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Dear Editor,

Compensatory hypertrophy of the residual nephrons is a well-recognized physiological response following
renal tissue loss or injury. This enables maintenance of overall renal function through increased tubular
workload and nephron enlargement. Although these macroscopic adaptations have been described, the
intracellular mechanisms that coordinate growth responses within surviving nephrons remain incompletely
understood. Understanding their contribution could yield novel strategies to preserve renal function and
identify early signs of maladaptive growth (1).

Ionic microdomains are regions of altered ion concentration adjacent to ion transporters or organellar
membranes that modulate growth-related pathways, including mTOR (Mechanistic Target of Rapamycin)
and MAPK Pathway (Mitogen-Activated Protein Kinase), through localized fluctuations in electrolytes
such as calcium, phosphate, or magnesium, and serve as specialized regulators of hypertrophic cell signaling
while preserving overall ionic homeostasis (2). The uncertainty whether comparable ionic microdomains
exist provides a conceptual basis for further exploration.

Recent studies highlight the importance of ionic microdomains and suggest that these regions play a crucial
role in cellular growth and survival by activating downstream pathways without disrupting the cell's overall
ionic balance. A multi-omic approach demonstrates the significance of peroxisome proliferator-activated
receptor alpha as a determinant of proximal tubule size cells (3). Calcium microdomains exist in
cardiomyocytes, and, under stress, they induce cardiac cells to undergo hypertrophy by activating pathways
such as CaMKI, mTOR, and MAPK (4). Drawing on this paradigm, a similar principle may operate in renal
tubular cells, where ionic microdomains could locally activate phosphate- or magnesium-driven growth-
related pathways, such as mTOR and MAPK, that trigger hypertrophic changes. However, while calcium-
dependent microdomain signaling in renal cells is supported by emerging evidence, the involvement of
phosphate- or magnesium-driven microdomains in activating growth-related pathways, such as mTOR or
MAPK, remains speculative. At present, this concept should be regarded as a testable hypothesis that
warrants targeted experimental validation rather than a confirmed mechanism. The study by Ning et al.
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supports the relevance of calcium ionic signaling in the kidney. Calcium levels in the endoplasmic
reticulum, mitochondria, and lysosomes are essential for normal cell function and survival, and their
disruption leads to various renal diseases (5). Hence, these compartmentalized ionic signaling mechanisms
can explain how nephrons can undergo compensatory hypertrophy when one part is damaged or removed.

Ion-sensitive fluorescence imaging and super-resolution microscopy can allow researchers to investigate
ionic microdomains in renal tubular epithelial cells. Ion-sensitive fluorescence techniques allow the
detection of localized ionic signaling within subcellular compartments, thereby enabling assessment of
whether the proposed ionic changes occur in proximity to growth regulatory signaling nodes. In parallel,
super-resolution microscopy enables nanoscale visualization of vesicle trafficking and signaling complexes
that organize pathways such as mTOR and PI3K. Although ionic microdomains in the kidney have not been
directly examined, earlier work has demonstrated that renal hypertrophy and kidney size are regulated by
spatially organized mTOR signaling, vesicle trafficking, and PI3K pathway activity. This established
compartmentalization of growth signaling provides preliminary evidence. Therefore, such techniques can
help researchers understand the mechanisms of these ionic microdomains in renal tubular cells, thereby
uncovering how these ionic zones may act as hidden regulators of kidney cell growth and repair.(2,6)

Microdomains are a modern concept that could revolutionize renal cellular biology, as disruptions in
magnesium, phosphate, and calcium levels are linked to worse kidney outcomes. This phenomenon helps
biophysicists and nephrologists by linking ionic microdomains to established growth pathways (e.g.,
mTOR, MAPK) and opening new avenues for inhibiting maladaptive hypertrophy in residual nephrons (7),
thereby slowing the progression from adaptation to injury. At present, these insights remain largely
experimental, but they provide a mechanistic foundation for future translational studies.

In conclusion, a novel approach to renal biology can be developed by identifying ionic microdomains as
spatially confined regulators of hypertrophic signaling. Linking ionic gradients to growth pathways such as
mTOR and MAPK, cellular biophysics, and nephrology is further corroborated. From a clinical perspective,
this concept may eventually assist clinicians in earlier identification of maladaptive renal responses,
although direct assessment of subcellular ionic microdomains is not yet feasible in routine practice. Future
clinical translation may rely on surrogate biomarkers of tubular ion handling, molecular signatures of
microdomain-related signaling, or advanced ion-sensitive imaging approaches. Importantly, a substantial
gap remains between understanding subcellular ionic dynamics and developing clinically actionable tools.
Future studies in the microdomain can help develop new molecular targets to prevent maladaptive
hypertrophy and preserve renal function in chronic kidney disease.
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