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Emerging CKD Pathophysiology in the Renal Renaissance: From Organelle

Stress to Contact-Site Biology in Metabolic Kidney Disease
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- Why CKD matters: Kidney disease affects more than 850 million people worldwide, and is
projected to become the 5% leading cause of years of life lost (YLL) by 2040. In Japan, approximately
one in eight adults (about 13.3 million people) has chronic kidney disease (CKD), which reduces
quality of life and productivity and constitutes a major risk factor for cardiovascular disease and
frailty. Moreover, disruption of kidney-centered inter-organ communication is closely linked to .

systemic homeostasis and, ultimately, to aging.
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- What we learn from organelle biology: Recent advances, from successful clinical
trials (including SGLT2 inhibitors and complement inhibitors) to single-cell and spatial
multi-omics, have highlighted that kidney injury is underpinned by metabolic
reprogramming, disrupted lipid homeostasis, and organelle stress that are tightly
interconnected. Building on our long-standing work demonstrating that dysregulation
of endoplasmic reticulum (ER) stress signaling, particularly the unfolded protein
response (UPR), contributes to diverse renal pathologies affecting both glomeruli and
tubules, we have more recently focused on organelle contact sites, including ER-
mitochondria and ER-lysosome interfaces. We have shown that disruption of these
contact sites induces organelle dysfunction in both glomerular and tubular

compartments, thereby leading to inflammation, fibrosis, and metabolic remodeling.
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- Where we are headed: We are entering an organelle renaissance in nephrology. Our
next goal is to identify the molecular “switches” at organelle contact sites that convert
adaptive crosstalk into chronic injury, and to develop strategies to restore organelle

communication and protect renal function.
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