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Abstract

Purpose 11p-hydroxylase deficiency accounts for 5% of congenital adrenal hyperplasia cases. Diagnosis suspiction is
classically based on the association between abnormal virilization, precocious puberty, and hypertension in 46XX or 46XY
subjects. We investigated two families with siblings presenting with opposed clinical features, and provided a review of the
mechanisms involved in mineralocorticoid-dependent phenotypic heterogeneity.

Methods The coding region of the CYPI1BI gene of 4 patients was sequenced and familial segregation was confirmed.
Clinical characterization and blood steroid profile were performed.

Results Family 1 comprised a female and a male siblings who presented in middle childhood with genital ambiguity (Prader
II) and precocious puberty, respectively, associated with hypertension. In the second decade of life, the woman had three
full-term pregnancies, and then evolved normotensive with no treatment over a 5-year follow up. On the other hand, her
brother had hypertensive end-organ damage at age 24. In family 2, a 2.9 year-old boy presented with precocious puberty and
hypertension, whereas his 21 days-old sister had genital ambiguity (Prader III) and salt wasting. A homozygous exon
4 splice site mutation was identified (IVS4ds-1G > A; ¢.799 G> A) in family 1, while a nonsense mutation in exon 6 (p.
Q356X; ¢.1066 C > T) was found in family 2.

Conclusion CYP/I/BI1 mutations were associated with highly variable phenotypes, from mild to severe virilization, and
early-onset hypertension or salt wasting. Further analysis of variants in other hypertension-related genes, steroid synthesis
and metabolism compensatory pathways, and/or the investigation of chimeric CYPIIB genes are needed to clarify the
phenotypic heterogeneity in 11p-hydroxylase deficiency.
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Introduction recessive disorder. It is the second most common cause of

congenital adrenal hyperplasia (CAH), accounting for 5-8%
Steroid 11p-hydroxylase deficiency (11B-OHD) is caused  of all cases [1]. It occurs in ~1:100.000 live births in the
by CYPIIBI] mutations and inherited as an autosomal  general non-consanguineous population, although the inci-
dence may be as high as 1:5000-1:7000 live births in Jews
of Moroccan ancestry [1-3].
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concomitant increase in their upstream precursors, proges-
terone and 17-hydroxyprogesterone, which in turn may be
shunted into the androgen synthesis pathway in the zona
reticularis, leading to hyperandrogenism. [1, 4, 5]. Classical
118-OHD commonly results in virilization of the external
genitalia in female newborns. After birth, hyperandrogen-
ism leads to peripheral precocious puberty and advanced
bone maturation, with premature epiphyseal closure. Since
DOC exhibits mineralocorticoid activity, untreated patients
may present severe hypertension, sometimes early in life
[4-6]. The study of a large cohort from the International
Consortium on Rare Steroid Disorders has shown that 11f-
OHD is more associated with overt hypertension, significant
virilization, and bone age advancement than 21-hydroxylase
deficiency, but with a low genotype—phenotype correlation.
Further analysis showed no correlation between protein
structural changes due to disruptive CYP/I/BI mutations
and the severity of CAH [7].

The present study describes the clinical, biochemical,
and molecular features of two Brazilian families with CAH
due to 11p-OHD, whose phenotypic heterogenity ranged
from a case with severe hypertension since infancy to a
transient, but severe salt-wasting phenotype. In addition, a
comprehensive review of potential mechanisms underlying
phenotypic variability in 113-OHD is provided.

Methods
Subjects

We studied 4 subjects from two unrelated Brazilian famil-
ies, born from consanguineous marriages, who had a clin-
ical diagnosis of 11B-OHD. Unaffected parents were
included when available. The study was approved by the
Research Ethics Committee of the School of Health Sci-
ences, University of Brasilia, Brazil. All participants or their
legal representatives signed the informed consent before
inclusion.

Family 1

Patient 1 (P1) was a 46,XX girl who presented at 5 years old
with precocious pubarche, genital ambiguity (Prader stage
II), and high blood pressure. The diagnosis of 113-OHD
was made on a clinical basis, and glucocorticoid replace-
ment therapy was initiated. Plasma steroids’ levels at the
first medical evaluation were not accessible to the study.
Lifelong adherence to therapy was poor and the patient
remained hypertensive throughout adolescence; her final
height was 141 cm. At the age of 17, she underwent geni-
toplasty and then had three uneventful pregnancies with full
term cesarean deliveries. Since her third delivery, she

remained off any specific treatment. Five years after her last
delivery, at the age of 36, the patient was reassessed for this
study, when she was found to be normotensive, with regular
menstrual cycles and only mildly oily skin. A 24 h ambu-
latory blood pressure monitoring had shown averages of
systolic and diastolic blood pressure within normal limits
and a normal circadian variation of blood pressure.

Patient 2 (P2) was P1’s 46,XY sibling who presented at
the age of 7 with GnRH-independent precocious puberty,
hypertension, and asymptomatic hypokalemia. He also
had poor adherence to glucoc n damage including left
ventricular hypertrophy and bilateral hypertensive
retinopathy.

Family 2

Patient 3 (P3) was a 35-month-old 46,XY boy, who was
referred to the endocrinology clinic due to precocious
pubarche. Pubertal stage was G1P3 (Tanner), with macro a
blood pressure of 134/85 mmHg (above the 99" percentile
for age, gender, and height). Bone age was 10, by
Greulich-Pyle method. Hydrocortisone at 15 mg/m?/day
was initiated and spironolactone was added for blood
pressure control, after confirmation of a high 11-
deoxycortisol plasma level. Poor adherence to treatment
and irregular follow-up ensued, and the patient evolved with
progressive bone age advancement and secondary central
precocious puberty as a result of an activation of the
hypothalamic GnRH pulse generator due to long-term
exposure to sex steroids [9].

Patient 4 (P4) was P3’s 46,XX sister, who was born at
36 weeks and 6 days (gestational age); her weight was
2100 g and length 44 cm. She presented in the outpatient
clinic at 21 days of life with genital ambiguity (Prader III)
and deficient weight gain. She was admitted to hospital,
normotensive, dehydrated, and persistent symptomatic
hyponatremia was noted (Na= 128nmol/L (reference
values: 135-148); K =5.1nmol/L (reference values:
3.5-5.1)), associated with a high 11-deoxycortisol plasmatic
level. Hydrocortisone was started, but fludrocortisone and
oral sodium replacement were added for fluid and electro-
lyte balance. Mineralocorticoid withdrawal was possible
only at the age of 2, and the infant remained normotensive
thereafter.

Hormonal assays

Blood samples were collected in the morning. Both P1 and
P2 had been off glucocorticoid therapy at the time of hor-
monal assessment. The woman (P1) had withdrawn medi-
cations since her last pregnancy, five years before, and her
brother (P2), for 2 weeks before hormonal evaluation, with
carefully follow-up, in order to compare their basal
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Tal:fle 1 Biochemical profile of 4 Family 1 Family 2 Normal range
patients from two unrelated
families with 11B- hydroxylase Patient 1 Patient 2 Patient 3 Patient 4
deficiency
Value ULNs Value ULNs Value ULNs Value ULNs
Cortisol 9.3 — 14.1 3.6 — — 5-25 pg/dL
ACTH 551 119 1920 4.17 909.0 19.76 — — 10-46 pg/mL
Androstenedione 9.3 2.80 >10.0 >3.30 6.8 430 — — Male: 0.6-3.1 ng/mL
Female: 0.3-3.3 ng/
mL
Child: <1.6 ng/mL
Testosterone 101.8 140 5780 — 109.0 2730 173.0 29.20 Male: 241-827 ng/dL.
Female: 14-76 ng/dL
Child: <40 ng/dL
170Hprogesterone 1.9 — 8.2 260 141 — 42? 1.40  Adult: 0.85-3.15 ng/
10* mL
12% Child: 15-40 ng/mL
Filter paper: <29 ng/
mL
11-Deoxycortisol ~ 32.0 4.44 149.0 20.69 101.0 14.02 179 24.86 <7.2ng/mL
DOC 2.076 1221 12.408 73 — — — — 40-170 ng/L
SDHEA — — — — 148.0 987 — — <15 pg/dL
Aldosterone 4.0 — 9.2 — — — — — 1.0-10.5 ng/dL
PRA 0.3 — 0.6 — — — — — <3.4 ng/mL/hour

Serum ACTH, cortisol, total testosterone, and rostenedione were determined by chemiluminescence; 17-
hydroxyprogesterone, 11-deoxycortisol, Deoxycorticosterone (DOC), aldosterone and plasmatic renin
activity (PRA) were evaluated by radioimmunoassay. Aldosterone in lying position

ULNs upper limit of normality score, expressing the number of times over the upper limit of the normal

range

#170HP values were assayed in filter paper blood samples, at three different moments. Dashes indicate

unavailable data

hormonal profile. In P3 and P4, hormonal levels were
determined before treatment was started.

Serum cortisol, total testosterone, androstenedione, and
ACTH were determined by chemiluminescence; 17-hydro-
xyprogesterone, 11-deoxycortisol, DOC, aldosterone, and
plasmatic renin activity (PRA) were evaluated by
radioimmunoassays.

Molecular analysis of CYPT11B1 gene

Genomic DNA was isolated from peripheral blood leuko-
cytes by the salting out method. The coding exons 1 to 8 of
CYPI11BI gene were initially amplified by PCR, including
exon—intron boundaries and avoiding simultaneous ampli-
fication of the homologous CYPIIB2 sequence, as pre-
viously described [2]. Exon 9 sequencing was waived once
potentially causative mutations were consistently
determined.

PCR products were automatically sequenced by Sanger's
method. The mutations were confirmed in a second inde-
pendent reaction. Data were analyzed with SEQUENCHER
5.1 (Gene Codes Corporation) and compared with the
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CYPI11BI1 gene sequence deposited in ENSEMBL database
(ENSG00000160882).

Results

The hormonal profile of all affected subjects is presented in
Table 1. Siblings P1 and P2 had increased serum levels of
ACTH, 11-deoxycortisol and DOC after glucocorticoid
withdrawal, in addition to a suppressed PRA. Both siblings
P3 and P4 had elevated 11-deoxycortisol levels, also com-
patible with the clinical diagnosis of 113-OHD [1, 6].

In family 1, we found that siblings P1 and P2 were
homozygous for a splice site mutation in the last nucleotide
of CYPIIBI exon 4 IVS4-1G>A (c.799 G> A). Their
father was deceased, and the mother and other five appar-
ently unaffected siblings in family 1 were not accessible to
the study (Fig. 1a, c).

In family 2, both siblings (P3 and P4) harbored a
homozygous nonsense mutation in exon 6, p.Q356X
(c.1066 C >T), while their parents were heterozygous. Of
note, the first child in this family had deceased at the age of
1 month due to dehydration (Fig. 1b and d).
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Fig. 1 a Electropherograms of the exon—intron junction, showing the
homozygous G > A change in the last nucleotide of exon 4, which
generates the splice site IVS4-G > A mutation in patients 1 and 2. b
Electropherograms of CYPI1IB1 exon 6 partial sequence, showing the
p-Q356X (c.1066 C > T) mutation in homozygosity in siblings 3 and 4.
¢ Family pedigrees, where circles represent women, and squares, men;

Discussion

We described the clinical features of four Brazilian patients
with CAH due to 11p-OHD, from two unrelated families,
who were born from consanguineous marriages. Patients
from family 1 presented with of virilization and had
hypertension at the time of diagnosis. Intriguingly, hyper-
tension resolved during adulthood in the woman (P1),
whereas her brother had persistent severe hypertension.
Both harbored the homozygous IVS4-1G > A mutation. To
our knowledge, this mutation has been uniquely described
in in a 46XX child of Brazilian origin, which suggests the
possibility of a founder effect [10]. Of note, the clinical
evolution of Pl was unusual with regard to her mild

black boxes represent mutant alleles; question marks denote relatives
that were not available for the study. d. Schematic representation of the
CYP11B1 gene showing coding exons (filled boxes) and the identified
mutations positions (arrows) (Adapted from www.ensembl.org (ver-
sion ENST00000292427.8, NM_000497)

hyperandrogenism, and to the complete resolution of
hypertension after three uncomplicated pregnancies. This is
in contrast to the clinical phenotype of previously reported
case, who was assigned male gender due to the high degree
of masculinization of the genitalia [10]. The IVS4-1G> A
mutation impairs the splicing of CYPIIBI transcript by
leading to the recognition of an alternative splice site within
exon 4, which results in the loss of 45 nucleotides at the 3’
end. This partial exon deletion alters the reading frame from
codon 251 and creates a premature stop codon resulting in a
truncated protein with loss of enzymatic activity [10].

We identified a nonsense mutation in exon 6 (p.Q356X),
which leads to a truncated and presumably nonfunctional
protein in P3 and P4, from family 2. This mutation was first
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described by Curnow, et al. [11] in an African-American 46,
XY boy, and then by De Carvalho, et al. [12] in a 46, XX
Brazilian girl [11, 12], both with severe hyperandrogenism
and hypertension in childhood and infancy, respectively.
Thereafter, Kharrat et al identified this mutation in 4 of 15
unrelated Tunisian patients: a 46,XY boy with precocious
pseudopuberty and hypertension and three affected 46,XX
girls with ambiguous genitalia (Prader III and IV) [13]. In
the current study, the 46,XX affected sibling had a salt-
wasting phenotype, which persisted during a follow-up of
~24 months. To our knowledge, the p.Q356X mutation has
not been previously associated with salt loss so far.

There is significant variability in biochemical parameters
such as plasma levels of 11-deoxycortisol and DOC. As
seen in P1, who was normotensive despite elevated DOC
levels, there is poor correlation between blood pressure and
DOC serum concentration. [1, 4, 7, 11, 14]. Serum 11-
deoxycortisol, albeit elevated in all patients, were also
variable, similar to reported by Khattab et al. [7]. The
mechanisms underlying such a high variability among
patients harboring the same CYPIIBI mutations are still
elusive. Clinical manifestations may be modulated by inter-
individual variations in steroid action, differences in meta-
bolism and clearance of androgens, variability in end-organ
responsiveness to circulating androgens and DOC [4]. In
P1, specifically, the resolution of the hypertensive state in
adulthood after multiple pregnancies is a remarkable find-
ing, and, to our knowledge, previously unreported. Fur-
thermore, there is only one report of a successful pregnancy
in a woman with 11p-OHD, albeit no systematic observa-
tion is available regarding blood pressure behavior during
pregnancy and thereafter in this case [15]. Nevertheless, it is
tempting to speculate that the high levels of circulating
progesterone secreted by the placenta may influence blood
pressure control due to its antagonistic action at the
mineralocorticoid receptor, which partially block aldoster-
one action as seen in a few pregnant women with primary
aldosteronism [16, 17]. Thus, a modulatory antagonistic
effect of progesterone deserves further investigation in
mineralocorticoid-related hypertension in women, espe-
cially in high sodium intake conditions [18].

Hypertension has traditionally been described in
approximately two thirds of 11B-OHD cases at diagnosis,
but the time point when it arises along life is uncertain and
may be associated with diverse clinical outcomes [5].
Various genetic and environmental factors may influence
the prevalence and variable degree of severity of hyper-
tension in this cohort. It is speculated whether it could
reflect polymorphic variants in CYPIIB2 or in others
genes implicated in the pathogenesis of essential hyper-
tension [19]. On the other hand, salt wasting is very
uncommon in 11p-OHD due to mineralocorticoid receptor
stimulation by its active precursors, mainly 11-
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deoxycortisol and DOC. The mechanisms involved in
salt wasting in 11B-OHD are currently unknown and it has
been attributed to the natriuretic activity of steroids such
as progesterone, pregnenolone, and 16-hydroxylated
compounds produced by the remaining fetal adrenal tis-
sue [20, 21]. Another possible explanation is an insensi-
tivity of mineralocorticoid receptors to DOC and
aldosterone or even DOC suppression by excessive glu-
cocorticoid treatment [22]. Salt-wasting during neonatal
period was also reported in a boy carrying a homozygous
hybrid CYP11B2-CYP11BI deletion, probably as a result
of aldosterone deficiency of the hybrid [23].

Aldosterone synthase (CYPIIB2) catalyzes the final
steps of aldosterone biosynthesis and several lines of
argument designate CYPIIB2 as a candidate gene for
hypertension predisposition [19, 24]. The -344T/C poly-
morphism has been associated with aberrant transcriptional
regulation and increased genetic predisposition to hyper-
tension in several studies [24-27]. Nonetheless, considering
that hypertension is classically a complex heterogeneous
genetic trait, variants in many other genes beyond
CYPI11B2, may influence disease risk.

Finally, in the last decade, GWAS and other genomic
based studies have addressed hypertension risk and devel-
opment [28, 29]. Recently, a compilation of GWAS or other
genomic-based studies have found more than 40 genetic
variants associated with hypertension risk [30]. However,
the clinical impact of these findings is currently uncertain
and the vast majority of the genetic contribution to variation
in blood pressure remains unexplained [28].

Conclusion

We present the unique case of a woman homozygous for the
IVS4-1G > A mutation, who had resolution of hypertension
during adulthood, after three spontaneous successful preg-
nancies. At the other end, a novel case of a 46,XX newborn
homozygous for the CYPIIBI p.Q356X mutation with a
salt-wasting phenotype is described. The molecular
mechanisms underlying such a degree of phenotypic
variability are incompletely understood, but may be related
to individual variation in androgen, progesterone, or
mineralocorticoid action on specific target organs, differ-
ences in metabolism, and clearance of androgens and DOC,
or by co-expression of disease modifying alleles or envir-
onmental factors. Expanding the knowledge of the mole-
cular basis of 11p-OHD by systematically analyzing a larger
number of cases, together with the investigation of com-
pensatory pathways of biosynthesis and metabolism of
adrenal steroids might contribute to better understand phe-
notypic modulation of blood pressure control and to
develop new treatment approaches.
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