
 

Antioxidant-primed stem cells show
promise in repairing bone damaged by
radiation
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Irradiation caused significant impairment of SSC
stemness via inactivation of MAPK pathways. FA
rescued the irradiated SSC partially via reactivated
MAPK signaling. Credit: AlphaMed Press

The standard of treatment for bone tumors is often
two-fold: surgery to remove the cancerous section
followed by radiation therapy to ensure all the
cancerous cells have been killed off. This is an
effective way to defeat bone tumors; however, it
often results in large bone defects and hampers
wound healing because of extensive tissue cutoff
and irradiation-induced tissue damage. A new
study published in STEM CELLS Translational
Medicine demonstrates how stem cells primed with
ferulic acid can repair such bone damage and how
this occurs. The information this study provides
could aid in the development of new treatments for
irradiated bone injuries. 

Heng Zhu, M.D., Ph.D., of the Beijing Institute of
Radiation Medicine (BIRM), and Li Ding, M.D.,
Ph.D., of the Air Force Medical Center in the

People's Republic of China, were co-corresponding
authors of the paper. BIRM colleagues Jia-Wu
Liang, M.D, and Pei-Lin Li, M.D., were co-first
authors.

"One prime concern of radiation therapy is that it
impairs the 'stemness' of skeletal stem cells
(SSCs), meaning that it affects their ability to self-
renew and differentiate, which are assets critical to 
bone regeneration and repair," said Dr. Zhu.
"Despite this, little information is available regarding
the change in SSC stemness after irradiation and
the related underlying regulatory factors. This limits
our level of understanding regarding SSC-based
bone regeneration."

While seeking a way to restrict radiation's harmful
effects on SSCs, Dr. Zhu and his team became
interested in ferulic acid (FA). FA is a potent
antioxidant commonly found in fruits and
vegetables that exhibits strong anti-inflammatory
properties and has been widely applied in the
prevention of cardiovascular disease, diabetes,
cancer and more. It is also known to alleviate
radiation-induced stem cell damage.

"Given the fundamental role of SSCs in bone
regeneration and the potential role of FA in
irradiation protection, we hypothesized that FA
combined with SSCs might be effective in
reconstructing irradiated bone defects. We explored
this idea using an in vitro cell model and an in vivo
animal model. Moreover, the cellular and molecular
mechanisms underlying the protective effects of FA
on SSCs were also investigated," Dr. Ding said.

For the in vitro phase of their study, the researchers
seeded irradiated SSCs and nonirradiated SCCs
onto culture plates and then added FA at different
concentrations to determine the potential effects of
FA on SSC proliferation, differentiation and self-
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renewal.

To explore the repairing capacity of SSC on
irradiated bone defects in an animal model, the
hind limbs and lower abdomens of mice were
locally irradiated and then bone defect surgeries
were conducted an hour later. Nonirradiated mice
that underwent surgery served as bone defect
controls. Microcryogels that had been seeded with
either FA-primed SSCs or SSCs alone were then
injected into the bone defect areas of the irradiated
mice. The same concentration of microcryogel
without SSCs was used in another group of
irradiated animals, as a control. Finally, to study the
effects of FA on bone repair, FA solution was
injected into irradiated bone defects.

The results were then evaluated at intervals of one,
two and three weeks post-radiation. They showed
that FA significantly rescued the radiation-induced
impairment of SSCs by activating the p38/MAPK
and ERK/MAPK pathways, which are chains of
proteins in cells that communicate signals from
receptors on a cell's surface to its DNA. As such,
they play an important role in proliferation,
differentiation, development, transformation,
apoptosis and other complex cellular programs.

Moreover, the FA substantially enhanced the bone
repair effects of SSCs in the irradiated bone defect
mice.

"This work unveils that FA promotes the
maintenance of skeletal stem cells' stemness after
irradiation. It also defined activation of the
p38/MAPK and ERK/MAPK pathways as the
molecular underlying mechanism governing FA
activity," said Dr. Liang "Notably, our data shows
that SSC is very sensitive to irradiation and exhibits
impaired stemness, which adds new information to
understanding bone osteoporosis and hindered
bone repair post-radiation."

"While several studies previously published have
shown that FA can enhance and improve stem cell
self-renewal and that its activity is mediated
through activation of p38/MAPK and ERK/MAPK
pathways, ours is the first to demonstrate that FA
enhances the bone repair effects of SSCs," Dr. Li
added. "As such, we believe that targeting SSCs

has potential as a novel strategy in treating
irradiated bone injury."

"In the current study, promising data demonstrates
that stem cells combined with ferulic acid, a potent
antioxidant agent, enhanced the bone repair effects
of skeletal stem cells in an irradiated bone defect,"
said Anthony Atala, M.D., Editor-in-Chief of STEM
CELLS Translational Medicine and Director of the
Wake Forest Institute for Regenerative Medicine.
"These findings could someday lead to new
treatment standards for bone tumors." 

  More information: Jia?Wu Liang et al, Ferulic
acid promotes bone defect repair after radiation by
maintaining the stemness of skeletal stem cells, 
STEM CELLS Translational Medicine (2021). DOI:
10.1002/sctm.20-0536
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