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Hydrogen protects against hyperoxia-induced apoptosis in type Il
alveolar epithelial cells via activation of PI3K/Akt/Foxo3a signaling
pathway
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Abstract

Oxidative stress is regarded as a key regulator in the pathogenesis of prolonged hyperoxia-induced lung
injury, which causes injury to alveolar epithelial cells and eventually leads to development of

bronchopulmonary dysplasia (BPD). Many studies have shown that hydrogen has a protective effect in a

variety of cells. However, the mechanisms by which hydrogen rescues cells from damage due to oxidative
stress in BPD remains to be fully elucidated. This study sought to evaluate the effects of hydrogen on
hyperoxia-induced lung injury and to investigate the underlying mechanism. Primary type II alveolar
epithelial cells (AECIIs) were divided into four groups: control (21% oxygen), hyperoxia (95% oxygen),
hyperoxia+hydrogen, and hyperoxia+hydrogen+LY294002 (a PI3K/Akt inhibitor). Proliferation and
apoptosis of AECIIs were assessed using MTS assay and flow cytometry (FCM), respectively. Gene and
protein expression were detected by quantitative polymerase chain reaction (q-PCR) and western blot

analysis. Stimulation with hyperoxia decreased the expression of P-Akt, P- FoxO3a, cyclinD1 and Bcl-2.
Hyperoxic conditions increased levels of Bim, Bax, and Foxo3a, which induced proliferation restriction and
apoptosis of AECIIs. These effects of hyperoxia were reversed with hydrogen pretreatment. Furthermore, the
protective effects of hydrogen were abrogated by PI3K/Akt inhibitor LY294002. The results indicate that
hydrogen protects AECIIs from hyperoxia-induced apoptosis by inhibiting apoptosis factors and promoting
the expression of anti-apoptosis factors. These effects were associated with activation of the
PI3K/Akt/FoxO3a pathway.
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Oxygen therapy is commonly used in the treatment of respiratory diseases. However, prolonged exposure to
high concentrations of oxygen can result in chronic pulmonary diseases and bronchopulmonary dysplasia
(BPD) in neonates, especially preterm infants. Prolonged exposure to hyperoxic conditions can result in
abnormal repair of lung tissue and pulmonary dysfunction after injury [1], [2]. Various clinical treatments,
including stem cell transplantation, surfactant replacement therapy, corticosteroid administration, the long-
term effect of treatment is not stable, more important is whether treatment will cause damage to other
organ function is not clear [3], [4]. The proliferation and differentiation of type II alveolar epithelial cells
(AECIIs) play a vital role in repair of alveolar structure and function in lung injury [5]. Therefore, a novel
material is urgently needed to improve the viability and proliferation of AECII after exposure to hyperoxia.

Hydrogen has a selective antioxidant effect and neutralizes harmful free radicals [6], protects DNA and
protein, preserves mitochondrial function, and prevents apoptosis. Molecular hydrogen protects against
injury in several organs (including heart [7], lung [8], [9], bowel [10], eye [11], kidney [12], [13], brain [14],
and pancreas [15]). Previous studies have shown that hydrogen can slow the development of BPD in
newborn rats by reducing the release of inflammatory factors and reactive oxygen species (ROS) and the
expression of inflammatory genes [16]. Preliminary experiments showed that hydrogen can significantly
reduce oxidative damage to AECIIs and reduce apoptosis [17]. However, the underlying mechanisms of
hydrogen's anti-apoptotic effects in the context of BPD remain elusive.

As one of the most important signal transduction pathways in the cell, PI3K-Akt signaling plays a pivotal
role in promoting cell proliferation and inhibiting apoptosis through activation of downstream effector
molecules [18], [19]. Transcription factor Forkhead box O3 (Fox03a) is one of the most important
downstream targets of PI3K/Akt signaling and a crucial regulator of cell apoptosis and cell-cycle arrest [20],
A large number of reports have confirmed that inhibition of AKT promotes FOXO3a-dependent apoptosis in
many cell types [21], [22], [23]. Previous research showed that hydrogen-rich saline treatment could
attenuate neuronal apoptosis in early brain injury (EBI) and improve neurofunctional outcomes after
subarachnoid hemorrhage (SAH), via activation of Akt/GSK3p signaling pathway [14]. However, whether
hydrogen affects the expression and function the PI3K-Akt/Foxo3a pathway in hyperoxia-induced BPD
remains largely unknown. The aim of the present study is to investigate whether hydrogen protects AECII
from hyperoxia-induced injury by regulating the PI3K/AKT/Foxo3a signaling pathway.
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Reagents

Pregnant Sprague-Dawley (SD) rats were purchased from Experimental Animal Center of the Daping
Hospital of the Third Military Medical University (Chongqing, China). Trypsin, Dulbecco's modified Eagle's
medium/Ham's Nutrient Mixture F12 (DMEM/F12) and fetal bovine serum (FBS) were purchased from Gibco
(Invitrogen, USA). The annexin V FITC-labeled apoptosis detection kit and cell cycle assay kit were provided
by Nanjing KeyGEN Biotech (Nanjing, China). MTS Cell Proliferation Colorimetric Assay...
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To investigate the effects of hydrogen in protecting against hyperoxia-induced apoptosis, the viability and
apoptosis rate of AECIIs was detected by MTS assay and Annexin V/PI (FCM), respectively. After exposure to
hyperoxia, MTS results showed that cell viability was notably suppressed (P<0.01); hydrogen treatment
markedly attenuated the cell growth inhibition caused by hyperoxia (P<0.01). However, cell viability was
significantly decreased by co-treatment with hydrogen and LY294002...

Discussion

Oxidative damage represents the pathophysiological basis of most diseases. Continuous high-concentration
oxygen therapy can cause excessive production of reactive oxygen species (ROS), which leads to pulmonary
epithelial cell damage and diffuse alveolar injury. The alveolus is composed of type I alveolar epithelial cells
(AECI) and AECII. AECIs are highly differentiated cells that have lost the capacity for regeneration. Therefore,
structural and functional repair of alveolar epithelial injury...
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