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New insights into intestinal secretion

Jérg D Schulzke," Britta Siegmund,’

Apart from malabsorption and intestinal
barrier dysfunction (via a ‘leak-flux’
mechanism), diarrhoea may reflect active
ion secretion in the small intestine and/or
colon. In recent years, our understanding
about intestinal secretory mechanisms has
increased enormously. Important new
findings are (1) chloride, bicarbonate and
potassium may be secreted simultaneously,
but via independent transport processes
and (2) movement of a specific ion across
cell membranes may occur via several
types of channels selective for that ion,
but differing in their molecular structure
and intrinsic  biophysical properties.
Additionally, Linley and coworkers now
present evidence that (3) specific types of
chloride and potassium channels involved
in chloride and potassium secretion are
differentially expressed in the apical mem-
brane of enterocytes and goblet cells
along the surface cell-crypt cell axis.
Thus, we are now in a position to recon-
sider the ancient concept of exclusively
secretory crypt cells and absorptive
surface cells.'

In general, underlying active intestinal
ion secretion is Na*/K"-ATPase-dependent
primary transport, which results in low
intracellular sodium and high intracellular
potassium concentrations. The sodium gra-
dient across the basolateral membrane facil-
itates basolateral chloride or bicarbonate
uptake via sodium-coupled cotransport
(secondary active transport), as a result of
which these anions accumulate intracellu-
larly above their electrochemical equilib-
rium. As a result of this gradient across the
apical membrane, they are subsequently
secreted into the intestinal lumen. By con-
trast, active potassium secretion is the
direct result of ATPase-dependent uptake
of potassium across the basolateral mem-
brane (primary active transport), resulting
in the intracellular accumulation of potas-
sium ions before their movement into the
intestinal lumen via apical K* channels.

What are the clinical implications of
these basic ion transport mechanisms?
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One has to consider that active ion secre-
tion is a ‘temporary’ phenomenon in
response to a wide variety of triggering
factors. Secretion reflects distinct regula-
tory inputs, usually via activation
(opening) of ion channels in response to
intracellular messengers like cyclic adeno-
sine  monophosphate  (cAMP), cyclic
guanosine monophosphate (c<GMP), Ca>*
or protein kinase C (PKC). In order to
transfer these findings into clinics, one has
to identify the stimuli for the named path-
ways. A large number of regulatory events
can initiate this as, for example, mineralo-
corticoids” or adenylate/guanylate cyclase
activation by pathogens like enterotoxic
Escherichia coli which—as a result of diar-
rhoea—spreads from host to host. From a
teleological point of view, this was
referred to as the ‘tears of the gut’ against
noxious agents.’ Another example of clin-
ical impact is (deconjugated) bile acid mal-
absorption secondary to ileal resection or
disease, which results in Ca®"-mediated
and PKC-mediated colonic anion secre-
tion and diarrhoea.* While secretory diar-
rhoea may be severe and life threatening
(eg, cholera), basal secretion ensures an
obligatory faecal water content. This is
especially apparent in cystic fibrosis,
where deficiency of apical cystic fibrosis
transmembrane conductance regulator
(CFTR) chloride channels and the
absence of chloride-driven basal water
secretion causes meconium ileus in new-
borns. Surprisingly, in inflammatory bowel
disease, active secretion seems to be of
little importance,® diarrhoea reflecting
malabsorption® and/or the ‘leak-flux’
mechanism.”

Thus, over the years, apart from the
oral rehydration approach to certain
infective diarrhoeas, antidiarrhoeal strat-
egies have focused on the pharmacological
control of intestinal ion secretion. As a
prerequisite, a detailed analysis of the
components and compartmentalisation of
different mechanisms of active ion secre-
tion is necessary. In this regard, Linley and
coworkers have made an important con-
tribution. Their data strongly suggest that
potassium secretion occurs independently
from chloride secretion, and that active
potassium secretion originates from goblet
cells (which make up 25% of the epithe-
lium) via penitrem A-sensitive, high con-
ductance, apical (BK) potassium channels.
Thus, from now on, goblet cells should be
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considered as an important and distinct
component of the intestine’s secretory
capability.

By contrast, active chloride secretion ori-
ginates from colonocytes making up 75%
of the epithelium via apical CFTR channels.
Why are potassium channels necessary in
this context? For continuing chloride secre-
tion, the cell needs to get rid of potassium
which has entered via Na*/K*-ATPase or
cotransported with chloride via the basolat-
eral Na*K*2Cl™ cotransporter NKCCI.
This is achieved through clotrimazole-
sensitive, intermediate conductance, baso-
lateral (IK) potassium channels.
Noteworthy, in line with this concept, the
stool is more solid in IK-deficient mice.®
Molecular details of these transporters are
presented in the introduction to Linley and
coworkers’ paper (2013).

The study from Linley and coworkers is
highly significant, in that it provides new
insights into the mechanisms of intestinal
secretion by identifying different ion chan-
nels subtypes in separate cellular compart-
ments, a first step towards selective
pharmaceutical targeting of single secre-
tory processes. So far, therapy of diarrhoea
is directed towards regulatory inputs from
the enteric nervous system (eg, enkephali-
nase inhibition by racecadotril or 8-opioid
receptor activation by loperamide),
although adenylate cyclase/intracellular
cAMP-dependent chloride secretion is
inhibited by Uzara, a traditional African
antidiarrheal remedy.” Uzara also inter-
feres with Na*/K*-ATPase, which ener-
gises all active transport processes. It is
therefore only useful in secretory-type
diarrhoea, and there is an urgent need to
discover more selective inhibitors of trans-
porters involved in active ion secretion.
However, so far, no specific regulators of
single ion channels have come into routine
use in gastrointestinal medicine, despite an
intensive search (eg, for luminal chloride
channel blockers). To some extent, this
may reflect the large diversity of channels
involved in intestinal ion secretion, which
to date has not been explored. Thus, an
increased understanding about the individ-
ual components of intestinal secretion in
different cell types offers the opportunity
to overcome these limitations. For
example, treatment with two specific ion
channel blockers may prevent continued
intestinal secretion that might result from
inhibiting just one type of ion channel.

However, the reverse is also important.
Bisacodyl (a PKC activator) and linaclotide
(a guanylate cyclase C agonist) are used to
treat constipation by activating ion channels
involved in intestinal secretion. Specific
activators of the apical BK channels
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described by Linley and coworkers could be
very useful too. They could be used to treat
idiopathic constipation, and potentially
have a key role in the management of cystic
fibrosis, where the normal apical CFTR
channel-dependent secretory pathway is
absent, and activators of an alternative
potassium-driven secretory pathway may
prove to be clinically effective. Once again,
progress in this area will depend on detailed
characterisation of ion channels and their
regulation within specific types of human
intestinal epithelial cells.

Contributors All three authors contributed to the
writing of parts of the commentary article.
Competing interests None.

Provenance and peer review Commissioned;
internally peer reviewed.

To cite Schulzke JD, Siegmund B, Giinzel D. Gut
Published Online First: [please include Day Month Year]
doi:10.1136/gutjnl-2013-305214

Received 17 June 2013

Revised 25 June 2013

Accepted 29 June 2013

Gut 2013;0:1-2. doi:10.1136/gutjnl-2013-305214

REFERENCES

1 Welsh MJ, Smith PL, Fromm M, et al. Crypts are the
site of intestinal fluid and electrolyte secretion. Science
1982;218:1219-21.

2 Serensen MV, Matos JE, Sausbier M, et al.
Aldosterone increases KCa1.1 (BK) channel-mediated
colonic K* secretion. J Physiol (London)
2008;586:4251-64.

3 Cooke HJ. “Enteric Tears": Chloride Secretion and Its
Neural Regulation. News Physiol Sci 1998;13:269-74.

4 Alrefai WA, Saksena S, Tyagi S, et al.
Taurodeoxycholate modulates apical CI7/OH™
exchange activity in Caco2 cells. Dig Dis Sci
2007;52:1270-8.

Al-Hazza A, Linley JE, Aziz Q, et al. Potential role of
reduced basolateral potassium (IKCa3.1) channel
expression in the pathogenesis of diarrhoea in
ulcerative colitis. J Pathol 2012;226:463-70.

Zeissig S, Bergann T, Fromm A, et al. Altered ENaC
expression leads to impaired sodium absorption in the
non-inflamed intestine in Crohn’s disease.
Gastroenterology 2008;134:1436-47.

Zeissig S, Birgel N, Giinzel D, et al. Changes in
expression and distribution of claudin 2, 5 and 8 lead
to discontinuous tight junctions and barrier
dysfunction in active Crohn's disease. Gut
2007;56:61-72.

Flores CA, Melvin JE, Figueroa CD, et al. Abolition
of CaZ*-mediated intestinal anion secretion and
increased stool dehydration in mice lacking the
intermediate conductance Ca®*-dependent K*
channel Kennd. J Physiol (London) 2007;583:
705-17.

Schulzke JD, Andres S, Amasheh M, et al.
Anti-diarrheal mechanism of the traditional remedy
Uzara via reduction of active chloride secretion. PLoS
One 2011;30:218107.

Schulzke JD, et al. Gut Month 2013 Vol 0 No 0


http://gut.bmj.com/
http://group.bmj.com

Downloaded from http://gut.bmj.com/ on September 16, 2016 - Published by group.bmj.com

GUT New insights into intestinal secretion

Jorg D Schulzke, Britta Siegmund and Dorothee Giinzel

Gut published online July 18, 2013

Updated information and services can be found at:
http://gut.omj.com/content/early/2013/07/17/gutjnl-2013-305214

These include:
References This article cites 9 articles, 3 of which you can access for free at:
http://gut.omj.com/content/early/2013/07/17/gutjnl-2013-305214#BIBL

Email alerting Receive free email alerts when new articles cite this article. Sign up in the
service box at the top right corner of the online article.

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions

To order reprints go to:
http://journals.omj.com/cgi/reprintform

To subscribe to BMJ go to:
http://group.bmj.com/subscribe/


http://gut.bmj.com/content/early/2013/07/17/gutjnl-2013-305214
http://gut.bmj.com/content/early/2013/07/17/gutjnl-2013-305214#BIBL
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://gut.bmj.com/
http://group.bmj.com

