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Context: Apparent mineralocorticoid excess (AME) is a rare autosomal recessive disease resulting
from mutations within the hydroxysteroid (11�-dehydrogenase2 [HSD11B2]) gene causing a prom-
inent mineralocorticoid receptor activation by cortisol and hypokalemic low renin hypertension as
the main clinical feature.

Objective: The objective of the study was to characterize AME for possible novel HSD11B2 muta-
tions and to define the role of HSD11B2 promoter methylation in the phenotypic expression of the
disease.

Subjects: Two proband brothers and 10 relatives participated in the study.

Methods: Peripheral blood mononuclear cell DNA was used for HSD11B2 exon sequencing, and a
new predicted structure of 11�-hydroxysteroid dehydrogenase type 2 was generated by an in silico
three-dimensional modeling. Promoter methylation was determined by bisulfite pyrosequencing.
Urinary tetrahydrocortisol plus allotetrahydrocortisol to tetrahydrocortisone ratio, a surrogate
marker of 11�-hydroxysteroid dehydrogenase type 2 activity, was measured by gas chromatog-
raphy-mass spectrometry.

Results: A novel homozygous variant at HSD11B2 exon 3 site (c.C662G) resulting in an alanine-to-
glycine change at position 221 was discovered by sequencing the DNA of the probands. A mono-
allelic mutation was found in the DNA of the parents and other four relatives. In silico three-
dimensional modeling showed that the Ala221Gly substitution could perturb a hydrophobic
interaction by reducing the enzymatic affinity for the substrate. The HSD11B2 promoter methyl-
ation of normotensive heterozygous relatives was similar to that of wild types, whereas the hy-
pertensive heterozygous subjects showed higher methylation than wild types, consistently with a
transcriptional repressive effect of promoter hypermethylation.

Conclusions: A novel HSD11B2 functional mutation accounting for an Ala221Gly substitution
causes AME. The hypertension phenotype is also epigenetically modulated by HSD11B2 methyl-
ation in subjects heterozygous for the mutation. (J Clin Endocrinol Metab 100: E1234–E1241, 2015)
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Apparent mineralocorticoid excess (AME) is a hered-
itary autosomal recessive disorder first described by

Ulick et al (1) in 1979, caused by the 11�-hydroxysteroid
dehydrogenase type 2 (11�-HSD2) enzyme deficiency
with consequent activation of the mineralocorticoid re-
ceptor (MR) not mediated by aldosterone (2). The 11�-
HSD2 is a microsomal enzyme mainly expressed in min-
eralocorticoid target tissues (distal nephron, sweat and
salivary glands, and colonic epithelium) that converts the
active steroids cortisol and corticosterone into their inac-
tive metabolites, cortisone and 11-dehydrocorticosterone,
respectively. A deficient enzymatic function leads to an
impaired conversion of cortisol into cortisone with a con-
sequent accumulation of the former in the renal distal tu-
bular cells. Both aldosterone and cortisol are ligands for
the MR, but blood concentrations of cortisol are 100- to
1000-fold higher than those of aldosterone. If 11�-HSD2
is defective, more cortisol is therefore available to MR
binding, resulting in a higher MR activation (3, 4).

The elevated intracellular cortisol brings to the MR
activation, resulting in the typical clinical features of hy-
pertension and hypokalemia in reason of the renal sodium
reabsorption and potassium excretion. Although these
features are typical of primary aldosteronism, the plasma
aldosterone level is low as a consequence of hypokalemia
and expanded plasma volume, and this is why the condi-
tion was called AME (1).

AME is a rare disease, with fewer than 100 cases de-
scribed in the literature, associated with fewer than overall
50 mutations described at the HSD11B2 gene site, most
being missense single-point mutations (Figure 1) (5–11).

The diagnosis of AME disease is usually completed by
documenting the presence of HSD11B2 gene mutations
along with the indirect demonstration of the enzymatic
deficiency by means of measurement of the urinary steroid
ratio. AME is characterized by a high plasma cortisol to
cortisone ratio or by a high urinary steroid metabolite
tetrahydrocortisol plus allotetrahydrocortisol to tetrahy-
drocortisone (THF�aTHF to THE alias THFs to THE)
ratio, the 11�-HSD2 enzymatic activity being inversely
related to the urinary THFs to THE ratio (12, 13).

In those patients carrying HSD11B2 gene mutations in
homozygosity, the hypokalemic hypertensive phenotype
associated with the detection of low serum aldosterone
and renin concentrations usually develops in childhood,
whereas heterozygous patients may or may not become at
all hypertensive or show a milder clinical phenotype, often
indistinguishable from primary hypertension (14, 15).

Recent evidences suggest that epigenetic mechanisms,
ie, promoter methylation of the HSD11B2 gene, contrib-
ute to the modulation of 11�-HSD2 enzyme activity, pos-
sibly influencing hypertension incidence (16, 17).

Here we report the discovery of a novel functional mis-
sense mutation at the HSD11B2 gene site and the role of
HSD11B2 promoter methylation in relation to AME dis-
ease clinical manifestations such as the degree of arterial
hypertension by describing the family of two young pro-
bands affected by AME.

Subjects and Methods

Case presentations

Case 1
A 13-year-old male presented with a 3-month history of se-

vere hypertension, with blood pressure (BP) values at different
visits ranging from 160/110 to 180/120 mm Hg, first detected at
a medical visit to assess physical suitability for competitive ath-
letics. The physician who had visited the boy 1 year earlier re-
ported that he had normal BP values. The boy was born after a
full-term pregnancy, and his birth weight (3.85 kg) and child-
hood physical and psychomotor development were normal.

His physical examination was unremarkable, including nor-
mal height and weight, except for a significantly high BP (170/
110 mm Hg). At echocardiography a mild left ventricular hy-
pertrophy (LVH) was detected, whereas no alterations were
found at renal ultrasonography.

The biochemical profile revealed hypokalemia (2.6 mmol/L),
low renin (5.4 pg/mL), and undetectable aldosterone values.
AME was promptly suspected and then confirmed by the finding
of an abnormally high urinary THFs to THE ratio (equal to
8.91). Other causes of secondary hypertension were excluded.
The boy was then treated with oral potassium chloride supple-
ment and his BP normalized on amlodipine (5 mg once daily) and
spironolactone (50 mg once daily), allowing the withdrawal of

Figure 1. Location of HSD11B2 gene mutations were found to be the
molecular basis of AME syndrome. The HSD11B2 gene is 6.2 kb long
and has been mapped to chromosome 16q22 and consists of five
exons. Gray boxes labeled I through V represent exons (numbers
indicate the amino acid number), whereas introns are represented as
connecting lines. Mutations are listed relative to their position in the
coding sequence, with a number indicating the position of the
mutated residue respect to the ATG codon.
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potassium supplementation after about 2 weeks since he had
started the MR antagonist treatment. After few months of ther-
apy, because of the appearance of gynecomastia, spironolactone
was substituted with eplerenone obtaining the regression of
breast swelling while maintaining a good BP control. After a
1-year follow-up period, the boy is now doing well, having nor-
mal BP, normal serum potassium concentrations, regular growth
rate, and partial regression of LVH at echocardiography.

Case 2
The younger brother of the proband is a 7-year-old boy. His

birth weight (3.45 kg) and childhood milestones were normal.
He was asymptomatic except for high BP (150/110 mm Hg) that
was documented in a medical screening after his brother was
diagnosed with hypertension. The clinical-biochemical screen-
ing showed hypokalemia, low renin, undetectable aldosterone
serum concentrations, and THFs to THE ratio equal to 6.1, but,
differently from his older brother, there was no evidence of organ
damage such as LVH. Physical examination was normal except
for BP values of 150/110 mm Hg. His BP normalized with oral
amlodipine (5 mg/d) and eplerenone (100 mg/d). After a 1-year
follow-up, the boy is doing well, presenting with normal BP and
normal kalaemia.

Other family members
The parents of the probands were consanguineous (see family

pedigree, Figure 2), the father being a first cousin of the maternal
grandmother. The mother had normal BP, whereas the father
was hypertensive since the age of 47 years, with a satisfactory BP
value control obtained by using two antihypertensive drugs (an
angiotensin-converting enzyme inhibitor associated with a
�-blocker compound).

The study was approved by our local institutional review
board, and all of the patients gave informed written consent.

Biochemical methods profile
Venous blood was collected after overnight fasting for routine

analysis. Renin was measured as direct active renin by the LI-
AISON Direct Renin assay and aldosterone by RIA (both Sorin

Biomedical Diagnostics). After a 24-hour urine collection, uri-
nary tetrahydrocortisol, 5a-tetrahydrocortisol, and tetrahydro-
cortisone were analyzed by gas chromatography-mass spectrom-
etry (18).

Exons sequencing of HSD11B2 gene
See Supplemental Methods and Supplemental Table 1 for

exon sequencing.

Sequence alignment and protein modeling
Sequence retrieval of the entire family was performed by using

the program PsiBlast (19) on the UNIPROT database (http://
www.uniprot.org/). The family of curated sequences was then
used to build up the multiple sequence alignment by using the
PROMALS program (20). The alignment was then funneled
through the HHPred program (21) for template search. We have
used a multitemplate approach for the building of the model. In
particular, among the chosen templates, we considered the struc-
ture of the 11�-HSD1 from Homo sapiens (PDB accession code
2BEL) that was cocrystalized with the cofactor nicotinamide
adenine dinucleotide phosphate and its inhibitor carbenoxolone.
The target and template share a sequence identity of 30%.

The structure modeling of 11�-HSD2 was performed using
Modeler 9 version 2 software (22). Cortisol structure was ob-
tained from the PDB database (accession code 4P6X). It was
optimally superimposed onto the structure of carbenoxolone by
using the Chimera program (23) to maintain the chemical fea-
tures in the structural alignment. We thus obtained the structure
of the 11�-HSD1 with cortisol in the binding cavity. The sub-
strate was positioned in the binding cavity of 11�-HSD2 by op-
timally superimposing the modeled structures of 11�-HSD2 and
11�-HSD1 and then transferring the coordinates of cortisol.

Bisufite pyrosequencing of the HSD11B2 gene
promoter

Pyrosequencing analysis was performed on two HSD11B2
promoter regions, namely region 1 and 2 (bases �419 to �177
and bases �692 to �595, respectively, relative to the transcrip-
tion starting site). Genomic DNA (20 ng) was modified by so-
dium bisulfite using the EZ DNA methylation kit (ZYMO Re-
search) according to the manufacturer’s instructions. Region 1
was amplified using a forward and a biotinylated reverse primer
designed by PSQ assay design (Biotage AB), and region 2 was
amplified according to a previously reported method (16).

To avoid the possible influence of methylation status on the
amplification reaction, primers were designed in CpG-free re-
gions. The amplification reactions were performed in a 25-�L
reaction volume with the primer sets and 5 U of Taq polymerase
(Solgent Co). PCR products were visualized on a 2% agarose gel
by ethidium bromide staining for verification. Pyrosequencing
reactions were done with sequencing primers on the PSQ HS 96A
system (Biotage AB) according to the manufacturer’s specifica-
tions. For each region, the methylation status of four CpG sites
was evaluated and expressed as a percentage of methylation:
mCyt/(mCyt � Cyt). The average DNA methylation (percent-
age) was then calculated for each region.

Statistical analysis
Statistical analysis was performed using the IBM SPSS 20

statistical software (IBM Inc). Distribution of continuous vari-

Figure 2. Family pedigree showing genotype (inheritance of mutation
A221G) and phenotype (onset of hypertension) of the investigated
subjects. The black color indicate the presence of the mutated allele:
black square represents homozygous affected subject, whereas half-
black square indicates the heterozygous subject. Gray color indicates
hypertension onset: dark gray shapes represents young hypertensive
subject, whereas light gray shapes are old hypertensive individuals.
White shapes represent wild-type normotensive subjects. Dotted line
highlights those family members screened for the presence of the
mutation A221G.
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ables is expressed as mean � SD. Nonparametric tests were ad-
opted according to the small sample size: analysis of comparisons
between two groups (hypertensives vs normotensives) was un-
dertaken by a Mann-Whitney test, and among the three groups
with different mutation status by a Krusker-Wallis test. Values of
P � .05 were considered statistically significant.

Results

Molecular studies
Sequence analysis, of the DNA of the two probands,

revealed a novel missense homozygous mutation in exon
3 of the HSD11B2 gene, which caused a base transition
from cytosine to guanine at position 662 (c.C662G), lead-
ing to a change in the codon at position 221 from GCG to
GGG (Supplemental Figure 1). This change results in an
amino acid conversion from alanine 221 to glycine 221
(p.A221G).

Both parents were found to have a monoallelic heterozy-
gous substitution at the same position. Moreover, four of
eight family members who were screened for the possible
presence of the novel genetic variant were found to be
heterozygous carriers (maternal and paternal uncle, ma-
ternal grandfather, and paternal grandmother), whereas
no mutations were observed in the other family members
(Figure 2 and Table 1).

Neither one of the two consanguineous family mem-
bers (maternal grandmother and paternal grandfather)
hosted the mutated allele (Figure 2 and Table 1).

Protein modeling
To investigate the functional consequences of the sub-

stitution of an alanine with a glycine residue at amino acid
position 221, we followed a two-step strategy: 1) trans-
ferring the structure of cortisol into the binding cavity of
the crystal structure of the 11�-HSD1 to assess the role of
each of the residues in the binding cavity, in particular the

role of Ala172 (that corresponds to Ala221 in 11�-
HSD2); and 2) modeling the structure of the 11�-HSD2
and transferring the coordinates of cortisol into its binding
cavity by using a multitemplate protocol to study the pu-
tative role of Ala221 in the interaction with cortisol.

By analyzing the 11�-HSD1 complexed with cortisol, it
can be clearly appreciated that Ala172 lies in a hydropho-
bic pocket that is crucial for the interaction with the sub-
strate (Figure 3): the presence of a glycine at position 172
will affect the ligand binding by avoiding an important
hydrophobic interaction with the substrate, namely with
cortisol (Figure 3B). The same features can be observed in
the case of the 11�-HSD2 model as shown in Figure 3C in
which it can be strikingly appreciated that Ala221 most
likely participates in the binding of cortisol by offering a
hydrophobic side chain to stabilize the configuration of
the ligand. The lack of such a side chain (Figure 3D), ie, in
the case of the substitution with a glycine due to the mu-
tation, may affect the affinity of the protein for cortisol.
The loss or gain of a methyl group in pairwise interactions
between hydrophobic side chains is related with an ap-
proximately 0.7-kcal/mol energy change, as measured in
systematic studies (24), thus implying that the loss of the
methyl group of alanine will result in a less stable inter-
action with cortisol.

Although the cofactor was also transferred to the
model, it was found not to be close to the Ala221 residue.

Clinical studies
The data reported in the family pedigree (Figure 2) and

in Table 1 show that, apart from the two probands who
were observed to be homozygous for the mutation
(221GG), 4 of the 10 screened family members became
hypertensive at a young age, and all four of them were
heterozygous for the mutation (221AG). The mother of

Table 1. Clinical and Biochemical Features of the Family Members

Age,
y

K�,
mmol/L

THFs/THE
Ratio (Normal
if < 1.5)

P-Renin,
pg/mL
(Range 2–24)

P-Aldosterone,
pg/mL
(Range 35–300)

Diagnosis of
Hypertension

Presence of
A221G Variant

Proband 1-boy 1 13 2.60 8.91 3.24 Undetectable Yes Homozygous
Proband 2-boy 2 7 3.28 6.41 2.46 Undetectable Yes Homozygous
Mother 46 4.28 1.91 6.24 134 No Heterozygous
Father 50 4.33 1.79 5.34 Undetectable Yes Heterozygous
Maternal grandfather 81 3.12 2.49 8.46 134 Yes Heterozygous
Maternal grandmother 74 4.80 1.80 8.90 128 No Absent
Paternal grandfather 79 3.85 1.63 40.40 117 Yes Absent
Paternal grandmother 75 3.42 1.74 13.86 134 Yes Heterozygous
Paternal aunt 48 3.94 0.87 7.56 185 No Absent
Paternal uncle 52 4.03 2.54 0.84 Undetectable Yes Heterozygous
Maternal uncle 51 3.84 2.43 11.40 106 No Heterozygous
Maternal aunt 49 3.64 0.99 6.06 132 No Absent
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the probands and their maternal uncle were normotensive,
despite the presence of the mutated allele.

Subjects bearing the mutated allele tended to have
lower aldosterone and renin values as compared with sub-
jects carrying the ancestral allele (221AA), but only one of
the heterozygous subjects was hypokalemic (Table 1 and
Supplemental Table 2). Of note, except for the two pro-
bands who were studied when not undertaking drugs in-
terfering on the renin angiotensin aldosterone system, the
other hypertensive family members were, instead, studied
during treatment with hypertensive drugs.

All subjects harboring the mutation displayed a THFs
to THE ratio higher than 1.5. When the four wild-type
subjects were analyzed, the two youngest had a normal
ratio, whereas the two oldest had a ratio between 1.5 and
2 (Table 1). In the two subjects with THFs to THE ratio
higher than 1.5 and not harboring the mutation, as for the
probands, all exons and intron-exons boundaries of the
HSD11B2 gene were sequenced, but no other mutations in
the gene were detected. The ratio increased in parallel with
the number of mutated alleles (Supplemental Table 2).

HSD11B2 promoter methylation
In all of the screened family members, the mean meth-

ylation index at HSD11B2 promoter was 2.85% � 1.4%
at region 1 and 7.37% � 1.2% at region 2. The compar-
ison of the methylation levels for each person according to

the genotype (presence-absence of the mutated allele) is
detailed in Figure 4: the two proband boys were charac-
terized by the lowest methylation value in both regions
and normotensive heterozygous had a methylation per-
centage similar to that observed for the wild-type subjects,
whereas hypertensive heterozygous subjects were more
heavily methylated. Statistical analysis within subgroups
was not allowed because of the small number of subjects.

Discussion

The present work allowed the identification and charac-
terization of a novel functional mutation within exon 3 of
the HSD11B2 gene, associated, in the homozygous status,
with AME disease in two affected children. Moreover, the
role of epigenetic features, namely DNA methylation at
the HSD11B2 promoter site, is for the first time described
here as a possible further key mechanism, beyond genetic
defects, to explain the different phenotypic expression of
the disease.

Most of the previously described mutations within the
HSD11B2 gene related to AME disease, resides within
exons 3, 4, or 5 and are mostly missense mutations, there-
fore resulting in the expression of a protein with a com-
pletely abolished or a severely impaired enzymatic activity
(7). Other genetic aberrancies including insertions, dele-
tions, and point mutations potentially causing aberrant

Figure 3. Structural assessment of the variant in the template
structure (human 11�-HSD1, PDB database accession code 2BEL) and
in the modeled structure of human 11�-HSD2. 11�-HSD1 wild type (A)
and A172G mutated 11�-HSD1 (B) complexed with carbenoxolone.
11�-HSD2 wild type (C) and A221G-mutated 11�-HSD2 complexed
with cortisol (D).

Figure 4. : Methylation index in region 1 (panel A) and region 2
(panel B) according to hypertensive and C662G mutation status in the
family members. AA, wild type; AG, heterozygous; GG, homozygous.
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splicing have been also described (15, 25, 26). Loss of the
enzyme catalytic activity seems to be the main responsible
factor for the development of the disease but also a loss
of affinity toward the substrate-cofactor, an impaired
protein stability, are thought to be important mecha-
nisms leading to a loss of enzymatic function and onset
of disease (26).

In the present study, the sequencing approach demon-
strated the presence of a C-to-G substitution with a nu-
cleotide transition at codon 221 that results in the change
of the amino acid sequence by the substitution of an ala-
nine with a glycine. The presence of the amino acid alanine
at position 221 appears to be highly conserved, suggesting
a crucial role for this residue [(see multiple sequence align-
ment containing 11�-HSD2s and their close relatives 17�-
HSD2s [26]). To gain deeper insights into the enzyme
function and to analyze the putative effects of the
221A�G substitution, we have thus predicted the struc-
ture of 11�-HSD2 by generating a model of the protein
complexed with its substrate, ie, cortisol. In silico struc-
ture analysis showed that Ala221 lies in a hydrophobic
pocket involved precisely in the cortisol binding. In fact,
Ala221 lies within a chain of residues already shown to
form the substrate-binding pocket (http://www.ebi.ac.uk/
pdbe-srv/view/entry/2bel/summary.html). The alanine
221 substitution into a glycine by lacking a side chain, in
this position, is therefore likely to alter the local hydro-
phobic environment, thus impairing the effective binding
of cortisol and ultimately inducing a mild impairment of
the enzyme activity.

Moreover, the novel mutation described here lies into
two base pairs from the intron 3 donor splice site and
could thus compromise the pre-mRNA splicing, as already
speculated by Quinkler et al (25) when reporting a differ-
ent mutation in the same codon (A221V). The 221A�G
mutation is situated only two codons upstream to another
previously described amino acid substitution (D223N)
that is associated with an almost completely abolished
dehydrogenase activity (5). The structure modeling of the
mutant enzyme revealed that this substitution (D223N)
changes the enzyme surface electrostatic potential, there-
fore affecting the cofactor enzyme binding (5).

The 221A�G substitution is therefore very likely to
have a negative impact on the ligand binding and it is
consequently predicted to be causative of AME by atten-
uating the 11�-HSD2 enzyme activity. The attenuation
but not complete loss of function of the enzyme gives rea-
son for the relatively late onset of the disease in the two
probands, especially considering that in most of the other
AME cases, the disease usually develops in newborns.

The degree of 11�-HSD2 loss of function, as revealed
by the THFs to THE ratio used as a surrogate marker of

the enzymatic function, appears to correlate with the se-
verity of clinical manifestations of the disease in AME (7,
14, 15). Interestingly, individuals pertaining to the same
family and carrying the same mutation in heterozygosity
display a different phenotype, with altered urinary THFs
to THE ratio but different severity of hypertension that
developed only in some but not in all the family members
(7, 14, 15, 27). Despite the presence of an identical genetic
defect, the reason for such a differential phenotypic ex-
pression of the disease has not been deeply investigated
thus far.

Considering that hypertension is a multifactorial dis-
ease, it is reasonable to hypothesize that in heterozygous
subjects several environmental factors, such as obesity,
age (28), and sodium intake (29), may play an important
function in regulating the differential degree of BP eleva-
tion (7). Because epigenetic phenomena can be modified
through those kinds of lifestyle factors, the epigenetic reg-
ulation by DNA methylation, which is known to be func-
tional at HSD11B2 promoter site from previous studies
using a rodent model and in cultured human cell lines (17,
30), may be among the responsible mechanisms for the
differential phenotypic expression of the disease notwith-
standing a similar genetic background.

Methylation of DNA is the main epigenetic feature in
mammalian cells and is deputed to gene transcriptional
regulation, usually by leading to transcriptional repres-
sion when the gene promoter site is hypermethylated (31).
To date, the role of DNA methylation has been largely
addressed in cancer but most recently has been proposed
also in the pathogenesis of several other major chronic
diseases including arterial hypertension (32).

In the present study, among the six heterozygous family
members (221AG), we documented a higher methylation
index in the four hypertensive subjects as compared with
the two normotensive subjects, therefore confirming the
transcriptional repression effect induced by methylation
at HSD11B2 promoter region (31), leading to a reduced
11�-HSD2 synthesis that eventually facilitate the hyper-
tensive phenotype. In this regard, a possible limitation of
the study is the relatively small number of subjects that
can, however, be considered relevant due to the fact that
all subjects harbored the same missense mutation.

Remarkably, in the two probands, homozygous AME
brothers, the promoter methylation appeared reduced, ris-
ing the hypothesis of an epigenetic mechanism of com-
pensation inducing an increase in gene expression in which
the activity of the enzyme is more severely compromised
because of the effect of the missense mutation. As we pre-
viously demonstrated, it could also be considered that the
genetic effect may be prevalent in terms of gene expression
regulation rather that an epigenetic effect due to methyl-
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ation (33). A similar process, even if not demonstrated,
would not be surprising, taking into account recent evi-
dences that DNA methylation is dynamically regulated
(34). According to previous findings, we also observed an
overall higher methylation status at HSD11B2 promoter
region 2 as compared with region 1 (16). Whether there is
a prevalent effect on gene expression regulation of region
1 or 2 cannot be established from the present findings, and
only ad hoc-designed studies may be helpful for this
purpose.

The absence of the mutation in the two consanguineous
offspring (the maternal grandmother and paternal grand-
father) was an unexpected finding, but it is reasonable to
hypothesize an unidentified consanguinity in preceding
generations along the family tree. Of note, both parents
and their ancestors were living in the same native little
town. It is therefore highly conceivable that other consan-
guineous marriages had occurred in the past in the same
lineage.

Looking at individual characteristics of all family mem-
bers, it is worth noting that the two relatives lacking the
mutated allele had a relatively high THFs to THE ratio
(between 1.5 and 2). However, even if not foreseen, this
finding is not surprising if one considers that in some hy-
pertensive patients it was already reported that a mild
increment of the ratio is not always explained by the pres-
ence of genetic mutations (7, 35). Moreover, those two
relatives showing high THFs to THE ratios were older
than 70 years, and it was previously demonstrated that age
positively correlates with the THFs to THE ratio, suggest-
ing that the reduced 11�-HSD2 activity could contribute
to the high prevalence of arterial hypertension in the el-
derly population (28).

In this study the methylation status was analyzed on
peripheral blood mononuclear cell (PBMC) DNA. Epige-
netic mechanisms are considered tissue specific; therefore,
there is room for speculation on how to interpret such data
related to the epigenetic regulation by methylation of an
enzyme that, although gene expression has been demon-
strated also in PBMC-derived RNA (36), is considered
functional and expressed mainly in mineralocorticoid tar-
get tissues such as renal tubular tissue, colon, small intes-
tine, and placenta as well as other tissues (37). It could be
hypothesized, as for other systemic diseases including hy-
pertension (17, 32), that methylation status in PBMC
DNA may reflect a systemic situation rather than a tissue-
specific condition and may be a potentially useful molec-
ular biomarker for clinical purposes (32).

The novel observation of a potential role of promoter
methylation in regulating HSD11B2 gene expression in
this family with AME-affected members strengthens the
hypothesis of a possible role of a mildly impairment of

11�-HSD2 activity due to differential modulation by epi-
genetic mechanisms in a number of cases of essential hy-
pertension that appears to mimic AME, although in a less
expressed form. Classical AME induced by HSD11B2
gene mutations is a rare disease; however, a milder reduc-
tion of 11�-HSD2 activity was already hypothesized to
play some role in a subset of patients with essential hy-
pertension as in patients with corticosteroid-induced hy-
pertension (7, 35, 38), although studies in this regard show
some inconsistencies mostly due to the setting of patients
and the study design (39, 40).

An epigenetic modulation of HSD11B2 gene expres-
sion could certainly explain a mild reduction in enzyme
activity as documented by an altered THFs to THE ratio
but not associated with HSD11B2 gene mutations as seen
in some hypertensive patients (7, 35), even if such hypoth-
esis should be confirmed in a large sample set of essential
hypertensive subjects. This is in line with the emerging
evidence that several epigenetic modifications have major
functions within the pathways related to arterial hyper-
tension, with the fascinating challenge of identifying the
epigenetic patterns possibly modifiable by environmental
factors (32).
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