Dimethyl itaconate influences mitochondrial metabolism in C2C12 myoblasts upon   LPS-induced inflammation
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Sepsis is an infectious disease affecting billions of individuals worldwide every year. It is characterized by uncontrolled dissemination of the pathogen as well as deregulated inflammatory response and disrupted metabolic homeostasis [2]. During inflammation, muscle proteolysis is upregulated to provide energetic fuel for fighting against infection that sometimes results in severe pathological state called cachexia [3]. Currently, therapeutic interventions aimed at restoring skeletal muscle metabolic health and treating cachexia are limited.
In this project we hypothesize that immunometabolites can control mitochondrial metabolism in non-immune tissues, involved in cachexia development (i.e., skeletal muscle), and can be used as therapeutic agents to limit degeneration processes in those tissues upon inflammation. This idea is supported by our preliminary finding, demonstrating that muscle cells, similar to other cells, suppress expression of genes related to respiration upon inflammation, and dimethyl itaconate (DI) restores disrupted mitochondrial network in myoblasts upon LPS challenge [4]. To test this hypothesis, a publicly available transcriptome dataset from C2C12 myoblast cell line treated with LPS was used to analyze gene expression and generate a list of candidate genes, involved in inflammation, mitophagy, mitochondrial fission and fusion (data [6] were analyzed using Phantasus [5] and Enrichr [1]). To assess the expression levels of target gene, C2C12 myoblasts were pretreated with either DI or itaconate (ITA), followed by stimulation with LPS for 24 hours. After that, RNA was isolated from cells, cDNA was prepared and amplified according to standard RT-PCR protocols. Our results demonstrated that, at the molecular level, DI enhances antioxidant defense by increasing expression of NRF-2 target genes (Hmox1, Nqo1, Cat) and improves mitochondrial quality control through the upregulation of genes associated with mitophagy (GABARAPL1, ATG9A). In contrast, ITA-treated group didn’t show similar changes, suggesting that DI's superior cell-permeability makes it more effective than native itaconate. 
Altogether, our results indicate that immunometabolites (specifically DI) can regulate mitochondrial metabolism in non-immune cells (such as muscle) during inflammation and the mechanism of it is probably implemented through the NRF-2 signaling pathway. Thus, improving mitochondrial function in cells with DI may represent a novel therapeutic strategy for targeting tissue degeneration in cachexia.
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