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The mechanism of blood pressure regulation by high potassium diet in the kidney
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Abstract: Hypertension is one of the strongest risk factors for cardiovascular diseases, cerebral stroke, and kidney failure. Lifestyle
and nutrition are important factors that modulate blood pressure. Hypertension can be controlled by increasing physical activity,
decreasing alcohol and sodium intake, and stopping tobacco smoking. Chronic kidney disease patients often have increased blood
pressure, which indicates that kidney is one of the major organs responsible for blood pressure homeostasis. The decrease of renal
sodium reabsorption and increase of diuresis induced by high potassium intake is critical for the blood pressure reduction. The beneficial
effect of a high potassium diet on hypertension could be explained by decreased salt reabsorption by sodium-chloride cotransporter
(NCCQ) in the distal convoluted tubule (DCT). In DCT cells, NCC activity is controlled by with-no-lysine kinases (WNKs) and its
down-stream target kinases, Ste20-related proline-alanine-rich kinase (SPAK) and oxidative stress-responsive 1 (OSR1). The kinase
activity of WNKSs is inhibited by intracellular chloride ([C1];) and WNK4 is known to be the major WNK positively regulating NCC.
Based on our previous studies, high potassium intake reduces the basolateral potassium conductance, decreases the negativity of DCT
basolateral membrane (depolarization), and increases [Cl ];. High [CI ]; inhibits WNK4-SPAK/OSR1 pathway, and thereby decreases
NCC phosphorylation. In this review, we discuss the role of DCT in the blood pressure regulation by dietary potassium intake, which

is the mechanism that has been best dissected so far.
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Fig. 1. Molecular pathways involved in the effects of a high potassium diet on the NCC. A high extracellular K™ concentration is

sensed by the potassium channel Kir 4.1/5.1, reducing the efflux of K* through Kir4.1/5.1. This leads to membrane depolarization and
inhibits chloride (CI') efflux through a basolateral voltage-gated CI channel (CIC-K2). An increase in intracellular chloride ([Cl ];) may
inhibit WNK4 autophosphorylation. This would prevent SPAK-OSR1 phosphorylation and ultimately NCC phosphorylation. NCC:
sodium-chloride cotransporter; WNK: with-no-lysine kinase; SPAK: Ste20-proline-alanine-rich kinase; OSR1: oxidative stress-
responsive kinase 1; KS-WNK1: kidney-specific WNK1 isoform; L-WNKI1: full-length (or “long”) form of WNK1; DCT: distal

convoluted tubule.
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