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ABSTRACT

ACTH-Independent macronodular adrenal hyperplasia (AIMAH) is a rare cause of
endogenous Cushing’s syndrome (CS), in which clinical features usually become
apparent only after several decades of life. This form of adrenal hyperplasia typical-
ly produces excess cortisol with overt or subclinical CS, but concurrent secretion of
mineralocorticoids or sexual steroids can also occur. The diagnosis is suspected by
bilateral adrenal nodules larger than 1 cm on incidental imaging studies or following
the demonstration of ACTH-independent hormonal hypersecretion. The pathophysi-
ology of this entity is heterogeneous and has been intensely explored in recent years.
Several G-protein coupled receptors aberrantly expressed in the adrenal cortex have
been implicated in the regulation of steroidogenesis and in the initial cell prolifera-
tion in AIMAH. Several familial cases of AIMAH have been recently described with
the same pattern of aberrant hormone receptors in all affected members of the fam-
ily. It is probable that additional somatic genetic events related to cell cycle regula-
tion, adhesion and transcription factors occur in addition over time in the various
nodules; other mechanisms, as Gsp or ACTH receptor mutations and paracrine
adrenal hormonal secretion have been rarely identified as the molecular mechanism
in some cases. When systematically screened, most patients with AIMAH exhibit an
in vivo aberrant cortisol response to one or various ligands suggesting the presence
of aberrant adrenal receptors. The identification of these receptors creates the possi-
bility of a specific pharmacological treatment isolated or associated with adrenalec-
tomy. (Arq Bras Endocrinol Metab 2007;51/8:1226-1237)
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RESUMO

Síndrome de Cushing Secundária a Hiperplasia Adrenal Macronodular
Independente de ACTH.
A hiperplasia adrenal macronodular independente de ACTH (AIMAH) é uma causa
rara de síndrome de Cushing (SC) endógena, na qual alguns aspectos clínicos só se
tornam evidentes depois de várias décadas de vida. Esta forma de hiperplasia
adrenal caracteristicamente produz excesso de cortisol resultando na síndrome de
Cushing franca ou subclínica, embora a secreção concomitante de mineralocor-
ticóide, estrógeno e andrógenos também possa ocorrer. A suspeita diagnóstica é
feita pela presença de nódulos adrenais bilaterais maiores que 1 cm, como achado
incidental em exames de imagem ou pela demonstração de hipersecreção hor-
monal independente de ACTH. A fisiopatologia desta doença é heterogênea e tem
sido intensamente estudada nos últimos anos. Vários receptores acoplados à pro-
teína G, com expressão aberrante no córtex adrenal, têm sido implicados na regu-
lação da esteroidogênese e no início da proliferação celular que ocorre na AIMAH.
Diversos casos familiais de AIMAH foram recentemente descritos, e um mesmo
padrão de expressão anormal dos receptores aberrantes foi observado em todos os
membros afetados das famílias investigadas. Ao longo do tempo, é provável que
ocorram, nos nódulos, eventos genéticos adicionais relacionados à regulação do
ciclo celular, adesão e fatores de transcrição. Outros mecanismos moleculares,
como mutações nos genes da proteína Gsα e do receptor de ACTH, ou secreção hor-
monal parácrina na adrenal, têm sido raramente identificados em alguns casos. A
maioria dos pacientes com AIMAH, quando sistematicamente investigados, desen-
volve uma produção anormal de cortisol em resposta a vários ligantes, sugerindo a
presença de receptores adrenais aberrantes. A identificação destes receptores cria
a possibilidade para um tratamento farmacológico específico isolado ou associado
à adrenalectomia. (Arq Bras Endocrinol Metab 2007;51/8:1226-1237)

Descritores: Hiperplasia adrenal macronodular independente de ACTH (AIMAH);
Receptores adrenais aberrantes; Síndrome de Cushing
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SINCE ITS DESCRIPTION BY HARVEY Cushing in 1932
(1), the identification of the various pathophysi-

ologies underlying Cushing’s syndrome (CS) has
increased considerably. Classically, endogenous CS is
divided into ACTH-dependent etiologies, most often
secondary to a pituitary corticotroph adenoma, and
ACTH-independent adrenal etiologies which account
for 15–20% of cases (2). Unilateral functional adeno-
mas and, less frequently, carcinomas are responsible
for the majority of adrenal CS; in 10–15% of cases,
adrenal CS is due to bilateral adrenal lesions including
primary pigmented nodular adrenocortical disease
(PPNAD), primary non-pigmented micronodular
hyperplasia, ACTH-independent macronodular adren-
al hyperplasia (AIMAH), and rarely bilateral adenomas
or carcinomas (2). In a review of literature in 1994,
Lieberman et al. (3) were able to find only 24 cases of
AIMAH published since its initial description thirty
years previously. A much larger number of cases of
AIMAH with overt oversecretion or subclinical secre-
tion of cortisol or other steroids have since then been
reported. In this review, we will discuss the clinical
characteristics of this form of adrenal hyperplasia, its
current genetic or molecular aspects and therapy.

ACTH-INDEPENDENT MACRONODULAR 
ADRENAL HYPERPLASIA (AIMAH)

AIMAH has been described under a number of terms,
including massive macronodular adrenocortical disease
(MMAD), autonomous macronodular adrenal hyper-
plasia (AMAH), ACTH-independent massive bilateral
adrenal disease (AIMBAD), and giant or huge
macronodular disease (4). This form of adrenal hyper-
plasia was initially confused with diffuse nodular or
bilateral macronodular adrenal hyperplasia resulting
from chronic stimulation by ACTH in Cushing’s dis-
ease or ectopic ACTH secretion (5). AIMAH should
be clearly distinguished as an entity in which ACTH
becomes progressively suppressed as the primary
adrenal enlargement produces sufficient cortisol excess
to inhibit the hypothalamic-pituitary axis.

Chronic stimulation by ACTH can induce not
only diffuse, but also nodular growth of the adrenal
cortex and very rarely one such nodule can secrete suf-
ficient cortisol to suppress ACTH significantly. How-
ever the fact that patients with AIMAH did not devel-
op corticotroph adenomas or Nelson’s syndrome fol-
lowing bilateral adrenalectomy helped to legitimate
AIMAH as an etiology of CS distinct from Cushing’s
disease and clearly ACTH-independent (6).

Epidemiology
The majority of cases of AIMAH become clinically
manifest during the fifth and sixth decades of life, a
later age of onset compared to other causes of Cush-
ing’s syndrome. The equal gender distribution also
contrasts with the female predominance in most cause
of endogenous CS (7). CS with bilateral adrenal nod-
ules can rarely develop during the first years of life in
patients with McCune-Albright syndrome (8).

AIMAH was most frequently reported as spo-
radic cases, but lately, there have been reports of famil-
ial forms with apparent autosomal dominant mode of
transmission (9-11).

Clinical and laboratory features
The most frequent presentation of AIMAH is clinical or
subclinical Cushing’s syndrome. Some cases with secre-
tion of cortisol and mineralocorticoids, cortisol and
estrone and androgens only have also been reported (12-
15). In some patients, the adrenal lesions are found inci-
dentally in the process of radiological investigation of
another disease. In these patients, cortisol or other hor-
mones typically do not suppress normally following dex-
amethasone suppression tests (16). Depending on the
extent of cortisol hypersecretion, plasma ACTH and its
stimulation by CRH will become progressively sup-
pressed in AIMAH. It is important to be aware that sev-
eral cases with subclinical CS cannot have completely
suppressed their pituitary-adrenal axis. These patients are
characterized by the absence of clinical signs of CS,
slightly elevated midnight plasma or salivary cortisol,
subnormal suppression following the 1 mg overnight
dexamethasone suppression test, a partially suppressed
ACTH and a normal 24-hour urinary cortisol (16).

Although adrenal cell proliferation in AIMAH
occurs in the absence of ACTH, the ACTH receptor
gene (MC2R) is still expressed in AIMAH tissue and the
majority of patients respond to ACTH with large
increase of cortisol as a result of the large adrenal cell
masserase (17,18). The hormone secretion in AIMAH
results from an increase in the number of adrenocortical
cells rather than an augmented synthesis per cell; in fact
there is a relatively inefficient hormonal synthesis in
AIMAH with decreased expression of several steroido-
genic enzymes and higher levels of certain precursors
such as plasma 17-OH-progesterone or urinary 17-OH
corticosteroids (U17OHCS) which are proportionally
more elevated than urinary free cortisol (16,18,19).

Radiology
The adrenal glands can be massively enlarged bilateral-
ly (figure 1) with the presence of numerous nodules
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up to 5 cm in diameter; however, diffuse adrenal enlar-
gement without nodules has also been described (20).
On CT, the nodules present hypodensity and can have
marked enhancement after contrast imaging. In MR
imaging, the glands are isointense relative to spleen
and hypointense relative to the liver on T1-weighted
images, and hyperintense relative to both on T2-
weighted images (figure 2). The glands can demon-
strate a signal dropout at chemical shift imaging, sug-
gesting the presence of intracellular lipid (21). Dopp-
man et al. (22) described very similar characteristics in
the adrenal glands of 12 patients with AIMAH (three
men, nine women) and also found a bilateral uptake of
Iodine-131-6β-iodomethyl-19-norcholesterol (NP-
59). The asymmetric appearance of adrenal macron-
odules in AIMAH has been described and may lead to

the erroneous diagnosis of unilateral pathology as the
development of contralateral disease can occur several
years later (4,23).

Pathology
The combined mean weight of adrenal gland in
AIMAH is usually above 60 g and can reach more than
200 g per adrenal (3,7). In contrast, the combined
adrenal weight in patients with ACTH-dependent
Cushing’s disease is more modest reaching on average
less than 30 g (24). The nodules are yellow in col-
oration, without dark pigmentation; they are composed
of two types of cells, those with clear cytoplasm (lipid-
rich) that forms cordon-like structures and those with
compact cytoplasm (lipid-poor) that forms nest or
island-like structures (25,26). The status of internodu-

Figure 1. CT scan of a patient with AIMAH with markedly nodular enlargement of both adrenals.

Figure 2. MR imaging of AIMAH adrenal glands with hypointense and isointense signal in T1 and T2-weighted images
respectively.
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lar cortex is controversial in AIMAH; diffuse hyperpla-
sia is present in several cases while inter-nodular atrophy
has been described in other cases (6,25,27,28) (figure
3). The inefficient hormonogenesis in AIMAH is prob-
ably the result of altered steroidogenic enzymatic path-
ways of the two types of cells that compose the nodules.
Immunohistochemical studies demonstrated that 3β-
HSD2 was expressed only in large clear cells, whereas
CYP17 (p450C17) was expressed predominantly in
small compact cells. This differential pattern of steroido-
genic enzyme expression is distinctive of AIMAH and is
not present in other adrenocortical disease (26).
Immunoreactivity for CYP11A1, CYP21A2, and
CYP11B2 demonstrate their presence in both cell types,
at decreased level, also contributing to inefficiency of
steroid synthesis.

Pathophysiology

Aberrant hormone receptors
The regulation of cortisol hypersecretion in AIMAH
when ACTH is suppressed has been clarified in recent
years. In the past, steroid production in this disease
was believed to be autonomous. There are now sever-
al evidences that steroidogenesis in AIMAH is regulat-
ed by hormones other than ACTH as a result of the
aberrant expression of their respective receptors in
adrenocortical tissue; this is the most prevalent patho-
physiology in patients with AIMAH.

This concept was first introduced by Ney and
colleagues (29), who demonstrated in vitro that cAMP
and corticosterone production in rat adrenocortical
carcinoma cells were stimulated by non- ACTH hor-
mones, such as catecholamines, TSH, FSH, LH, and

prostaglandin E1. This hypothesis was later validated
in humans by additional in vitro and in vivo studies
(2,30). It has been established that the aberrant stim-
ulation of steroidogenesis in AIMAH and in some uni-
lateral adenomas can be driven by ectopic receptors
such as those for glucose-dependent insulinotropic
peptide or gastric inhibitory polypeptide (GIPR), β-
adrenergic receptors, vasopressin (V2-V3-vasopressin
receptor), serotonin (5-HT7 receptor), and probably
angiotensin II receptor (AT1R); it can also result from
increased expression or altered activity of eutopic
receptors such as those for vasopressin (V1-vasopressin
receptor), luteinizing hormone/human chorionic
gonadotropin (LH/hCGR), serotonin (5-HT4 recep-
tor), and leptin receptor (2). Analysis of the second
messengers involved indicates that these aberrant G-
protein coupled receptors (GPCRs) regulate steroido-
genesis by mimicking the cellular events that are trig-
gered normally by ACTH receptor (figure 4) (30).

GIP-responsive CS
The first case of food-dependent cortisol production was
identified in a 41-yr-old male patient with Cushing’s
syndrome secondary to a unilateral adenoma. This
patient presented low plasma cortisol in the morning or
during fasting, but it increased after meals, despite sup-
pression by high doses of dexamethasone (31). Five
years later, in vivo and in vitro studies performed by two
independent groups allowed to identify the mechanisms
of the food-dependent hypercortisolism; in both patients
with AIMAH, it was demonstrated that cortisol
increased following postprandial physiological increase in
plasma level of GIP, suggesting the ectopic adrenal
expression of GIP receptor (32,33).

Figure 3. Macroscopic and microscopic images of a very large adrenal gland from a patient with AIMAH. There are
multiple nodules with sizes up to 5 cm.
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GIP is a gastrointestinal hormone released in phy-
siological concentrations by K cells from duodenum and
small intestine after food ingestion (2). The suspicion
that cortisol production could be regulated by a gas-
trointestinal hormone came from the observation that
plasma cortisol was stimulated by oral administration of
glucose or by lipid-rich or protein-rich meals, but not by
intravenous glucose. The presence of GIP receptor was
further confirmed by adrenal imaging following the
injection of [123I]-GIP (32). To date, more than 30
cases, the majority in AIMAH, were reported in whom
adrenal hormonal hypersecretion (clinical or subclinical
CS, androgen secretion resulting in hirsutism, and pri-
mary aldosteronism) was associated to GIP stimulation
(30-37). GIPR was overexpressed in GIP-dependent tis-
sues compared with normal fetal or adult adrenal gland
(23,34,36). In vitro experiments have demonstrated that
GIP increases cAMP production and DNA synthesis in
GIP-dependent cortisol-secreting tissue suggesting that
GIP can be implicated both in steroidogenesis and cellu-
lar proliferation (38). The mechanisms involved in the
aberrant expression of this receptor remain unclear.

Swords et al. (39) suggested that chronic stimulation by
ACTH could result in increased GIPR expression, but
other studies did not confirm GIPR overexpression in
the adrenal gland of patients with Cushing’s disease or
ectopic ACTH syndrome and even reported a partial
repression of ACTH receptor (18,38,40,41).

Vasopressin-responsive AIMAH
Patients with ACTH-independent CS, in contrast to
those with Cushing’s disease, do not usually increase
plasma cortisol following administration of lysine-
vasopressin (LVP). However, ACTH-independent sti-
mulation of cortisol following administration or argi-
nine- or lysine-vasopressin has been reported in sever-
al patients with either unilateral adenoma or AIMAH
and CS who increase their plasma cortisol with upright
posture and other physiological stimuli of endogenous
vasopressin (2,42-47). As pharmacological levels of
AVP can stimulate catecholamine secretion and corti-
sol production indirectly in patients with ectopic
adrenal β-adrenergic receptors, it is important to
demonstrate that the cortisol production is modulated
by endogenous vasopressin through water and hyper-
tonic sodium loading (42,44).

In most patients, cortisol secretion was regulat-
ed by the non-mutated V1-vasopressin receptor
expressed either at higher or similar levels in the adren-
al tissues of vasopressin-responsive AIMAH patients
compared to normal individuals. The V1-vasopressin
receptor is normally expressed in the adrenal cortex
and stimulates steroidogenesis modestly in vitro, but
this is not detectable in vivo; because of this, it has
been proposed that the exaggerated steroidogenic
response in these patients represents an increased
response via an eutopic receptor, as a result of recep-
tor over-expression and/or more efficient receptor
coupling to intracellular steroidogenic pathways
(2,45,46). Recently, ectopic expression of V2- and
V3-vasopressin receptors was reported in vitro in some
AIMAH cases, but the effect of dDAVP, a preferential
agonist of V2 receptors, was not studied or did not
elicit cortisol response in vivo (47,48).

Catecholamine-responsive AIMAH
In human adrenal glands, catecholamine has a direct
modulator effect on aldosterone, but not on cortisol
secretion. The aberrant adrenal expression of β-adren-
ergic receptors was first reported in a patient with
AIMAH and CS whose cortisol and aldosterone secre-
tion increased in response to endogenous changes in
catecholamine levels (upright posture, insulin induced
hypoglycemia or exercise) (42). The infusion of iso-

Figure 4. Regulation of steroidogenesis by aberrant hor-
mone receptors in adrenal cortex; in this model, the receptors
regulate steroidogenesis by mimicking the cellular events
triggered by ACTH receptors activation. [Adapted from ref.
30]
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proterenol, a β-agonist, stimulated both cortisol and
aldosterone secretion in this patient, but not in normal
subjects (42). Similar findings were reported in other
patients with AIMAH (44,49,50). In vitro studies
have revealed that the adrenal tissue of such patients,
but not in normal controls, present high-affinity bind-
ing sites compatible with β1 and β2 adrenergic recep-
tors that are efficiently coupled to steroidogenesis,
indicating the ectopic nature of this receptor
(44,49,50). The combined presence of aberrant V1-
vasopressin with β-adrenergic receptor or with 5-
HT4R have been described in sporadic and familial
cases of AIMAH (16,44,48-50).

LH/hCG-responsive AIMAH
The luteinizing hormone receptor (LH/hCGR) is
mainly involved in the regulation of ovarian and tes-
ticular functions (51). A wide LH/hCGR expression
pattern has been demonstrated in several human fetal
tissues, including adrenal cortex, kidney, liver, pan-
creas, lung, small and large intestines (52). In the nor-
mal adrenal cortex, it is expressed in the zona reticu-
laris and hCG stimulates the production of dehy-
droepiandrosterone sulfate in fetal but not in adult
adrenal cells (53,54).

The aberrant adrenal function of LH/hCG
receptor was first identified in a woman with transient
CS during sequential pregnancies; persistent CS and
AIMAH developed only after the post-menopausal
sustained elevation of endogenous LH (55). Adminis-
tration of the long-standing GnRH analog leuprolide
acetate led to suppression of endogenous LH and nor-
malization of cortisol production (55). The
LH/hCGR was present in a non-mutated form and its
expression was not increased compared with normal
adrenal tissue. In the same patient, cisapride and meto-
clopramide, two serotonin 5-HT4 receptor agonists
also stimulated plasma cortisol (55). Some cases of
aberrant receptors for LH/hCG in combination with
serotonin or other receptors have been reported
(16,56,57). A 59-yr-old virilized woman with andro-
gen-secreting AIMAH regulated by hCG was shown
to express the LH/hCGR in one resected adrenal;
suppression of endogenous LH with leuprolide acetate
normalized androgen secretion from the contralateral
adrenal, avoiding bilateral adrenalectomy (15).

Serotonin-responsive AIMAH
In the normal adrenal gland, 5-HT4 receptor agonists
are potent stimulators of aldosterone secretion but only
weakly affect cortisol secretion in vitro. In vivo, they nor-
mally do not produce an increase in plasma cortisol.

After the first description of combined aberrant
LH and serotonin 5-HT4 receptors in AIMAH, sever-
al patients were identified with an increased cortisol
secretion after cisapride, metoclopramide or tegaserod
stimulation (16,48,56-60). In six patients with
AIMAH and aberrant response to cisapride or meto-
clopramide, adrenal overexpression of 5HT4 receptor
was found in four patients. In the two of these patients
with normal levels of this receptor, the molecular
mechanism of the aberrant response remains unclear,
and no differences in splice variants or in the cDNA
sequence of the receptor were identified (58). More
recently, the ectopic expression and function of 5HT7
receptor was identified in a patient with serotonin-
responsive AIMAH and Cushing’s syndrome (60).

Angiotensin-responsive AIMAH
In a patient with AIMAH and an increased plasma
secretion of aldosterone and cortisol after upright pos-
ture, the possibility of response to angiotensin II was
confirmed following the normalization of hormonal
secretion by an oral short-term administration of can-
desartan, an AT-1 receptor antagonist (61). Chronic
treatment of the patient with an AT-1 receptor antago-
nist was not attempted and no in vitro demonstration of
the presence of this receptor was provided (61). In vitro
stimulation of cortisol secretion by angiotensin II also
occurred in patients with AIMAH and CS who had
increases in cortisol levels with upright posture (57).

Other abnormal responses in AIMAH
Several in vitro studies further support the expression of
other GPCRs in AIMAH. Leptin synthesis is stimulated
by glucocorticoids and this hormone normally inhibits
cortisol secretion in the adrenal gland (62-64). In a
patient with AIMAH and CS, GIP and leptin were
shown to aberrantly increase cortisol production in vitro.
The GIP and leptin receptors were not measured direct-
ly in this case (65). These responses have never been
demonstrated in vivo. Two patients with AIMAH and
CS have had insulin-induced hypoglycemia stimulated
cortisol production while ACTH levels remained sup-
pressed (66,67). In vitro adrenal cortisol secretion was
not stimulated by insulin, catecholamines, vasopressin or
angiotensin II (66). Some other in vitro studies have
suggested the expression of thyrotropin, FSH, and IL-1
in adrenal benign and malignant lesions (2,30,68).

Molecular mechanisms of aberrant receptors
The molecular mechanisms leading to the abnormal
expression of eutopic and ectopic receptors in the
adrenal glands of patients with AIMAH and less com-
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monly in adrenal adenomas remains incompletely
understood. The hormonal regulation of the develop-
ment and function of the adrenal cortex requires tis-
sue-specific expression of appropriate hormone recep-
tors and regulatory mechanisms for these receptors,
involving cis-acting regulatory elements (promoters)
and trans-acting factors (transcription factors, co-acti-
vators and co-repressors) (30). The GIPR is the more
extensively characterized ectopic receptor in the
adrenal CS. GIPR gene sequence analysis did not
reveal mutations of coding or putative promoters
regions in adrenals of patients with GIP-dependent CS
and the analysis of transcription factors (Sp1 and Sp3)
necessary to GIPR expression also did not show any
specific abnormalities (40,69,70).

Expression profiling of AIMAH using DNA
microarrays have been utilized to identify genes and
signaling pathways potentially involved in this adrenal
disease. Bourdeau et al. (71) studied more than
10,000 oncogenesis-related genes in eight AIMAH
samples; eighty-two and 31 genes were found to be
consistently up- (those implicating in transcription,
cell cycle, and adhesion) and down-regulated (genes
involved in immune responses and insulin signaling)
compared with normal adrenal glands. Lampron et al.
(41) confirmed the results previously reported in GIP-
dependent cortisol producing AIMAH and adrenal
tumors, reinforcing the possible role to the WNT
pathway of cellular proliferation and adhesion.

It was unclear whether aberrant hormone recep-
tors are a primary phenomenon responsible for the
pathogenesis of AIMAH or adenomas, or an epiphe-
nomenon resulting from cell proliferation and dediffer-
entiation; there are now several evidences in favor of the
former hypothesis. The reversal of hyperplasia between
pregnancies in LH/hCG dependent CS favors the first
hypothesis (2,30). The germline transmission of the
same aberrant receptors in all affected family members in
familial AIMAH is another strong indication in favor of
an initiating role of the aberrant receptor (47-49,72).
The demonstration that bovine adrenocortical cells
transfected with the GIPR or LH/hCGR and injected
under the renal capsule in immunodeficient mice lead to
the development of hyperplastic adrenals and hypercor-
tisolism further supports the initiation role of the ectopic
receptor in pathophysiology of AIMAH (73-75).

Investigation protocol for aberrant receptors
Investigative protocols to screen patients with adrenal
CS for aberrant receptors have been developed
(76,77). The strategy consists of modulating the plas-
ma levels of diverse hormones (endogenous or exoge-

nous) or pharmacologic receptor ligands while moni-
toring plasma levels of cortisol, other steroid hor-
mones and ACTH (under dexamethasone suppression
in sub-clinical CS to guarantee no interference of
ACTH fluctuation).

All tests are performed following an overnight
fast and in a supine position for at least 1h. The initial
screening (76) is performed in 3 days and involves
during the first day a posture test to screen for recep-
tors to angiotensin II, vasopressin, catecholamines or
atrial natriuretic peptides; a standard mixed meal to
assess the presence of GIP or other gastrointestinal
hormone receptors; and cosyntropin test (ACTH 250
µg IV). During the second day, the administration of
GnRH 100 µg IV evaluates responses to LHRH, LH,
and FSH; TRH 200 µg IV screens for modulation by
THR, TSH or prolactin; on the last day, the protocol
is completed with the sequential administration of
glucagon 1 mg IM; vasopressin 10 UI IM and 10 mg
metoclopramide as a serotonin 5-HT4 agonist. Serial
measurements of ACTH, cortisol, and other steroid
hormones are performed at 30 to 60 min intervals
during 2–3 h following the intervention. The incre-
ment of 25–49% from the baseline of the steroid lev-
els in the absence of an increase in ACTH level is
defined as a partial response and an increase more
than 50% or greater is considered a positive response;
the test should be repeated to confirm the response to
the specific ligand and its reproducibility. Fluctua-
tions of the putative ligand hormones of interest are
also measured to better characterize the modulator of
the response. When a positive response following this
initial screening is confirmed, further stimulatory test
should be undertaken to precisely define the hormone
and the specific receptor type implicated (figure 5).

Familial forms and other mechanisms 
in regulation of hormonal hypersecretion
in AIMAH
Initially reported cases of AIMAH appeared to be spo-
radic; more recently, first-degree relatives screening
identified several familial cases with an autosomal dom-
inant pattern of transmission. AIMAH is also rarely
associated with syndromes in which genetic defects have
been identified, such as MEN1 (multiple endocrine
neoplasia type 1- menin), familial adenomatous polypo-
sis and hereditary leiomyomatosis (APC), and renal cell
cancer disorder (fumarate hydratase) (19,78). Athough
PRKAR1A mutations were not found in AIMAH,
somatic losses of the 17q22-24 region, PKA subunit,
and enzymatic activity changes show that PKA signaling
is altered in AIMAH in a very similar way of other
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adrenal tumors (79). Recently, one of the two familial
AIMAH cases was a carrier of a variation (R867G) in
the gene (PDE11A) that codified the phosphodiesterase
11 A4 implicated in the regulation of cyclic nucleotide
levels (19). AIMAH is found in a subgroup of patients
with McCune-Albright syndrome, in which activating
mutations of the Gsα subunit occur in the adrenal gland
during embryogenesis and conduct to constitutive acti-
vation of the cAMP signaling and Cushing’s syndrome
(7). Fragoso et al. (80) identified Gsα mutations in
three of five patients with AIMAH and Cushing’s syn-
drome, without any manifestations of McCune-
Albright syndrome. In a patient with AIMAH, an
ACTH receptor mutation was identified, which led to
impaired desensitization and internalization of the
receptor associated to apparent constitutive activity
(81). Two mutations in the same allele of ACTH recep-
tor (MC2R) were also identified in a patient with clini-
cal hypersensitivity to ACTH (82).

In the familial cases of AIMAH without other
diseases, the potential presence of aberrant receptors
was evaluated only in the recently studied families.
Some aberrant receptors have been identified so far:
V1-vasopressin and β-adrenergic in one family (49); β-
adrenergic in a second one (83); V1-V2 and V3-vaso-
pressin in another family (47), and combined 5HT4
and V1-V2-vasopressin in another one (48). A system-
atic clinical screening of a family with hereditary corti-
sol-secreting β-adrenergic responsive AIMAH re-

vealed unsuspected subclinical Cushing’s syndrome
and aberrant β-adrenergic regulation of cortisol in all
familial cases studied with subclinical CS (72).

In addition to the aberrant hormone receptors,
another paracrine regulatory mechanisms was pro-
posed in some AIMAH cases after the demonstration
of increased adrenocortical expression of pro-opiome-
lanocortin/ACTH, serotonin or vasopressin in affect-
ed adrenal tissues (57,84). It is thus interesting to note
that AIMAH is a disease with a genetic and molecular
heterogeneity, where different mechanisms can poten-
tially contribute together to the final phenotype.

Management of AIMAH
The bilateral adrenalectomy by overt or laparoscopic
approach has been the most useful treatment in patients
with AIMAH and hormonal hypersecretion (3,4,6,
7,12). However, in patients with moderately increased
hormonal production, unilateral adrenalectomy has been
proposed as a safe and effective alternative; it is expected
that, as the cell mass increases in the contralateral adren-
al, a second adrenalectomy may be further necessary
(85,86). In patients with subclinical AIMAH, the deci-
sion for therapy should consider the manifestation of
cortisol excess, such as hypertension, diabetes, osteo-
porosis, apparent brain atrophy or neuropsychological
manifestations. Medical treatment with adrenal enzyme
inhibitors could be helpful to control cortisol secretion
before surgery (7). AIMAH is a benign process that has
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Figure 5. Further in vivo characterization of aberrant adrenal hormone receptors following the initial
screening protocol. [Adapted from ref. 76]
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never been shown to become malignant; in sub-clinical
CS with AIMAH, follow up with annual CT scan and
biochemical assessment is sufficient.

The identification of aberrant adrenal hor-
mone receptors in AIMAH provides new opportuni-
ties for specific pharmacological therapies as alterna-
tive to adrenalectomy. Pharmacological blockade of
postprandial release of GIP using octreotide led to
clinical and biochemical improvement of Cushing’s
syndrome, although without persistent effect proba-
bly as the result of eventual desensitization of
somatostatin-receptors in GIP-secreting duodenal K
cells (33,87). In catecholamine-dependent CS in
AIMAH, β-adrenergic receptor antagonists were effi-
cient in the long-term control of hormonal hyper-
secretion (42,72). In LH/hCG-dependent AIMAH
and CS, suppression of endogenous LH levels with
long-acting leuprolide acetate controlled steroid
secretion and avoided bilateral adrenalectomy
(15,55). It is possible that tumor regression might
not occur, despite complete blockade of the aberrant
receptors, because other genetic events (other than
aberrant receptors) inducing proliferation can appear
over time (30,41).

Based in current studies, it is recommended
that all patients with AIMAH and clinical or subclini-
cal Cushing’s syndrome undergo screening for aber-
rant receptors, because this may change the therapeu-
tic strategy. In addition, systematic screening of fami-
lial members above 25–30 years old should be con-
ducted with 1 mg overnight dexamethasone tests.
Those who do not suppress their plasma cortisol on
the following morning under 1.8 µg/dl (50 nmol/L)
should have an adrenal CT scan.

CONCLUSION

In recent years, several new findings have contributed
to a better understanding of the heterogeneity of
pathogenesis in AIMAH. Aberrantly expressed G-pro-
tein-coupled receptors in the adrenal cortex appear to
play a central role in the hormonal hypersecretion and
cell proliferation in this disease. However, other mo-
lecular mechanisms, as Gsp or ACTH receptor muta-
tions, and adrenal paracrine hormonal secretion can
also be implicated in this disease. Together, these
studies have contributed to a more precise evaluation
of patients with AIMAH, improving earlier diagnosis
and offering new therapeutic and potentially preven-
tive strategies.
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