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which phosphorylates WNK4 and inhibits its action 
on NCC, ENaC and ROMK, increasing their activ-
ity.190,241 The elevated aldosterone levels also result 
in increased expression of KS-WNK1,241-243 whereas 
the expression of long WNK1 is not affected, lead-
ing to increased activity of ENaC and ROMK and 
eventually decreased activity of NCC.241,242 Thus, 
potassium excretion is increased without increased 
salt retention because salt reabsorption by NCC in 
DCT is inhibited, leaving enough sodium in CNT 
and CCD to be exchanged with potassium through 
the ENaC-mediated sodium reabsorption and the 
conjugated ROMK-mediated potassium excretion, 
which are augmented.190,241,242 During hypovolemia, 
WNK4 is converted into a FHH-like state, enhancing 
NCC and ENaC activity and paracellular chloride flux 
and reducing ROMK activity and therefore leading 
to increased salt reabsorption without potassium 
wasting.190,241 A possible mechanism for this molecular 
switch could be the increased levels of angiotensin 
II due to the activation of the renin-angiotensin-
aldosterone system in hypovolemia, which lead to 
increased levels of cytosolic calcium (Ca2+) and its 
possible enhanced binding to the negatively charged 
segment of ten residues of WNK4, where many FHH 
mutations occur.20,190

Furthermore, high dietary potassium intake en-
hances WNK4 expression, whereas low dietary po-
tassium intake does not affect it significantly.170 Low 
dietary potassium intake also increases the WNK1/
KS-WNK1 ratio, leading to reduction of ROMK 
activity and enhancement of ENaC and NCC activity, 
which result in decreased potassium excretion and 
increased sodium reabsorption. On the other hand, 
high dietary potassium intake decreases the WNK1/
KS-WNK1 ratio, leading to enhancement of ROMK 
activity and reduction of ENaC and NCC activity, 
which result in increased potassium excretion and 
decreased sodium reabsorption. Thus, when dietary 
potassium intake is low, kidneys conserve potassium 
and sodium simultaneously and when it is high, they 
excrete potassium and sodium simultaneously.170,220,221 
Additionally, KS-WNK1 expression presents a mar-
ginally significant reduction in low sodium dietary 
intake in comparison with high sodium dietary intake 
and is enhanced under the influence of chronically 
elevated aldosterone levels.170

Actions of WNK4 and WNK1 with and without 
mutations on NCC, paracellular chloride permeability, 
ROMK and ENaC are compared in Table 1.

PHA and FHH are compared in Table 2.

conclusIons

PHA and FHH are rare heterogeneous syndromes. 
Physicians, especially pediatricians, need to consider 
PHA as a possible underlying cause in neonates or 
infants with normal GFR and adrenal function who 
present manifestations of PHA and do not respond 
to administration of exogenous mineralocorticoids. 
The distinction between the renal and the systemic 
form of PHA is based on the presence of renal salt 
loss alone or combined with salt loss from sweat and 
salivary glands and colon, respectively. FHH should be 
suspected in cases of children with normal GFR and 
adrenal function who present manifestations of FHH 
and respond to per os administration of low doses of 
thiazide diuretics. A medical family history of PHA 
or FHH increases the likelihood of diagnosis. Finally, 
secondary PHA must be taken into consideration in 
neonates or infants with urinary tract infections and/
or obstructive uropathy combined with reduced GFR 
and manifestations similar to those of PHA.

The discovery of the underlying pathophysiology 
in PHA and FHH has revealed several mechanisms 
involved in the renin-angiotensin-aldosterone system 
and the regulation of reabsorption and excretion of 

table 1. Actions of WNK4 and WNK1 with and without mutations 
on NCC, paracellular chloride permeability, ROMK and ENaC. (The 
number of the arrows does not represent the degree of the action. 
A double arrow represents augmentation of an action of the FHH 
WNK in comparison with that of its wild-type form).

Wild-type  
WNK4

FHH  
WNK4

Wild-type  
WNK1

FHH  
WNK1

NCC ↓ ↑ ↑ ↑↑
Paracellular 
chloride 
permeability

↑ ↑↑ ↑ ↑↑

ROMK ↓ ↓↓ ↓ ↓↓
ENaC ↓ ↑ ↑ ↑↑
WNK: with-no-lysine (K) kinase; FHH: familial hyperkalemic 
hypertension; NCC: Na+-Cl⁻ cotransporter; ROMK: renal outer 
medullary potassium channel; ENaC: epithelial sodium channel.




