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Abstract
Objective: The purpose of this study is to explore the effects of microRNA-29b (miR-29b) 
regulating MAPK/ERK and PI3K/Akt signaling pathways on angiogenesis in endometrial 
carcinoma (EC) by targeting VEGFA. Methods: Between February 2013 and April 2015, 126 EC 
patients admitted to the Second Affiliated Hospital of Nanchang University were randomly 
selected, with 126 EC tissues and the corresponding adjacent normal tissues collected after 
surgery. The human EC cell lines RL-95-2 and HEC-1-B and human endometrial cells were 
assigned to the normal group (human endometrial cells), the blank group (untransfected RL-
95-2 or HEC-1-B cells), the pMIR-control group (RL-95-2 or HEC-1-B cells transfected with an 
empty vector), the pMIR-miR-29b group (RL-95-2 or HEC-1-B cells transfected with the miR-
29b plasmid), LNA-control group (RL-95-2 or HEC-1-B cells transfected with an oligonucleotide 
inhibitors control), the LNA-miR-29b inhibitors group (RL-95-2 or HEC-1-B cells transfected 
with miRCURY LNA™ miR-29b inhibitors), the LNA-miR-29b inhibitors + PD98059 group (RL-
95-2 or HEC-1-B cells transfected with miRCURY LNA™ miR-29b inhibitors and PD98059, an 
inhibitor of the MAPK/ERK signaling pathway) and the LNA-miR-29b inhibitors + wortmannin 
group (RL-95-2 or HEC-1-B cells transfected with miRCURY LNA™ miR-29b inhibitors and 
wortmannin, an inhibitor of the PI3K/Akt signaling pathway). qRT-PCR and Western blotting 
were conducted to detect the miR-29b expression and the mRNA and protein expressions of 
VEGFA, ERK, Akt, mTOR and Bcl-2. Immunohistochemistry (IHC) was performed to determine 
the microvessel density (MVD) expression in the EC tissues, adjacent normal tissues and 
nude-mice. Results: Compared with the adjacent normal tissues, miR-29b expression was 
down-regulated, the mRNA and protein expressions of VEGFA, ERK, Akt, mTOR and Bcl-2 
were up-regulated, and MVD expression was increased in the EC tissues. Compared with 
the normal group, miR-29b expression was down-regulated, while the mRNA and protein 
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expressions of VEGFA, ERK, Akt, mTOR and Bcl-2 were up-regulated in the other groups. 
Compared with the blank, pMIR-control and LNA-control groups, miR-29b expression was 
increased, while mRNA and protein expressions of VEGFA, ERK, Akt, mTOR and Bcl-2 were 
decreased in the pMIR-miR-29b group. The LNA-miR-29b inhibitors group exhibited elevated 
miR-29b expression and decreased mRNA and protein expressions of VEGFA, ERK, Akt, mTOR 
and Bcl-2 (All P < 0.05). Additionally, miR-29b expression was reduced in the LNA-miR-29b 
inhibitors + PD98059 and LNA-miR-29b inhibitors + wortmannin groups. In comparison to 
the normal group, MVD expression was elevated in the other groups. Compared with the 
blank, pMIR-control, LNA-control, LNA-miR-29b inhibitors + PD98059 and LNA-miR-29b 
inhibitors + wortmannin groups, MVD expression was decreased in the pMIR-miR-29b group 
but increased in the LNA-miR-29b inhibitors group. Conclusion: Our results indicate that 
miR-29b negatively modulates the MAPK/ERK and PI3K/Akt signaling pathways to inhibit 
angiogenesis in EC by targeting VEGFA.

Introduction

Endometrial carcinoma (EC) is a significant cause of morbidity and mortality for women across the world [1]. EC in its early stages is often satisfactorily treated with surgery, but advanced EC is characterized by difficult treatment and a poor prognosis [2], especially in terms of recurrent or metastatic disease [3]. The 5-year survival rate of EC patients with localized disease exceeds 90%, while this rate for patients with distant disease at diagnosis is below 20% [4]. Current treatment regimens, including hormonal therapy, hysterectomy, and combinations of chemotherapy and radiation, are efficient for early-stage EC; however, therapies for advanced EC patients are unavailable, resulting in a dismal outcome [5]. Therefore, identification of additional cellular and molecular mechanisms responsible for the progression and tumorigenesis of EC and the discovery of new diagnostic and prognostic markers and novel therapeutic strategies for EC are critical for improving the clinical outcome of EC patients.MicroRNAs (miRNAs) are approximately 0~22 nucleotide non-coding small RNAs that can function as specific sequence regulators of gene expression by translational repression and transcript cleavage [6, 7]. MiRNAs modulate several cellular activities, including cell growth, cell differentiation, metabolic activities, apoptosis, angiogenesis, and tissue turnover [8]. The abnormal expression of miRNAs has been closely connected with the development and progression of various human diseases, specifically diseases associated with cellular transformation, inflammation, tumorigenesis, and tissue fibrosis [9-12]. For example, the overexpression of miR-10b in adenomyotic epithelial cells suppresses the cell migration and invasion [13]. MiRNA-29b (miR-29b) is an important member of the miRNA family [14] and has been demonstrated to be dysregulated in many tumors [15-17]. Particularly, it has been demonstrated that miR-29b can serve as a tumor suppressor that inhibits the proliferation process of cancer cells [18]. However, the molecular mechanisms through which the dysregulation of miR-29b contributes to the diagnosis and prognosis of EC remain to be further elucidated.Angiogenesis refers to the formation of novel blood vessels from preexisting ones and plays a major role in tumor growth, development and progression, and metastasis [1]. Vascular endothelial growth factor A (VEGFA) is a pro-angiogenic factor involved in the proliferation, differentiation, and migration of endothelial cells and participates in vascular permeability [19]. In the uterus, it has been reported that estrogen can rapidly activate various signaling pathways, including the mitogen-activated protein kinase/extracellular regulated protein kinases (MAPK/ERK) and phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt) signaling pathways in the caveolae [20]. Given the former analyses, our study aims to investigate the role of miR-29b regulating the MAPK/ERK and PI3K/Akt signaling pathways in angiogenesis in EC by targeting VEGFA to seek novel insight into the treatment of EC.
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Material and Methods

SubjectsA total of 126 EC patients admitted to the Second Affiliated Hospital of Nanchang University between February 2013 and April 2015 were randomly recruited in our study, with 126 EC tissues and the corresponding adjacent normal tissues (2 cm away from the distal EC tissues) were collected after surgery. The clinicopathological characteristics of patients were also obtained. The type I (estrogen-dependent) EC cell line RL-95-2 and type II (estrogen-independent) EC cell line HEC-1-B were purchased from the Cell Bank of the Shanghai Institutes for Biological Sciences (Chinese Academy of Sciences, Shanghai, China). Human endometrial cells were purchased from Shanghai Biotechnology Co., Ltd. Enzyme Research (Shanghai, China). In addition, 160 3-month-old BALB/C nude mice (female, weighing 250 ± 50 g) were obtained from the Animal Laboratory Center of China Medical University (Shenyang, China). All animal experiments in the present study were in accordance with the Guide for the Care and Use of Laboratory Animals issued by the National Institutes of Health.
Construction of miR-29b and LNA-miR-29b inhibitors plasmid vectorsThe precursor sequences of miR-29b were amplified, and primers were designed for polymerase chain reaction (PCR) amplification. Kpn I and EcoR I cleavage sites were added to the two ends of the primers. The sequences were synthesized by Shanghai GenePharma Co., Ltd. (Shanghai, China) (Table 1). A sequence showing no homology to the mammalian genome was selected as a negative control (NC) of the double-stranded RNA. The section was cloned into a pMIR lentivirus vector; thus, pMIR-miR-29b (miR-29b plasmid) and pMIR-vector (Empty plasmid) were formed correspondingly. The miRCURY LNA Power inhibitor was purchased from Exiqon A/S Inc. (Vedbaek, Denmark). The miR-29b oligonucleotide inhibitors of miRCURY LNA™ miR-29b inhibitor (LNA-miR-29b inhibitors) were constructed, and at the same time, the miR-29b oligonucleotide inhibitors control (LNA-control) was set. The target gene segments of VEGFA were inserted into the wild type VEGFA-3’UTR-WT plasmid and mutant VEGFA-3’UTR-MUT plasmid to construct a dual luciferase reporter vector of VEGFA. The above plasmids were identified by PCR, enzyme digestion and sequencing.
Cell transfection and grouping The human EC cell lines RL-95-2 and HEC-1-B and human endometrial cells at the logarithmic growth phase were seeded into 96-well plates (100 μL/well). The lentiviral transfection group: RL-95-2 cells and HEC-1-B cells were transfected by miR-29b lentivirus and control in 40% cell fusion. The morphology of the cells was observed 12 hours after the transfection, and then, the cells were cultured in normal media after 16 hours. Total RNA and protein from cells were extracted after 72 hours. The oligonucleotide inhibitors group: RL-95-2 cells and HEC-1-B cells were transfected by miRCURY LNA™ miR-126 inhibitor and control in 40% cell fusion with Lipofectamine 2000. The cell morphology was observed 2 to 4 hours after the transfection, and then, cells were cultured in normal media after 6 hours. Total RNA and protein from cells were extracted after 72 hours. Th cell group design was as follows: the normal group (human endometrial cells), the blank group (untransfected RL-95-2 or HEC-1-B cells), the pMIR-control group (RL-95-2 or HEC-1-B cells transfected with an empty vector), the pMIR-miR-29b group (RL-95-2 or HEC-1-B cells transfected with the miR-29b plasmid), LNA-control group (RL-95-2 or HEC-1-B cells transfected 

Table 1. Oligonucleotide sequences of RNA and DNA. Notes: miR-29b, microR-NA-29b; NC, negative control of double-stranded RNA; VEGFA, vascular endothelial growth factor A
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with the oligonucleotide inhibitors control), the LNA-miR-29b inhibitors group (RL-95-2 or HEC-1-B cells transfected with miRCURY LNA™ miR-29b inhibitors), the LNA-miR-29b inhibitors + PD98059 group (RL-95-2 or HEC-1-B cells transfected with miRCURY LNA™ miR-29b inhibitors and PD98059, an inhibitor of the MAPK/ERK signaling pathway) and the LNA-miR-29b inhibitors + wortmannin group (RL-95-2 or HEC-1-B cells transfected with miRCURY LNA™ miR-29b inhibitors and wortmannin, an inhibitor of the PI3K/Akt signaling pathway).
Tumor xenografts in nude mice and groupingRL-95-2 cells and HEC-1-B cells at the logarithmic growth phase in the above groups were adjusted to 1 × 106/mL and inoculated in right abdominal subcutaneous of BALB/C nude mice (1 mL per mouse). A total of 160 nude mice were classified into RL-95-2 mice (n = 80) and HEC-1-B mice (n = 80). The RL-95-2 mice and HEC-1-B mice were further divided into the normal group (nude mice without any treatment), the blank group (nude mice inoculated with RL-95-2 or HEC-1-B cells without any transfection), the pMIR-control group (nude mice inoculated with RL-95-2 or HEC-1-B cells transfected with an empty vector), the pMIR-miR-29b group (nude mice inoculated with RL-95-2 or HEC-1-B cells transfected with the miR-29b plasmid), the LNA-control group (nude mice inoculated with RL-95-2 or HEC-1-B cells transfected with the oligonucleotide inhibitor), LNA-miR-29b inhibitors group (nude mice inoculated with RL-95-2 or HEC-1-B cells transfected with miRCURY LNA™ miR-29b inhibitors), LNA-miR-29b inhibitors + PD98059A group (nude mice inoculated with RL-95-2 or HEC-1-B cells transfected with miRCURY LNA™ miR-29b inhibitors and PD98059), LNA-miR-29b inhibitors + wortmannin group (nude mice inoculated with RL-95-2 or HEC-1-B cells transfected with miRCURY LNA™ miR-29b inhibitors and wortmannin). There were 10 mice in each group. Then, all nude mice were killed by cervical dislocation. Subsequently, the infection of the inoculation site and tumor growth condition was observed every day. The long diameter (a) and short diameter (b) of tumors in nude mice were measured at the 1st, 2nd, 4th and 6th week. Tumor-growth curves were analyzed using the following tumor volume calculation formula: V = 1/2ab2. The tumor in right abdominal subcutaneous of nude mice was dissected and weighed after the death of the nude mice, and the tumor control rate in each group was calculated using the formula as follows: tumor control rate (%) = V treatment group /V blank group × 100%. Endometrial tumor metastasis was observed by laparotomy, and the average number of endometrial tumor metastatic nodules was calculated. Inhibition rate of endometrial nodule metastasis (%) = (1-Average number of metastatic nodules in the treatment group/Average number of metastatic nodules in the blank group) × 100%.
Quantitative real-time polymerase chain reaction (qRT-PCR)The EC tissues and adjacent normal tissues were ground in normal saline. The cells and total RNA in each transfection group were extracted using RNA reagent kit (Invitrogen Inc., Carlsbad, CA, USA). Primers of miR-29b, VEGFA, ERK, Akt, mTOR and B-cell lymphoma-2 (Bcl-2) were designed and synthetized by Shanghai Sangon Biological Engineering Technology & Services Co., Ltd. (Shanghai, China) (Table 2). The total RNA was reversely transcribed into cDNA through the specific stem-loop reverse transcription primer in the TaqMan® MicroRNA Reverse Transcription Kit. The reverse transcription system was conducted in 10 μL, and the reaction conditions were as follows: 16°C for 30 min, 42°C for 30 min and 85°C for 10 min. The TaqMan® MicroRNA Assays was applied in the qRT-PCR, and the reaction conditions were as follows: 40 cycles of pre-denaturation for 3 min at 95°C, denaturation for 15 s at 95°C, annealing for 30 s at 60°C, and extension for 30 s at 72°C. The reaction system included 2 μL PCR upstream primer, 2 μL PCR downstream primer, 4 μL DNA template, l μL ROX Reference Dye (50 ×), 25 μL SYBR Premix Ex TaqII and 16 μL dH2O. The relative expressions were calculated according to 2-△△Ct, with U6/β-actin as the internal control.
Western blottingThe EC tissues, adjacent normal tissues and cells in each transfection group were cracked, and the total protein was extracted. After mixing 20 μg cell protein with the sample buffer, sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed. Proteins that separated by electrophoresis were transferred to a nitrocellulose filter, and 5% skimmed milk powder-phosphate buffered saline (PBS) solution was added for 1 hour at room temperature and incubated overnight with VEGFA, ERK, Akt, mTOR and Bcl-2 antibody at 4°C. The filter membrane was washed with the PBS buffer 3 times and incubated with horseradish peroxidase (HRP) labeled with a secondary antibody for 1 hour at room temperature. Then, after being washed with PBS 3 times again, the filter membrane was exposed and shadowed by ECL light 

http://dx.doi.org/10.1159%2F000460510


Cell Physiol Biochem 2017;41:933-946
DOI: 10.1159/000460510
Published online: February 20, 2017 937

Chen et al.: MiR-29b Inhibits Angiogenesis in EC

Cellular Physiology 

and Biochemistry

Cellular Physiology 

and Biochemistry
© 2017 The Author(s). Published by S. Karger AG, Basel

www.karger.com/cpb

emitting liquid and shot by Bio-RAD Gel system (Bio-Rad, Inc., Hercules, CA, USA) for analysis of gray value. With glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (Bioworld Technology, Inc., Atlanta, GA, USA) as a reference, the relative protein expression was described as the ratio of the gray value of the target band to the gray value of the reference band.
Immunohistochemistry (IHC)The EC tissues, adjacent normal tissues and nude mouse EC tissues were embedded in paraffin wax, dissected, and baked for 20 min at 68°C. The tissues were dewaxed in conventional xylene, alcohol dehydrated, placed at room temperature for 15 min, and washed with the PBS solution 2-3 times/5 min and goat serum blocking fluid was added for 20 min at room temperature. The sections were incubated for one hour with the secondary antibody to CD34 (PL Laboratories Inc., British Columbia, Canada) at 37°C for 1 hour and finally washed with PBS. Diaminobenzidine (DAB) was used for coloration, hematoxylin was added to redye for 2 min, and microscopy was ultimately performed after conventional dehydration, hyaline and mounting. The CD34 antibody was applied to label the vascular endothelial cells. Tan single endothelial cells or endothelial cells were counted as a blood vessel to determine the level of angiogenesis. 
Dual-luciferase reporter assayThe targeting relationship between miR-29b and VEGFA was predicted by microRNA.org and validated by the dual luciferase reporter gene. The 293T cells at the logarithmic growth phase were inoculated into 96-well plates. When the cell density reached 70%, the cells were transfected with Lipofectamine 2000, and the VEGFA-3’UTR-WT and miRNA-29b plasmids were mixed with each other and co-transfected into the 293T cells. At the same time, VEGFA-3’UTR-WT + NC and VEGFA-3’UT R-MUT + miR-29b were set as the control. After 6 h of culture, the cells were cultured in a new medium containing 10% fetal bovine serum (FBS) for 48 h. Then, chemiluminescence was conducted to detect enzymatic activity.
Statistical analysisSPSS 21.0 statistical software (SPSS Inc., Chicago, IL, USA) was used for the data analysis. The measurement data were expressed using the mean ± standard deviation. Comparisons between two groups were analyzed by t-test, and comparisons among groups were analyzed using one-way analysis of variance (ANOVA). In addition, χ2 test was used for comparisons of the count data among groups. P < 0.05 was considered statistically significant.
Results

Clinicopathological characteristics of EC patientsAmong the 126 EC patients (mean age: 51.2 ± 10.5 years), there were 81 cases with depth of myometrium invasion < 1/2 and 45 cases with depth of myometrium invasion > 1/2. None of these patients had a history of abortion. According to the International Federation of 

Table 2. Primer sequences for quantitative real-time po-lymerase chain reaction. No-tes: miR-29b, microRNA-29b; VEGFA, vascular endothelial growth factor A; ERK, ext-racellular regulated protein kinases; Akt, protein kinase B; mTOR, mechanistic target of rapamycin; Bcl-2, B-cell lym-phoma-2 
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Gynecology and Obstetrics (FIGO) staging system [21], the patients were classified as stage I (n = 90), stage II (n = 15), stage III (n = 17) and stage IV (n = 4). Histologically, 47 cases were highly differentiated, 59 were moderately differentiated, and 20 were poorly differentiated. Regarding the pathological type, there were 100 cases with endometrioid adenocarcinoma and 26 cases with special types of EC. There were 18 cases with lymph node metastasis and 108 cases without lymph node metastasis. Among these patients, there were 84 cases with type I EC and 42 cases with type II EC (Table 3).
Comparisons of the expressions of miR-29b, VEGFA, ERK, Akt, mTOR and Bcl-2 between the 
EC and adjacent normal tissuesCompared with the adjacent normal tissues, miR-29b expression was down-regulated, while the mRNA expressions of VEGFA, ERK, Akt, mTOR and Bcl-2 were up-regulated in the EC tissues (P < 0.05) (Fig. 1), which suggested that miR-29b was negatively correlated with VEGFA, ERK, Akt, mTOR and Bcl-2. Additionally, the protein expressions of VEGFA, ERK, Akt, mTOR and Bcl-2 were elevated in the EC tissues compared with the adjacent normal tissues 

(P < 0.05) (Fig. 2), suggesting that the over-expression of VEGFA, ERK, Akt, mTOR and Bcl-2 were correlated with the progression of EC.
Correlations of miR-29b and VEGFA mRNA expressions with the clinicopathological 
characteristics in EC patientsThe miR-29b expression was higher in stage I-II than in stage III-IV, while VEGFA mRNA expression was lower in stage I-II than in stage III-IV in EC patients (all P < 0.01). The miR-29b expression of patients with lymph-node metastasis was lower, but the expression of VEGFA mRNA was higher, than those in patients without lymph-node metastasis (all P < 0.01). The miR-29b and VEGFA mRNA expressions had no significant differences in the myometrium invasion, degree of differentiation and pathological types (all P > 0.05) (Table 4).
Comparison of MVD expression between the EC and adjacent normal tissuesThe MVD expression of the human EC tissues and adjacent normal tissues were 10.31 ± 1.04 and 5.49 ± 0.55, respectively (P < 0.05) (Fig. 3).

Table 3. Clinicopathological characte-ristics of EC patients. Note: EC, endo-metrial carcinoma; FIGO, Federation of Gynecology and Obstetrics
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VEGFA as a target gene of miR-29bThe 293T cells were co-transfected with the VEGFA-3′UTR-WT plasmid and the miR-29b mimics plasmid; compared with the VEGFA-3′UTR-WT + NC, the average activity ratio of firefly luciferase and renilla luciferase (Y/H) in the VEGFA-3′UTR-WT + miR-29b group 
decreased (P < 0.05). However, there was no significant difference in the Y/H value between 

Fig. 1. The expression of miR-29b and the mRNA expressions of VEGFA, 

ERK, Akt, mTOR and Bcl-2 between the human EC tissues and adjacent normal tissues. EC, endometrial car-cinoma; miR-29b, microRNA-29b; VEGFA, vascular endothelial growth factor A; ERK, extracellular regu-lated protein kinases; Akt, protein kinase B; mTOR, mammalian target of rapamycin; Bcl-2, B-cell lympho-ma-2; *, P < 0.01 in comparison to the adjacent normal tissues.

Fig. 2. Protein expressions of VEGFA, ERK, Akt, mTOR and Bcl-2 between the human EC tissues and adjacent normal tissues. EC, endometrial carcinoma; miR-29b, microRNA-29b; VEGFA, vascular endothelial growth factor A; ERK, extracellular regulated protein kinases; Akt, protein kinase B; mTOR, mammalian target of ra-pamycin; Bcl-2, B-cell lymphoma-2; *, P < 0.01 in comparison to the adjacent normal tissues.

Fig. 3. MVD expression between the EC tissues and adjacent normal tissues. **, P < 0.01 in comparison to the adjacent normal tissues.
Table 4. Correlations of miR-29b and VEGFA mRNA expressions with clinicopathological characteristics in EC patients (x ± s). Notes: miR-29b, microRNA-29b; VEGFA, vascular endothelial growth factor A; FIGO, Federation of Gynecology and Obstetrics
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the VEGFA-3′UTR-MUT + NC and the VEGFA-3′UTR-MUT + miR-29b groups (P > 0.05)  (Fig. 4).
Successful transfection of miR-29b and LNA-miR-29b inhibitors plasmidsThe recombination expression vectors, pMIR-miR-29b (miR-29b plasmid) and empty vector, were used to transfect RL-95-2 and HEC-1-B cells, respectively. Green fluorescent protein (GFP) expression was determined using a fluorescence microscope. The results demonstrated that cells in each group all presented green light, suggesting successful transfection. Afterward, the transfection was repeated until the titer reached 108 pfu/ml. 

Fig. 4. Verification of the targeting relationship bet-ween miR-29b and VEG-

FA. Top, the binding site of miR-29b and VEGFA in 3’UTR; Bottom, the lucifera-se expression measured 48 hour after 293T cells were transfected with VEG-FA-3′UTR-WT + miR-29b/NC and VEGFA-3′UTR-MUT + miR-29b/NC; miR-29b, microRNA-29b; VEGFA, va-scular endothelial growth factor A; **, P < 0.05.
Fig. 5. The expression of miR-29b and mRNA ex-pressions of VEGFA, ERK, 

Akt, mTOR and Bcl-2 in each group. (a) expression of miR-29b and mRNA ex-pressions of VEGFA, ERK, 

Akt, mTOR and Bcl-2 in nude mice inoculated with RL-95-2 cells; (b) expressi-on of miR-29b and mRNA expressions of VEGFA, ERK, 

Akt, mTOR and Bcl-2 in nude mice inoculated with HEC-1-B cells; miR-29b, microR-NA-29b; VEGFA, vascular endothelial growth factor A; ERK, extracellular regulated protein kinases; Akt, pro-tein kinase B; mTOR, mam-malian target of rapamycin; Bcl-2, B-cell lymphoma-2; *, P < 0.05 in comparison to the normal group; #, P < 0.05 in comparison to the blank group.
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Comparisons of mRNA and protein expressions of miR-29b, VEGFA, ERK, Akt, mTOR and 
Bcl-2 in each group There were no significant differences in the expressions of miR-29b, VEGFA, ERK, Akt, mTOR and Bcl-2 between the RL-95-2 and HEC-1-B cells (all P > 0.05). In addition, compared with the normal group, miR-29b expression was down-regulated, while the mRNA expressions of VEGFA, ERK, Akt, mTOR and Bcl-2 were up-regulated in the other groups (all 

P < 0.05). No significant differences were found among the blank, pMIR-control and LNA-control groups (all P > 0.05). Compared with the blank group, miR-29b expression was increased, while the mRNA expressions of VEGFA, ERK, Akt, mTOR and Bcl-2 were decreased in the pMIR-miR-29b group. The LNA-miR-29b inhibitors group exhibited elevated miR-29b expression and decreased the mRNA expressions of VEGFA, ERK, Akt, mTOR and Bcl-2 (all 

P < 0.05). Additionally, miR-29b expression was reduced in the LNA-miR-29b inhibitors + PD98059 and LNA-miR-29b inhibitors + wortmannin groups (all P < 0.05) (Fig. 5). Compared with the normal group, the protein expressions of VEGFA, ERK, Akt, mTOR and Bcl-2 of other groups were increased (all P < 0.05). However, there were no significant differences among the blank, pMIR-control and LNA-control groups (all P > 0.05). The protein expressions of VEGFA, ERK, Akt, mTOR and Bcl-2 were lower in the pMIR-miR-29b group but higher in the LNA-miR-29b inhibitors group than in the blank group (all P < 0.05) (Fig. 6), suggesting that miR-29b could inhibit the progression of EC by down-regulating the MAPK/ERK and PI3K/Akt signaling pathways.

Fig. 6.Protein expressions of VEGFA, ERK, Akt, mTOR and Bcl-2 in each group. (a) Protein expressions of VEGFA, ERK, Akt, mTOR and Bcl-2 in nude mice inoculated with RL-95-2 cells; (b) Protein expressions of VEGFA, ERK, Akt, mTOR and Bcl-2 in nude mice inoculated with HEC-1-B cells; miR-29b, microRNA-29b; VEGFA, vascular endothelial growth factor A; ERK, extracellular regulated protein kinases; Akt, protein kina-se B; mTOR, mammalian target of rapamycin; Bcl-2, B-cell lymphoma-2; *, P < 0.05 in comparison to the normal group; #, P < 0.05 in comparison to the blank group.
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Comparison of tumor weight, tumor growth inhibitory rate and tumor metastasis 
inhibitory rate of nude mice in each group On the 4th day of the tumor inoculation, a gradually increased tumor volume was observed in the blank, pMIR-control, pMIR-miR-29b, LNA-control, LNA-miR-29b inhibitors, LNA-miR-29b inhibitors + PD98059 and LNA-miR-29b inhibitors + wortmannin groups, with a growing nodule appearing in the partial tumor. For the nude mice inoculated with the RL-95-2 and HEC-1-B cells between 1 to 6 weeks, a significantly increased tumor growth was found in the LNA-miR-29b inhibitors group compared to the other groups, and the tumor growth was the lowest in the pMIR-miR-29b group (Fig. 7). When the mice were dissected, compared with the blank group, the tumor weight in the LNA-miR-29b inhibitors + PD98059 and LNA-miR-29b inhibitors + wortmannin groups was slightly decreased, and the tumor was the lightest in the pMIR-miR-29b group. The tumor control rate and tumor metastasis inhibitory rate were significantly increased in the LNA-miR-29b inhibitors + PD98059 and LNA-miR-29b inhibitors + wortmannin groups compared with the pMIR-miR-29b group (P < 0.05) (Table 5 and Table 6). These results indicated that the overexpression of miR-29b could inhibit the growth and metastasis of xenograft tumors in nude mice.
Comparison of MVD expression of nude mice in each groupThe CD34 positive staining was restricted to the cell membrane and cytoplasm of the vascular endothelial cell to form a strip or ring. The CD34 positive cells were few, and angiogenesis was not obvious in the normal group. The number of CD34 positive cells and angiogenesis were the highest in the LNA-miR-29b inhibitors group, followed by the blank, pMIR-control, LNA-control, LNA-miR-29b inhibitors + PD98059 and LNA-miR-29b inhibitors + wortmannin groups, and the least in the pMIR-miR-29b group. The CD34 staining showed that single brown cells or cell clusters, which were markedly different from the background staining, were considered as one microvessel. No significant difference in MVD expression was found between the nude mice inoculated with the RL-95-2 and the HEC-1-B cells (P > 0.05). Compared with the normal group, MVD expression was elevated in the other groups 

(P < 0.05). There were no significant differences in MVD expression among the blank, pMIR-control, LNA-control, LNA-miR-29b inhibitors + PD98059 and LNA-miR-29b inhibitors + wortmannin groups (P > 0.05). Compared with the blank group, MVD expression was decreased in the pMIR-miR-29b group but increased in the LNA-miR-29b inhibitors group 
(P < 0.05) (Table 7), suggesting that miR-29b could inhibit angiogenesis in EC, thereby suppressing the progression of EC.

Discussion A recent study has demonstrated that angiogenesis, the process of new blood-vessel growth, has been implicated in tumor growth in the endometrium [22]. In this study, we explored whether miR-29b can regulate the MAPK/ERK and PI3K/Akt signaling pathways 

Fig. 7. Tumor growth curves of the nude mice with tumor xenografts. (A), Tumor growth curves of nude mice inoculated with RL-95-2 cells; (B), Tumor growth curves of nude mice inoculated with HEC-1-B cells. 
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to affect angiogenesis in EC by targeting VEGFA. Collectively, our study demonstrated that miR-29b negatively modulates the MAPK/ERK and PI3K/Akt signaling pathways to inhibit angiogenesis in EC by targeting VEGFA.Initially, compared with the adjacent normal tissues, miR-29b expression was significantly down-regulated in the EC tissues. To the best of our knowledge, miR-29b can act as a tumor suppressor to inhibit the growth of cancer cells. In our study, using cell transfections with different plasmids, the results revealed that miR-29b could inhibit cell invasion and metastasis in both the EC RL-95-2 and the HEC-1-B cell lines. According to a study by Hiroki et al., miR-29b exhibited low expression in endometrial serous adenocarcinoma, and the reduction of miR-29b was correlated with a high degree of vascular invasion and poor overall survival, suggesting that the low expression of miR-29b can serve as an indicator of a poor prognosis of endometrial serous adenocarcinoma [23]. And Teng et al. demonstrates that miR-29b has a negative correlation with DNA methyltransferase (DNMT) 3A/3B expression in patients with epithelial ovarian cancer, which may provide a novel therapeutic 

Table 5. Comparisons of tumor weight, tumor growth inhibitory rate and tumor metastasis inhibitory rate in nude mice inoculated with RL-95-2 cells in each group (x ± s). Notes: EC, endometrial carcinoma; *, P < 0.05 in comparison to the blank group 

Table 6. Comparisons of tumor weight, tumor growth inhibitory rate and tumor metastasis inhibitory rate in nude mice inoculated with HEC-1-B cells in each group (x ± s). Notes: EC, endometrial carcinoma; *, P < 0.05 in comparison to the blank group

Table 7. Comparison of MVD ex-pression of nude mice inoculated with RL-95-2 and HEC-1-B cells in each group (x ± s). Notes: EC, endo-metrial carcinoma; MVD, microves-sel density; *, P < 0.05 in comparison to the normal group; #, P < 0.05 in comparison to the blank group
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option for the treatment of epithelial ovarian cancer [24]. A previous study also clarifies that miR-29b plays a significant role in the mouse early embryonic development through modulating the expressions of DNMT3A and DNMT3B [25]. Base on the study of Alowayed et al., LEFTY2 can negatively regulate the endometrial cell proliferation and migration through inhibiting FAK activity and MKi67 expression, as well as elevating miR-200a and E-cadherin [26]. Additionally, Qiang et al. have provided evidence that the down-regulation of miR-29b is one of the mechanisms underlying the excessive accumulation of the extracellular matrix, which is the most notable pathophysiological characteristic of uterine leiomyoma [27]. Interestingly, our findings indicated that, compared with the adjacent normal tissues, VEGFA mRNA and protein expressions were up-regulated in the EC tissues. In addition, VEGFA mRNA and protein expressions were down-regulated in the pMIR-miR-29b group and up-regulated in the LNA- miR-29b group, suggesting the negative targeting relationship between miR-29b and VEGFA. Our dual-luciferase reporter system indicated that VEGFA was proven to be a target gene of miR-29b and miR-29 negatively regulated VEGFA. Recent studies noted that the growth factor VEGFA was identified as a target gene of miR-29b, which was consistent with our study [28, 29]. According to Liu et al., miR-29b targeted VEGFA and could be used as novel biomarkers in diagnosis of glioma [30]. Of the angiogenic factors, VEGFA is a dimeric glycoprotein that plays a crucial role in promoting the proliferation and migration of endothelial cells and increasing the permeability of tumor-related blood vessels through binding the tyrosine kinase receptors flt-1 (VEGFR-1) and KDR (VEGFR-2) [31]. Largely consistent with our results, Aghajanian et al. advocated the positive association between high circulating VEGF-A levels with the poor outcome of EC patients [32]. IHC discovered that increased MVD expression was found in the EC tissues compared with the adjacent normal tissues. Angiogenesis is important for the continuous growth of tumors and the development of metastases in EC, and MVD has been commonly used to measure tumor-related angiogenesis [33]. A previous study demonstrated that the down-regulation of miR-29b could lead to angiogenesis, metastasis and invasion of hepatocellular carcinoma (HCC) [34]. In comparison to normal nude mice, those with a tumor xenograft had increased MVD. The nude mice in the pMIR-miR-29b group had decreased MVD, and those in the LNA-miR-29b inhibitors group had increased MVD compared to those in the blank group, which suggested that miR-29b could inhibit angiogenesis.Additionally, we found that, compared with the adjacent normal tissues, the mRNA and protein expressions of ERK, Akt, mTOR and Bcl-2 were up-regulated in the EC tissues. Compared with the blank group, ERK, Akt, mTOR and Bcl-2 mRNA and protein expressions were decreased in the pMIR-miR-29b group and increased in the LNA-miR-29b inhibitors group. As Holland et al. demonstrated, once VEGFA signaling is blocked by VEGF dominant negative receptors or neutralizing antibodies, tumor angiogenesis and proliferation are damaged [31]. Biroccio et al. also found that the overexpression of Bcl-2 enhanced the metastatic potential of human breast cancer cells [35]. In the study by Iervolino et al., over-expressed Bcl-2 was observed in human melanoma cells exposed to hypoxic conditions, and Bcl-2 could increase VEGF promoter activity by the hypoxia-inducible factor-1 (HIF-1) and promote HIF-1 DNA binding activity [36]. The activation of PI3K and the downstream serine-threonine protein kinase Akt and mTOR promote the expression of HIF-1 target gene under nonhypoxic conditions [37]. Intriguingly, Laughner et al., demonstrated that HIF-1a was up-regulated through activated PI3K and Akt in human prostate cancer cells [38]. Gille et al. reported that mTOR stimulation led to PI3K in main endothelial cells and promoted cell migration, and mTOR-selective VEGF could also induce angiogenesis [39]. In addition, Trisciuoglio et al. noted that MAPK- and PI3K-dependent pathways are proven to participate in the angiogenesis mediated by VEGF [37]. Thus, the up-regulation of miR-29b resulted in decreased VEGFA by negatively down-regulating the MAPK/ERK and PI3K/Akt signaling pathways.Overall, we may conclude that miR-29b negatively modulates the MAPK/ERK and PI3K/Akt signaling pathways to inhibit angiogenesis in EC by targeting VEGFA. Our results provide important novel information to further understand the therapeutic effects of low expression 
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of VEGFA by restoring miR-29b in angiogenesis in EC. However, further work needs to address which of these possibilities apply and whether they all act in unison.
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