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Abstact. The role of long non-coding RNA in endothelial differentiation of MSCs remains poorly 

understood. In this study, the levels of several lncRNAs including MEG3, MALAT1, SNHG5, 

lnc00657 and TUG1, which are high expressed in endothelial cells, were detected in hMSCs and 

HUVECs by real-time PCR. The results showed that lncRNA MEG3 was significantly high 

expressed in HUVECs, compared with hMSCs. hMSCs treated with VEGF and bFGF can exhibit 

the increase of endothelial cell marker CD31 level and also the increase of MEG3, suggesting that 

MEG3 could be involved in the endothelial differentiation of hMSCs. Finally, blockdown of MEG3 

using siRNA of MEG3 led to the decrease of CD31 expression and the inhibition of hMSCs 

differentiation into endothelial cells.  

Introduction 

More and more lncRNAs are involved in the transcriptional regulation of gene expression and 

exhibit important cellular function although having no protein-coding capability [1]. However, their 

roles in endothelial differentiation of MSCs remain poorly understood. Because of the multipotent 

differentiation potential and immunosuppressive properties, MSCs have been widely studied and 

used for regenerative medicine [2]. In our previous study, combination of VEGF and bFGF were 

used to induce hMSC differentiate into endothelial cells [3]. It has been reported that several 

lncRNAs including MEG3, MALAT1, SNHG5, lnc00657 and TUG1, are high expressed in 

endothelial cells [4]. In this study, we compared the expression of these lncRNAs between hMSCs 

and HUVECs and then preliminarily investigated the role of MEG3 in endothelial differentiation of 

hMSCs. 

Materials and Methods 

Cell Culture and Cell Differentiation Induction. hMSCs were kindly provided by Union Stem 

Cell and Gene Engineering Co. and HUVECs were kindly provided by Tianjin Medical University. 

Both hMSCs and HUVECs were cultured in Dulbecco's modified Eagle medium/Nutrient Mixture 

F12 (DMEM-F12, GIBCO) with 20% FBS (Atlanta Biologicals), 1% penicillin and streptomycin at 

37℃with 5％CO2. 

For cell differentiation induction, hMSCs were cultured in medium (Endothelial Cell Growth 

Media Kits, Lonza) with 100 ng/mL VEGF (Sigma) and 50 ng/mL bFGF (Protech) for 7 days. 

These cells were observed under phase microscope. 

Quantitative Real-Time RT-PCR (Qrt-PCR). qRT-PCR analysis were carried out as described 

previously [3]. The qRT-PCR was performed in an Applied Biosystems StepOne Real-Time PCR 

System (Applied Biosysterms). Data were shown as relative expression level after being normalized 

to18S. The PCR primer sequences are as Table 1. 
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Table 1: Primers used for qRT-PCR 

Gene Primer sequence  

18S F-CACGGGAAACCTCACCCGGC R-CGGGTGGCTGAACGCCACTT 

MEG3 F-GAGTGTTTCCCTCCCCAAGG R-GCGTGCCTTTGGTGATTCAG 

CD31 F-AGACGTGCAGTACACGGAAG R-TTTCCACGGCATCAGGGAC 

MALAT-1 F-GTGATGCGAGTTGTTCTCCG R-CTGGCTGCCTCAATGCCTA 

TUG1 F-TAACAGCCCTCCACTCCAGAT R-AGGCACCAGCTTCAAAACCC 

00657 F-CAGGAGAATCGCTTGAACTT R-CCCAAACACCCAATGAATAG 

SNHG5 F-GCCTCGACCCTGTATTGA R-CAGGAGAATCGCTTGAACTT 

RNA Interference. hMSCs were transfected with siRNA oligonucleotides using Turbo (Thermo) 

according to the manufacturer’s instructions. The efficiency of RNA interference was determined by 

RT-PCR analysis. 

Statistical Analysis. Data were presented as means±SD from at least three separate experiments. 

The significant difference was examined using the Student’s t test. The minimal level of 

significance was P< 0.05. 

Results and Discussion 

The Levels of Lncrnas were Detected in Huvecs and Hmscs. The levels of lncRNAs including 

MEG3, MALAT1, SNHG5, 00657 and TUG1 were tested in HUVECs and hMSCs by RT-PCR. As 

shown in Fig. 1, the level of lncRNA MEG3 was higher in HUVECs, compared with hMSCs.  

 
Figure 1. The levels of several lncRNAs including MEG3, MALAT1, SNHG5, 00657 and 

TUG1 were detected in HUVECs and hMSCs by real-time PCR. 

VEGF and Bfgf Induced Hmsc Differentiation into Endothelial Cells. hMSCs were cultured 

in endothelial special medium containing 100 ng/mL VEGF and 50 ng/mL bFGF for 7d and the 

morphological changes of these cells were observed under invert phase microscopy. As shown in 

Fig. 2(A), the control group cells exhibited spread and flat cell body, while the cells treated with 

VEGF and bFGF became spherical and round, an endothelial cell like phenotype. The mRNA levels 

of CD31 were upregulated in VEGF and bFGF-treated hMSCs and this increase was 

time-dependent (Fig. 2B). 

 
Figure 2. VEGF and bFGF induced hMSC differentiation into endothelial cells. (A) The 

morphological changes of hMSCs treated with VEGF and bFGF at 2d, 4d and 7d. (B) The mRNA 

levels of CD31 in VEGF and bFGF-treated hMSCs at 2d, 4d, 7d. 

The Lncrna Levels of MEG3 Were Increased in VEGF and Bfgf-Treated Hmscs. The level 

of MEG3 was tested in VEGF and bFGF-treated hMSCs by real-time PCR. As shown in Fig. 3, 
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VEGF and bFGF treatment enhanced the levels of MEG3 in time-dependent manner. These data 

showed that MEG3 could play a role in endothelial differentiation of hMSCs. 

 
Figure 3. The levels of MEG3 were increased in VEGF and bFGF-treated hMSCs at 2d, 4d, 7d 

by real-time PCR. 

Downregulation of MEG3 Level Inhibited Human Mscs Differentiation into Endothelial 

Cells. Human MSCs were transfected with control siRNA or MEG3 siRNA. As shown in Fig. 4A, 

both siMEG3-2 and siMEG3-3 could significantly decrease the level of MEG3. hMSCs were 

transfected with control siRNA or siMEG3-2 in the presence of VEGF and bFGF for 7d and then 

the levels of CD31 were detected by real-time PCR (Fig. 4B). Knockdown of MEG3 decreased the 

mRNA level of CD31 stimulated by VEGF and bFGF, suggesting that MEG3 played an important 

role in endothelial differentiation of hMSCs. 

 
Figure 4. Knockdown of MEG3 reduced the mRNA level of CD31 induced by VEGF and bFGF. 

(A)The mRNA levels of MEG3 in hMSCs transfected with control siRNA or siMEG3. (B)The 

mRNA levels of CD31 in hMSCs transfected with siMEG3 in the presence of VEGF and bFGF at 

7d. 

Conclusion 

It has been reported that MEG3 is a considerable conservation sequence between mouse and human 

and exhibits a tumor suppressive function [7]. The increased expression of some VEGF pathway 

genes and increased cortical microvessel density are observed in MEG3-null embryos, suggesting 

MEG3 may contribute to the regulation of vascularization [8-9]. Here, we found that the level of 

MEG3 was significantly increased in HUVECs, compared to hMSCs. The differentiated hMSCs 

exhibited increased expression of MEG3. Furthermore, silence of MEG3 using siRNA targeted 

against MEG3 can decrease the expression of CD31 induced by VEGF and bFGF. Thus, our data 

illustrated that MEG3 might play an important role in endothelial differentiation of hMSCs.   
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