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Abstract

The association between iron overload and osteoporosis has been found in many diseases, such as
hemochromatosis, B-thalassemia and sickle cell anemia with multiple blood transfusion. One of the contributing factors
is iron toxicity to osteoblasts. Herein, ferric ammonium citrate (FAC) and ferrous ammonium sulfate (FAS) were used
as ferric and ferrous donors. Our results showed that both iron species suppressed cell survival and proliferation. Both
also induced osteoblast cell death consistent with the higher levels of cleaved caspase 3 and caspase 7 in osteoblasts
indicating that iron-induced osteoblast apoptosis. By using ferroptosis inhibitor, ferrostatin-1 as well as the determination
of glutathione peroxidase 4 expression, our data showed that iron-induced osteoblasts also relied on ferroptosis.
Additionally, both iron species could induce GO/G1 cell cycle arrest in osteoblasts with the stronger effects from ferric
than ferrous. Downregulation of osteoblast differentiation genes was observed in osteoblasts exposed to ferric and
ferrous. Decreased alkaline phosphatase (ALP expression), ALP activity and mineralization in osteoblasts under iron
overload were also shown with the stronger effects from ferric than ferrous. Cellular ROS production was significantly
increased in osteoblasts exposed to ferric and ferrous, but antioxidant agent (N-acetyl cysteine; NAC) could not alleviate
osteoblast cell death. In addition, the expression of NADPH oxidases (NOX1 and NOX4) was also significantly
increased in iron treated osteoblasts, but NOX inhibitor (diphenylene iodonium; DPI) failed to rescued iron-osteoblast
cell death suggesting that iron-induced osteoblast cell death did not depend on NOX expression or activity. Iron
treatments led to the elevated intracellular iron in osteoblasts as determined by flame atomic absorption
spectrophotometry. Iron chelator (deferiprone; DFP); however, could not rescue iron-induced osteoblast cell death. As
the common treatment for calcium malabsorption, effects of 1,25 dihydroxyvitamin D5 [1,25(OH),D;] and exogenous
calcium on osteoblast cell viability and iron uptake capacity in osteoblasts under iron overload were investigated. While
1,25 dihydroxyvitamin D5 [1,25(OH),D;] treatment led to increased levels of intracellular iron in osteoblasts exposed to
iron, it did not affect osteoblast cell viability under iron overload. These results confirmed the independence of
intracellular iron level or iron uptake capacity in iron-induced osteoblast cell death. Interestingly, our results showed
that exogenous treatment of calcium improved osteoblast cell viability under iron overload suggesting the potential
therapeutic application of exogenous calcium treatment in iron overload-induced osteoporosis. In conclusion, ferric and
ferrous differentially compromised the osteoblast functions and viability, which can be alleviated by an increase in
extracellular ionized calcium, but not 1,25(0OH),D; or iron chelator DFP. This study has provided the invaluable
information for therapeutic design targeting specific iron specie(s) in iron overload-induced osteoporosis. Moreover, an
increase in extracellular calcium could be beneficial for this group of patients. Results from this project have been
published and accepted in 2 international peer-reviewed journals including Biometals (impact factor 2.478, Q1)
and PLoS One (impact factor 2.776, Q1) Moreover, results have been presented (both oral and poster

presentation) and published in 4 international conferences both in Thailand and abroad
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