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Objective: To assess whether microRNA-126 (miR-126) targets phosphatidylinositol 3-kinase 

regulatory subunit beta (PIK3R2) and to determine the potential roles of miR-126 in regulating 

proliferation and invasion via the PIK3R2-mediated phosphatidylinositol 3 kinase (PI3K)-protein 

kinase B (Akt) signaling pathway in the human bladder BLS cell line.

Materials and methods: A recombinant lentivirus (Lv) vector expressing miR-216 

(Lv-miR-126) was successfully constructed, and Lv-miR-126 and Lv vector were transfected into 

the BLS cell line. A direct regulatory relationship between miR-126 and the PIK3R2 gene was 

demonstrated by luciferase reporter assays. To determine whether PIK3R2 directly participates 

in the miR-126-induced effects in BLS cells, anti-miR-126 and a PIK3R2 small interfering 

RNA (siRNA) were transfected into the BLS cells. Quantitative real-time polymerase chain 

reaction was used to measure miR-126 and PIK3R2 expressions. 5-Ethynyl-2′-deoxyuridine 

and colony formation assays to assess cell proliferation, flow cytometry for cell apoptosis and 

cell cycle analysis, Transwell assays for cell migration and invasion, and Western blots for 

PIK3R2, PI3K, phosphorylated PI3K (p-PI3K), Akt, and phosphorylated Akt (p-Akt) protein 

expressions were performed.

Results: Lv-miR-126 significantly enhanced the relative expression of miR-126 in the BLS 

cells after infection (P,0.0001). MiR-126 overexpression inhibited the proliferation, cloning, 

migration, and invasion of BLS cells, promoted cell apoptosis, and induced S phase arrest (all 

P,0.05). PIK3R2, p-PI3K, and p-Akt protein expressions were significantly decreased in the 

BLS cells infected with Lv-miR-126. Luciferase assays showed that miR-126 significantly 

inhibited the PIK3R2 3′ untranslated region (3′UTR) luciferase reporter activity (P,0.05). 

The anti-miR-126 + PIK3R2 siRNA group had significantly decreased PIK3R2, p-PI3K, 

and p-Akt expressions compared with those of anti-miR-126 alone, as well as significantly 

decreased proliferation, invasion, and metastasis and increased apoptosis compared with the 

anti-miR-126 group (all P,0.05). Additionally, proliferation, invasion, and metastasis were 

significantly increased, and cell apoptosis was decreased compared with the PIK3R2 siRNA 

group (all P,0.05). 

Conclusion: Overexpression of miR-126 negatively regulated the target gene PIK3R2 and 

further inhibited the PI3K/Akt signaling pathway, thereby inhibiting proliferation, migration, 

and invasion and promoting apoptosis in BLS cells.

Keywords: human bladder BLS cell line, microRNA-126, PIK3R2, PI3K/Akt signaling pathway, 

proliferation, migration, apoptosis

Introduction
Bladder cancer, the most common malignancy of the urinary system, accounted for 74,690 

new cases and 15,580 deaths in the United States in 2014.1 The incidence of bladder cancer 
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is higher in developed countries, and the burden of urinary blad-

der cancer will also strongly increase in developing countries 

due to the aging population, the progression of the tobacco 

epidemic, and increasing exposure to occupational chemicals.2,3 

Although 5-year survival among all cases is high at 81%, 

survival among patients with regional and distant spread of 

the disease drops substantially to 36% and 6%, respectively.4 

Thus, effective intervention is imperative for cancer preven-

tion and control, and significant efforts have been undertaken 

to investigate the molecular mechanisms of carcinogenesis 

and develop potential therapeutic targets for bladder cancer.5,6 

Currently, the elucidation of signaling pathways has led to new 

advances in the understanding of the pathogenic mechanisms 

of bladder cancer, including the phosphatidylinositol 3 kinase 

(PI3K)-protein kinase B (Akt) pathway.7–9

As demonstrated by a growing body of evidence, 

microRNAs (miRs) are aberrantly expressed in bladder 

cancer and may be functionally implicated in the molecular 

pathogenesis of bladder cancer by regulating related molecular 

pathways.10,11 miRs were frequently altered in most urologic 

cancers, playing significant roles as oncogenes or tumor sup-

pressors, and miRs also target common pathways involved 

in the regulation of cell growth, proliferation, invasion, and 

apoptosis in bladder carcinogenesis.10,12,13 It has been suggested 

that miR-125b targets E2F transcription factor 3 (E2F3) and 

that miR-125b may be involved in the regulation of the G1/S 

transition via the E2F3-cyclin A2 signaling pathway in bladder 

cancer.14 Down-regulated miR-143 and miR-145 have been 

found in human bladder cancer, and miR-143 and miR-145 

were shown to play a role in cell growth via the regulation of 

the PI3K/Akt and mitogen-activated protein kinase signaling 

pathways.11 As shown in a previous study, most miRs were 

down-regulated in bladder cancer, and the target genes of the 

miRs were identified to further assess their biological functions 

in bladder cancer.15 MiR-126 is located in the seventh intron 

of the EGFL7 gene, which resides on human chromosome 9.16 

More specifically, down-regulated miR-126 was observed and 

may act as a tumor suppressor in bladder cancer. The inva-

sive potential of bladder cancer cells can be attenuated with 

increased miR-126 levels by mechanistically targeting disin-

tegrin and metalloproteinase domain-containing protein 9.17,18 

By synergistically targeting oncogenes (PI3KR2 and adaptor 

protein Crk) and tumor suppressors (polo-like kinase 2), miR-

126 was shown to have an inhibitory effect on the growth of 

gastric cancer cell lines.19 Mechanistically, silencing miR-126 

may alter the activation of the PI3K/Akt pathway, suggesting 

an important regulatory role for miR-126 in PI3K/Akt path-

way transduction, which is considered to play a major role in 

bladder carcinogenesis.20,21 Therefore, we aimed to evaluate the 

potential role of miR-126 in targeting the phosphatidylinositol 

3-kinase regulatory subunit beta (PIK3R2)-mediated PI3K/Akt 

signaling pathway and to elucidate the mechanisms of miR-126 

in bladder cancer progression.

Materials and methods
cell culture
Stable passaging of the human bladder transitional cell 

carcinoma cell line BLS was established by our research 

laboratory. The cells were cultured in RPMI-1640 medium 

containing 10% fetal bovine serum (FBS), 100 U/mL 

penicillin, and 0.1 mg/mL streptomycin and were incubated 

in a 5% CO
2
 incubator at 37°C. Cells were maintained with 

digestion and passage. This study was approved by the Eth-

ics Committee of Anhui Provincial Hospital, Anhui Medical 

University, all study participants provided written informed 

consent before the experiments.

lentivirus construction, package, and titer 
determination
DNA of normal mucosa tissues was used as a template, 

and polymerase chain reaction (PCR)-amplified miR-

126 and the target gene fragments were recovered. The 

double-stranded DNA fragments were ligated to the linear-

ized lentivirus (Lv) vector digested by EcoRI and BamHI 

(Thermo Fisher Scientific, Waltham, MA, USA) with T4 

DNA ligase at 16°C overnight. The ligated products were 

transformed into DH5α competent cells (System Biosci-

ences, Mountain View, CA, USA), and positive clones 

were selected for sequencing verification. The upstream 

and downstream primers for miR-126 were as follows: 

5′-TGTCTAGATGTGGCTGTTAGGCATGG (EcoRI)- 

3′ and 5′-ATAGGTACCAAGACTCAGGCCCAGGC 

(BamHI)-3′, respectively. The upstream and downstream 

primers contained EcoRI and BamHI sites, respectively, as 

well as additional base pairs. The primers were synthesized 

by Shanghai Sangon Biotechnology Co., Ltd. (Shanghai, 

People’s Republic of China).

The 293T human embryonic kidney cells in logarithmic 

phase growth were collected and then seeded in a 10 cm 

culture dish (2×106 cells per culture dish) using dulbecco’s 

modified eagle medium (DMDM) culture medium containing 

10% FBS and cultivated in an incubator (37°C, 5% CO
2
) for 

24 hours. The expression vector and Lv packaging mixture 

were cotransfected into 293T cells with LipofectamineTM 2000 

(Thermo Fisher Scientific). The primary culture medium was 

replaced with a DMDM culture medium containing 1% FBS 

24 hours after transfection, and the supernatant was collected 

48 hours after transfection. The collected supernatant was 
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centrifuged at 5,000 rpm/min for 10 minutes to remove cell 

sedimentation and then filter-sterilized with a 0.45 µm filter 

membrane for packaging preservation. The expression of green 

fluorescent protein (GFP) was observed under a fluorescence 

microscope 72 hours after transfection, the number of GFP-

expressing cells was counted in 100 cells, and virus packaging 

efficiency was monitored. Virus packaging efficiency (%) = 

the number of GFP-expressing cells/cell count.

The 293T cells (100 µL) were inoculated in 96-well 

culture plates (4×104 cells per well) and cultured at 37°C 

with 5% CO
2
 and 100% humidity, and viral titer was deter-

mined after 36 hours of culturing. Eight sterile eppendorf 

(EP) tubes were numbered from 1 to 8, and Opti-MEM 

(90 µL) was added to each EP tube. Viral particles (10 µL) 

were added to the first tube and evenly mixed; 10 µL of the 

mixture containing viral particles was then added to the 

second tube and successively diluted with a double-dilution 

method to the eighth tube. The dilution gradient ratio was 

10-1–10-8, and each dilution gradient was assessed in three 

wells. Culture medium (90 µL) taken from the corresponding 

culture wells was added to the corresponding diluted viral 

particles, and the virus solution was placed in the incubator. 

After 24 hours, an additional incubation was performed after 

replacing the virus solution with complete culture medium 

(100 µL) for 72 hours. Then, GFP expression was observed 

under an inverted fluorescence microscope, and viral titers 

were calculated based on the number of GFP-positive cells 

with the maximum dilution. Viral titer = the number of GFP-

positive cells × dilution.

cell grouping and transfection
1) Lv infection: BLS cells in the logarithmic phase were 

digested by trypsin to prepare cell suspensions and seeded 

in eight-well cell culture plates (4×105 cells per well). BLS 

cells were divided into the BLS-Lv-miR126 group, the BLS-

Lv-vector group, and the noninfected group. According to the 

FuGENE instructions, BLS cells were infected with the viral 

supernatant, and the infection efficiency was 70%–80%.

2) Cell transfection: BLS cells were seeded in a 50 mL 

culture flask and grown to 30%–50% confluence in complete 

culture medium. Then, 5×104 cells/well were inoculated in 

24-well plates and cultured for 24 hours until the cell density 

reached to 70%–80% confluence. The miR-126 mimics, anti-

miRNA-126, and PIK3R2 small interfering RNA (siRNA) 

were transfected into BLS cells using Lipofectamine™ 2000. 

All the reagents were purchased from Shanghai GenePharma 

Co., Ltd. (Shanghai, People’s Republic of China). Specific 

steps were performed according to the manufacturer’s 

instructions. The BLS cells transfected with miRNA-126 

mimics were used for luciferase activity assays, and BLS cells 

transfected with anti-miRNA-126 and PIK3R2 siRNA were 

used to determine whether PIK3R2 was directly involved in 

the effects of miR-126 in BLS cells. Then, the BLS cells were 

divided into four groups: the anti-miRNA-126 group (trans-

fected with anti-miRNA-126), the PIK3R2 siRNA group 

(transfected with PIK3R2 siRNA), the anti-miRNA-126 + 
PIK3R2 siRNA group (transfected with anti-miRNA-126 and 

PIK3R2 siRNA), and the negative control (NC) group.

construction of the luciferase reporter 
vector and determination of luciferase 
activity 
Based on the 3′ untranslated region (3′UTR) of the PIK3R2 

gene, the sequence was designed and synthesized. The 

restriction enzyme XhoI and NotI recognition sites were 

introduced into the upstream and downstream primers. The 

primer sequences for the 3′UTR of PIK3R2 were as follows: 

upstream 5′-GCACCACGAGGAACGCACTT-3′, down-

stream 5′-CGTCCACTACCACGGAGCAG-3′. The binding 

site of the wild-type PIK3R2 3′UTR for miR-126 was ACG-

GTACG, and the binding site of the mutant PIK3R2 3′UTR 

for miR-126 was TGGCTTCC. DNA from healthy human 

peripheral blood was used as a template for PCR with a total 

reaction volume of 25 µL. The PCR amplification condi-

tions were as follows: pre-denaturation (5 minutes, 94°C), 

followed by a total of 35 amplification cycles of 94°C for  

1 minute, 60°C for 30 seconds, and 72°C for 1 minute, and 

an extension step (72°C, 7 minutes). Then, the PCR products 

were detected by 1% agarose gel electrophoresis, purified, 

and recovered. The recovered PCR products and the pGL4 

vector were digested by restriction enzymes XhoI and NotI, 

and the enzyme-digested products were recovered. Finally, 

the linearized dual luciferase reporter vector (pGL4-Ctrl) 

was ligated with the 3′UTR of the PIK3R2 gene fragment 

using T4 DNA ligase with the following protocol: PCR 

products were mixed with the luciferase reporter vector 

at a ratio of 3:1, and the ligated reaction products (4 µL) 

were transformed into competent DH5a cells, followed by 

the selection of single colonies and growth and extraction 

to obtain isolated plasmid. Using a XhoI and NotI double 

digestion, the correct wild-type (Wt-miR-126/PIK3R2) 

and mutant (Mut-miR-126/PIK3R2) recombinant plasmids 

were obtained for sequencing. BLS cells were seeded in 

12-well plates (1×105 cells per well) and cotransfected into 

the corresponding groups with recombinant plasmids and 

miR-126 mimics. After 48 hours, the primary cell culture 

solution was discarded, and cells were washed with phos-

phate-buffered saline (PBS) three times. BLS cells in each 
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well were treated with cell lysate solution (100 µL) from 

the luciferase reporter gene assay kit for 30 minutes, and 

Luciferase Assay Reagent II (LAR II) (100 µL) was added 

to the cell lysates (20 µL) to measure luciferase activity 

(A). Stop & Glo reagent (Promega Corporation, Beijing, 

People’s Republic of China) (100 µL) was used to measure 

luciferase activity (B), and the firefly fluorescence (A) was 

used as a reference to calculate the luciferase activity value 

(C = B/A).

Quantitative real-time polymerase chain 
reaction 
After 72 hours of virus infection, the medium was removed, 

and cells were washed using precooled Dulbecco’s Phos-

phate-Buffered Saline (4°C) twice. Then, 1 mL of TRIzol 

(Thermo Fisher Scientific) was added to each well to lyse 

the cells, and total cell RNA was extracted by the phenol 

chloroform method; 1 µg of RNA was subjected to reverse 

transcription for cDNA preparation, and specific reverse 

transcription primers were used. The primers were 5′-G
TCGTATCCAGTGTCGTGGAGTCGGCAATTGCAC

TGGATACGACCGCGTA-3′ for miR-126, and 5′-AAA

ATATGGAACGCTTCACGAATTTG-3′ for U6. Homo 

sapiens U6 snRNA was used as a reference gene, and  

1 µL of reverse transcription product was subjected to 

PCR. The primer sequences include the U6-forward 

primer, 5′-GTGCTCGCTTCGGCAGCACAT-3′; the 

U6-reverse primer, 5′-TACCTTGCGAAGTGCTTAAAC-3′; 
the miR126-forward primer,  5 ′-GCCGGCGCCC 

GAGCTCTGGCTC-3′; and the miR-126 reverse primer, 

5′-CATTATTACTTTTGGTACGCG -3′. For the analysis 

of mRNA expression, glyceraldehyde-3-phosphate dehy-

drogenase (GAPDH) was used as the internal control, 

and oligo-(dT) primer was used for reverse transcription. 

Then, quantitative real-time PCR (qRT-PCR) was car-

ried out with the following primers: PIK3R2 forward 

primer: 5′-GCACCACGAGGAACGCACTT-3′; PIK3R2 

reverse primer: 5′-CGTCCACTACCACGGAGCAG-3′; 
GAPDH forward primer: 5 ′-TGGGTGTGAACCA 

TGAGAAGT-3′; GAPDH reverse primer: 5′-TGAGTCCTT 

CCACGATACCAA-3′. The PCR conditions were as fol-

lows: 95°C for 5 minutes, 60°C for 20 seconds (40 cycles), 

and 72°C for 20 seconds. PCR results were analyzed using 

Bio-Rad CFX96 software for the real-time fluorescence 

quantitative PCR instrument to obtain threshold cycle (Ct) 

values. Data were analyzed using the 2-ΔΔCt method.22 The 

2-ΔΔCt demonstrates the ratios of the target gene relative 

expression in the case group to that of the control group (ΔΔCt 

= ΔCt
case group

 - ΔCt
control group

 ΔCt = Ct
target gene

 - Ct
internal reference gene

). 

Ct is the number of amplification cycles when the real-time 

fluorescence intensity of the reaction reaches the threshold 

values. The amplification is performed during a period 

of logarithmic growth. The experiment was performed in 

triplicate.

5-ethynyl-2′-deoxyuridine cell 
proliferation assay
After 72 hours of virus infection, BLS cells were seeded in 

96-well plates. A Click-iT 5-ethynyl-2′-deoxyuridine (EdU) 

kit (Molecular Probes, Carlsbad, CA, USA) was used to 

measure cell proliferation according to the manufacturer’s 

procedures. Cells were labeled with EdU. Culture medium 

(100 µL) containing EdU (5 mol/L) was added to each 

well, followed by a 2-hour incubation. After fixation (4% 

paraformaldehyde [Shanghai biotechwell Co Ltd, Shanghai, 

People’s Republic of China], 30 minutes) and transparency 

(0.5% Triton X-l00 [Sigma-Aldrich Co., St Louis, MO, USA], 

10 minutes) treatment, l00 µL × Hoechst 33342 reaction solu-

tion (Sigma-Aldrich Co) was added to each well, followed 

by 4′,6-diamidino-2-phenylindole nuclear staining. After 

rinsing three times, cells were observed under an inverted 

fluorescence microscope with three random fields of view. All 

images were obtained and processed with ImagePro software 

(Media Cybernetics, Rockville, MD, USA).

Plate colony formation assay
After a 72-hour infection, cells in logarithmic growth phase 

were inoculated in six-well culture plates (200 cells/well). 

Three parallel wells were arranged, and cells were subjected 

to stationary culture for 2 weeks; the culturing was complete 

when the white clone spots were visible to the naked eye. 

Methanol (2 mL) was added to fix the cells at room tem-

perature for 15 minutes, and cells were stained with Giemsa 

staining solution for 15 minutes at room temperature, slowly 

rinsed with running water, and air-dried. Cell clones with cell 

numbers .50 were counted under an optical microscope to 

calculate the rate of colony formation. The colony formation 

rate = (number of clones/number of inoculated cells) ×100%. 

The experiment was repeated three times.

cell cycle detected by flow cytometry
The cells were seeded in six-well culture plates (1×106 per well). 

After cell attachment, the cells were subjected to synchroniza-

tion culture for 12 hours, and the primary culture was discarded. 

Cells were digested, centrifuged, collected, and washed with 

PBS twice, resuspended with precooled 75% ethanol, fixed 

at -20°C overnight, centrifuged to remove the supernatant, 

and washed with PBS two times. Each sample was suspended 
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in 450 µL PBS, and propidium iodide (PI, 0.5 mg/mL) was 

added to the cell suspension, mixed, and incubated in a water 

bath at 37°C for 30 minutes. The mixture was centrifuged to 

remove the supernatant, and cells were resuspended in PBS 

and assessed by flow cytometry (model: FACSCalibur; BD 

Company, USA) to analyze the cell cycle distribution.

cell apoptosis detected by flow 
cytometry
After a 72-hour virus infection, cells were collected and 

washed with PBS three times, and then, precooled in 1× bind-

ing buffer (500 µL), 5 µL Annexin-V-fluorescein isothiocya-

nate (FITC) and 2.5 µL PI were added to the cell suspension, 

gently mixed, and detected by flow cytometry (FACSAria I 

cell sorter; BD). Based on the results in the scatter diagram, 

the left lower quadrant (Q
4
) indicates healthy living cells 

(FITC-/PI-), the right lower quadrant (Q
3
) indicates early 

apoptotic cells (FITC+/PI–), the right upper quadrant (Q
2
) 

indicates late necrotic and apoptotic cells (FITC+/PI+), and 

the apoptosis rate = early apoptosis percentage (Q
3
) + late 

apoptosis percentage (Q
2
).

cell migration and invasion detected by  
Transwell assays
After 72 hours of virus infection, BLS cells were collected 

and cultured in serum-free medium for 24 hours and digested. 

Cell suspension (100 µL) with an adjusted concentration of 

1×105 cells was added to the upper chamber, and medium 

(500 µL) containing 10% FBS was added to the lower 

chamber and incubated in 5% CO
2
 under 37°C. The culture 

medium in the upper chamber was removed and moved to a 

24-well plate containing 4% formaldehyde (600 µL). Giemsa 

reagent 1 was added to the upper chamber, incubated for 

1 minute and then Giemsa reagent 2 was added to the upper 

chamber, with incubation for 5 minutes. The upper chamber 

was washed with PBS (30 minutes, three times), and results 

were observed and photographed under an inverted micro-

scope. Five fields were randomly selected for further analysis 

with a microscope image acquisition system. In the invasion 

test, the number of cells in each group passing through the 

Matrigel was used as an index to evaluate invasion; the 

migration test was conducted without adding the Matrigel 

but shared the same steps as the invasion test.

Western blot
The cultured cells were washed with precooled PBS three 

times, lysed with 100 µL/50 mL protein extraction lysis solu-

tion (Radio-Immunoprecipitation Assay buffer; Pierce, Rock-

ford, IL, USA), placed on ice for 30 minutes, and centrifuged 

at 12,000 rpm for 10 minutes at 4°C. The supernatant was 

separated in a 0.5 mL centrifuge tube and stored in -20°C. 

Total protein content was measured by the bicinchoninic 

acid method (BCA kit; Pierce, Inc.) The samples were run on 

electrophoresis for 1–2 hours at 4°C, and the proteins were 

transferred to the Polyvinylidene Fluoride (PVDF) membrane 

(EMD Millipore, Billerica, MA, USA) by electrotransfer 

for 2 hours at 4°C; the PVDF membrane was removed and 

blocked in 5% skim milk-Tris Buffered saline Tween (TBST), 

incubated for 1–2 hours at room temperature, and incu-

bated with antibodies, including rabbit anti-human PIK3R2 

(1:1,000, sc-131324; Santa Cruz Biotechnology Inc., Dallas, 

TX, USA), rabbit anti-human PI3K (1:1,000 sc-7177; Santa 

Cruz Biotechnology Inc.), rabbit anti-human phospho-PI3K 

(1:1,000, cs-4228; Cell Signaling, Boston, MA, USA), rab-

bit anti-human total Akt (1:1,000, cs-9271; Cell Signaling), 

and rabbit anti-human phospho-Akt (1:1,000, cs-9272; Cell 

Signaling) at 4°C overnight. The membranes were washed 

three times with TBST every 10 minutes and incubated with 

secondary antibodies (horseradish peroxidase [HRP]-labeled 

sheep anti-rabbit [l:5,000], A0208; Beyotime, Shanghai, 

People’s Republic of China) at room temperature for 1 hour 

and washed three times with TBST every 10 minutes. Beta-

actin was used as a reference. The relative expression of the 

target protein was calculated according to the gray level of 

target protein and reference protein (beta-actin).

statistical analyses
Data are presented as the mean ± standard deviation, and 

multiple group comparisons were performed with a one-way 

analysis of variance after homogeneity test of variance, and 

a least significant difference t-test was used for pairwise 

comparisons. SPSS Inc., (Chicago, IL, USA) for Versions 18 

was used for statistical analysis. A P-value of ,0.05 indicates 

statistically significant.

Results
lentivirus construction and the 
expression of mir-126
Using human genomic DNA as a template, miR-126 

precursor sequences were successfully amplified with a 

size of ~786 bp. Then, 5 µL of the PCR products was 

analyzed by agarose gel electrophoresis. Compared to the 

marker, the band size was identical to the theoretical value 

(786 bp), as shown in Figure 1A (1–4 bands). Using the 

Lv packaging technique, 293T cells were cotransfected 

with the Lv vector expressing miR-126 and the auxiliary 

packaging vector. After 72 hours of transfection, the viral 

supernatant was harvested, and the GFP expression of 
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293T cells was observed under a fluorescence microscope 

to determine the packaging efficiency. The number of 

fluorescence-positive cells and the total number of cells 

were determined in the same field of view, and the positive 

rate of 293T cells was calculated. The results showed that 

the transfection rate of 293T cells was .90%, as shown 

in Figure 1B. BLS cells were cultured in a culture bottle, 

and when the confluence of the cells was approximately 

15% after 20 hours of culture, BLS cells were infected with 

Lv supernatant carrying miR-126 or no-load virus. After 

72 hours of infection, the BLS cells were observed under 

the fluorescence microscope to assess cell infection. The 

infection rate reached 70%, as shown in Figure 1C. After 

72 hours of recombinant Lv infections, BLS cells were 

harvested for total RNA extraction, and reverse transcrip-

tion qRT-PCR assays were performed to measure relative 

miR-126 expression in the BLS cells. The relative expres-

sion of miR-126 in the Lv-infected BLS cells increased 

significantly, ~15 times greater than that of the BLS-Lv-

vector group (P,0.0001) (Figure 1D), while no significant 

difference in the relative expression of miR-126 was found 

between the BLS-Lv-vector group and the noninfected 

group (P.0.05), indicating that the virus infection had no 

impact on the relative expression of miR-126.

Mir-126 inhibits the proliferation of 
Bls cells
EdU assays showed that the proliferation rates of the BLS-

Lv-miR126 group, the BLS-Lv-vector group, and the non-

infected group were 6.37%±1.08%, 34.08%±4.58%, and 

31.62%±5.21%, respectively. The differences in the prolifera-

tion rates between the BLS-Lv-miR126 group and the BLS-

Lv-vector group or the noninfected group were significant 

(both P,0.001) (Figure 2A). The colony formation results 

further showed that the clone-forming ability of the BLS-Lv-

miR126 group was significantly lower than that of the BLS-

Lv-vector group and the noninfected group (both P,0.001) 

(Figure 2B). These experiments indicated that miR-126 could 

inhibit the proliferation and clone formation of BLS cells.

Mir-126 promotes apoptosis of Bls cells
Flow cytometry analysis showed that the apoptosis rates in 

the BLS-Lv-miR126 group, the BLS-Lv-vector group, and 

the noninfected group were 31.87%±1.81%, 12.42%±0.84%, 

and 10.95%±0.73%, respectively. The differences in the 

apoptosis rates between the BLS-Lv-miR126 group and the 

BLS-Lv-vector group or the noninfected group were statisti-

cally significant (all P,0.01; Figure 3A). Cell cycle analysis 

showed that compared with the BLS-Lv-vector group and the 

Figure 1 lv construction and the expression of mir-126.
Notes: (A) agar gel electrophoresis: M, Dl2000 Dna Marker; 1, 2, 3, and 4, Pcr products (786 bp); (B) the expression of green fluorescent protein after 72 hours of virus 
transfection in 293T cells (×120), and the virus packaging efficiency (%) = the number of gFP expressed cells/cell count; (C) observation of the efficiency of virus-infected 
Bls cells (×120), the virus packaging efficiency (%) = the number of gFP expressed cells/cell count; (D) expression of mir-126 in bladder cancer Bls cells in each group. 
**P,0.0001.
Abbreviations: GFP, green fluorescent protein; Lv, lentivirus; PCR, polymerase chain reaction.
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noninfected group, an obviously decrease in S phase cells 

(P,0.01), an increase in G
0
/G

1
 cells (P,0.01), and a slight 

increase in G
2
/M cells (P.0.01) were found in the BLS-Lv-

miR126 group. The percentages of G
0
/G

1
 phase cells in the 

BLS-Lv-miR126 group, the BLS-Lv-vector group, and the 

noninfected group were 82.70%±5.31%, 62.75%±5.94%, 

and 62.74%±4.96%, respectively; percentages in the S phase 

were 14.12%±2.64%, 33.55%±4.37%, and 33.93%±5.80%, 

respectively; and percentages in the G
2
/M phase were 

3.18%±2.67%, 3.71%±1.61%, and 3.33%±0.84%, respec-

tively (Figure 3B). These results indicated that miR-126 pro-

motes apoptosis in BLS cells, and S phase arrest occurs.

Figure 3 Mir-126 promotes apoptosis of Bls cells.
Notes: (A) effect of mir-126 on apoptosis of Bls cells in the Bls-lv-mir126 group, the Bls-lv-vector group, and the blank group; (B) effect of mir-126 on the cell cycle 
of Bls cells in the Bls-lv-mir126 group, the Bls-lv-vector group, and the blank group. *P,0.05; ***P,0.001.
Abbreviation: lv, lentivirus.

Figure 2 Mir-126 inhibits the proliferation of Bls cells.
Notes: (A) cell proliferation in the Bls-lv-mir126 group, Bls-lv-vector group, and the blank control detected by edUassay; (B) clone-forming ability in the Bls-lv-mir126 
group, Bls-lv-vector group, and the blank control detected by colony formation assay; *P,0.001.
Abbreviation: lv, lentivirus.
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Mir-126 inhibits migration and invasion 
of Bls cells
Transwell migration and invasion assays were performed, 

and the numbers of cells migrating through the membranes 

in the BLS-Lv-miR126 group, the BLS-Lv-vector group, 

and the noninfected group were 34.35±6.21, 65.15±8.82, 

and 68.33±9.74, respectively (Figure 4A); the numbers of 

cells invading through the membranes were 31.28±4.67, 

59.38±8.65, and 60.45±7.28, respectively (Figure 4B). The 

numbers of cells migrating/invading through the membranes 

in the BLS-Lv-miR126 group were significantly lower than 

those in the BLS-Lv-vector group and the noninfected group 

(all P,0.05). The results showed that miR-126 could inhibit 

migration and invasion of the BLS cells.

PiK3r2 is a target gene of mir-126
PIK3R2 and corresponding miR-126-binding target 

sites were identified using online prediction software 

(TargetScan [http://www.targetscan.org/vert_61/]), and 

the putative binding sequence for miR-126 in 3′UTR of 

the PIK3R2 mRNA is shown in Figure 5A. To verify that 

miR-126 affects the predicted binding sites and luciferase 

activity, mutated sequences were designed. Wild-type 

sequences and mutant sequences derived from the PIK3R2 

3′UTR with a deletion in the predicted miR-126-binding 

sites were inserted into a luciferase reporter plasmid. BLS 

cells were cotransfected with miR-126 mimics and wild-type 

(Wt-miR-126 PIK3R2) or mutant (Mut-miR-126/PIK3R2) 

recombinant plasmids, and the luciferase activity assays 

showed that the luciferase activity of the Wt-miR-126 

PIK3R2 plasmid significantly decreased by 60% (P,0.05), 

while no significant effect of the miR-126 mimics on the 

luciferase activity of the Mut-miR-126/PIK3R2 plasmid was 

found (P.0.05) (Figure 5B).

Mir-126 inhibits the expression of 
PiK3r2 and the Pi3K/akt signaling 
pathway
Compared to the BLS-Lv-vector group and the noninfected 

group, PIK3R2 mRNA (Figure 6A) and protein levels 

(Figure 6B) in the BLS-Lv-miR126 group were significantly 

decreased (both P,0.001), indicating targeted inhibition 

of PIK3R2 by miR-126 in the BLS cells. As a key protein 

of the PI3K/Akt signaling pathway, PIK3R2 was directly 

regulated by miR-126. Therefore, whether the PI3K/Akt 

signal pathway was regulated by miR-126 was verified 

using Western blot analysis. Compared with the BLS-Lv-

vector group and the noninfected group, the phosphoryla-

tion of Akt and PI3K in BLS cells in the BLS-Lv-miR126 

group was decreased (all P,0.05), which is consistent with 

the changes in the PIK3R2 protein (Figure 6C). Total Akt 

and PI3K protein levels were not significantly altered.

Figure 4 Mir-126 inhibits migration and invasion of Bls cells.
Notes: (A) effect of mir-126 on the migration of Bls cells in the Bls-lv-mir126 group, the Bls-lv-vector group, and the blank group; (B) effect of mir-126 on the invasion 
of Bls cells in the Bls-lv-mir126 group, the Bls-lv-vector group, and the blank group. **P,0.01.
Abbreviation: lv, lentivirus.
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′ ′

′

Figure 5 Mir-126 directly targets PIK3R2.
Notes: (A) PIK3R2 and corresponding mir-126-binding target sites determined by Targetscan. (B) Detection of dual luciferase reporter gene activity: Bls cells cotransfected 
with mir-126 mimics and PIK3R2 3′UTr WT/MT recombinant plasmid, and luciferase activity assay indicates that mir-126 could inhibit the luciferase activity of WT plasmid 
but had no change in the activity of MT plasmid. *P,0.05.
Abbreviations: 3′UTr, 3′untranslated region; MT, mutated; nc, negative control; PiK3r2, phosphatidylinositol 3-kinase regulatory subunit beta; WT, wild-type.

β

β

Figure 6 Mir-126 inhibits the expression of PiK3r2 and Pi3K/akt signaling pathways.
Notes: (A) expression of PIK3R2 mrna detected by qrT-Pcr in histogram; (B) the expression of PiK3r2 protein detected by Western blot; and (C) the protein 
expressions of Pi3K, p-Pi3K, p-akt, and akt in Pi3K/akt signaling pathway detected by Western blot. *P,0.05; ***P,0.001.
Abbreviations: akt, protein kinase B; p-akt, phosphorylated-akt; Pi3K, phosphatidylinositol 3 kinase; p-Pi3K, phosphorylated-Pi3K; PiK3r2, phosphatidylinositol 3-kinase 
regulatory subunit beta; qrT-Pcr, quantitative real-time polymerase chain reaction.
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Figure 7 PIK3R2 is involved in the mir-126 induced proliferation, migration, and invasion of Bls cells.
Notes: (A) Protein expressions of PiK3r2 and Pi3K/akt signal pathway detected by Western blot; (B) the proliferation of Bls cells in each group detected by edU method; 
(C) the apoptosis rate of BLS cells detected by flow cytometry in each group. *Compared with the NC group, P,0.05; #compared with anti-mir-126 group, P,0.05; 
&compared with PiK3r2 sirna group, P,0.05.
Abbreviations: akt, protein kinase; nc, negative control; Pi3K, phosphatidylinositol 3 kinase; PIK3R2, phosphatidylinositol 3-kinase regulatory subunit beta; sirna, small 
interfering rna.

β

PiK3r2 is involved in mir-126-induced 
Bls cell proliferation and apoptosis
To determine whether PIK3R2 was involved in the miR-126-

induced changes in BLS cells, anti-miR-126, PIK3R2 siRNA, 

or anti-miR-126 + PIK3R2 siRNA were transfected into BLS 

cells, and changes in the protein expressions of PI3K, phospho-

rylated PI3K (p-PI3K), phosphorylated Akt (p-Akt), and Akt 

in the PIK3R2/PI3K/Akt signaling pathway were determined. 

Western blot analysis revealed that cells in the anti-miR-126 

group had significantly increased PIK3R2 protein expression 

compared with that of the NC group (P,0.01). PIK3R2 pro-

tein expression and p-PI3K and p-Akt levels decreased sig-

nificantly in the PIK3R2 siRNA group and the anti-miR-126 + 

PIK3R2 siRNA group compared with the anti-miR-126 group 

(all P,0.001), while no significant difference was observed 

between the NC group and the anti-miR-126 + PIK3R2 siRNA 

group (P.0.05). The expressions of PIK3R2, p-Akt, and 

p-PI3K in the PIK3R2 siRNA group were significantly lower 

than those in the NC group and the anti-miR-126 + PIK3R2 

siRNA group (all P,0.01) (Figure 7A).

To determine whether PIK3R2 was directly involved in 

miR-126-induced proliferation and apoptosis of BLS cells, 

EdU assays were performed and showed increased prolif-

eration in the anti-miR-126 group relative to the NC group 

(P,0.01) and significantly decreased proliferation in the 

PIK3R2 siRNA group and the anti-miR-126 + PIK3R2 siRNA 

group compared with the anti-miR-126 group (all P,0.05). 

No difference in proliferation was found between the 

NC group and the anti-miR-126 + PIK3R2 siRNA group 

(P.0.05). The proliferation of the PIK3R2 siRNA group was 

significantly lower than that of the NC group and the anti-

miR-126 + PIK3R2 siRNA group (all P,0.05; Figure 7B). 
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Flow cytometry analysis showed a lower apoptosis rate in 

BLS cells from the anti-miR-126 group than the NC group 

(6.43%±1.05% vs 13.21%±1.81%, respectively, P,0.01), 

and the PIK3R2 siRNA group and the anti-miR-126 + PIK3R2 

siRNA group had significantly increased apoptosis of BLS 

cells compared with the anti-miR-126 group (6.43%±1.05% 

vs 21.34%±2.06%; 6.43%±1.05% vs 11.65%±1.72%, all 

P,0.05). No significant difference was found between the 

NC group and the anti-miR-126 + PIK3R2 siRNA group 

(P.0.05). The apoptosis rate in the PIK3R2 siRNA group was 

significantly higher than that of the NC group and the anti-

miR-126 + PIK3R2 siRNA group (all P,0.05; Figure 7C). 

Therefore, PIK3R2 was directly involved in the miR-126-

induced BLS proliferation and apoptosis. 

PiK3r2 is involved in the mir-126-
induced migration and invasion of 
Bls cells
Whether PIK3R2 directly participated in the migration 

and invasion of BLS cells induced by miR-126 was further 

explored. Transwell migration assay indicated that the migra-

tion of BLS cells in the anti-miR-126 group was significantly 

higher than that in the NC group (P,0.01). The migratory 

ability of BLS cells in the PIK3R2 siRNA group and the 

anti-miR-126 + PIK3R2 siRNA group decreased signifi-

cantly compared with the anti-miR-126 group (all P,0.05). 

No difference in migration was found between the NC group 

and the anti-miR-126 + PIK3R2 siRNA group (P.0.05). 

The migration of the PIK3R2 siRNA group was significantly 

lower than that of the NC group and the anti-miR-126 + 

PIK3R2 siRNA group (all P,0.05) (Figure 8A). Transwell 

invasion assays showed that invasion of BLS cells in the 

anti-miR-126 increased significantly compared with that in 

the NC group (P,0.05). The invasive ability of BLS cells in 

the PIK3R2 siRNA group and the anti-miR-126 + PIK3R2 

siRNA group decreased significantly compared with the 

anti-miR-126 group (all P,0.05). No significant difference 

was found between the NC group and the anti-miR-126 + 

PIK3R2 siRNA group (P.0.05). The invasion in the PIK3R2 

siRNA group was significantly lower than the NC group 

and the anti-miR-126 + PIK3R2 siRNA group (all P,0.05) 

(Figure 8B). In conclusion, PIK3R2 was directly involved in 

the miR-126-induced invasion and migration of BLS cells. 

Discussion
The role of miR-126 in BLS cells was investigated using 

transfection of recombinant Lv-miR126, and we found that 

miR-126 inhibited the proliferation, migration, and inva-

sion and promoted apoptosis of the BLS cells. Previous 

evidence showed that the tumor suppressor miR-126 was 

down-regulated in cancer cell lines and in primary bladder 

and prostate tumors.16 Additionally, miR-126 is related to 

urinary bladder cancer and may serve as a novel RNA-based 

tumor marker.23 The potential role of miR-126 in targeting the 

Figure 8 PiK3r2 is involved in the mir-126-induced migration and invasion of Bls cells.
Notes: (A) Migration ability of Bls cells in each group detected by Transwell migration assay; (B) invasion ability of Bls cells in each group detected by Transwell invasion 
assay. *compared with the nc group, P,0.05; #compared with anti-mir-126 group, P,0.05; &compared with PIK3R2 sirna group, P,0.05.
Abbreviations: nc, negative control; PiK3r2, phosphatidylinositol 3-kinase regulatory subunit beta; sirna, small interfering rna.
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PIK3R2-mediated PI3K/Akt signaling pathway was further 

evaluated. The luciferase reporter assay showed that PIK3R2 

was a direct target of miR-126 in bladder cancer, which is 

consistent with previous evidence suggesting that PI3KR2 

is a target of miR-126.19,24

In addition, it was found that miR-126 inhibited the 

expression of PIK3R2 and the PI3K/Akt signaling pathway, 

indicating that miR-126 could negatively regulate the target 

gene and inhibit the PIK3R2/PI3K/Akt signaling pathway. 

PIK3R2 is a key protein in the PI3K/Akt signaling pathway, 

and miR-126 plays various roles through regulation of the 

PIK3R2/PI3K/Akt pathway.25,26 As previously described, 

PI3K/Akt pathway activation occurs in bladder urothelial 

carcinomas, and the role of the PI3K/Akt/mTOR pathway 

in bladder cancer oncogenesis has been elucidated.21,27 

Furthermore, the involvements of miR-126 in the PIK3R2/

PI3K/Akt signaling pathway has been evaluated, and 

potential therapeutic roles have been suggested through 

targeting miR-126-regulated pathways.28,29 

Another important finding was the involvement of 

PIK3R2 in the miR-126-induced proliferation, apoptosis, 

migration, and invasion of BLS cells, suggesting that 

the miR-126/PIK3R2/PI3K/Akt signaling pathway may 

be a potential therapeutic target for bladder cancer treat-

ment. MiR-126 regulates target gene-mediated signaling 

pathways involved in adhesion, cell growth, proliferation, 

migration and invasion, as well as tumorigenicity and 

metastasis in human cancers.30,31 Interestingly, attenuated 

invasive potential of bladder cancer cells can result from 

the restoration of miR-126 levels, indicating that miR-126 

inhibits invasion in bladder cancer.18 It has been reported 

that PIK3R2 was a direct target of miR-126, and miR-126 

can inhibit the proliferation and migration of cancer cells 

via the PIK3R2/PI3K/Akt signaling pathway.32,33 Further-

more, altered protein glycosylation and the activation of 

the PI3K/Akt/mTOR pathway may be potential therapeutic 

targets.7,34 Our results indicated that overexpression of miR-

126 negatively regulated the target gene PIK3R2 and further 

inhibited the PI3K/Akt signaling pathway. However, incon-

sistent results have been described for miR-126 concerning 

apoptosis in different cell types. miR-126 overexpression 

was found to inhibit vascular endothelial cell apoptosis by 

targeting the anti-apoptotic PI3K/Akt pathway via PIK3R2.35 

In addition, miR-126 can activate the PI3K/Akt pathway, and 

miR-126 may play a role in tumorigenesis and growth by 

regulating the VEGF/PI3K/Akt signaling pathway.26,36 The 

complex regulation of the PI3K/Akt pathway, along with 

the multiple mechanisms to activate or inhibit this pathway, 

makes it a highly challenging pathway to target.7 Therefore, 

the therapeutic value of miR-126 in bladder cancer needs to 

be further confirmed due to the diverse effects of miR-126 

on the PIK3R2/PI3K/Akt pathway.

Conclusion
In conclusion, overexpression of miR-126 negatively 

regulated the target gene PIK3R2 and further inhibited the 

PI3K/Akt signaling pathway, thereby reducing prolifera-

tion, migration, and invasion of BLS cells and promot-

ing cell apoptosis. These results suggest that miR-based 

targeted therapy for bladder cancer may be a promising 

strategy. Because PIK3R2/PI3K/Akt is a key component 

of multiple pathways, miR-126 may also be involved in the 

regulation of proliferation and invasion-related pathways 

of bladder cancer in BLS cells by regulating the PIK3R2/

PI3K/Akt pathway. Further studies are needed to elucidate 

the relationship between miR-126 and the proliferation 

and invasion of bladder cancer cells to improve our pre-

liminary work. 
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