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Common Polymorphisms in Genes Encoding
the Human Mineralocorticoid Receptor and
the Human Amiloride-sensitive Sodium
Channel
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We have examined the human mineralocorticoid receptor gene and the genes encoding the three
subunits of the human amiloride-sensitive epithelial sodium channel. Eight new common poly-
morphisms were identified in these genes which may be useful in genotyping and linkage analysis.
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INTRODUCTION ticipants in accordance with local institutional guide-

. . . . lines.
Sodium balance is crucial for the maintenance of

extracellular volume and blood pressure. In the distal
part of the nephron Na* reabsorption is regulated by
aldosterone via the mineralocorticoid receptor (MR)
and sodium transport is mediated by the amiloride-
sensitive epithelial sodium channel (ENaC) and Na,
K-ATPase. Disturbances of sodium homeostasis
characterise the inherited diseases pseudoaldosteron-
ism (Liddle’s syndrome) and pseudohypoaldosteron-
ism (PHA) (1] where either ‘gain of function’
mutations in one of the three («, ff, y) ENaC subunits
(Liddle’s syndrome) [2-5] or ENaC loss of function
mutations (PHA) (6, 7] determine the disease pheno-
type. ENaC mutations have however, been detected
only in some of the families investigated [6,7] and no
pathogenic mutation in the MR gene has been docu-
mented to date [8~11], suggesting that further loci
may be involved in the pathogenesis of these diseases.
To facilitate linkage analysis in families with disturbed
sodium homeostasis we have screened the MR gene
and the three ENaC subunit-genes for polymorph-
isms in healthy control subjects.

PCR amplification and direct automatic sequencing

Genomic DNA was isolated by standard pro-
cedures. PCR was carried out with primers listed in
Table 1 as follows: samples were initially denaturated
at 95°C for 5 min and then subjected to 35 rounds of
amplification with cycles of 30s of denaturation at
95°C, 30s of annealing at 58-62°C (depending on
the primers used) and a 150s elongation phase at
72°C followed by a final incubation at 72°C for
7 min. The MR-intron Pl-fragment was obtained by
long range (LR)-PCR with the Expand@® Long
Template System (Boehringer Mannheim) and an ad-
ditional 5% DMSO. LR-PCR conditions were an in-
itial incubation for 5 min at 95°C, 10 amplification
cycles (20s at 95°C, 30s at 61°C, 15 min at 68°C)
and 25 cycles as described before, with the elongation
step being prolonged for 10 s/cycle. PCR samples
were purified by the QIAquick PCR purification sys-
tem (Qiagen) according to the manufacturer’s specifi-
cations, with an aliquot of the purified product
serving as template in a PRISM@® Ready Reaction
Dye Terminator Cycle Sequencing procedure, with
EXPERIMENTAL AmpliTaq"FS, a Catalyst 800 Mol. Biol. Labstation
and a 373 automatic sequencer (Perkin Elmer,

Subjects Applied Biosystems).

Blood samples were from healthy Caucasian males
and females and consent was obtained from all par-

RESULTS
*Correspondence to M. Ludwig. Tel: 287 5969; Fax: 287 5028. DNA templates for PCR were from healqu
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Polymorphisms in the genes for MR and ENaC

stated, 100 chromosomes were investigated in case of
each polymorphism.

Sequence analysis of the human MR gene ident-
ified five new silent polymorphisms (Table 1). There
were three intronic polymorphisms; in addition, a C/
G could be observed at position —2 from the trans-
lation start site (nt 1 of exon 2) and the triplet encod-
ing Aspaoo was found to be either GAC or GAT. One
of the two previously reported [10, 11] polymorphisms
A-to-G (Ile,gp—Val) showed a similar heterozygote
frequency in our study. We did not, however, find
the C-to-T (Alasy;—Val) polymorphism reported by
this group. Furthermore, none of 100 chromosomes
bore the silent G/A (Glugsg) variant observed twice in
the homozygous state [11].

Screening the ENaC genes for polymorphisms
(Table 1) revealed «ENaC amino acid 663 to be
either threonine (ACC) or alanine (GCC) with a het-
erozygote frequency of 0.49 (58 alleles tested). One
Alu element identified in «ENaC intron d (acc. No.
792980) showed a polymorphism (G/T, or deletion
of this nucleotide) in its polyA tract. Furthermore, a
silent polymorphism could be identified in the
vENaC gene where the triplet encoding leucineggo
was found to be either CTC or CTG, with an
observed heterozygote frequency of 0.42 (40 alleles
tested).

DISCUSSION

Multiple genes have been shown to cause impaired
maintenance of extracellular volume and blood press-
ure. For this reason genotyping of affected kindreds
and investigation of a probable co-segregation of the
disease with a given marker should simplify mutation
analysis.

Screening of DNA samples of Caucasian origin
enabled us to establish the presence of five previously
unreported MR gene polymorphisms (Table 1).
Interestingly, the C/G polymorphism of the first
nucleotide of exon 2 seems not to alter splicing at
this 3’ (acceptor) splice site, in accordance with the
data of Padgett et al. [14]. In contrast with the invar-
iant A (=2) and G (—1) in the 3’ splice site consensus
sequence, a G at position +1 was observed in only
55% of the vertebrate genes investigated. Therefore,
this splice site position does not appear critical for the
accuracy of cleavage and rejoining. In addition, in-
itiation of translation seems not to be affected by this
sequence variation. A C-residue is found at position
—2 in all three different rat MR-mRNA species [15],
however, only the purine at position —3 and the G at
+4 were shown to be critical with respect to the
Kozak consensus (GCCGCCA/GCCAUGG, nucleo-
tides —3 and +4 are given in italics) for the trans-
lational start site [16].

Since both the human MR gene polymorphisms
described so far [10] show low heterozygote frequen-
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cies and only one common ENaC variant has been
found (PENaCGT-1) ([3], the polymorphisms
described here should be of considerable use for the
investigation of disorders of sodium absorption in the
distal nephron. Furthermore, they might also be of
use for a more precise mapping of genes located
around their chromosomal regions.
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