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The overall objectives of this study are to examine the physiological significance and 
outcomes of nuclear factor kappa-beta (NF-κB)-mediated responses to increased oxidant load. 
I am working with the C2C12 muscle cell line and using a tightly-controlled in vitro muscle cell 
culture model. This approach enables the systematic investigation of the molecular details of 
cell signaling responses that lead to muscle adaptation to oxidant load.  

In muscle cells, many important biological processes involve oxidation-reduction (redox) 
reactions. Redox signaling involves the control of those processes by redox reactions and has 
been implicated as a fundamental aspect of muscle adaptation to exercise-induced oxidative 
stress. For example, mitochondrial respiration is a biological process that depends on the 
oxidation of sugars and other molecules, and the reduction of oxygen to produce usable 
energy for the cell. Reactive oxygen species (ROS) are continuously produced during that 
process and ROS production acutely increases during muscle contraction. Fluctuations in ROS 
production alter the cellular redox environment, which in turn, can positively or negatively 
impact muscle function.  

Redox-sensitive signaling pathways, such as nuclear factor-kappa beta (NF-κB), detect 
changes in ROS production and translate them into adaptive responses. The NF-kB family is a 
set of transcription factors that regulate inflammation, muscle development, regeneration, 
and repair. Previous work has identified two divergent pathways within the NF-κB family. The 
canonical pathway is represented by the p65/p50 heterodimer, and the non-canonical 
pathway is represented by the Rel B/p52 heterodimer. The effects of ROS on activation of 
p65/p50 have been well characterized. Typically, exercise poses an oxidant load on the 
muscle, which is detected by redox-sensitive signaling molecules and is then translated, in 
part by p65/p50, into an adaptive-response. Upon activation, p65/p50 translocates to the 
nucleus and promotes the expression of antioxidant defense genes. This response leads to 
increased antioxidant defenses, which renders muscle cells more resistant to subsequent 
elevations in ROS production.  

Although ROS appear to stimulate p65/p50, the effects of ROS on Rel B/p52 are not well 
understood. Given the broad range of muscle responses that the NF-κB family regulates, I 
designed my current study to examine the effects of ROS on both p65/p50 and Rel B/p52 and 
to determine if ROS can differentially regulate these pathways. My preliminary findings 
suggest that an acute dose of H2O2 induces significant activation and DNA-binding activity of 
p65/p50 after 1 h of exposure, which was expected. However, at the same time, H2O2 
suppresses activation of Rel B/p52 at both 1 h and 5 h of exposure. I think it is plausible that 
the suppression of Rel B/p52 may also play an important role in the downstream adaptation 
to increased oxidant load that occurs in muscle cells. Whether H2O2-induced suppression of 

Rel B/p52 has a beneficial or detrimental outcome remains to be seen. Therefore, my next 
steps will involve gene and protein expression analysis via quantitative polymerase chain 
reaction (qRT-PCR) and Western Blot, respectively, and genetic manipulation of Rel B/p52 to 
identify the physiological significance of Rel B/p52 suppression. Fluorescence microscopy, 
spectrophotometry, and enzyme-linked immunosorbent assays (ELISA) will also be used to 
assess outcome measures of muscle cell function and morphology. 
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