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MOLECULAR MECHANISMS OF NITRIC OXIDE PROTECTION
AGAINST OXIDATIVE STRESS-INDUCED OSTEOBLAST
APOPTOSIS: SIGNAL-TRANSDUCED ROLES OF
GATA-3/BCL-XL/MITOCHONDRIA
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Osteoblasts mediate bone formation. There are varieties of systemic and local factors
participating in regulation of osteoblast activities. Nitric oxide (NO) is one of such
critical factors. Previous studies have shown that NO precondition can protect
hepatocytes, cardiomyocytes, endothelial cells, and neural cells from stress-induced
insults. Meanwhile, the effects of NO on oxidative stress-induced injuries are still
unknown. Therefore, this study was aimed to evaluate the protective effects of NO
pretreatment on oxidative stress-induced osteoblast apoptosis and its possible
signal-transducing mechanisms using neonatal rat calvarial osteoblasts as the
experimental model.

Our results revealed that exposure of osteoblasts to sodium nitroprusside (SNP) at a



low concentration of 0.3 mM increased cellular NO levels without affecting cell
viability. However, when the concentration reached a high concentration of 2 mM,
SNP increased the levels of intracellular reactive oxygen species and induced
osteoblast injuries. Thus, administration of 0.3 and 2 mM SNP in osteoblasts was
respectively used as sources of NO and oxidative stress.

Pretreatment with NO for 24 h ameliorated the oxidative stress-caused morphological
alterations and alkaline phosphatase activity decreases, and reduced cell death in
osteoblasts. Oxidative stress induced osteoblast death via an apoptotic mechanism, but
NO pretreatment protected osteoblasts against the toxic effects. The mitochondrial
membrane potential was reduced following exposure to the oxidative stress. However,
pretreatment with NO significantly lowered the suppressive effects. Oxidative stress
increased cellular Bax protein production and cytochrome c release from
mitochondria. Pretreatment with NO decreased oxidative stress-caused augmentation
of Bax and cytochrome c protein levels. In parallel with cytochrome c release,
oxidative stress induced caspase-3 activation and DNA fragmentation. Pretreatment
with NO reduced the oxidative stress-enhanced caspase-3 activation and DNA
damage. Results of this study show that NO pretreatment can protect osteoblasts from
oxidative stress-induced apoptotic insults. The protective action involves a
mitochondria-dependent mechanism.

To further evaluate the molecular mechanisms of NO’s protection against oxidative
stress-induced apoptotic insults to osteoblasts, the protein translocation of Bax and
Bcl-XL from the cytoplasm to mitochondria and their gene expressions were analyzed.
The data showed oxidative stress increased the translocation of Bax protein from the
cytoplasm to mitochondria but decreased Bcl-XL’s translocation. Pretreatment with
NO ameliorated the oxidative stress-induced modulation in translocation of Bax and
Bcl-XL. RT-PCR and immunoblot analyses revealed that oxidative stress increased
cellular Bax protein levels but did not affect the mMRNA synthesis. Pretreatment with
NO did not change Bax mRNA and protein syntheses but significantly lowered
oxidative stress-caused increases in the protein levels. In comparison, oxidative stress
decreased the levels of Bcl-XL mRNA and protein. After NO pretreatment, the
oxidative stress-induced suppression in productions of Bcl-XL mRNA and protein
reversed.

In parallel with the effects of NO and oxidative stress on Bcl-XL expression, the
synthesis of transcriptional factor GATA-3 mRNA and its nuclear level were
decreased after administration of oxidative stress. Pretreatment with NO alleviated the
suppressive effects. The results from EMSA analysis revealed that oxidative stress
decreased the transactivation of nuclear extracts binding to GATA-3 DNA elements.
Pretreatment with NO significantly lowered the suppressive effect. Application of



GATA-3 siRNA decreased cellular GATA-3 protein levels and ameliorated
NO-induced Bcl-XL mRNA synthesis. The NO-involved protection could be
decreased after GATA-3 siRNA administration.

Taken together, this study shows that pretreatment with NO can protect osteoblasts
from oxidative stress-induced apoptotic insults through regulation of
GATA-3-mediated bcl-xL gene expression as well as activation of the
Bcl-XL/mitochondria/caspase protease pathway. After execution of this study, we
have understood more about the molecular mechanisms of NO-participated regulation
of osteoblast activities. This study is helpful to prevention and treatment of bone
diseases.



