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Introduction 

 

Retinopathy of prematurity (ROP) is a blinding disease affecting preterm newborns characterized by 

a first phase of hyperoxia and a second one of hypoxia, driven by vascular endothelial growth factor 

(VEGF) increase.1. This latter causes leakages in the blood-retinal barrier (BRB)2. Studies in an 

oxygen-induced retinopathy (OIR) mouse model of ROP demonstrate that β-adrenoreceptors (BARs) 

play a role in ROP pathogenesis 3–8. 

In mouse OIR retina, BAR3 is the only BAR subtype to be upregulated by hypoxia, in association 

with noradrenalin increase 6. While BAR3 responsiveness to hypoxia has been clearly elucidated in 

vivo, as well as its contribution to VEGF production in such condition ex vivo 9, its putative sensitivity 

to hyperoxia is still to be elucidated. 

Thus, we decided to investigate the role of oxygen tension as a possible BAR3 modulator in two 

different kinds of retinal cells. We analysed for the first time the effects of 72 hours (h) hyperoxia or 

hypoxia on the expression of BAR3 in two different human retinal components: Müller glial cells 

(MIO-M1), the major retinal glia 10, and retinal endothelial cells (HREC), essential components of 

the BRB 11. In addition, we examined the response of BAR1 and BAR2 to such treatments. We also 

evaluated cell viability. 

 

Methods 

 

Subsequently to 24h starvation, both HREC and MIO-M1 cells were exposed to hyperoxia (75% 

oxygen) or hypoxia (1% oxygen). 

Western Blot (WB) was performed, using anti-BARs and anti-actin antibodies. 

Cell viability was evaluated by Trypan Blue.  

 

Results 

 

We demonstrated for the first time that oxygen abundance significantly reduced BAR3 protein level 

in both cell lines, while BAR1/2 were not affected by hyperoxia.  

Consistently with previous in vivo results 6, hypoxia strongly upregulated BAR3 in both cell lines. 

Surprisingly, BAR1 expression increased too, showing for the first time a hypoxia-dependent 

regulation in these two cell lines. BAR2 was not influenced by oxygen deprivation. 

Cell viability was not influenced by the treatments. 



We are actively investigated mRNA expression of HREC and MIO-M1 in these experimental 

conditions, as well as the effects of shorter (24, 48h) exposure times on both protein and transcript 

levels. The possible correlation between BARs oxygen-dependent modulation in ROP and VEGF 

levels remains to be evaluated. 
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Abstract:  

Retinopathy of prematurity (ROP) is a disease characterized by a first phase of hyperoxia and a second 

one of hypoxia. Hypoxia leads to neovascularization through an increase in the levels of hypoxia-

inducible factor (HIF) 1 and its target vascular endothelial growth factor (VEGF). In hypoxic 

conditions, VEGF, mainly produced by Müller cells, stimulates endothelial cell proliferation acting 

at its receptor VEGFR2. An involvement of β-adrenoceptors (BARs) in VEGF production and retinal 

neovascularization has been assessed. Here, using human Müller and retinal endothelial cells (MIO-

M1 and HREC, respectively) we evaluated for the first time the effects of hyperoxia (75% oxygen) 

and hypoxia (1% oxygen) on the expression of BARs, HIF-1, VEGF and VEGFR2. 

Hyperoxia did not affect BAR1 and BAR2, whereas decreased BAR3 in both MIO-M1 and HREC. 

Hypoxia, instead, upregulated both BAR1 and BAR3 in MIO-M1 and HREC, having no effect on 

BAR2. In both cell lines, HIF-1 and VEGF were increased by hypoxia. In HREC, VEGFR2 was 

decreased by hyperoxia while it was not influenced by hypoxia; in MIO-M1, VEGFR2 was 

upregulated by hyperoxia and downregulated by hypoxia. 

Although a correlation between BARs levels and the activity of the HIF-1/VEGF axis under 

hyperoxia/hypoxia is still to be demonstrated, the present results lay the ground for assessing whether 

targeting BARs during the different phases of ROP may be a strategy to avoid the development of 

neovascularization. 
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