Promotes Gastric Cancer Migration, Invasion and Proliferation by Directly Targeting Transducer of ERBB2, 1 and Correlates with Poor Survival. Oncogene 34 (20), 2556–2565. doi:10.1038/onc.2014.214
 Manikandan, J., Aarthi, J. J., Kumar, S. D., and Pushparaj, P. N. (2008). Oncomirs: The Potential Role of Non-Coding microRNAs in Understanding Cancer. Bioinformation 2 (8), 330–334. doi:10.6026/97320630002330
 Mingjun, Z. (2015). miR-107 and miR-25 Simultaneously Target LATS2 and Regulate Proliferation and Invasion of Gastric Adenocarcinoma (GAC) Cells. Biochem. Biophysical Res. Commun. 460 (3), 806–812. doi:10.1016/j.bbrc.2015.03.110
 Peng, G., Yuan, X., Yuan, J., Liu, Q., Dai, M., Shen, C., et al. (2015). miR-25 Promotes Glioblastoma Cell Proliferation and Invasion by Directly Targeting NEFL. Mol. Cell Biochem. 409 (1-2), 103–111. doi:10.1007/s11010-015-2516-x
 Tian, C., and Yao, S. (2016). MicroRNA-25 Promotes Growth and Migration of Liver Cancer Cells by Regulating Klf4 Gene Expression. Shanghai, China: Tumor. 
 Voorhoeve, P. M., le Sage, C., Schrier, M., Gillis, A. J. M., Stoop, H., Nagel, R., et al. (2006). A Genetic Screen Implicates miRNA-372 and miRNA-373 as Oncogenes in Testicular Germ Cell Tumors. Cell 124 (6), 1169–1181. doi:10.1016/j.cell.2006.02.037
 Wang, C., Wang, X., Su, Z., Fei, H., Liu, X., and Pan, Q. (2015). miR-25 Promotes Hepatocellular Carcinoma Cell Growth, Migration and Invasion by Inhibiting RhoGDI1. Oncotarget 6 (34), 36231–36244. doi:10.18632/oncotarget.4740
 Wang, L. L., Wang, L., Wang, X. Y., Shang, D., Yin, S. J., and Sun, L. L. (2016). MicroRNA-218 Inhibits the Proliferation, Migration, and Invasion and Promotes Apoptosis of Gastric Cancer Cells by Targeting LASP1. Tumour Biol. J. Int. Soc. Oncodevelopmental Biol. Med. 37, 15241–15252. doi:10.1007/s13277-016-5388-0
 Wu, T., Chen, W., Kong, D., Li, X., H. Lu, , Liu, S., et al. (2015). miR-25 Targets the Modulator of Apoptosis 1 Gene in Lung Cancer. Carcinogenesis 36 (8), 925–935. doi:10.1093/carcin/bgv068
 Xiang, J., Hang, J. B., Che, J. M., and Li, H. C. (2015). miR-25 Is Up-Regulated in Non-Small Cell Lung Cancer and Promotes Cell Proliferation and Motility by Targeting FBXW7. Int. J. Clin. Exp. Pathol. 8 (8), 9147–9153. 
 Xu, F.-X., Su, Y.-L., Zhang, H., Kong, J.-Y., Yu, H., and Qian, B.-Y. (2014). Prognostic Implications for High Expression of MiR-25 in Lung Adenocarcinomas of Female Non-Smokers. Asian Pac. J. Cancer Prev. 15 (3), 1197–1203. doi:10.7314/apjcp.2014.15.3.1197
 Zhang, H., Zuo, Z., Lu, X., Wang, L., Wang, H., and Zhu, Z. (2012). MiR-25 Regulates Apoptosis by Targeting Bim in Human Ovarian Cancer. Oncol. Rep. 27 (2), 594–598. doi:10.3892/or.2011.1530
 Zhang, R., Li, F., Wang, W., Wang, X., Li, S., and Liu, J. (2016). The Effect of Antisense Inhibitor of miRNA 106b∼25 on the Proliferation, Invasion, Migration, and Apoptosis of Gastric Cancer Cell. Tumor Biol. 37, 10507–10515. doi:10.1007/s13277-016-4937-x
 Zhang, Y. Q., Sun, Q., Lou, X., Jin, C., and Zhang, Y. (2017). Molecular Mechanisms of Helicobacter pylori Infection Related miRNA-148b in Proliferation and Invasion of Gastric Cancer Cells. Chin. J. Nosocomiology 2177 –2182. doi:10.11816/cn.ni.2017-163263
 Zhang, X. T., Zhang, X.-Y., Huang, S.-Y., Wang, Q., and Liu, W. (2017). miRNA-101-3p Inhibits Proliferation and Migration of Gastric Cancer Cells by Targeting EZH2. Chin. J. Pathophysiology 33, 2143–2150. doi:10.3969/j.issn.1000-4718.2017.12.006
 Zhang, Y., Sun, B., Zhao, L., Liu, Z., Xu, Z., Tian, Y., et al. (2019). Up-Regulation of miRNA-148a Inhibits Proliferation, Invasion, and Migration while Promoting Apoptosis of Cervical Cancer Cells by Down-Regulating RRS1. Biosci. Rep. 39 (5), BSR20181815. doi:10.1042/BSR20181815
 Zhao, H., Wang, Y., Yang, L., Jiang, R., and Li, W. (2014). MiR-25 Promotes Gastric Cancer Cells Growth and Motility by Targeting RECK. Mol. Cel Biochem. 385 (1-2), 207–213. doi:10.1007/s11010-013-1829-x
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2021 Yang, Li, Chang, Wei, Chen, Zhu and Jia. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fgene-12-690196-g005.gif





OPS/images/fgene-12-690196-g006.gif





OPS/images/fgene-12-690196-g003.gif





OPS/images/fgene-12-690196-g004.gif
Inibitor _NC

Bz U g,

B G - 210
P

° Mimie

B2 ’ =
o 21400

A ;‘..;‘.”— xn






OPS/images/fgene-12-690196-g007.gif
o Aieoateg  (FUAJOALNO: FLtLogi og

pE e A





OPS/images/fgene-12-690196-t001.jpg
Gene name

miR-25 AT
miR-25

Bax

053

Bcl-2

EGR2

EGR2 (3'UTR wild)
EGR2 (3'UTR mutant)

Forward primer

Reverse primer

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCAGAC

AGTCTGGCTCTGTTCACG
CCCGAGAGGTCTTTTTCCGAG
CAGCACATGACGGAGGTTGT
GGTGGGGTCATGTGTGTGG
TCAACATTGACATGACTGGAGAG
GCTCGAGGACCCTGGATGTCAGAGTTG
CAGAGAACAGAAGGTCCATGTGATGGG

CCAGTGCAGGGTCCGAGGTA
CCAGCCCATGATGGTTCTGAT
TCATCCAAATACTCCACACGC
CGGTTCAGGTACTCAGTCATCC
AGTGAAGGTCTGGTTTCTAGGT
GGCGGCCGCCCTCTGAGATCATAAATGC
CCCATCACATGGACCTTCTGTTCTCTG





OPS/xhtml/nav.xhtml
Contents

		Cover

		miR-25 Regulates Gastric Cancer Cell Growth and Apoptosis by Targeting EGR2		Introduction

		Material and Method		Cell Culture

		Cell Transfection

		Real Time Quantitative PCR

		Western Blot

		CCK-8 Assay

		Cell Cycle Assay

		Cell Apoptosis Assay

		Luciferase Report Assay

		Statistics Analysis





		Result		Expression of miR-25 in Normal Gastric Epithelial Cells and Gastric Cancer Cells

		miR-25 Promotes Gastric Cancer Cells Growth

		miR-25 Inhibits Gastric Cancer Cells Apoptosis

		EGR2 is a Target Gene of miR-25 in Gastric Cancer Cells

		Knockdown of EGR2 Counteracts the Role of miR-25 Inhibitor





		Discussion

		Data Availability Statement

		Author Contributions

		Funding

		Publisher’s Note

		References









OPS/images/cover.jpg
* frontiers
in Genetics

miR-25 Regulates Gastric Cancer
Cell Growth and Apoptosis by
Targeting EGR2





OPS/images/fgene-12-690196-g001.gif
H

]

Tualhigit:





OPS/images/fgene-12-690196-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
’ frontiers
1N Genetics





