Inhibiting SHP2-mediated microglial subtype transition alleviates secondary inflammation following spinal cord
injury
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INTRODUCTION: Spinal cord injury is a severe traumatic disorder of the central nervous system, with an incidence that is increasing each year. However,
effective treatment methods are still lacking. Spinal cord injury can be divided into two phases: primary and secondary injury. The primary injury is
unavoidable and untreatable, while the secondary injury is preventable and treatable. The primary injury can lead to the massive release of cytokines,
triggering a cascade of inflammatory responses that exacerbate spinal cord damage. Regulating secondary inflammation can break the vicious cycle and has
become one of the directions for treating spinal cord injuries. The protein tyrosine phosphatase SHP2, encoded by the PTPN11 gene, can regulate the activity
of multiple signaling pathways through its dephosphorylation function and is involved in several key signaling pathways in immune inflammation. SHP2
mediates factors such as tumor necrosis factor and interleukin-1, affecting the occurrence and development of inflammatory responses. SHP2 is also
involved in the production of inflammatory mediators and the regulation of inflammatory responses in the Toll-like receptor signaling pathway. However,
the role of SHP2 in the immune-inflammatory microenvironment of spinal cord injury has not yet been reported.

METHODS: This study investigated SHP2's role in spinal cord injury-related inflammation and its impact on microglial polarization and metabolic
reprogramming. Initially, SHP2 expression was assessed via immunohistochemistry and flow cytometry in microglia from injured mice, showing elevated
levels at injury sites. The study employed siRNA and SHP2 inhibitors (SHP2i) to modulate microglial activity and evaluate their inflammatory response. In
vitro, using the BV2 microglial cell line and primary microglia, changes in inflammatory cytokine secretion, M1 polarization, and metabolic pathways were
measured following SHP2 interference. Additionally, glycolysis and oxidative phosphorylation were manipulated using 2-deoxy-D-glucose and oligomycin
to study SHP2's regulatory effects on microglial metabolism and polarization. Data were validated through real-time PCR, Western blot, and metabolic
assays, with statistical analysis to evaluate significance.

RESULTS SECTION: The results showed marked SHP2 upregulation in microglia at the injury sites. Using siRNA and SHP2 inhibitors significantly
reduced lipopolysaccharide-induced microglial inflammation, decreasing cytokines like IL-6 and TNF- « . In vivo, SHP2-knocked-down mice displayed
reduced inflammation and quicker motor function recovery. Further analysis indicated that M1 microglial polarization largely relies on glycolysis, and its
inhibition substantially lowered inflammatory markers like iNOS and IL-1 g . Downregulation of SHP2 shifted microglial energy metabolism towards
oxidative phosphorylation, enhancing M2-associated anti-inflammatory and repair functions. Intriguingly, inhibiting metabolic pathways had minimal
impact on SHP2 expression, suggesting SHP2’ s role as an upstream metabolic regulator and a pivotal target in microglial metabolic reprogramming and
polarization.

DISCUSSION: This study identifies SHP2 as a promising therapeutic target for spinal cord injury (SCI), crucial for reducing inflammation and aiding
recovery by regulating energy metabolism. SHP2's role in modulating microglial activation is key to SCI pathophysiology, and ongoing developments in
SHP2 inhibitors show potential for new treatments. The complexity of the SCI microenvironment and the limitations of in vitro models pose challenges to
translating these findings. Elevated SHP2 may also trigger negative feedback affecting its therapeutic impact, necessitating further research. SHP2 inhibitors
are still in preclinical development, requiring additional studies on biotoxicity and specificity. Clinical trials are essential to ensure their safety and efficacy
in treating SCI. Thus, extensive research is necessary to fully determine the capabilities and limitations of SHP2 inhibitors in SCI therapy.

SIGNIFICANCE/CLIICAL RELEYANCE: This study identifies SHP2 as a potential therapeutic target for secondary inflammation
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