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Abstract  
In the present study, we constructed a lentivirus, FIV-CMV-GFP-miR-7-3, containing the 

microRNA-7-3 gene and the green fluorescent protein gene, and used it to transfect human glioma 

U251 cells. Fluorescence microscopy showed that 80% of U251 cells expressed green 

fluorescence. Real-time reverse transcription PCR showed that microRNA-7-3 RNA expression in 

U251 cells was significantly increased. Proliferation was slowed in transfected U251 cells, and most 

cells were in the G1 phase of the cell cycle. In addition, the expression of the serine/threonine 

protein kinase 2 was decreased. Results suggested that transfection with a lentivirus carrying 

microRNA-7-3 can effectively suppress epidermal growth factor receptor pathway activity in U251 

cells, arrest cell cycle transition from G1 phase to S phase and inhibit glioma cell growth.  
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Research Highlights 
A recombinant lentivirus containing microRNA-7-3 effectively inhibited epidermal growth factor 

receptor pathway expression and blocked cell cycle transition from G1 phase to S phase, thereby 

inhibiting glioma growth. 
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INTRODUCTION 
    

Recent molecular biology studies suggest 

that the occurrence and malignant 

progression of glioma are closely related to 

gene abnormalities, including oncogene 

activation and over-expression
[1]

. Activation 

of the oncogene epidermal growth factor 

receptor (EGFR) or its over-expression 

mainly activates the phosphoinositide 

3-kinase/protein kinase B (Akt) pathway, 

and Akt over-expression is a malignant 

phenotype
[2-9]

.  

MicroRNAs (miRs) are short, endogenous, 

non-coding RNA molecules that mediate 

distinct gene regulatory pathways, including 

some triggered by EGFR and by the 

activation of the important downstream 

kinase Akt2, which occurs commonly in 

gliomas with poor prognosis
[10-12]

. Previously, 

miR-7 has been reported to suppress EGFR 
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expression and function as a tumor suppressor in 

glioblastoma
[13-15]

. 

The promotion of target mRNA degradationor inhibition 

of target mRNA translation to regulate the expression of 

target genes plays an important role in cell differentiation, 

proliferation and apoptosis. Studies have found that 

miR-7 transfection can inhibit Akt2 expression and block 

glioma cell proliferation and cell cycle progression. 

However, these studies used transient transfection or 

liposome-embedded plasmid transfection. The 

expression time of genes after such transfection 

methods is short and it is difficult to maintain sustainable 

and stable expression. 

Lentiviral vectors can be used to transfect exogenous 

genes into dividing cells and non-dividing cells, and 

integrate within the genome. Lentiviral vectors provide a 

potential gene therapy delivery system for difficult in vitro 

transfections, such as for primary cultured cells, and 

have been shown to provide effective gene transfer    

in vivo
[16-17]

. In the present study, we constructed a 

lentiviral vector carrying the human miR-7 sequence and 

used it to transfect the human glioma cell line U251 to 

investigate the effect of miR-7 on glioma cell 

proliferation. 

 
 

RESULTS 
 

Construction of the lentiviral vector 
FIV-CMV-GFP-miR-7-3  
pENTR-miRNA plasmid clones containing miR-7-3 were 

successfully amplified by PCR. After restriction enzyme 

digestion the target gene and vector were transformed 

into DH5α competent cells. PCR of bacterial clones 

showed that the miR-7-3 sequence in the 

pFIV-CMV-GFP-miR-7-3 plasmid completely matched 

the MI0000265 miR-7-3 sequence in GenBank. The four 

plasmids from the lentiviral expression system were 

co-transfected into cells from the human embryonic 

kidney epithelial cell line 293T. Green fluorescent protein 

expression was positive 12 hours later, as seen under a 

fluorescence microscope (Figure 1).  

Green fluorescent protein expression reached its peak 

after 48 hours, clarifying the timeline for optimal 

recombinant miR-7-3 lentiviral vector packaging and 

expression. 

 
Lentivirus transfection efficiency and miR-7-3 RNA 
expression in transfected U251 cells  
Using a multiplicity of infection of 10, 80% of 

lentivirus-transfected U251 cells stably expressed green 

fluorescence (Figure 2). Real time reverse transcription 

PCR showed that the expression level of miR-7-3 RNA in 

U251 cells was significantly increased compared with 

non-transfected cells (data not shown; Figure 3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Transfection of a lentivirus carrying miR-7-3 
inhibited Akt2 expression in U251 cells  

A western blot showed a signal for Akt2 in U251 at a 

molecular weight of 56 kDa, and indicated expression of 

Figure 1  293T cells after 24 hours of lentiviral 
PFIV-CMV-GFP-miR-7-3 infection (fluorescence 

microscope, × 200).  

Green fluorescence expression was observed in 293T 
cells. 

Figure 2  U251 cells transfected with lentivirus for      
48 hours (multiplicity of infection = 10): 80% of cells 

expressed green fluorescence (fluorescence microscope, 
× 200). 

Figure 3  microRNA-7-3 mRNA expression in U251 
glioma cells, as determined by reverse transcription-PCR.  

microRNA-7-3 expression in the transfected group was 
significantly higher than in the negative control and PBS 
control groups.  

1: DNA marker; 2 transfected group; 3: negative control 
group; 4: PBS control group. 
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high levels of Akt2. The β-actin signal in U251 cells was 

at a molecular weight of 42 kDa, and the expression 

levels between the samples were approximately equal. 

Akt2 expression was reduced by 32% in transfected 

U251 cells, suggesting that Akt2 expression was 

inhibited by miR-7-3 over-expression. A blank control 

(PBS) group and a negative control (empty vector) group 

were used as controls (Figure 4). 

 
 

 

 

 

 

 

 

 

 

 

 

 

A lentivirus carrying miR-7-3 inhibits proliferative 
activity of U251 cells 
Proliferative activity in miR-7-3 transfected U251 cells 

was determined by a MTT assay. Results showed that 

the proliferative activity of the transfection group was 

significantly inhibited compared with the negative control 

and blank control groups (P < 0.01; Table 1). There was 

no significant difference between the survival rates of 

U251 cells and empty vector-transfected cells in the first 

5-6 days (P > 0.05; Table 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cell cycle changes of U251 cells transfected with a 
lentivirus carrying the miR-7-3 gene 
Flow cytometry at 48 hours post-transfection revealed 

that the number of cells was similar in each phase of the 

cell cycle between the blank control and negative control 

groups. The number of cells in S phase was significantly 

reduced, but the number of cells in G0 + G1 phases was 

significantly increased after transfection with the 

lentivirus carrying miR-7-3 (P < 0.05). Thus, U251 cell 

proliferation was inhibited (Figure 5).  

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DISCUSSION 
 
The selection of target genes for gene therapy in 

malignant gliomas has been explored. Gene therapy is 

expected to become a comprehensive treatment for 

glioma. The EGFR pathway is an important molecular 

pathway in malignant glioma
[13-15]

, acting mainly by 

activating the phosphoinositide 3-kinase-serine/ 

threonine protein kinase pathway
[13-15]

. Akt is an 

important kinase downstream of phosphoinositide 

3-kinase, and promotes cell growth, inhibits apoptosis, 

maintains important cell signaling functions, and 

influences the forward progression of the cell cycle, 

Figure 4  Akt2 expression in U251 cells (western blot).    

Glioma cells in 1: negative control group; 2: blank control 
group; 3: transfection group. The expression of Akt2 in the 

transfection group was significantly lower than in the other 
groups. 
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Table 1  Cell proliferation (%) as detected by MTT  

Day 
Blank control 

group 

Negative 

control group 

Transfection 

group 
 

1 100 100 98.12±1.31  

2 100 98.94±1.27 88.36±1.34ab  

3 100 96.81±3.01 75.82±1.23ab  

4 100 95.10±2.23 63.52±4.15ab  

5 100 95.32±2.09 58.31±1.74ab  

6 100 95.01±2.34 51.57±3.24ab  

 
Data were expressed as mean ± SD of six independent 

experiments. aP < 0.01, vs. blank control group; bP < 0.01, vs. 

negative control group (one-way analysis of variance followed by 

Student-Newman-Keuls test). 

Figure 5  Cell cycle changes as detected by flow 
cytometry.  

(A) Blank control group; (B) negative control group; (C) 
transfection group.  

The number of cells in S phase is reduced in the 
transfection group. 
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telomerase activity, tumor angiogenesis and tumor 

invasion
[18-22]

. 

Non-viral and viral delivery of a miR to cancer models and 

cell lines has been shown to reduce malignancy or tumors 

in xenograft models
[23-26]

. Lentiviral vectors are 

advantageous in the treatment of chronic lymphocytic 

leukemia, because they transduce non-dividing cells and 

hematopoietic cells
[27-28]

. Integrase-defective lentiviral 

vectors are thought to be less hazardous as they integrate 

into the host genome but are not able to use the host cells 

to produce new virus particles
[29]

. Currently, most of the 

lentiviral vectors are constructed using a four-plasmid 

system, which enhances the safety of viral vectors. The 

expression vectors for pRsv-REV, pMDlg-pRRE and 

pMD2G, are placed in three separate plasmids, and the 

fourth one is the plasmid containing the target gene, 

miR-7-3. Lentiviral vectors infect actively dividing cells, 

and highly efficiently infect slow-dividing or non-mitotic 

cells, are able to carry larger genes for transfection, exhibit 

strong resistance to transcriptional silencing, and provide 

long-term stable expression of target genes. 

Many miRNAs can inhibit cell proliferation and survival, 

acting as oncogenes or tumor suppressor genes
[30]

. 

Increasing evidence has indicated that miR-7 is a potential 

tumor suppressor in several human cancers. Its variants 

include miR-7-1, miR-7-2, and miR-7-3, which have 

different functions
[31-32]

. miR-7-1 has been shown to belong 

to a subset of miRNAs that are down-regulated in 

schizophrenia
[33]

. miR-7-1 was reported to negatively 

regulate EGFR and Akt2 expression after a miR-7 

precursor construct was transfected into human glioma 

cell lines. It also induced apoptosis in neuroblastoma 

cells
[13]

. By instantaneous transfection, over-expression of 

miR-7 inhibited the invasion and migration of U87 and 

U251 cells, and up-regulation of miR-7-1 reduced focal 

adhesion kinase protein expression
[34]

. miR-7 was also 

found to regulate cell growth and apoptosis of cervical 

cancer cells
[35]

, neuroblastoma cells
[36]

 and lung cancer 

cells
[37]

. In the present study, we successfully constructed 

and packaged a recombinant lentiviral vector expressing 

miR-7-3. Results demonstrated that the transfected U251 

cells effectively expressed miR-7-3, which effectively 

inhibited EGFR pathway expression, blocked cell cycle 

transition from G1 phase to S phase, and inhibited cell 

proliferation.  

 
 

MATERIALS AND METHODS 
 

Design 
A non-randomized, controlled, in vitro study. 

 

Time and setting 
The experiment was performed at the Central Laboratory, 

Clinical Medical College of Yangzhou University, China 

from July 2008 to April 2010. 

 

Materials 
293T human embryonic kidney epithelial cells (293T), 

and human U251 glioblastoma cells were purchased 

from the Institute of Biochemistry and Cell Biology, 

Chinese Academy of Science, China. 

 
Methods 
Lentiviral vector system construction 

We used the NCBI/Primer-BLAST program to design 

forward and reverse primers to introduce XhoI and EcoRI 

restriction sites, respectively (Shanghai Telebio 

Biomedical Co., Ltd., China). The plasmid 

pENTR-miRNA vector containing the miR-7-3 gene 

(Wuhan Genesil Biotechnology Co., Ltd., Wuhan, China) 

was used as a template to amplify the target gene by 

PCR. The PCR was performed following the 

manufacturer’s instructions (Takara Biotechnology 

(Dalian) Co., Ltd., Dalian, China). Reaction conditions 

were as follows: a cycle of 95°C for 10 minutes, 95°C for 

10 seconds, 60°C for 20 seconds, 72°C for 20 seconds 

for a total of 40 cycles and 72°C for 5 minutes. The 

vector Lenti-GFP-RNAi (Wuhan Genesil Biotechnology 

Co., Ltd.) and the PCR products were digested with XhoI 

and EcoRI enzymes (Takara Biotechnology (Dalian) Co., 

Ltd., Dalian, China). The digested PCR products were 

then ligated into the expression vector by T4 DNA ligase 

(Takara Biotechnology (Dalian) Co., Ltd.) and 

transformed into DH5α competent cells (Invitrogen, 

Carlsbad, CA, USA). The bacterial clones containing 

miR-7-3 were identified by PCR, and the plasmids were 

sent to Takara (Takara Biotechnology (Dalian) Co., Ltd.) 

for gene sequencing. miR-7-3 DNA was extracted with a 

plasmid DNA extraction kit (Zhongshan Goldenbridge 

Biotechnology, Beijing, China). miR-7-3 was transfected 

into 293T cells by lipofectamine liposome-mediated 

transfection. After transfection for 36–48 hours, GFP 

expression was observed under a fluorescence 

microscope (Olympus, Tokyo, Japan). Oligonucleotide 

sequences for the miR-7-3 gene: 

Forward primer: 

5’-gc ctc gag gag gag ctg ggc agg ggt ct-3’ 

Reverse primer:  

5’-acg aat tcg gat cct ggc cag ccc att gaa ggc g-3’ 

 

Packaging and virus titer of recombinant lentivirus 

carrying miR-7-3  

The virus packaging system was the four-plasmid system, 

composed of pRsv-REV, pMDlg-pRRE, pMD2G, and 

Lenti-GFP-RNAi. The lenti-GFP-miR-7-3 gene 

expression plasmid expressed GFP (Wuhan Genesil 

Biotechnology Co., Ltd.). The lentivirus was packaged by 
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transfecting 293T cells in the logarithmic phase. Cells at 

a density of 0.5 × 10
8
/L were re-inoculated in 25 mL of 

Dulbecco’s modified Eagle’s medium (Invitrogen) in a 

15-cm cell culture dish at 37°C with 5% CO2. The DNA 

solution of the four plasmids in the lentiviral packaging 

system was prepared using 10 μg pRsv-REV, 15 μg 

pMDlg-pRRE, 7.5 μg pMD2G (Hai Biang Biomedical 

Technology Co., Ltd., Shanghai, China), and 20 μg 

Lenti-GFP-miR-7-3 plasmid. The volume was brought to 

1 800 μL by adding sterile water, and then 200 μL CaCl2 

(2.5 M) solution and 2 000 μL 2 × BBS buffer saline 

solution were added. The mixture was incubated at room 

temperature for 20–30 minutes. When the cells reached 

80% transfection, the DNA and calcium phosphate 

mixture was transferred to culture medium containing 

monolayer cells. After 12 hours, the culture medium 

containing the transfection mixture was discarded and 

replaced with complete medium. After 48 hours, cell 

supernatant containing lentiviral particles was collected, 

and virus titer was determined. To determine the lentiviral 

titer, the virus stock solution harvested above was diluted 

to a concentration of 10
-1

–10
-12

 and 100 μL were added 

to each well of a 96-well plate containing 80%-confluent 

293T cells. After 4 days in culture at 37°C with 5% CO2, 

the lentiviral titer was calculated according to the 

following formula: titer = (F × Co/V) × D. F is the 

frequency of GFP-positive cells determined by flow 

cytometry; Co is the total number of target cells infected; 

V is the volume of the inoculum; D is the virus dilution 

factor. 

 
Real-time reverse transcription PCR determination of 

miR-7-3 mRNA expression in U251 cells after 

recombinant lentiviral transfection 

The lentiviral supernatant was obtained and U251 cells 

were transfected at a multiplicity of infection of 10. Cells 

were observed by fluorescence microscopy (Bio-Rad, 

Hercules, CA, USA). When fluorescence expression was 

stable in the U251 cells, the cells were collected to 

extract total RNA. Total RNA was prepared using Trizol 

(Gibco, CA, USA) 48 hours after transfection. After 

reverse transcription with AMV reverse transcriptase 

(Takara Biotechnology (Dalian), Co., Ltd.), the cDNA was 

used as the template to amplify the target gene, and 

miR-7-3 expression in transfected cells was observed. 

The miR-7-3 amplicon was 110 bp. Reaction conditions 

were as follows: a cycle of 95°C for 10 minutes, 95°C for 

10 seconds, 60°C for 20 seconds, 72°C for 20 seconds 

for a total of 40 cycles for 5 minutes. Human GAPDH 

(890 bp) was used as an internal reference. Primer 

design was as follows: Oligonucleotide sequences for 

miR-7-3: forward 5’-gac ccc ttc att gac ctc aac tac a-3’, 

reverse: 5’-cat gtg ggc cat gag gtc cac cac-3’. Reaction 

conditions were the same as miR-7-3. Reaction products 

were identified by 1% agarose gel electrophoresis, and 

photographed. Empty vector transfection served as the 

negative control group and PBS as the blank control 

group. 

 

Transfection efficiency of U251 cells with 

recombinant lentivirus carrying miR-7-3  

The human U251 glioblastoma cells were maintained in 

Dulbecco’s modified Eagle’s medium supplemented with 

10% fetal bovine serum (Invitrogen), 2 mM glutamine 

(Sigma, St. Louis, MO, USA), 100 units of penicillin/mL 

(Sigma), and 100 μg of streptomycin/mL (Sigma), at 

37°C with 5% CO2. Cells were plated the day before the 

cell transfection experiments in a 6-well culture dish  

(35 mm), with 2 mL medium per well containing 3 × 10
5
 

cells. The transfected cell density in Petri dishes was 

generally 80%. On the day of transfection, the medium 

was replaced using 1 mL of fresh serum or serum-free 

medium a short time before the lentiviral vector was 

added at a multiplicity of infection of 10. After transfection, 

the U251 cells were incubated in 5% CO2 at 37°C. Five 

hours later, 2–3 mL fresh growth medium was added. On 

the next day, the medium was replaced with fresh 10% 

calf serum-containing culture medium and cultured for   

48 hours. Cells were amplified in culture flasks. The 

expression of green fluorescent protein was observed by 

fluorescence microscopy at a 488 nm excitation 

wavelength to assess transfection efficiency. Blank 

transfection served as the negative control group. 

 

Western blot analysis for Akt2 expression in U251 

cells before and after transfection 

Transfected cells were washed three times with 

pre-chilled PBS and lysed in 1% Nonidet P-40 lysis buffer 

(20 mM Tris, pH 8.0, 137 mM NaCl, 1% Nonidet P-40, 

10% glycerol, 1  mM CaCl2, 1 mM MgCl2, 1 mM 

phenylmethylsulfonyl fluoride, 1  mM sodium fluoride,   

1  mM sodium orthovanadate, and a protease inhibitor 

mixture (20 mM sodium phosphate, pH 6.5; 0.15 M NaCl, 

10 mM EDTA, 1 mM phenylmethylsulfonyl fluoride,     

2 μg/mL pepstatin, 2 μg/mL aprotinin, 2 μg/mL leupeptin, 

and 10 mM 2-mercaptoethanol). A total of 40 μg of 

lysates were subjected to sodium dodecyl sulfate 

polyacrylamide gel electrophoresis on an 8% sodium 

dodecyl sulfate-acrylamide gel. Proteins were transferred 

to polyvinylidene fluoride membranes (Millipore, Bedford, 

MA, USA) and incubated with a polyclonal rabbit anti-rat 

Akt-2 (Santa Cruz, Santa Cruz, CA, USA) antibody 

(1:200) overnight at 4°C, followed by incubation with a 

horseradish peroxidase-conjugated secondary goat 

anti-rabbit antibody (1:5 000) in blocking buffer for 

30 minutes at room temperature. Specific proteins were 

detected using a SuperSignal protein detection kit 

(Pierce, Rockford, IL, USA). The membrane was stripped 
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and re-probed with a primary antibody against β-actin 

(Santa Cruz) antibody (1:1 000), followed by incubation 

with a horseradish peroxidase-conjugated secondary 

goat anti-mouse antibody (1:5 000). 

 

MTT cell proliferation assay 

U251 cells were seeded into 96-well plates at 4 000 cells 

per well. After transfection as described above, 20 μL of 

MTT solution (5 g/L; Amresco, Solon, OH, USA) was 

added into each well each day for 6 consecutive days 

after treatment and the cells were incubated for an 

additional 4 hours. The supernatant was then discarded. 

Finally, 200 μL of dimethyl sulfoxide were added to each 

well to dissolve the precipitate. Absorbance (A) values 

were measured at a wavelength of 570 nm, with 

background subtraction at 650 nm. Cell proliferation rate 

(%) = A value (experimental group) / A value (control 

group) × 100
[9]

. 

 

Flow cytometry for cell cycle 

For cell-cycle analysis using flow cytometry, transfected 

and control cells in the log phase of growth were 

harvested, washed with PBS, fixed with 90% ethanol 

overnight at 4°C and then incubated with RNAse (MP 

Biomedicals China (Shanghai), Shanghai, China) at 

37°C for 30 minutes. The nuclei were stained with 

propidium iodide (5 mg/mL; Shanghai Suolaibao 

bio-Technology Co., Ltd., Shanghai, China) for an 

additional 30 minutes. A total of 10
4
 nuclei were analyzed 

using FACSCalibur flow cytometry (Bio-rad, Hercules, 

CA, USA), and turtle blood served as the internal control. 

Experiments were performed in triplicate.  

 
Statistical analysis  

SPSS 10.0 (SPSS, Chicago, IL, USA), a commercially 

available software package, was used for statistical 

analysis. Data were expressed as mean ± SD. Mean 

comparison between two groups was performed using a 

two-sample t-test, and mean comparison among groups 

was performed using a completely randomized one-way 

analysis of variance; intergroup mean differences between 

two groups were compared using the Student-Newman- 

Keuls test. A P value < 0.05 was considered statistically 

significant. 
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