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ABSTRACT

Primary pigmented nodular adrenocortical disease (PPNAD) is a form of
bilateral adrenocortical hyperplasia that is often associated with corti-
cotrophin (ACTH)-independent Cushing’s syndrome (CS) and is character-
ized by small to normal-sized adrenal glands containing multiple small cor-
tical pigmented nodules (1,2). PPNAD may occur in an isolated form or
associated with a multiple neoplasia syndrome, the complex of spotty skin
pigmentation, myxomas, and endocrine overactivity, or Carney complex,
in which Cushing’s syndrome is the most common endocrine manifesta-
tion (3). Molecular studies have led to the identification of several genes,
defects in which may predispose PPNAD formation; all of these molecules
play important role for the cAMP signaling pathway. This review intends
to present the most recent knowledge of the pathology and molecular
genetics of the benign bilateral adrenocortical lesions, as well as to discuss
the modern tools for diagnostics and treatment of this condition. (Arq
Bras Endocrinol Metab 2007;51/8:1238-1244)
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RESUMO

Doenca Adrenocortical Nodular Pigmentada Primaria e Sindrome
de Cushing.

A doenga adrenocortical nodular pigmentada primaria (PPNAD) é uma
forma de hiperplasia adrenocortical bilateral que estd freqlientemente
associada com a sindrome de Cushing (SC) ACTH-independente, sendo
caracterizada por glandulas adrenais de tamanho pequeno ou normal
contendo multiplos nodulos corticais pigmentados pequenos. PPNAD
pode ocorrer de forma isolada ou associada com uma sindrome de
neoplasia mdultipla, o complexo de manchas pigmentadas na pele
(lentigineas), mixomas e hiperatividade enddcrina, ou complexo de
Carney, no qual a SC é a manifestagdao enddcrina mais comum. Estudos
moleculares levaram a identificacdo de varios genes que, quando
mutados, podem predispor a formagao da PPNAD; todas essas moléculas
tém um papel importante na via de sinalizagdo do AMPc. Esta revisao
pretende apresentar os conhecimentos mais recentes sobre a patologia e
a genética molecular das lesdes adrenocorticais benignas bilaterais e
discutir os modernos instrumentos para diagnostico e tratamento dessa
condicédo. (Arq Bras Endocrinol Metab 2007;51/8:1238-1244)

Descritores: PPNAD; Sindrome de Cushing; Hiperplasia adrenocortical;
Complexo de Carney, PRKAR1A; PDE11A
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ISTORICALLY, THE FIRST REPORTS of putative

PPNAD can be traced back to 1978 when Acre
et al. described four sibs with familial Cushing’s syn-
drome (4). Histological analysis of the adrenals of three
of them demonstrated enlarged glands containing
numerous yellow cortical nodules ranging in size from
0.3 to 1.5 cm and containing lipochromic pigment (4).
Three years later Donaldson et al. (5) described broth-
er and sister with congenital Cushing’s syndrome due
to nodular bilateral adrenocortical hyperplasia
(BACH). Subsequent investigations showed elevated
urinary cortisol metabolites, 17-oxosteroids and 3 beta-
hydroxy-5-ene-steroids; these were not suppressed by
dexamethasone, and plasma ACTH was undetectable,
indicating that the disorder was not due to excessive
ACTH secretion (5). The term “primary pigmented
nodular adrenocortical disease” was suggested to
describe the disease in 1984 by Shenoy et al. (6), who
reported four patients with Cushing’s syndrome due to
autonomously functioning bilateral adrenocortical neo-
plasms. After curative adrenalectomy, pathology find-
ings included decreased, normal, or slightly increased
total gland weight, multiple small (less than 4 mm)
black, brown, dark-green, red, or yellow nodules, and
cortical atrophy and disorganization of the normal
zonation between the nodules; lipofuscin was present
within most of the enlarged cortical cells.

Nowadays PPNAD is mostly known as one of
the manifestations of Carney complex (3). Although
rarely, isolated PPNAD are also reported, and genetic
studies indicate common molecular pathways involved
in the pathology of PPNAD seen isolated or in the
context of Carney complex. Herein we intend to sum-
marize the current knowledge on PPNAD and its
involvement in Carney complex, as well as to review
the most recent findings on the molecular mechanisms
underlying the disease.

PPNAD AND ITS INVOLVEMENT IN
CARNEY COMPLEX

PPNAD is usually characterized by small to normal-
sized glands containing multiple black or brown nod-
ules, most often surrounded by atrophic cortex (figure
1) (1). This atrophy is pathognomonic and reflects the
autonomous function of these nodules and the sup-
pressed levels of pituitary ACTH. Despite their small
size (less than 6 mm), the nodules are visible with
computer tomography (CT-scan) or magnetic reso-
nance imaging (MRI) of the adrenal glands, most like-
ly because of the surrounding atrophy (7). The com-
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bination of atrophy and nodularity gives the glands an
irregular contour, which is distinctly abnormal and
diagnostic, especially in younger patients with CS.
Patients with PPNAD often present with a variant CS
called “atypical” (ACS) (8) which is characterized by
an asthenic, rather than obese, body habitus. This phe-
notype is caused by severe osteoporosis, short stature,
and severe muscle and skin wasting. Patients with ACS
tend to have normal or near-normal 24-hour urinary
free cortisol (UFC) production, but this is character-
ized by the absence of the normal circadian rhythmic-
ity of cortisol (9,10). Occasionally, normal cortisol
production is interrupted by days or weeks of hyper-
cortisolism, which gives rise to a yet another variant
called “periodic CS” (PCS). PCS is frequently found
in children and adolescents with PPNAD (10). In
both ACS and PCS, as well as in classic CS, caused by
PPNAD, paradoxical increase of UFC and/or 17-
hydroxy-corticosteroids (17-OHS) is seen during the
second phase (high dose dexamethasone administra-
tion) of the Liddle’s test (11). This feature may be use-
ful diagnostically for PPNAD (11); it reflects, perhaps,
a tendency that these nodules have for increased
responsiveness to other steroids (12).

PPNAD may occur independently or, more
commonly, as part of Carney complex, a multiple neo-
plasia syndrome described in 1985 (1,13,14). CNC is
associated with many other lesions, including cardiac
myxomas and other cutaneous tumors, breast myxo-
matosis, spotty skin pigmentation and other lesions,
pituitary adenomas and acromegaly, large-cell calcify-
ing Sertoli cell tumors (among the rarest of testicular
neoplasms), adrenocortical lesions, and Leydig cell
tumors, psammomatous melanotic schwannoma,
epithelioid blue nevus, and ductal adenoma of the
breast and thyroid follicular neoplasms, both benign
and malignant (15). With the report of CNC syndrome

i . y
Figure 1. Primary pigmented nodular adrenocortical disease
(PPNAD) with the characteristic relatively small adrenals and
pigmented nodules.
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in 1985 it was realized that the majority of patients pre-
viously characterized under the separate diagnoses of
LAMB (lentigines, atrial myxoma, mucocutaneous
myxoma, blue nevi) and NAME (nevi, atrial myxoma,
myxoid neurofibroma, ephelide), would now be more
appropriately described under CNC (16,17).

Most of the CNC cases are familiar; in the
affected families the disease is inherited in an autoso-
mal dominant manner (3). Previous estimations had
indicated that approximately half of the cases are spo-
radic; recent diagnosis review and application of strin-
gent screening criteria of all first-degree relatives of the
affected patients led to re-estimation of the familiar
cases to more than 70% (3).

More than 90% of the reported PPNAD cases
are associated with CNC (18). Although known as its
most frequent endocrine manifestation, PPNAD inci-
dence among CNC patients depends on its presenta-
tion and might not reflect the true prevalence. In con-
trast to Cushing’s syndrome medical records, indicat-
ing PPNAD presence in only between 25 and 45% of
CNC patients, autopsy summaries report constant his-
tological evidences for PPNAD associated with CNC.
This discrepancy is likely due to the frequently atypical
PPNAD manifestation — although it may cause “clas-
sic” Cushing’s syndrome, PPNAD often presents with
atypical, subclinical or cyclic hypercotisolism.

Although rare, familial cases of isolated PPNAD
have also been reported (19). Like CNC, PPNAD is
inherited in an autosomal dominant manner. Usually no
other clinical features associated with CNC are seen in
these families, however, it is worth to note that subtle
disease manifestations could have been missed (20,21).

PPNAD presents with bimodal age of distribu-
tion — although most of the cases are diagnosed in the
second and third decade of life, a substantial propor-
tion of patients present during their early childhood
(2-3 yr) (3). Comprehensive PPNAD evaluation in the
last several years suggested that the early onset bilater-
al adrenocortical hyperplasia (BACH) may represent
distinct disease entity, which, although very similar to
PPNAD, displays some specific features in the mode of
pigmentation and the nodules distribution (22,23).

MOLECULAR GENETICS

Initially, two genetic loci have been identified for
CNC — one on chromosome 2p16 (24, 25) and one
on chromosome 17q22-23 (26). The gene responsible
for CNC at the chromosome 2pl6 region is yet to be
revealed. Comprehensive analysis of the 17q22-23
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region identified inactivating germline mutations in
CNC patients in the gene coding for PRKARIA —
one of the regulatory subunits of PKA (26); to date,
more than 60% of CNC patients are identified to har-
bor pathogenic PRKAR 1A mutations.

PRKARIA is one of the several types of regula-
tory subunits that comprise one of the two homod-
imers that form the PKA holoenzyme — the main
mediator of cAMP signaling in mammals; the other
homodimer is composed of two catalytic molecule
subunits (26-29). Elevation in the cellular cAMP lev-
els, and, consequently, binding of cAMP molecules to
the regulatory subunits leads to activation of the regu-
latory subunits, dissolution of the holoenzyme and
release of the catalytic subunits. Thus, functionally,
inactivation of PRKARIA is associated with excess
PKA signaling in affected tissues (30).

Several cAMP-PKA pathways are operational at
any given moment in the cell. Activated PKA can
phosphorylate different targets in response to different
stimuli. Signal specificity is mediated by tissue specific
expression of the regulatory and catalytic subunits,
compartmentalization of the tetramer by A-kinase
anchoring proteins (AKAPs) and other factors (31-
33). Through compartmentalization of the PKA
holoenzymes the cAMP messaging is targeted to spe-
cific subcellular locations, such as the cytoskeleton,
plasma membrane, nucleus, Golgi apparatus, endo-
plasmic reticulum and other organelles.

PRKARI1A is comprised of 11 exons, with total
genomic extent approximately 21 kb, and coding
region of 1,143 bp, starting from exon 2. Since the
identification of PRKARIA mutations in Carney
complex, a large number of sequencing defects have
been found. The vast majority of the mutations consist
of base substitutions, small deletions and insertions or
combined rearrangements, involving up to 15 bp (26,
27); although rare, large PRKARIA deletions have
been recently identified (Horvath et al., unpublished
data). In more than 90% of the mutations, the
sequence change results in a premature stop codon;
this leads to degradation of mutant mRNAs by non-
sense mediated mRNA decay and, consequentially, the
absence of the predicted mutant protein product (27).
Loss of the normal 17q22-23 allele in CNC lesions
(loss-of-heterozygosity, LOH) has also been noted,
implicating PRKARIA as a classic tumor-suppressor
gene (34). The observation in these studies that nei-
ther the normal PRKARIA protein nor the mutant
allele was present in tumors from CNC patients sug-
gested that the oncogenesis in CNC tumors was due
to the complete lack of a functional PRKARIA (35).
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Although rarely, mutations that escape NMD
and lead to the expression of an abnormal, defective
PRKARIA protein have been identified (19, Horvath
et al. [unpublished data], Greene et al. [unpublished
data]). Notably, the expressed mutations can lead to
specific phenotype manifestations that reflect the type
and the severity of the molecular PRKARIA defect.
For instance, a splice-site variant that eliminates “in
frame” exon 7 is seen associated mostly with isolated
PPNAD, presumably due to adrenal-specific expres-
sion regulation, possibly partial splicing effect of the
variant (not 100% of the molecules harboring the
mutation are subjected to defective splicing) and sen-
sitivity of the adrenal gland to even subtle alterations
in the cAMP signaling (19). In contrast, germline “in
frame” deletion of exon 3 results in severe expression
of the majority of the CNC manifestations — this phe-
notype likely reflects the importance of exon 3, linking
the dimerisation/docking domain and the first cAMP
binding domain for the overall functional conforma-
tion of PRKARIA. Genotype-phenotype correlation is
absent in premature stop-codon generating mutations
— as NMD smoothen the distinct potential of the var-
ious changes to express effect on the cellular process-
es, the major outgrow of these mutations is
PRKAR 1A haploinsufficiency.

In search for genetic locus for early onset bilat-
eral adrenocortical, a genome wide screen of 10 kin-
dreds negative for PRKARIA mutations identified
strong association with inactivating mutations in phos-
phodiesterase 11A (PDEI1A), located on chromo-
some 2q31.2 (23,36). Some of the patients included
in this study displayed PPNAD features different from
the classical manifestations. Most of the affected indi-
viduals had an overall normal adrenal glands size and
weight that featured multiple small yellow-to-dark
brown nodules surrounded by a cortex with a uniform
appearance. Microscopy showed moderate diffuse cor-
tical hyperplasia with multiple capsular deficits and
massive circumscribed and infiltrating extra-adrenal
cortical excrescences with micronodules. Although the
regular microscopy revealed mostly nonpigmented
nodules, the electron microscopy uncovered granules
of lipofuscin and features of a cortisol-producing
adrenocortical hyperplasia. In the remaining individu-
als the PPNAD manifestations were not distinguish-
able from those caused by PRKARIA mutations (2).

PDEI11A belongs to the huge family of human
phosphodiesterases (PDE) comprised by 21 so far
identified genes that are classified in 11 different fam-
ilies based on structural similarity such as sequence
homology, protein domains, and enzymatic properties
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including substrate specificity, kinetic properties, and
sensitivity to endogenous regulators and inhibitors
(reviewed in 39). PDEI1A catalyzes the hydrolysis of
both cAMP and cyclic GMP (cGMP) and is expressed
in several endocrine tissues, including the adrenal cor-
tex (37,38). It is composed from 2 GAF and a catalyt-
ic domain; two N-terminal phosphorilation sites for
PKA and PKG are identified (39). The gene spans
approximately 0.5 MB and is composed by 23 exons
which alternative splicing results in the expression of
four different isoforms PDEIIAI, PDEIIA2,
PDEI1A3, and PDE11A4 (39). Of the four, only the
full length (PDE11A4, ~2.8KB) shows high adrenal
specific expression.

Five different PDEIIA mutations were identi-
fied so far among the patients with isolated PPNAD —
3 of them resulted in premature stop codon genera-
tion; the remaining 2 were single-base substitutions in
the catalytic domain of the protein and were shown to
significantly affect the ability of PDE11A to degrade
cAMP in vitro (36). Notably, all the five sequence vari-
ants were seen in general population, although with
significantly lower frequency (36). The incomplete
penetrance of functionally harmful PDEI1A sequence
variation needs further investigation — it may reflect
the complementing mode of action of the phosphodi-
esterases in the cAMP cellular levels regulation; alter-
natively, other genetic variants that act concertedly
with the PDE11A mutations may take place. The num-
ber of factors likely to affect tumorigenicity by these
mutations may be the reason for their apparent low
penetrance; as in the adrenal cortex, these factors are
likely to be developmental, hormonal, and gender
related. For example, adrenocortical tumors and Cush-
ing syndrome are generally more frequent in females,
and almost all of the probands studied here or in our
previous investigations (23,36) were females. On the
other hand, in all cases where inheritance of the
PDEI1A mutation could be proved, the asymptomatic
carrier was the father (23,36). In addition, the presence
of allelic losses of the corresponding normal allele in
adrenal tissues seems to be a determining factor in the
development of an adrenal tumor as it is suggested by
the PDE11A-associated tumor genetic studies (36).

Another type of bilateral adrenocortical hyper-
plasia leading to Cushing syndrome — macronodular
adrenocortical hyperplasia — is associated with somat-
ic mutations in the gene coding for GNAS complex
locus (GNAS) in McCune-Albright syndrome (MAS)
(40). The frequency with which carriers of mutations
in PRKARIA and PDEI 1A present with classic Cush-
ing syndrome seems to be higher than in disease asso-
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ciated with GNAS, whereas the age at which Cushing
syndrome presents in these disorders is exactly the
reverse: GNAS mutation carriers present with Cushing
syndrome almost always in infancy, whereas PDEI1A
or PRKARIA mutation carriers present with Cushing
syndrome in childhood and young adulthood.

CLINICAL EVALUATION AND
GENETIC TESTING

PPNAD often presents in an indolent fashion and may
be difficult to diagnose due to an intermittent or cycli-
cal nature of the associated hypercortisolism. In addi-
tion to UFC we recommend diurnal cortisol levels
(11.30 pm, 12.00 MN and 7.30 am, 8.00 am sampling)
and/or dexamethasone-stimulation test (modified Lid-
dle’s test), and adrenal computed tomography (3,41).
Molecular testing for PRKARIA and PDEI11A muta-
tions may be advised for detection of affected patients in
families with known mutations of that gene to avoid
unnecessary medical surveillance of non-carriers.

PPNAD is a non-malignant lesion; however,
surgery is indicated because the mortality among
patients with PPNAD is the same as those associated
with Cushing’s syndrome (CS) (3,42). Patients with
PPNAD should be followed by screening for CNC
and its potentially fatal components (1,43).

Table 1. Diagnostic criteria for Carney complex.

Diagnostic criteria for CNC have been reviewed
recently and are listed in table 1 (6, Sandrini). To
make a diagnosis of Carney complex, a patient must
either: (i) exhibit two of the manifestations of the dis-
ease listed below, or (ii) exhibit one of these manifes-
tations and meet one of the supplemental criteria (an
affected first-degree relative or an inactivating muta-
tion of the PRKARIA gene).

The recommended clinical surveillance of
patients with CNC differs per age group. For post-
pubertal pediatric and adult patients we recommend
annual echocardiogram (this study may be needed
biannually for adolescent patients with a history of
excised myxoma), testicular and thyroid ultrasound, and
UFC and serum IGF-1 levels. For pre-pubertal pedi-
atric patients, we recommend annual echocardiogram
(biannually for patients with a history of excised myx-
oma) and testicular ultrasound for boys. If close mon-
itoring of growth rate and pubertal staging indicates
other abnormalities, such as possible Cushing syn-
drome appropriate testing should be done as needed.

CONCLUDING REMARKS

Over the last years the molecular studies revealed
important cellular mechanisms that underlie adreno-
cortical tumor formation and progression; they also

Manifestations of disease

1 Spotty skin pigmentation with a typical distribution (lips, conjunctiva and inner or outer

canthi, vaginal and penile mucosa)

PPNAD* or paradoxical positive response of urinary glucocorticosteroids to dexametha-

2 Myxoma (cutaneous and mucosal)*
3 Cardiac myxoma*
4 Breast myxomatosis*
5
sone administration during Liddle’s test
6 Acromegaly due to GH-producing adenoma*
7

LCCSCT* or characteristic calcification on testicular ultrasonography

8 Thyroid carcinoma (at any age)* or multiple, hypoechoic nodules on thyroid ultrasonog-

raphy in a prepubertal child

9 Psammomatous melanotic schwannoma*

10 Blue nevus, epithelioid blue nevus (multiple)*

11 Breast ductal adenoma (multiple)*

12 Osteochondromyxoma*
Supplemental criteria

1 Affected first-degree relative

2 Inactivating mutation of the PRKAR1A gene

* With histological confirmation
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Figure 2. cAMP signaling in human genetic diseases.

suggested useful diagnostic and therapeutic tools for
better disease management. The genetic defects iden-
tified in PRKARIA, PDEIIA and GNASI, all of
them key components of the cAMP signaling pathway,
demonstrate the importance of the cAMP regulation
for the proper functioning of the adrenocortical cell
and signify the need for its further exploration in
adrenocortical lesions (figure 2). The incomplete pen-
etrance of PDEI1A mutations is suggestive for a com-
plementing action of the different PDEs in the adren-
al gland, and the possible involvement of other mem-
bers of this gene family in the adrenocortical signaling
regulation. The very rarely observed incomplete pene-
trance of PRKARIA mutations, associated mostly
with adrenal phenotype indicates that the adrenal cor-
tex is the first tissue to respond to even subtle alter-
ations in the cAMP levels.
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