Total RNA Sequencing and Ingenuity Pathway Analysis Reveal Shared Gene Expression Profiles for Protection Conferred by Direct and Indirect Ischaemic Preconditioning
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Ischemia-Reperfusion Injury (IRI) is a common cause of Acute Kidney Injury (AKI). Clinical trials and animal models show that Ischaemic Preconditioning (IPC) delivered direct to the tissue, or indirect to other tissues, confers protection from kidney IRI. Studies on this protective effect report variable efficiencies, and the development of IPC as a potential therapy is further hampered by the current lack of detailed mechanistic understanding. The purpose of this study was to identify the principal IPC response pathways in the protected kidney, and to compare direct and indirect IPC.

Methods
Continuous 45-minute warm ischaemia was used to develop moderate AKI in the rat. Differing pulsatile-direct IPC and pulsatile-indirect IPC approaches were used to identify the protocol with the greatest potential to protect from kidney IRI. Groups were compared systematically using serum creatinine and histological data. The IPC treatments that demonstrated the greatest statistical improvement compared to IRI were selected for RNA sequencing analysis, and data were compared across experimental groups. Those transcripts with a log-2-fold change of ≤-1 or ≥+1 and a corrected p-value of ≤0.05 were then included in Ingenuity Pathway Analysis (IPA). 

Results
Optimum benefit was observed with direct pulsatile IPC and indirect pulsatile aortic IPC, using two-minutes of ischaemia followed by five-minutes of reperfusion, repeated for three cycles. Subsequent whole kidney transcriptomic profiling by RNA sequencing was carried out for animals treated with these optimal direct and indirect approaches. Six animals were compared per experimental group (n = 24) at a mean paired end sequencing depth of 23.2 million reads. In total, transcripts mapped to 16,780 unique genes. Robust differences between groups were observed with a comparison of IRI vs Sham detecting 2,193 differentially regulated genes. Ingenuity Pathway Analysis correctly predicted a phenotype of Acute Renal Failure (p = 1.32 x 10-27) and Renal Proximal Tubular Toxicity (p = 5.06 x 10-15). Furthermore, IPA revealed an upregulation of master regulators and pathways linked to inflammatory response, oxidative stress and cell cycle regulation. Both IPC groups demonstrated similar activation and inhibition of response pathways, with preconditioning leading to reductions in oxidative stress, inflammation and cell cycle checkpoint regulation.

Conclusion
Our data describe the first detailed gene expression signature of IPC protection shared between direct and indirect approaches. These findings provide novel insights into the pathology of IRI injury and protection by IPC, highlighting possible therapeutic targets for future investigation.

