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The amiloride-sensitive epithelial sodium channel
(ENaC) is expressed in the distal part of the renal
tubule where it constitutes the rate-limiting step of
Na™ reabsorption, under the control of aldosterone [1].
Activating mutations of the 3 [2] and vy [3] subunits of
ENaC lead to increased Na™ and water reabsorption
and are at the origin of the rare form of autosomal
dominant hypertension (HTN) described by Liddle in
1963 [4]. The classical description of Liddle’s syndrome
includes early severe HTN with hypokalemia, meta-
bolic alkalosis and suppressed plasma renin activity
(PRA) and aldosterone. These abnormalities are cor-
rected by low Na' diet associated with amiloride, a
specific blocker of ENaC, but not by spironolactone
[4].

In view of the critical role of ENaC in the regulation of
Na™ reabsorption, it was hypothesized that more subtle
genetic changes in ENaC subunits might be at the
origin of less rare forms of HI'N. To test this hypoth-
esis, screening of the entire coding sequence of the 3
and 7y subunits of ENaC was pcrformed in a large
database of essential hypertensives [5,6]. Unfortunately,
variants leading to changes in the amino acid sequence
of the ENaC subunits were seldom encountered in
Caucasians and appeared unlikely to play a major role
in the pathogenesis of essential HTN in this subset. By
contrast, in patients of African descent, genctic variants
of ENaC subunits were found to be much more
frequent [5,7]. In particular, the polymorphism T594M
of the B subunit of ENaC was associated with hyper-
tension in Black patients from the London area [8],
although this finding was not confirmed in US Blacks
[9]. Sodium currents measured after expression of the
mutated T594M ENaC in Xenopus oocytes were not
increased compared to the wild type (5). However, Cui
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et al. [10] reported a loss of protein kinase C inhibition
in lymphocytes from patients harbouring the T594M
variant. Another variant frequently encountered in pa-
tients of African descent, G442V [5] was found to be
associated with decreased urinary aldosterone/K™ ratio
compared to controls subjects, consistent with increased
ENaC activity [7]. However, it was not associated with
HTN within the same population and did not alter
ENaC function in Xenopus oocytes [7]. In view of these
conflicting data, the functionality of ENaC polymorph-
isms remains a matter of debate.

The ‘story of ENaC’ is reminiscent of many research
works in the field of genetics of hypertension. Indeed,
while the genetic abnormalities at the origin of several
forms of Mendelian hypertension (glucocorticoid reme-
diable aldosteronism, Liddle’s syndrome, apparent ex-
cess of mineralocorticoids) have been successfully
unravelled, the search for milder genetic abnormalities
involved in the pathogenesis of essential hypertension
has been disappointing [11].

One of the main pitfalls in the hunt for HI'N genes is
the major heterogeneity of essential hypertension.
Rather than screening large databases of unselected
essential hypertensive patients, it might prove more
rewarding to identify subsets of patients with well-
defined clinical and biochemical profiles, who are likely
to share common genetic and physiopathological me-
chanisms, and/or to look for intermediary phenotypes
suggestive of particular genetic influences [11]. Using
this strategy, Nicod er a/l. [12] recently suggested the
existence of a significant association of a biallelic
polymorphism of C(YP//B2, the gene encoding aldo-
sterone synthase with increased aldosterone-to-renin
ratio in Caucasian hypertensive patients.
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Similarly, in this issue of the Journal, Rayner er al. [13]
describe a new variant of BENaC, R563Q, associated
with low-renin, low-aldosterone hypertension (LRHT)
in patients of African or mixed descent from South
Africa. Indeed, in these ethnic groups, the variant was
significantly more frequent in hypertensive patients
with LRH'T" than in normotensives or normal-high
renin hypertensives. Furthermore, nine of the 14 pa-
tients harbouring the variant had both suppressed PRA
and plasma aldosterone and two additional R563Q
patients showed suppressed aldosterone with only in-
complete suppression of renin. Although direct evi-
dence of ENaC activation in patients harbouring the
variant is lacking, which is a clear limitation of the
study, these intriguing data are in favour of a functional
effect. The authors suggest that the R563Q substitution
might prevent phosphorylation of the consensus site
KSLR by protein kinase C, leading to inefficient ENaC
downregulation, subsequent increased Na™ and water
reabsorption and suppression of the renin—angiotensin
axis. The finding of the R563Q variant in one normo-
tensive subject and the fact that the full-blown Liddle’s
phenotype, including hypokalemia, was only present in
a minority of R563Q patients should not lead to
rejection of this hypothesis, as such a phenotypic
variability is well described, even within classical Lid-
dle’s kindreds [14,15].

Hypertension is particularly common in patients of
African descent. T'hese patients are known to have
more frequently HTN of the low-renin type and to be
more salt and diurctic-sensitive than Caucasian patients
[16]. They differ also from Caucasians by lower plasma
aldosterone [17,18] and lower urinary aldosterone/K™
ratio [7], as well as by increased ENaC activity [19].
Furthermore, polymorphisms of ENaC are much more
prevalent in patients of African descent than in Cauca-
sian patients [5,7]. It is thus tempting to hypothesize
that suppression of the renin—aldosterone axis in these
patients is a corrective mechanism designed to maintain
sodium balance in the presence of an increased Na™
reabsorption, due to ENaC activation [16]. Increased
Na™ reabsorption could be the result of cither ENaC
variants, such as R563Q, or mutations of factors
involved in the turnover of ENaC at the apical plasma
membrane, such as the ubiquitine-protein ligase Nedd4
and the serum glucocorticoid-inducible kinasel (Sgkl)

[1].

Although provocative, the finding of a new variant of
ENaC associated with LRHT is the beginning, rather
than the end of the work. Definite evidence of its
implication in LRHT would require more direct
demonstration of an activating effect of ENaC, either
in vitro or in vive, and preferably both. Unfortunately,
previous work has revealed the difficulties involved in
establishing the functionality of ENaC variants [20].

While [L.iddle’s mutations affecting the classical
PY domain involved in internalization of the channel
have been associated with clear increases in amiloride-
sensitive Na™ currents in Xezopus oocytes [21,22], this
was not the case for point mutations of ENaC subunits
located outside this critical region, until recently [23].
However, such negative results do not rule out an in-
vivo effect of the variants studied, because (i) the
cellular machinery of amphibian cells such as Xenopus
oocytes is very different from that of mammalian cells
of the distal tubule, and (ii) small changes in ENaC
activity that may remain unnoticed by this technique
could lead to significant Na™ and water retention over
time [20]. Another in-vitro approach also validated in
Liddle’s syndrome consists of measuring amiloride-
sensitive Na™ currents in immortalized B lymphocytes
derived from subjects harbouring or not the variant
[24]. Furthermore, the measure of nasal membrane
potential differences before and after amiloride might
allow the activity of the channel to be evaluated /7 vivo
[25]. An increase in nasal potential differences was
indeed shown in situations thought to be associated
with ENaC activation, such as Liddle’s syndrome [25]
or African descent [19]. However, it should be acknowl-
edged that none of these methods provides a straight-
forward demonstration of the functionality of ENaC
variants, and that each of them has it own limitations,
especially due to species and/or tissue differences [20].

Other validation criteria for this new candidate variant
as a predisposing factor for LRHT include replication
in other populations showing a significant prevalence of
the variant, as well as demonstration of genotype—
phenotype cosegregation. While cosegregation with
HTN might be obscured by a host of genetic and
environmental factors, cosegregation with the low
renin, low aldosterone phenotype might prove easier to
demonstrate. In this respect, it is interesting to note
that the only normotensive patient harbouring the
R563Q variant in this study had suppressed PRA and
plasma aldosterone.

If confirmed, the association of the R563Q variant with
LRHT implies that mutations located outside the
critical PY domain of the B subunit of ENaC may be at
the origin of an incomplete form of Liddle’s syndrome.
In the same sense, Hiltunen ¢ a/. [23] recently
described a family with all the characteristics of L.id-
dle’s syndrome duc to a mutation (Asn>*Ser) located
outside the PY domain (i.e. in the extracellular loop of
the vy subunit of ENaC). Furthermore, expression of
the mutant y subunit of ENaC in Xenopus oocytes
demonstrated a significant increase in ENaC activity,
compared to the wild-type. To make things more
complicated, it is well known that patients belonging to
Liddle’s pedigrees harbouring mutations affecting the
PY domain may present as essential hypertensives,
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without any of the biological characteristics reported in
classical forms of Liddle’s syndrome, or even remain
normotensive [14,15]. Thus, inactivation of the PY
domain is probably neither necessary nor sufficient to
develop the caricatural phenotype magistrally described
by Grant Liddle in the 1960s [4]. The frontier between
monogenic and polygenic hypertension, and between
mutations and polymorphisms might thus be less clear
than previously thought.

Although preliminary, the study presented by Rayner ¢7
al. [13] highlights the paramount importance of good
characterization of hypertensive patients prior to genet-
ic screening, and the significance of identifying inter-
mediary phenotypes likely to reveal particular genetic
influences. Such an approach, already successful in
other multifactorial diseases such as diabetes (with the
genetic characterization of MODY) and cancer, might
prove equally useful in the genetic dissection of
essential hypertension.
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