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In epithelial cells such as those lining the colon or the upper
airway, fluid secretion serves to lubricate and protect the surface
of the epithelia. Dysfunction of fluid secretion is the hallmark of
several human diseases (e.g., secretory diarrhea, cystic fibrosis or
Sjogren’s syndrome). In secretory epithelia, fluid secretion is linked
to transepithelial anions secretion (e.g., chloride or bicarbonate). For
many years investigators have tried to manipulate anion secretion to
treat fluid-associated disorders but with minimal success.
Although most of what we know about regulation of chloride
secretion in epithelia derives from work on apical chloride channels
(e.g., cystic fibrosis transmembrane regulator, bestrophin or
TMEM16), the basolateral Na-K-2Cl cotransporter 1 (NKCC1) is
the main chloride loading mechanism-bringing chloride above its
electrochemical gradient for secretion by the apical chloride channels.
Recent work on the regulation of NKCC1 demonstrates new pathways
to control chloride secretion.
Dynamic regulation of plasma membrane proteins availability
through endo/exocytosis and recycling represents a powerful
mechanism for fine tuning cellular response (e.g., ion transport,
hormone response). In colonic epithelial cells, activation of novel
PKC delta (PKCδ) and epsilon (PKCε), but not the conventional
PKC alpha, are responsible for the rapid internalization of NKCC1.
Activation of PKCε causes a more profound inhibition of chloride
secretion than PKCδ activation, demonstrating that chloride
secretion can be fine-tuned according to the PKC isoform activated.1
Furthermore, NKCC1 internalization during PKC activation is
clathrin-mediated which implies that NKCC1 is either subject to
degradation or recycling.2 This finding has major consequences on
the chloride secretion. Degradation of NKCC1 would imply prolong
refractory period in chloride secretion, whereas recycling would
provide a mean for rapid mobilization of NKCC1 and reestablishment
of chloride secretion. Capsaicin, the pungent ingredient of hot pepper,
also blunts chloride secretion by causing internalization of NKCC1
through an independent pathway of its usual target the Transient
Receptor Potential Vanilloid type 1.3 Aside from the regulation of
NKCC1 membrane expression, kinases are involved in the control of
NKCC1 activity.4–6
Sustaining chloride secretion by preventing NKCC1 internalization
may dramatically improve chloride secretion in cystic fibrosis during
activation of other chloride channels or in settings aiming to rescue
cystic fibrosis transmembrane regulator trafficking. On the other hand,
activating pathways leading to NKCC1 internalization may prove to
be useful drugs against secretory diarrhea. Therefore, understanding
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regulation of chloride secretion by NKCC1 may have important
therapeutic applications.
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