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Cushing Syndrome Due to Primary Pigmented Nodular
Adrenal Disease in Three Related Adolescent Girls With
Carney Complex
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Abstract

Primary pigmented nodular adrenal disease (PNNAD) is a rare cause
of Cushing syndrome particularly during childhood and adolescence.
Females are preferentially affected. The present work is aimed at as-
sessing if there is a relationship between puberty and the development
of Cushing syndrome due to PPNAD. We have followed an extended
family with Carney complex (CNC) due to a dominantly inherited mu-
tation of the gene encoding the regulatory subunit 1o (R1A) of the
protein kinase A (PRKAR1A). The large majority of family members
presenting with Cushing syndrome due to PPNAD were women (six
out of seven). One of them died of an adrenocortical carcinoma at
age 27 years. Genetic screening of entire family allowed follow-up
of those family members harboring the mutation but without clinical
manifestations of hypercortisolism. During the last 2 years, three re-
lated adolescent girls developed subclinical hypercortisolism starting
shortly after menarche. None of their male relatives carrying the same
mutation showed abnormal adrenal function. The first abnormality no-
ticed in the patients was loss of the normal circadian variation of corti-
sol production. A low dose dexamethasone test (Liddle’s test) elicited
a paradoxical increase in urinary excretion of free cortisol greater than
50% of basal values. Several months later, they complained of insidi-
ous manifestations of hypercortisolism including weight gain, hyper-
tension and oligomenorrhea. They underwent laparoscopic bilateral
adrenalectomy. Pathologically, the excised glands showed PPNAD.
We conclude that female gender is a predisposing factor for express-
ing PPNAD. A paradoxical rise of urinary free cortisol (UFC) in re-
sponse to dexamethasone is an early and specific laboratory marker of
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the disorder, allowing timely bilateral adrenalectomy which may not
only prevent severe complications of hypercortisolism, but may also
preclude the development of adrenocortical carcinoma.
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Introduction

Cushing syndrome in childhood and adolescence may present
difficult diagnostic and therapeutic challenges. Hypercorti-
solism can be classified as adrenocorticotropin (ACTH)-de-
pendent (Cushing disease) and ACTH-independent (Cushing
syndrome). The latter type includes some hereditary disor-
ders, one of which is primary pigmented nodular adrenocorti-
cal disease (PPNAD) which occurs as a sporadic disorder or
as part of the Carney complex (CNC) [1]. CNC is a multiple
endocrine neoplasia syndrome with dominant inheritance and
involvement of different organs and tissues particularly endo-
crine glands (pituitary and gonads in addition to adrenal) and
the skin (lentigines and myxomas) [2]. Defects of the regula-
tory subunit 1o (R1A) of the protein kinase A (PRKARIA)
gene have been identified in 62% of the affected patients [3, 4].
PPNAD is the most common endocrine manifestation of CNC
occurring in about 60% of affected patients [5]. However, in
virtually all necropsy studies of patients with CNC, PPNAD
features were identified in the adrenal glands, suggesting that
in some cases the disease might have an indolent course [6].
Since Cushing syndrome develops slowly over several years
and its clinical manifestations may be subtle [7, 8], establish-
ing the diagnosis of PPNAD is sometimes difficult. Further-
more, cyclic or episodic forms of Cushing syndrome may oc-
cur with PPNAD [9, 10]. It is therefore not always easy to trace
the onset of hypercortisolism to any particular event.

We have followed an extended family with Carney com-
plex. Six of seven affected members with Cushing syndrome
due to PPNAD were women [11]. Genetic screening of the en-
tire family allowed us to follow those members of the family
harboring the mutation for manifestations of hypercortisolism.
In view of the fact that the first alterations in adrenal function
in the affected patients started shortly after menarche and that
none of the male relatives carrying the same mutation present-
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Figure 1. Genealogic tree of the family. Arrow indicates the index case. Circles identify female members; squares indicate males;
black symbols show patient with PPNAD. Age of the subjects is shown below the symbols. Family members are numbered by
generation above symbol. Examined members who are normal (suppressed cortisol in response to 1 mg of dexamethasone) are

identified with (n) inside the symbol.

Table 1. Clinical Features Before Bilateral Adrenalectomy

CNC Menarche age Chief

Blood pressure Age at bilateral

Cass features (years + months) complaint Helght (cm) = Weight (kkg): SBMI (cg/m?) (mm Hg) adrenalectomy
Lentigines 11+9 Amenorrhea 158 55 22.4 148/83 14
Lentigines 11 +7 Weight gain 156 58 22.9 132/87 15
None 12 +1 Menorrhagia 163 61 23.1 122/78 14

CNC: Carney complex; BMI: body mass index; Age: years + months.

ed abnormalities of the adrenal function, it seemed possible
that female sex steroid hormones played an important role in
the development of PPNAD.

Case Report

During the last 10 years, we have followed an extended

Figure 2. Centrofacial lentigines including the vermilion borders of the
lips.
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Azorean family with CNC (Fig. 1). Multiple members, most-
ly women (six of seven), developed Cushing syndrome due
to PPNAD which was diagnosed during their third decade.
In view of the high prevalence of PPNAD in this family, se-
quencing of the coding region of the PRKARI1A gene was car-
ried out in all family members. A heterozygous mutation in
the PRKAR1A gene, consisting of a single nucleotide change
(c439A>G) which leads to substitution of glycine with argi-
nine at the position 147 (S147G) of the R1A of the cAMP-
dependent protein kinase A (PKA) was identified in 15 fam-
ily members. This mutation segregated with the disease and
was transmitted in an autosomal dominant manner. All family
members with the mutation were followed biannually in our
outpatient clinic. At each visit, clinical manifestations of CNC
were carefully checked and a routine panel of blood tests was
obtained. In addition, the following hormonal determinations
were obtained six-monthly: prolactin, estradiol, luteinizing
hormone (LH), follicle stimulating hormone (FSH), insulin-
like growth factor 1 (IGF-1); free thyroxine (FT4) and thy-
rotropin (TSH); ACTH and cortisol (morning and late-after-
noon); 24-h urinary cortisol and creatinine excretions; serum
dehydroepiandrosterone sulfate (DHEA-S); androstenedione
and 17-a-hydroxyprogesterone were determined annually.
Magnetic resonance imaging (MRI) of the pituitary and CT of
the thyroid, adrenal glands and ovaries were performed when
indicated. An echocardiogram was carried out at the beginning
of the follow-up. When laboratory tests of adrenal function
were found to be abnormal (loss of circadian variation and/
or increased urinary free cortisol (UFC) excretion), the patient
was admitted to the hospital for a low dose (2 mg) dexameth-
asone test (Liddle’s test). Blood samples were drawn in the
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Figure 3. (A) Macroscopic appearance of transverse slices of the left
adrenal gland removed from patient IV-17. (B) Adrenal nodules sur-
rounded by atrophic cortex. (C) Large cortical cells with eosinophilic
cytoplasm rich in lipofuscin.

morning and at midnight just before and after administration of
oral dexamethasone, 0.5 mg each 6 h for 48 h. The 24-h urine
specimens were collected during three consecutive days.
Three adolescent girls of the family (monozygotic twins
and their second-degree cousin) with PRKAR1A mutation de-
veloped laboratory and clinical manifestations of Cushing syn-
drome starting after onset of menarche (Table 1). The monozy-
gotic twin sisters (cases 1 and 2) but not their cousin (case 3)
had spotty skin pigmentation involving the vermilion border of
the lips, eyelids, conjunctiva and the genital mucosa (Fig. 2).
The pigmentation dated from birth and became darker around
the puberty. One (case 2) also had blue nevi. Other manifesta-
tions of CNC, in particular cardiac myxomas, ovary tumors,
thyroid nodules and cutaneous myxomas were not found. The
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patients’ development was normal. Menarche occurred around
the age of 12 years (Table 1). Menstrual cycles were regular for
the first year; then oligo/amenorrhea, hypertension and rapid
weight gain (> 5 kg/year) were noticed. Previously, ACTH and
serum and urinary cortisol levels were within the normal range
(Table 2). Laboratory alterations in adrenocortical function
were detected around the age of 12 years and included absence
of circadian variation of serum cortisol levels (morning and
afternoon cortisol values were similar). At this time, late-night
cortisol was above 5 pg/dL. ACTH was low in cases | and
2, and normal in case 3. During Liddle’s test, dexamethasone
administration did not suppress serum cortisol; on the contrary,
it elicited a paradoxical increase in urinary cortisol excretion
greater than 50% of the basal values (Table 2). CT scans of the
adrenal glands were normal.

Bilateral laparoscopic adrenalectomy was performed in
all three patients. The adrenal glands were normal-sized and
exhibited dark nodules. Microscopically, the nodules were
composed of large cortical cells with eosinophilic cytoplasm;
the nuclei were large and hyperchromatic with prominent nu-
cleoli; the cytoplasm was rich in lipofuscin. The non-nodular
cortex was atrophic (Fig. 3).

Postoperatively, oral hydrocortisone was administered
in two divided doses adjusted to mimic the natural circadian
variation of cortisol secretion. The daily dose was on average
9.6 mg/m2. Fludrocortisone was given in the morning based
on body weight (average of 50 pg daily). Within 3 months,
menses resumed, blood pressure returned to normal levels and
patients lost weight.

Discussion

In the present work we found, for the first time, a close rela-
tionship between the menarche and onset of hypercortisolism
in three adolescent girls belonging to a family with CNC
and PRKARITA mutation. This was possible because genetic
screening of the entire family allowed us to follow carriers of
the mutation before laboratory and clinical manifestations of
hypercortisolism became evident. Most of the family members
(nine out of 10) with clinical Cushing due to PPNAD were
female (a total of 15 family members had the mutation).

In the three cases herein described, clinical and laboratory
manifestations of hypercortisolism started shortly after me-
narche raising the possibility that female sex steroid hormones
might be linked to the expression of the disorder, at least in
this family. Indeed, PPNAD nodules are known to overexpress
progesterone and estradiol receptors [12, 13]. Moreover, in
older patients of this family with Cushing syndrome, clinical
and laboratory manifestations of hypercortisolism were greatly
intensified during pregnancy, reinforcing the influence of fe-
male sex steroid hormones in triggering autonomous produc-
tion of cortisol. Overactivity of adrenal steroidogenesis in the
carly stage of PPNAD is restricted to cortisol. In fact, serum
DHEA-S, an androgenic precursor exclusively produced by
the adrenal gland was normal in our three patients (Table 2), al-
beit with a progressive increase with age related to adrenarche.
Levels of DHEA-S were increased only in the family member
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Table 2. Evolution of Adrenal Function in Affected Patients

Age (years) Liddle’s test
8 9 10 11 12 % increase
Case 1
ACTH 17.3 12.7 2.3
Cortisol
9h 10.6 16.6 14.3 13.5 10.1
16 h 5.5 7.6 6.6 5.9 11.1
24 h 10.6
UFC 68 99 138 106 171 50
DHEA-S 98 178 186 197 192
Case 2
ACTH 16.2 8.9 1.5
Cortisol
9h 8.9 17.9 13.5 14.7 12.1
16 h 7.6 53 43 6.2 12.7
24 h 133
UFC 64.1 91.6 91 98 184 61
DHEA-S 87 107 162 219 223
Case 3
ACTH 14.8 13.1 6.3
Cortisol
9h 12.2 16.6 12.7 9.3
16 h 43 6.3 54 9.7
24 h 10.3
UFC 78 69 91 151 157
DHEA-S 89 145 158 167

Cortisol: morning 4.3 - 22.4 pg/dL; afternoon: 2.9 - 12.3 pg/dL. ACTH: adrenocorticotropin (7.2 - 63.3
pg/mL). UFC: urinary free cortisol (4.3 - 176 ug/24 h). Liddle’s test: dexamethasone 0.5 mg each 6 h for
48 h; % increase in UFC and not percent. DHEA-S: dehydroepiandrosterone sulfate (44 - 362 pg/dL).

with adrenocortical carcinoma.

The paradoxical rise in UFC excretion induced by dexa-
methasone proved to be an early laboratory marker of PPNAD.
The finding has been reported as being diagnostic of the dis-
order [14]. In a study that compared 21 patients with PPNAD
with others with adrenal adenoma and macronodular adrenal
hyperplasia, an increase in UFC greater than 50%, identified
70% of the cases of PPNAD. An increase in UFC of more than
100% over basal values, distinguished virtually all patients
with PPNAD from patients with other primary adrenocortical
disorders [15]. In our patients, UFC rose by more than 50%
(range 50-159%) in response to a low dose dexamethasone
test (Liddle’s test). Since these patients had a PRKAR1A gene
mutation, a paradoxical increase in UFC made the diagnosis
of PPNAD almost certain. Dexamethasone administration did
suppress cortisol secretion in their male relatives harboring the
same mutation (Fig. 1; members 1I-5, I1I-13, IV-5 and IV-18).
This finding supports the notion of an important role for fe-
male sex steroid hormones in the expression of PPNAD. The
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molecular mechanisms involved in dexamethasone-induced
cortisol secretion have not been fully elucidated. The para-
doxical response to dexamethasone also occurred in vitro [16],
pointing to an intrinsic defect in the adrenal cortisol-producing
cells. Similar to the receptors of female steroid hormones,
glucocorticoid receptors (GRs) were also found to be over-
expressed in PPNAD nodules whereas they were barely de-
tectable in the internodular cortex. The stimulating effect of
dexamethasone seems to be mediated by PKA; however, other
pathways may also be involved [17]. In addition to Cushing
syndrome, the mother of our twin sisters (Fig. 1; patient 1I-7)
died of an adrenocortical carcinoma arising in a gland with PP-
NAD features [11]. It is still not clear if PPNAD has malignant
potential; one other such case has been described [18]. The
possibility of that PPNAD may favor adrenocortical carcino-
genesis cannot be disregarded [19, 20].

In conclusion, we have shown that hypercortisolism due to
PPNAD in three closely related adolescents with PRKARIA
mutations started shortly after menarche, suggesting an influ-
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ence of female sex steroids on the nodular adrenal cortical de-
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