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Abstract. Bilateral adrenalectomy is the standard treatment for Cushing’s syndrome (CS) related to ACTH-independent
bilateral macronodular hyperplasia (AIMAH), although it imposes life-long adrenal insufficiency. This study reports a
clinical case in order to discuss the clinical interest of pharmacological B-blockade of illegitimate membrane receptors and
unilateral adrenalectomy as alternatives to bilateral adrenalectomy for treatment of CS due to AIMAH. Evidence for cor-
tisol stimulation by upright posture and insulin-induced hypoglycemia in a patient with CS related to AIMAH led us to try
B-blockers as a therapeutic test and then as a first line treatment. Thus, a 3-day B-blocker test (320mg/d propranolol) in-
duced normalization of cortisol secretion, with return of hypercortisolism at the end of the test. A long term treatment with
320mg/d propranolol allowed sustained normalization of cortisol secretion and progressive disappearance of Cushingoid
features but after 8 months the patient complained of Raynaud’s syndrome and fatigue. Lowering propranolol dosage or
switching to atenolol was less efficient to reduce cortisol levels. Unilateral adrenalectomy was then performed as a second
line treatment, leading to normalisation of the 24h urinary cortisol without adrenal insufficiency. Long term control of
blood pressure and glycemia were observed during a 7-year follow-up without B-blocker. In conclusion, a 3-day propra-
nolol test may identify patients with AIMAH who can benefit from a long term B-blocker treatment. In case of intolerance
to B-blocking agents, unilateral adrenalectomy may allow for long term control of Cushing’s syndrome related to AIMAH

without adrenal insufficiency.
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BILATERAL corticotropin-independent macronod-
ular adrenal hyperplasia (AIMAH) is a rare form of
Cushing’s syndrome in which both adrenals are re-
sponsible for an ACTH-independent cortisol secretion.
In the past years it has been shown that in AIMAH
the adrenals frequently show abnormal expression of
membrane receptors to hormones other than ACTH
[1-3]. There is good clinical evidence that several
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hormonal receptors are responsible for the peculiar
pattern of cortisol secretion described in some patients
with ACTH-independent Cushing’s syndrome (Table
1), while experimental animal studies demonstrate that
illegitimate expression of either GIP or LH/hCG re-
ceptors induces adrenocortical hyperplasia [4, 5].

On a clinical perspective, the discovery of an ab-
normal expression of adrenal receptors led to the hope
that alternative medical treatments might be applied
to patients with AIMAH, using drugs that either in-
hibit the secretion of the receptor’s ligands or antago-
nize their action [6]. For instance cortisol hypersecre-
tion linked to GIP, LH/hCG or B-adrenergic receptors
can be treated by, respectively, somatostatin, GhnRH
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Table 1. Summary of cases of AIMAH presenting a clinical Cushing’s syndrome with abnormal responses to the screening test
of hormone receptors stimulation.

Receptor abnormally involved

Number of patients

Pharmacological therapy

in clinical hypercortisolism with AIMAH

GIPR 25 cases Somatostatin (3 cases [7, 12, 15, 18])

(food-dependent CS) [7-18] Partially effective (treatment duration up to 5 months). Surgical
treatment was required.

B-adrenoceptor 7 cases B-blocker (4 cases [1, 20-22] including the present patient)

(catecholamine-dependent CS) [1, 19-24] One case of effective long-term treatment [21] , another one
with a partial response leading to a unilateral adrenalectomy
[22]. Discontinuation of a 3 weeks f-blocker treatment because
intolerance [1].

LH/hCGR 8 cases GnRH analog (3 cases[18, 26, 27])

(LH-dependent CS)

V1-AVPR

[1, 17, 18, 25-27]

22 cases
[1,17,24,28-36]

Only one patient [27] had her cortisol secretion well controlled by
long-term leuprolide treatment, avoiding a surgical treatment.

OPC-21268 (1 case [28])
This nonpeptide V1a receptor antagonist was partially effective in

(vasopressin-responsive CS)

a 8 day-test (600 mg, t.i.d).

5HT-4R
(serotonin-responsive CS)

14 cases
[1,17,25,27, 35,37, 38]

ND

GIPR, gastric inhibitory polypeptide receptor. CS, Cushing’s syndrome. LH/hCGR, luteinizing hormone/human chorionic
gonadotrophin receptor. AVPR, arginin-vasopressin receptor. SHT-4R, serotonin type 4 receptor. GnRH, gonadotropin-releasing

hormone. ND, not done.

analogs or B-blockers (Table 1). However such treat-
ments have so far been reported in only very few pa-
tients and the reference treatment of AIMAH remains
bilateral adrenalectomy [39], with ensuing postopera-
tive adrenal insufficiency, which carries a risk for fa-
tal adrenal crisis in cases of poor compliance or inad-
equate adaptation of the lifelong substitutive therapy.
Therefore one must better define the clinical character-
istics of patients with AIMAH that may benefit from
an alternative to bilateral adrenalectomy.

Here we report the case of a patient with Cushing’s
syndrome linked to AIMAH who benefited from 2 al-
ternative treatments: first she responded surprisingly
well to a suppressive test with the B-adrenergic antag-
onist propranolol, although the clinical data only sug-
gested a modest stimulation of cortisol secretion by
catecholamines. Propranolol proved an efficient thera-
py for this patient but on the long term it was not well
tolerated. The patient was then treated by unilateral
adrenalectomy, which proved to be an efficient and

well-tolerated treatment for her Cushing’s syndrome.

Subject and Methods
Case Report

A 64 yr-old Caucasian woman was explored for hy-
percorticism in 2001 [20]. She had a history of type
2 diabetes since 1995, treated with sulfonylurea and
metformin and of hypertension since 1999, treated
with the angiotensin-converting enzyme (ACE) inhib-
itor quinapril. The patient presented severely deterio-
rating glycemic control (HbAlc 14 %) leading to in-
sulin treatment, and exacerbation of her hypertension
(150/105 mm Hg). Physical examination revealed fa-
cial plethora and erythrosis, BMI 26.7 kg/m’, moder-
ate skin atrophy and proximal muscle wasting. A 1
mg dexamethasone overnight test showed no suppres-
sion of morning plasma cortisol levels (511 nmol/L).
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Fig. 1. Initial investigation: cortisol circadian cycle followed by
1mg overnight dexamethasone suppression test and radio-
logical assessment. (A) Plasma cortisol and ACTH con-
centrations were measured at the indicated time points in
two consecutives 24 hours-cortisol cycles with one week
interval; at the end of second cycle, 1 mg overnight oral
dexamethasone test was performed (Dexa, as indicated by
the arrow). Days 1, 2, 10 and 11 are represented by D1,
D2, D10 and D11. Shaded areas indicate the normal range
of cortisol values in circadian cycle and under dexame-
thasone. To convert cortisol or ACTH plasma concentra-
tions to pg/d or pg/mL respectively, divide values by 27.6
or 0.22. (B) Plan abdominal computed tomographic scan
showing bilateral adrenal enlargement (arrows).

Diagnosis of ACTH-independent hypercortisolism
was established by a 5-fold elevation of free urinary
cortisol observed on two different days (900 and 1200
nmol/d, normal range 120 - 220 nmol/d) and a sup-
pressed morning ACTH concentration (< 0.5 pg/mL ,
normal 2 - 10 pmol/L). Circadian variations of plas-
ma cortisol grossly mimicked a normal cycle howev-
er midnight nadir remained above normal value (280
nmol/L; normal, <100 nmol/L) in two cycles separated
by a one week interval (Figure 1A). Abdominal com-
puted tomography revealed bilateral macronodular hy-
perplasia with a predominant left adrenal gland (6.1 x

3.0 x 3.0 cm versus 5.2 x 2.6 x 2.0 for the right adrenal
gland) (Figure 1B). lodine-131 nor-cholesterol scin-
tigraphy showed bilateral uptake, which was also pre-
dominant on the left adrenal gland (results not shown).

Hormone Assays

Plasma and urinary cortisol concentrations were
determined by radioimmunoassay (Immunotech,
Marseille, France). Plasma ACTH concentration
was measured by immunoradiometric assay (Nichols
Institute Diagnostics, San Clemente, CA), with a detec-
tion limit of 0.5 pmol/L. Plasma aldosterone was mea-
sured by radioimmunoassay after extraction and chro-
matography (CHU Grenoble, France) with a detection
limit of 30 pmol/L. Plasma catecholamines levels were
measured by high-pressure liquid chromatography tech-
nique coupled to electrochemical detection; plasma va-
sopressin was determined by radioimmunoassay af-
ter extraction (Dr Cottet-Emard, CHU Lyon, France).
Plasma renin activity levels were measured by the
GammaCoat Plasma Renin Activity kit (DiaSorin).

Investigation protocol

Pre-operatively plasma levels of steroids in re-
sponse to various stimuli were investigated using the
protocol described by Lacroix et al. [40], which was
approved by the local institutional ethics committee.
Before surgery the patient gave informed consent for
all biochemical tests. The protocol consisted of moni-
toring plasma cortisol, aldosterone and ACTH concen-
trations at 30 — 60 min intervals for 2 — 3 h during the
tests as follow: supine-to-upright posture test, standard
mixed meal, combined iv administration of 200 pg
TRH and 100 pg LHRH (Stimu-TSH and Stimu-LH,
Ferring, Gentilly, France), combined administration of
1 mg glucagon (GlucaGen, Novo Nordisk, Puteaux,
France) i.v. and cisapride (Prepulsid, Janssen-Cilag,
Issy-les-Moulineaux, France) orally, 1 mg terlipres-
sin (Glypressine, Ferring, Gentilly, France) i.v, 10
pg desmopressin (Minirin, Ferring, Gentilly, France)
i.v., 6 IU regular insulin (Actrapid, Novo Nordisk,
Bagsvaerd, Denmark) i.v (which induced a glycemia
of 1.8 mmol/L 30 minutes after injection) or 0.25 mg
tetracosactide (Synacthéne, Novartis Pharma, Rueil-
Malmaison, France) i.v. as reference test. Cortisol re-
sponse to the hypoglycemia (insulin test) was inves-
tigated after normalization of blood glucose levels of
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Table 2. Variations in blood hormone levels during a posture test.

Time Posture Cortisol ~ Aldosterone PRA ACTH Vasopressin Norepinephrine Epinephrine
test (nmol/L) (pmol/L) (ng/mL/h)  (pmol/L) (pg/mL) (pg/mL) (pg/mL)
08:00 upright 820 245 0.24 <05 1.10 638 49
10:00 supine 580 104 0.27 <05 0.58 303 37
12:00 upright 847 267 0.29 <05 1.93 703 87
8:00 URL 690 443 1.0° 12 <150 450° 50°

URL, upper reference limit of the reference range. PRA, Plasma Renin Activity. () Upper normal values in supine position.
Conversion factors: aldosterone values x 0.36 = pg/mL, PRA x 0.2778 = ng/L/sec, vasopressin values x 0.99 = pmol/L, norepine-

phrine values x 0.0059 = nmol/L, epinephrine values x 5.45 = pmol/L.

this diabetic patient. Because abnormal stimulations
were found with the initial screening protocol, pos-
ture tests were repeated another two times and plasma
levels of vasopressin, renin, epinephrine and norepi-
nephrine were measured. Modulation of endogenous
levels of vasopressin and its relation with cortisol lev-
els were examined during 5 h in a supine position by a
20-cc/kg oral water load in the first hour.

A cortisol response was considered as non-signifi-
cant when below 125%, potentially significant when
above 125% and highly significant when above 150%
of basal level, as described [40]. All the tests were
done while patient was supine, excepting the basal
cortisol at the meal and the posture test responses (after
2h upright).

Results
Evaluation for the presence of aberrant adrenal receptors

Systematic search for the expression of aberrant ad-
renal hormone receptors using the investigation pro-
tocol detected significant plasma cortisol response to
four stimulation tests: upright posture (135% of basal
cortisol), terlipressin, a VV1-vasopressin receptor ago-
nist (225%), insulin-induced hypoglycaemia (133%)
and combined glucagon-cisapride (128%), while plas-
ma ACTH remained undetectable. A response of 176
% was also observed with the ACTH MC2 receptor
agonist tetracosactide. During the upright posture test
aldosterone was also stimulated while plasma renin
activity remained low (Table 2).

Search for the receptor responsible for upright stimulation

Although stimulation of cortisol secretion by the

posture test was relatively weak it proved to be repro-
ducible (Table 2). This stimulation could theoretically
be mediated by receptors for any hormone whose se-
cretion is stimulated by the upright posture in healthy
individuals, which includes angiotensin-II, cate-
cholamines, vasopressin, aldosterone, atrial natriuret-
ic factor and endothelin [40]. Renin activity was not
stimulated by the posture test, which indirectly sug-
gested that angiotensin-I1 levels was not responsible
for stimulation of cortisol nor aldosterone secretion
by upright posture (Table 2). The plasma levels of va-
sopressin, norepinephrine and epinephrine did show
stimulation by upright posture (Table 2). As the re-
sults of the terlipressin test pointed to the adrenal ex-
pression of vasopressin receptors, a water-loading test
was performed: during the first hour of the test vaso-
pressin levels were lowered to undetectable levels, but
plasma cortisol was not decreased, while between the
2" and 3" hour of the test vasopressin levels were still
decreasing but cortisol actually showed some stimula-
tion (Figure 2). Finally at the end of the test, plasmat-
ic and urinary vasopressin levels were quadruplicated
(a common finding during this test, which is under-
stood as a rebound effect due to the high urine output)
but plasma cortisol levels were not further stimulated.
Altogether these results suggested that, although cor-
tisol secretion could be stimulated by pharmacologi-
cal activation of V1 receptor, it was not influenced by
variations of circulating levels of vasopressin within
physiological levels.

We then tested the hypothesis that cortisol secre-
tion might be controlled by catecholamines, consistent
with stimulation of cortisol by both upright posture
and insulin-induced hypoglycemia. Instead of an iso-
proterenol stimulation test we decided to perform of
a B-blocker suppressive test for two reasons: first in
France the use of isoproterenol is restricted to patients
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hospitalized in intensive care unit and secondly we an-
ticipated that the only clinical consequence of a posi-
tive isoproterenol test would be to test the effect of a
B-blocking agent.

Cortisol response to the f-blocker test

We chose to test the effect of propranolol, as it an-
tagonizes both B1 and B2- receptors and we used
the maximal dose recommended (320 mg/d, divid-
ed in three daily doses). The effect of this treatment
was evaluated on the third day of administration.
Surprisingly this test was followed by a complete nor-
malization of free urinary cortisol excretion on the 3"
day of treatment (Figure 3), although it did not sup-
press stimulation of cortisol secretion by the posture
test (Figure 4). To rule out the hypothesis that this
normalization of cortisol was due to a factor other than
propranolol the drug was discontinued for 13 days,
which lead to recurrence of hypercortisolism; it was
then resumed, which was again followed by normal-
ization of cortisol secretion (Figure 3). Propranolol
therapy was then maintained.

Long term treatment with propranolol

Maintaining propranolol therapy for several weeks
decreased both standing and supine plasma cortisol
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Fig. 2. Oral water loading test. Plasma cortisol and vasopressin
concentrations during an oral water load of 20 mL/kg ad-
ministered during 60 min as indicated by the shaded area.
The patient was in supine posture during 60 min before
and during the entire test. To convert cortisol or vasopres-
sin plasma concentrations to pg/d or pmol/L respectively,
divide values by 27.6 or 1.01.

levels (not shown) and urinary cortisol, according to
the evaluation in July-01 (Figure 3). Diabetes and
blood pressure were well controlled; usual anti-hy-
pertensive treatment (ACE) was stopped and the heart
frequency was 65 beats/min. A novel tomograph-
ic evaluation revealed stability of adrenal lesions, if
compared before (right adrenal, 5.2 x 2.6 cm, left ad-
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Fig. 3. Evolution of hypercortisolism under different treatments since 2001. Urinary cortisol excretion was measured at initial diagnos-
tic analysis, under propranolol test, after 13 days of treatment interruption (indicated by “STOP propranolol”) and during medical
and surgical treatments over several months. Gray area represents normal urinary cortisol values (65 to 290 nmol/day). To con-
vert urinary cortisol to pg/24h, divide by 2.76.
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renal, 6.1 x 3.0 cm) and after treatment (right adre-
nal, 5.1 x 2.5 cm, left adrenal, 5.8 x 3.0 cm). After 8
months, progressive appearance of fatigue, Raynaud’s
phenomenon and lower extremities oedema led us to
replace propranolol by the f1-adrenoceptor antagonist
atenolol (Figure 3), which was less efficient to reduce
cortisol levels. Atenolol was then stopped and a low-
er dose of propranolol (160 mg/d) was tried but a mild
hypercortisolism remained under this treatment.

Treatment by unilateral adrenalectomy

Seventeen months after B-blockade initiation, a left
transperitoneal laparoscopic adrenalectomy was per-
formed with no post-operative complications. The
choice of the adrenal side for unilateral adrenalectomy
was based on the radiological size [41] and the iodine-
131 nor-cholesterol scintigraphy uptake. The surgical
specimen was a bright yellow plurinodular mass of 33
g corresponding to the hyperplastic left adrenal gland
with multiple nodules [42]. Microscopic examination
revealed a typical aspect of diffuse and nodular cortical
hyperplasia confirming the diagnosis of AIMAH; cel-
lular and molecular studies revealed cortisol hyperre-
sponsiveness to catecholamines, 5-HT4 and vasopres-
sin while the B2-adrenoceptor expression level was
9-fold higher than normal adrenal cortex by semi-quan-
titative RT-PCR analysis [42]. As a direct clinical con-
sequence of surgical procedure, a normal free urinary
cortisol excretion was verified at immediate post-surgi-
cal period (Figure 3) without B-blocking treatment.

Clinical follow-up

Three months after unilateral adrenalectomy, clini-
cal improvement was evident. Free urinary cortisol
was normalized, including circadian values of plas-
ma cortisol mimicking a normal cycle (Figure 5).
However, cortisol levels were not suppressed by dex-
amethasone, confirming persistence of pituitary-ad-
renocortical axis unresponsiveness and autonomous
function of the remaining right hyperplastic adrenal
gland. Postoperatively plasma ACTH levels remained
suppressed.

Clinically after a follow-up of 7 years, the patient
has no skin atrophy or amyotrophy or plethoric face.
Glycemia is still much better controlled than prior to
surgery although on the 5" year of follow up HbAlc
levels (8.6%) became higher than during the four
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Fig. 4. Orthostatic variation of plasma cortisol is not inhibited
by B-blocker treatment. In four different days, sequential
blood collection was performed at 8, 10 and 12 h as fol-
lows: 2h-upright, 2h-supine and 2h-upright positions, re-
spectively. Posture tests were performed in April-01(A)
and October-01 (B) without treatment ( - ), or thereafter
with propranolol ( + ). Intervals between each set of pos-
ture tests were two months (A) or five days (B) of contin-
uous B-blocker treatment.

years after surgery (7.3% on average). Hypertension
is well controlled (120/70 mm Hg) an angiotensin II
receptor blocker/diuretic combination and a long act-
ing calcium channel blocker (treatment chosen by her
own treating diabetologist).

Evolution of the hormonal parameters of the cor-
ticotroph axis were as follows; free urinary cortisol
remained normal (last measurement 92 nmol/24h N
40-240); ACTH became barely detectable (1.5 pmol/
L) at 3-year follow-up, but remained undetectable
(<0.5 pmol/L) afterwards. Some stimulation of cor-
tisol secretion by the supine/upright posture test was
maintained and the increase was 12% (from 369 to
414 nmol/L) on the last measurement. Of note, the
decrease of urinary cortisol pre and post operative-
ly (Figure 3) was much more important than the cor-
responding decrease of serum cortisol. When us-
ing the mean of serum cortisol levels at 8h, 16h, 24h
and 8h the next day as an estimate of “average serum
cortisol” we could compare the values measured in
September 2001 (pre operatively, no propranolol) with
that measured in February 2003 (post operatively) uri-
nary cortisol decreased from 913 to 83 nmol/24h (91%
decrease), whereas “average” serum cortisol decreased
from 458 to 307 nmol/L.

The size of the right adrenal appeared quite stable,
with measurements of the two largest diameters on



-ADRENOCEPTOR-DEPENDENT CUSHING’S HYPERCORTICISM 873

O Upright

6001 @ Supine | 10 Jﬁ

5 500 s L

2 400 °| 3

£ 16 E

g 300+ EE

€ 45

& 2004 Dexa <
(&)

(0]

£ 100 l 12 g

0 w0

© ©

T i — o a4 el &

08:0010:00  20:00 00:00  08&:0010:00  00:00 08:00
Time

I
«
o

. Evaluation of the pituitary-adrenocortical function after
unilateral adrenalectomy. The circadian profiles of plas-
ma cortisol and ACTH concentrations were measured at
the indicated time points in two consecutive days, three
months after surgical treatment. Orthostatic variation of
plasma cortisol concentrations were searched for, as indi-
cated by upright and supine symbols (note that the patient
was in the upright, rather than supine position at 8 am on
the second day). Free urinary cortisol excretion was 83
nmol/d (30 pg/d), normal range 65 — 290 nmol/d (23.5 —
105 pg/d). Afterwards, an outpatient suppression test was
performed by 1 mg oral dexamethasone overnight as in-
dicated (Dexa). Shaded areas specify the normal range of
cortisol values in circadian cycle and in response to the
suppression test.

transversal CT-scans as following : 52 x 26mm (pre-
operatively, 2001); 52 x 25mm (2002) ; 50 x 28 mm
(2005); 56 x 26 mm (2008).

Discussion

This report describes a patient with Cushing’s syn-
drome related to bilateral macronodular adrenal hy-
perplasia in whom a systematic search for abnormal
stimulation of cortisol secretion lead to the hypothesis
that B-adrenergic receptors were abnormally expressed
in the patient’s hyperplastic adrenals. This hypothesis
was later confirmed by in vitro analysis, which con-
tributed to the understanding of its intricate physiopa-
thology [42].

Aberrant expression of B-adrenergic receptors was
suggested in the present case by the finding of an ab-
normal cortisol secretion stimulation by both upright
posture and insulin-induced hypoglycaemia tests.
Cortisol increased only modestly after upright posture
and more significantly after pharmacological activa-

tion of the V1-AVP receptor through the agonist terli-
pressin, but neither lowering vasopressin levels (at the
beginning of the water load test) or raising vasopres-
sin levels (at the end of the water load test) had sig-
nificant effects on cortisol levels. Therefore unlike in
other observations [23, 24, 28, 29] endogenous vaso-
pressin levels did not appear to be essential in the pos-
tural cortisol response in this particular patient. It is
difficult to be conclusive regarding the participation of
angiotensin-11 to the stimulation of cortisol secretion
by the supine/upright test as it was not tested directly.
The role of other peptides implicated in upright pos-
ture physiological responses, such as atrial natriuretic
factor and endothelin was also not tested.

We then decided to test the hypothesis that
B-adrenergic receptors were responsible for stimu-
lation of cortisol secretion, using a 3-day treatment
by propranolol, which gave two interesting respons-
es. The first one was an unexpectedly dramatic nor-
malization of cortisol secretion, and the result of both
cessation and reintroduction of propranolol treatment
were in favour of a causal relationship between the
presence of propranolol and the suppression of corti-
sol secretion. Another interesting result was the fact
that, although propranolol did lower levels of plasma
and urinary cortisol, it did not prevent stimulation of
cortisol secretion by the posture test. This suggests
that in this patient upright-induced cortisol responses
were mainly under the control of receptors other than
the B-adrenergic receptors, while B adrenergic recep-
tors were indeed implicated in the control of non-pos-
ture stimulated cortisol secretion. An alternative hy-
pothesis could be related to the pharmacological dose
of propranolol required to block the effect of upright-
induced plasma cathecolamines stimulation (a 2.5-fold
increase) (Table 2). Thus, while basal cortisol levels
were sensitive to propranolol treatment leading to the
clinical control of CS, a more complete f-blockade or
other antagonists for alternative receptors might be re-
quired to inhibit the abnormal cortisol response related
to the posture.

The first implication of these results is that the pos-
ture test is probably not the best test for screening the
presence of B-adrenergic receptors in a patient with
AIMAH, as it is poorly specific while its sensitivity re-
mains to be evaluated. Both insulin-induced hypogly-
cemia or isoprenaline stimulation tests provide more
specific tests for the presence of B-adrenergic recep-
tors but both are at least uncomfortable for the patient
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and, in some countries at least, the use of isoprenaline
is restricted to intensive care units. On a clinical per-
spective the only practical consequence for the patient
of a positive response to either stimulation test is that
they raise the hypothesis that the patient’s hypercor-
tisolism might be controlled by the use of B-blockers:
we think that this hypothesis is more directly ad-
dressed by the use of a 3-day propranolol suppressive
test, as reported here.

Another question raised by our data is that clinical
testing of the patient suggested its adrenals expressed
not only B-adrenergic receptor but also vasopressin,
serotonin and glucagon receptors, which was con-
firmed by an in vitro analysis of the patients’cells [42]:
how can suppression of only the B-adrenergic receptor
normalize cortisol secretion when the other receptors
are still there? Two hypotheses can be made: first the
other receptors might only have a pharmacological in-
terest but not be clinically relevant as the endogenous
ligands for those receptors might never be at a con-
centration high enough to induce secretion of cortisol.
Alternatively, one might consider that the B-blocking
agent propranolol might have not only direct effect
on the B-adrenergic receptor but also indirect effect
by acting on the secretion of the ligands activating the
other receptors.

The present case and others (Table 1) provide evi-
dence that the f-adrenergic receptor blockade requires
high doses of propranolol to be effective in AIMAH
with B-adrenergic-dependent Cushing’s syndrome.
Thus, the risk of side effects and treatment intolerance
is enhanced, as reported by others [1]. In the case
studied here, treatment intolerance was judged inac-
ceptable after 9 months B-blockade. Tolerance was
improved by reduction of propranolol dose or switch-
ing to atenolol but both treatments were less efficient
to control hypercortisolism.

The clinical benefit of propranolol was well dem-
onstrated on cortisol secretion, as the patient was
exempted of Cushing’s syndrome features during
B-adrenoceptor blockade period, but no effect could
be demonstrated on adrenal size. This suggests that
B-adrenoreceptors are not implicated in cellular prolif-
eration and adrenal tumor progression in this stage of
disease. However, one year-treatment can not be suf-
ficient to conclude, as AIMAH probably develop over
a long period of time.

Despite the persistence of low ACTH levels after
surgery, which are likely linked to the persistence of
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subclinical CS, lowering of plasma cortisol levels and
normalization of free urinary cortisol are persistent
seven years after surgery without the need for an ad-
juvant propranolol treatment. This demonstrates that
in this patient unilateral adrenalectomy lead to a sat-
isfactory (although not perfect) and prolonged con-
trol of cortisol secretion. One may find surprising that
removing just one adrenal was sufficient to normal-
ize urinary cortisol when it was elevated 5 fold above
the normal pre operatively, but our data show that this
high decrease in urinary cortisol corresponded to a
lower decrease of average serum cortisol, a phenom-
enon that can be explained by the saturation of CBG
at high concentration of cortisol. Thus, our observa-
tion suggests that unilateral adrenalectomy of the larg-
est gland can be an effective treatment for AIMAH,
as already reported in cases without demonstration of
anomalous receptors [41] or in CS responsive to cate-
cholamines [22], serotonin [35], or GIP [18].

Finally, another interesting point of our observa-
tion is the lack of growth of the remaining adrenal af-
ter surgery. This might be related to the persistence
of suppressed ACTH levels, with would remove the
trophic effect of pituitary ACTH on adrenocortical tis-
sue. However in vitro analysis of the patient hyper-
plastic cells showed evidence that these cells could
secrete ACTH [42], as already reported by others in
similar patients [43], so that a suppressed pituitary
ACTH secretion might not necessarily mean that the
ACTH MC2 receptor of these cells is not activated.
In addition one has to consider that the in vivo trophic
effect of ACTH on adrenocortical cells are gener-
ally believed to be mediated trough activation of ad-
enylyl cyclase, which in this patient can be activated
through other G protein coupled receptors, such as
the B-adrenergic receptor. So the reason for the lack
of growth of the remaining adrenal is not clear but it
must be stressed that the natural history of the adrenal
growth in AIMAH is poorly known. Indeed, the ma-
jority of adrenal masses reported in subclinical CS re-
mains stable after several years of follow up [44].

In conclusion we argue that the use of a propranolol
suppression test might be the best way to identify clin-
ically relevant expression of B-adrenergic receptors in
AIMAH patients, and that a systematic use of this test
may help to better identify which patients might ben-
efit from a long term treatment with -blocking agent.
In patients without the possibility of pharmacological
treatment because there is no response to the propra-
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nolol test neither to the LH/hCG or GIP receptors ab-
errant expression tests, unilateral adrenalectomy of the
larger gland appears to be the best alternative for con-
trolling hypercortisolism while avoiding a surgical ad-
renal insufficiency.

Acknowledgements

We thank the physicians Dr Sandrine Favre who
referred the patient and Dr Cedric Vadot who con-
ducts her follow-up. T.L.M. was supported by a doc-
toral studentship from Agency for the Improvement of
Graduate Training of Brazil (CAPES).

References

1. Mircescu H, Jilwan J, N'’Diaye N, Bourdeau I,
Tremblay J, Hamet P, Lacroix A (2000) Are ecto-
pic or abnormal membrane hormone receptors fre-
quently present in adrenal Cushing’s syndrome? J Clin
Endocrinol Metab 85: 3531-3536.

2. Bourdeau I, D’Amour P, Hamet P, Boutin JM, Lacroix
A (2001) Aberrant membrane hormone receptors in in-
cidentally discovered bilateral macronodular adrenal
hyperplasia with subclinical Cushing’s syndrome. J
Clin Endocrinol Metab 86: 5534-5540.

3. Lacroix A, Baldacchino V, Bourdeau I, Hamet P,
Tremblay J (2004) Cushing’s syndrome variants
secondary to aberrant hormone receptors. Trends
Endocrinol Metab 15: 375-382.

4. Mazzuco TL, Chabre O, Feige JJ, Thomas M (2006)
Aberrant expression of human luteinizing hormone re-
ceptor by adrenocortical cells is sufficient to provoke
both hyperplasia and Cushing’s syndrome features. J
Clin Endocrinol Metab 91: 196-203.

5. Mazzuco TL, Chabre O, Sturm N, Feige JJ, Thomas
M (2006) Ectopic expression of the gastric inhibitory
polypeptide receptor gene is a sufficient genetic event
to induce benign adrenocortical tumor in a xenotrans-
plantation model. Endocrinology 147: 782-790.

6. Lacroix A, Bourdeau I, Lampron A, Mazzuco TL,
Tremblay J, Hamet P (2009) Aberrant G-protein cou-
pled receptor expression in relation to adrenocortical
overfunction. Clin Endocrinol (Oxf) in press.

7. Croughs RJ, Zelissen PM, van Vroonhoven TJ, Hofland
LJ, N’Diaye N, Lacroix A, de Herder WW (2000) GIP-
dependent adrenal Cushing’s syndrome with incom-
plete suppression of ACTH. Clin Endocrinol (Oxf) 52:
235-240.

8. Lacroix A, N’Diaye N, De Herder WW, Nieman L,
Ezzat S, Hermus A, Noordam C, Gerl H, Lochs H, Pico
A, Hamet P, Tremblay J (2000) Adrenal GIP recep-
tor overexpression in food-dependent Cushing’s syn-
drome. Program and abstracts of the 11" International
Congress of Endocrinology, p 99 (Abstract).

9. Groussin L, Perlemoine K, Contesse V, Lefebvre
H, Tabarin A, Thieblot P, Schlienger JL, Luton JP,
Bertagna X, Bertherat J (2002) The ectopic expression
of the gastric inhibitory polypeptide receptor is fre-

quent in adrenocorticotropin-independent bilateral ma-
cronodular adrenal hyperplasia, but rare in unilateral
tumors. J Clin Endocrinol Metab 87: 1980-1985.

10. Lacroix A, Bolte E, Tremblay J, Dupre J, Poitras P,
Fournier H, Garon J, Garrel D, Bayard F, Taillefer R,
et al. (1992) Gastric inhibitory polypeptide-dependent
cortisol hypersecretion—a new cause of Cushing’s syn-
drome. N Engl J Med 327: 974-980.

11. Lacroix A, Ndiaye N, Tremblay J, Hamet P (2001)
Ectopic and abnormal hormone receptors in adrenal
Cushing’s syndrome. Endocr Rev 22: 75-110.

12. Lebrethon MC, Avallet O, Reznik Y, Archambeaud F,
Combes J, Usdin TB, Narboni G, Mahoudeau J, Saez
JM (1998) Food-dependent Cushing’s syndrome: char-
acterization and functional role of gastric inhibitory
polypeptide receptor in the adrenals of three patients. J
Clin Endocrinol Metab 83: 4514-4519.

13. N’Diaye N, Hamet P, Tremblay J, Boutin JM, Gaboury
L, Lacroix A (1999) Asynchronous development of bi-
lateral nodular adrenal hyperplasia in gastric inhibito-
ry polypeptide-dependent cushing’s syndrome. J Clin
Endocrinol Metab 84: 2616-2622.

14. Pralong FP, Gomez F, Guillou L, Mosimann F,
Franscella S, Gaillard RC (1999) Food-dependent
Cushing’s syndrome: possible involvement of leptin in
cortisol hypersecretion. J Clin Endocrinol Metab 84:
3817-3822.

15. Reznik Y, Allali-Zerah V, Chayvialle JA, Leroyer R,
Leymarie P, Travert G, Lebrethon MC, Budi I, Balliere
AM, Mahoudeau J (1992) Food-dependent Cushing’s
syndrome mediated by aberrant adrenal sensitivity to
gastric inhibitory polypeptide. N Engl J Med 327: 981-
986.

16. Swords FM, Aylwin S, Perry L, Arola J, Grossman AB,
Monson JP, Clark AJ (2005) The aberrant expression
of the gastric inhibitory polypeptide (GIP) receptor in
adrenal hyperplasia: does chronic adrenocorticotropin
exposure stimulate up-regulation of GIP receptors in
Cushing’s disease? J Clin Endocrinol Metab 90: 3009-
3016.

17. Bertherat J, Contesse V, Louiset E, Barrande G, Duparc
C, Groussin L, Emy P, Bertagna X, Kuhn JM, Vaudry H,
Lefebvre H (2005) In vivo and in vitro screening for il-



876

18.

19.

20.

21.

22.

23.

24.

25.

26.

MAZZUCO et al.

legitimate receptors in adrenocorticotropin-independent
macronodular adrenal hyperplasia causing Cushing’s
syndrome: identification of two cases of gonadotropin/
gastric inhibitory polypeptide-dependent hypercorti-
solism. J Clin Endocrinol Metab 90: 1302-1310.
Albiger NM, Occhi G, Mariniello B, lacobone M,
Favia G, Fassina A, Faggian D, Mantero F, Scaroni C
(2007) Food-dependent Cushing’s syndrome: from mo-
lecular characterization to therapeutical results. Eur J
Endocrinol 157: 771-778.

Imohl M, Koditz R, Stachon A, Muller KM, Nicolas
V, Pfeilschifter J, Krieg M (2002) [Catecholamine-
dependent hereditary Cushing’s syndrome - follow-up
after unilateral adrenalectomy]. Med Klin (Munich) 97:
747-753.

Mazzuco TL, Martinie M, Favre S, Bachelot I, Chabre
O (2002) ACTH-independent Cushing’s Syndrome
treated solely with propranolol therapy. Proceedings of
The Endocrine Society’s 84" Annual Meeting, P25-22
(Abstract).

Pignatelli D, Rodrigues E, Barbosa AP, Medina
JL (2004) Cushing Syndrome Due to the Ectopic
Expression of Adrenergic Receptors in the Adrenal
Cortex: a Case of ACTH Independent Macronodular
Adrenal Hyperplasia (AIMAH). Proceedings of The
Endocrine Society’s 86" Annual Meeting, P3-592
(Abstract).

Lacroix A, Tremblay J, Rousseau G, Bouvier M, Hamet
P (1997) Propranolol therapy for ectopic B-adrenergic
receptors in adrenal Cushing’s syndrome. N Engl J
Med 337: 1429-1434.

Miyamura N, Tsutsumi A, Senokuchi H, Nakamaru
K, Kawashima J, Sakai K, Taguchi T, Tokunaga H,
Nishida K, Uehara M, Sakakida M, Araki E (2003) A
case of ACTH-independent macronodular adrenal hy-
perplasia: simultaneous expression of several aberrant
hormone receptors in the adrenal gland. Endocr J 50:
333-340.

Miyamura N, Taguchi T, Murata Y, Taketa K, Iwashita
S, Matsumoto K, Nishikawa T, Toyonaga T, Sakakida
M, Araki E (2002) Inherited adrenocorticotropin-in-
dependent macronodular adrenal hyperplasia with
abnormal cortisol secretion by vasopressin and cat-
echolamines: detection of the aberrant hormone recep-
tors on adrenal gland. Endocrine 19: 319-326.

Feelders RA, Lamberts SW, Hofland LJ, van Koetsveld
PM, Verhoef-Post M, Themmen AP, de Jong FH,
Bonjer HJ, Clark AJ, van der Lely AJ, de Herder
WW (2003) Luteinizing hormone (LH)-responsive
Cushing’s syndrome: the demonstration of LH recep-
tor messenger ribonucleic acid in hyperplastic adrenal
cells, which respond to chorionic gonadotropin and se-
rotonin agonists in vitro. J Clin Endocrinol Metab 88:
230-237.

Yared Z, Bourdeau I, Lacroix A (2002) Failure to con-

27.

28.

29.

30.

31.

32.

33.

34.

35.

trol Cushing’s syndrome with leuprolide acetate in a
case of ACTH-independent bilateral macronodular ad-
renal hyperplasia with partial regulation of cortisol se-
cretion by LH and hCG. Proceedings of The Endocrine
Society’s 84" Annual Meeting, P3-673 (Abstract).
Lacroix A, Hamet P, Boutin JM (1999) Leuprolide
acetate therapy in luteinizing hormone—dependent
Cushing’s syndrome. N Engl J Med 341: 1577-158]1.
Daidoh H, Morita H, Hanafusa J, Mune T, Murase H,
Sato M, Shibata T, Suwa T, Ishizuka T, Yasuda K (1998)
In vivo and in vitro effects of AVP and V1a recep-
tor antagonist on Cushing’s syndrome due to ACTH-
independent bilateral macronodular adrenocortical hy-
perplasia. Clin Endocrinol (Oxf) 49: 403-409.

Mune T, Murase H, Yamakita N, Fukuda T, Murayama
M, Miura A, Suwa T, Hanafusa J, Daido H, Morita H,
Yasuda K (2002) Eutopic overexpression of vasopres-
sin vla receptor in adrenocorticotropin-independent
macronodular adrenal hyperplasia. J Clin Endocrinol
Metab 87: 5706-5713.

Horiba N, Suda T, Aiba M, Naruse M, Nomura K,
Imamura M, Demura H (1995) Lysine vasopressin
stimulation of cortisol secretion in patients with adre-
nocorticotropin- independent macronodular adrenal hy-
perplasia. J Clin Endocrinol Metab 80: 2336-2341.
lida K, Kaji H, Matsumoto H, Okimura Y, Abe
H, Fujisawa M, Kamidono S, Chihara K (1997)
Adrenocorticotrophin-independent macronodular ad-
renal hyperplasia in a patient with lysine vasopressin
responsiveness but insensitivity to gastric inhibitory
polypeptide. Clin Endocrinol (Oxf) 47: 739-745.
Lacroix A, Tremblay J, Touyz RM, Deng LY, Lariviere
R, Cusson JR, Schiffrin EL, Hamet P (1997) Abnormal
adrenal and vascular responses to vasopressin mediated
by a VV1-vasopressin receptor in a patient with adreno-
corticotropin-independent macronodular adrenal hyper-
plasia, Cushing’s syndrome, and orthostatic hypoten-
sion. J Clin Endocrinol Metab 82: 2414-2422.
Yamakita N, Murai T, Ito Y, Miura K, Ikeda
T, Miyamoto K, Onami S, Yoshida T (1997)
Adrenocorticotropin-independent macronodular adre-
nocortical hyperplasia associated with multiple colon
adenomas/carcinomas which showed a point mutation
in the APC gene. Intern Med 36: 536-542.

Lee S, Hwang R, Lee J, Rhee Y, Kim DJ, Chung UI,
Lim SK (2005) Ectopic expression of vasopressin
V1b and V2 receptors in the adrenal glands of familial
ACTH-independent macronodular adrenal hyperplasia.
Clin Endocrinol (Oxf) 63: 625-630.

Vezzosi D, Cartier D, Regnier C, Otal P, Bennet A,
Parmentier F, Plantavid M, Lacroix A, Lefebvre H,
Caron P (2007) Familial adrenocorticotropin-inde-
pendent macronodular adrenal hyperplasia with aber-
rant serotonin and vasopressin adrenal receptors. Eur J
Endocrinol 156: 21-31.



36.

37.

38.

39.

40.

-ADRENOCEPTOR-DEPENDENT CUSHING’S HYPERCORTICISM

Suzuki S, Uchida D, Koide H, Tanaka T, Noguchi Y,
Saito Y, Tatsuno | (2008) Hyper-responsiveness of ad-
renal gland to vasopressin resulting in enhanced plasma
cortisol in patients with adrenal nodule(s). Peptides.
Cartier D, Lihrmann I, Parmentier F, Bastard C,
Bertherat J, Caron P, Kuhn JM, Lacroix A, Tabarin A,
Young J, Vaudry H, Lefebvre H (2003) Overexpression
of serotonin4 receptors in cisapride-responsive adreno-
corticotropin-independent bilateral macronodular ad-
renal hyperplasia causing Cushing’s syndrome. J Clin
Endocrinol Metab 88: 248-254.

Mannelli M, Ferruzzi P, Luciani P, Crescioli C, Buci L,
Corona G, Serio M, Peri A (2003) Cushing’s syndrome
in a patient with bilateral macronodular adrenal hyper-
plasia responding to cisapride: an in vivo and in vitro
study. J Clin Endocrinol Metab 88: 4616-4622.

Swain JM, Grant CS, Schlinkert RT, Thompson
GB, vanHeerden JA, Lloyd RV, Young WF (1998)
Corticotropin-independent macronodular adrenal hy-
perplasia: a clinicopathologic correlation. Arch Surg
133: 541-545; discussion 545-546.

Lacroix A, Hamet P, Boutin JM (1999) Clinical evalu-
ation of the presence of abnormal hormone receptors

41.

42.

43.

44,

877

in adrenal Cushing’s syndrome. The Endocrinologist 9:
9-15.

Lamas C, Alfaro JJ, Lucas T, Lecumberri B, Barcelo B,
Estrada J (2002) Is unilateral adrenalectomy an alter-
native treatment for ACTH-independent macronodular
adrenal hyperplasia?: Long-term follow-up of four cas-
es. Eur J Endocrinol 146: 237-240.

Mazzuco TL, Thomas M, Martinie M, Cherradi N,
Sturm N, Feige JJ, Chabre O (2007) Cellular and mo-
lecular abnormalities of a macronodular adrenal hyper-
plasia causing B-blocker-sensitive Cushing’s syndrome.
Arq Bras Endocrinol Metabol 51: 1452-1462.
Lefebvre H, Duparc C, Chartrel N, Jegou S, Pellerin
A, Laquerriere A, Ivell R, Vaudry H, Kuhn JM (2003)
Intraadrenal adrenocorticotropin production in a case
of bilateral macronodular adrenal hyperplasia caus-
ing Cushing’s syndrome. J Clin Endocrinol Metab 88:
3035-3042.

Mazzuco TL, Bourdeau I, Lacroix A (2009) Adrenal in-
cidentalomas and subclinical Cushing’s syndrome: di-
agnosis and treatment. Curr Opin Endocrinol Diabetes
Obes 16: 203-210.



