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Abstract 

FoxO3, encoding the transcription factor forkhead boxO-3, can regulate transcription of 
target genes in various physiological and pathological processes, such as cell 
proliferation, cell cycle progression and cell survival. But the role of FoxO3 such as cell 
proliferation or inflammation in bEnd.3 cells remains unknown. To explore the effect of 
FoxO3 on proliferation or expressions of inflammation cytokines in bEnd.3 cells, 
transfected with siFoxO3 were stained by EdU and detected by CCK8 to develop 
proliferation. Real-time qPCR was applied to analyze expressions of inflammation 
markers in bEnd.3 cells. The results indicate that FoxO3 may not have an impact on 
proliferation in bEnd.3 cells. In addition, qPCR result shows that FoxO3 silencing can 
promote the expression of inflammatory factors. In brief, FoxO3 cannot promote 
proliferation of bEnd.3 cells but inhibits expression of inflammatory cytokines and thus 
it may provide therapeutic strategies for lesions of the parenchymal organs caused by 
inflammation. 
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1. Introduction 

The Fox protein family, consisting of more than 100 members, has four principal members of the 

FoxO subfamily such as FoxO1, FoxO3a, FoxO4 and FoxO6 [1]. FoxO3 is an important transcription 

factor that can regulate transcription of target genes in various physiological and pathological 

processes, such as apoptosis [2,3], cell proliferation [4,5], cell cycle progression [3,6], cell survival 

[7] and DNA damage [8]. The transcription factor FoxO3 has previously been shown to be involved 

in suppressing alcohol-induced liver injury and article was reported that FoxO3-dependent apoptosis 

limits alcohol-induced liver inflammation by promoting infiltrating macrophage differentiation [9]. 

Previous studies have identified that FoxO3 silencing can promote inflammation in aging mouse 

cardiomyocytes [10]. FoxO1 and FoxO3 regulate glucose metabolism and as markers of inflammation 

in skeletal muscle [11-14]. FoxO3 affects proliferation mainly through the cell cycle and recent 

studies indicated that FoxO3 promotes proliferation and metastasis of clear cell renal cell carcinoma 

[12]. However, the role of FoxO3 in bEnd.3 cells remains unknown. In this article, we explore the 

role of FoxO3 in inflammation and cell proliferation and hope to find the therapeutic strategies for 

some diseases caused by inflammation. 

2. Materials and methods 

2.1 Cell culture 

The bEnd.3(brain-derived Endothelial cells.3)were cultured in Dulbecco's modified Eagle's medium 

(Corning, 10-013-CV), supplemented with 10% fetal bovine serum (Invitrogen), 100 U/mL penicillin 
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and 100 μM streptomycin (Invitrogen). Cell were maintained at 37 °C in a humidified atmosphere 

containing 5% CO2 and then sub-cultured for 2–3 days. bEnd.3 cells were approved by American 

type culture collection (ATCC) in America. 

2.2 Cell transfection 

Cells were plated into 12-well plates at 1 x 106 per well and cultured overnight. Lipofectamine 

3000(Thermo Fisher Scientific) were performed with siFoxO3 (5’-GCACCATGAATCTGAATGA-

3’). For each well, 50 nM siFoxO3 and 5 μl Lipofectamine 3000 were diluted with Opti-MEM 

Reduced Serum Medium (GBICO) to a total of 200 μl and incubated for 15 min. After that, slowly 

pipetted in onto cells and jiggle it gently. 

2.3 RNA extraction and gene expression analysis 

qPCR analysis was performed on total RNA from bEnd.3 cells transfected with siFoxO3. RNA was 

extracted with Trizol (Life Technologies). Total RNA was reverse-transcribed to cDNA using 

ReverTra Ace® qPCR RT Kit (FSQ-101, TOYOBO). And gene expression was determined by real-

time qPCR utilizing SYBR®Green Realtime PCR Master Mix(QPK-201,TOYOBO). Gene 

expression was quantified with the ΔΔCt method. Primer sequences are presented in Table 1. 

 

Table 1. PCR primer sequences 

Primer name Sequence (5’-3’) 

FoxO3-F GCAAGCCGTGTACTGTGGA 

FoxO3-R CGGGAGCGCGATGTTATCC 

CXCL2-F GTCAAAAAGTTTGCCTTGACCCT 

CXCL2-R TCTCTTTGGTTCTTCCGTTGAGG 

mL-selectin-F1 TACATTGCCCAAAAGCCCTTAT 

mL-selectinR1 CATCGTTCCATTTCCCAGAGTC 

CXCL1-F2 ACTGCACCCAAACCGAAGTC 

CXCL1-R2 TGGGGACACCTTTTAGCATCTT 

CCL2-F CATCCACGTGTTGGCTCA 

CCL2-R GATCATCTTGCTGGTGAATGAGT 

IL1B-F CAACCAACAAGTGATATTCTCCATG 

IL1B-R GATCCACACTCTCCAGCTGCA 

IL1R2-F4 AAGGACTCGATCACACGCTG 

IL1R2-R4 GCCCAGACATCAACTCTCAGG 

P-selectin-F4 TAGACCATTGTCCACACCGC 

P-selectin-R4 ACGTGTCGCTTAAACCCTCC 

 

2.4 Cell Treatment with EdU 

Cells were plated into 24-well plates at 1 x 105 per well and cultured overnight. Cells were transfected 

with siFoxO3 and incubated for 48 h. EdU powder (Ribobio, C00054) was dissolved in water to a 

final concentration of 2 mg/ml and 3.5 μl EdU solution per well were added into cells. After 2 h, 

proliferation of bEnd.3 cells was stained by Cell-LightTM EdU Apollo567 in Vitro Kit (Ribobio, 

C10310-1). 

2.5 Cell viability with CCK8 

CCK8 (Cell Counting Kit-8) is a widely used method for cell proliferation. Cells were plated into 96-

well plates at 1000 per well and cultured overnight. After transfection with siFoxO3 for 48 h, cells 

were treated with 10 μl CCK8 (Beyotime, C0038) per well, and detected by a microplate reader at 1 

hour past incubation. 

3. Results 

3.1 Validation of FoxO3 silencing in bEnd.3 cells 

To verify the validation of siFoxO3 in bEnd.3 cells, we designed the siRNA sequence targeting 

FoxO3. The expression level of FoxO3 was quantified by qPCR at 48 hour past transfection. The 

https://www.sciencedirect.com/topics/medicine-and-dentistry/real-time-polymerase-chain-reaction
https://www.sciencedirect.com/topics/medicine-and-dentistry/real-time-polymerase-chain-reaction
https://www.sciencedirect.com/science/article/pii/S2212877818306896?via%3Dihub#tbl1
https://www.sciencedirect.com/science/article/pii/S2212877818306896?via%3Dihub#tbl1
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results shows that the expression of FoxO3 silencing group was significantly decreased than control 

group (Figure 1). 

 

 

Figure 1. Efficiency of FoxO3 silencing in bEnd.3 cells. n=3, ** P value<0.001. 

 

3.2 Knockdown of FoxO3 was not associated with the proliferation of bEnd.3 

To explore whether FoxO3 silencing can promote cell proliferation, bEnd.3 cells transfected with 

siFoxO3 were stained by EdU and CCK8 respectively. EdU stainning shows that FoxO3 silencing 

didn’t have impacts on cell proliferation (Figure 2.A,B). Moreover, CCK8 stainning shows that 

FoxO3 silencing has no effect on cellular activity in bEnd.3 cells. 

 

 

Figure 2. Knockdown of FoxO3 was not associated with cell proliferation and cellular activity of 

bEnd.3 cells 
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A, EdU immunofluorescence staining in bEnd.3 cells at 48 hours after transfection with siFoxO3 or 

siControl. Scal bars=25 μm. B, EdU positive cell counting at 48 hours after transfection with siFoxO3 

or siControl, n=3, 6 fields of view are selected for counting each repetition. C, CCK8 cellular activity 

signal at 48 hours after transfection with siFoxO3, siControl or empty, n=7. 

3.3 Loss of FoxO3 promotes inflammatory response in bEnd.3 cells 

To explore whether FoxO3 was related with inflammatory in bEnd.3 cells, we designed numbers of 

primer pairs binding a variety of inflammatory cytokines (Table 1). Real-time qPCR results shows 

that FoxO3 silencing can increase the expression of inflammatory cytokines including CXCL1, P-

selectin, L-selectin, CXCL2, IL1B and IL1R (Figure 3). 

 

 

Figure 3. Transcription level of inflammatory cytokines at 48 hours after transfection with siFoxO3 

or siControl, n=3, *P value<0.05, *** P value<0.001 

 

4. Discussion 

In the present study, current knowledge of FoxO3 function is relevant to ageing and lifespan that it 

can increase lifespan and reduce age-related diseases. In skeletal muscle, FoxO3 regulates the 

expression of inflammation markers and implicate transcriptional control governing 

“immunometabolic” dynamics. In addition, FoxO3 suppresses proliferation of B-Cell Lymphoma 

Cells. Ning Liu et al. found that Paeonol protects against TNF-α-induced proliferation and cytokine 

release of rheumatoid arthritis fibroblast-like synoviocytes by upregulating FoxO3 through inhibition 

of miR-155 expression. 

In this study, we investigated the effects of FoxO3 on cell proliferation and inflammation in bEnd.3 

cells. Interestingly, knockdown FoxO3 can not affect proliferation in bEnd.3 cells, but the 

transcription levels of inflammatory factors such as CXCL1, P-selectin, L-selectin, CXCL2, L-

selectin, CXCL2, IL1B and IL1R increased significantly, demonstrating that FoxO3 can limit the 

transcription level of inflammation. It is possible that the FoxO3 may directly regulate the expression 

of inflammatory factors as transcription factor, but the exact mechanism remains to be elucidated. 

Altogether, those findings may provide a therapeutic reference for treating diseases caused by 

endothelial inflammation. 
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