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ABERRANT EXPRESSION OF GLUCAGON RECEPTORS IN ADRENAL GLANDS
OF A PATIENT WITH CUSHING´S SYNDROME AND ACTH-INDEPENDENT
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Abstract Adrenocorticotropin (ACTH) independent bilateral macronodular adrenal hyperplasia (AIMAH) is a
rare cause of Cushing´s syndrome, characterized by bilateral adrenal lesions and excess cortisol

production despite ACTH suppression. Cortisol synthesis is produced in response to abnormal activation of G-
protein-coupled receptors, such as gastric inhibitory peptide, vasopressin, beta adrenergic agonists, LH/hCG
and serotonin receptors. The aim of this study was to analyze the expression of glucagon receptors in adrenal
glands from an AIMAH patient. A patient with ACTH-independent Cushing´s syndrome and bilateral macronodular
adrenal hyperplasia was screened for altered activation of adrenal receptors by physiological (mixed meal) and
pharmacological (gonadotrophin releasing hormone, ACTH and glucagon) tests. The results showed abnormally
high levels of serum cortisol after stimulation with glucagon. Hypercortisolism was successfully managed with
ketoconazole treatment. Interestingly, a 4-month treatment with a somatostatin analogue (octreotide) was also
able to reduce cortisol secretion. Finally, Cushing's syndrome was cured after bilateral adrenalectomy. Abnormal
mRNA expression for glucagon receptor in the patient´s adrenal glands was observed by Real-Time PCR
procedure. These results strongly suggest that the mechanism of AIMAH causing Cushing´s syndrome in this
case involves the illicit activation of adrenal glucagon receptors. This is the first case reported of AIMAH associated
with ectopic glucagon receptors.

Key words: Cushing´s syndrome, adrenocorticotropin, ACTH-independent bilateral macronodular adrenal
hyperplasia (AIMAH), glucagon receptor, illicit receptor

Resumen Expresion aberrante de receptores de glucagón en tejido adrenal de un paciente con síndrome
de Cushing e hiperplasia adrenal macronodular indedependiente de ACTH. La hiperplasia

adrenal macronodular bilateral independiente de ACTH (HAMIA) es una causa infrecuente de Síndrome de
Cushing, caracterizada por lesiones adrenales bilaterales, hipercortisolismo y ACTH plasmática suprimida. La
síntesis de cortisol estaría regulada a través de ligandos de receptores asociados a proteína G que se expresan
en forma aberrante en la corteza de las glándulas adrenales. El objetivo de este trabajo es analizar la presencia
del receptor de glucagón en tejido adrenal de un paciente con diagnóstico de Síndrome de Cushing asociado a
hiperplasia adrenal bilateral independiente de ACTH. Se realizaron tests de estímulos fisiológicos y farmacológicos
para evaluar la respuesta en la secreción de cortisol. Como resultado se observó respuesta significativa del
cortisol posterior al estímulo con glucagón. El paciente presentó buena evolución clínica y bioquímica al
tratamiento con ketoconazol. La administración del análogo de somatostatina (octreotide) redujo los niveles de
cortisol. Finalmente, la curación se logró posteriormente a la adrenalectomía bilateral. Mediante el estudio de
PCR en Tiempo Real se halló la presencia del receptor de glucagón en tejido adrenal del paciente. Según nuestro
conocimiento, es el primer paciente descripto de HAMIA vinculado a la expresión ilícita de receptores de glucagón.

Palabras clave: síndrome de Cushing, síntesis de cortisol, adrenocorticotrofina, hiperplasia adrenal bilateral
no dependiente de ACTH, receptores de glucagón
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Cushing´s syndrome (CS) results from chronic expo-
sure to high serum cortisol levels and other adrenal ster-
oids. Bilateral adrenal lesions occur in 10-15% of adre-
nal CS, including corticotropin (ACTH)-independent
macronodular adrenal hyperplasia (AIMAH)1. The excess
cortisol secretion, which leads to progressive inhibition
of ACTH release is under control of ligands that bind to
illegitimate G-protein-coupled receptors (GPCRs) in the
adrenal glands (AG). The expression of ectopic receptors
like gastric inhibitory polypeptide (GIP), beta adrenergic,
vasopressin V2-V3, serotonin (5-HT7) receptors, and ab-
normally active eutopic receptors like vasopressin V1,
luteinizing hormone/human gonadotrophin (LH/hCGR)
and serotonin (5-HT4) receptors have being described2.
We present the study of a patient evaluated for Cush-
ing’s syndrome. A 64-year old man reported a history of
obesity, severe arterial hypertension, diabetes mellitus,
congestive heart failure, mild chronic renal insufficiency,
weakness and depression. Physical examination showed
clinical signs of Cushing’s syndrome including central
abdominal obesity, thin skin, dorsocervical fat pad, red-
dish purple striae, proximal muscle weakness, and ec-
chymoses. Biochemical studies revealed: 24-hour urinary
free cortisol (UFC) 250 µg (normal up to 100), late- night
free salivary cortisol: 24 nmol/l (0.7- 5) and serum corti-
sol after 1 mg overnight dexamethasone suppression test:
32 µg/dl (up to 5). Morning plasma ACTH was unde-
tectable: less than 10 pg/ml (10 - 46), confirmed in three
assays. An abdominal computed tomography (CT) scan
showed bilateral macronodular adrenal hyperplasia. The
right gland measured 11 x 4 cm, and the left, 8 x 5 cm. To
screen for aberrant adrenal expression of GPCRs we per-
formed some of the stimulation tests, according to the
protocol suggested by Lacroix et al3, 4. The strategy is
based on stimulation tests with different hormones (en-
dogenous or exogenous) for potential aberrant receptors,
while monitoring serum levels of cortisol. First, a mixed
meal was given to assess the presence of GIP, also 250
µg of ACTH was administrated intravenously. During the
second day, 100 µg of gonadotrophin-releasing hormone
(GnRH) was administrated intravenously and on the last
day, 1 mg of glucagon was administrated intramuscularly.

Serial measurement of cortisol levels were performed
every 30 minutes intervals during 3 hours following the
intervention. ACTH was not measured during the tests3.
The results showed an increased cortisol response to
stimulation with glucagon (Table 1). Cortisol response to
ACTH is always present in AIMAH patients5. As previ-
ously described, more than 50% increase from the base-
line of cortisol levels is considered as a positive response3.
After 12-months of successful treatment with ketocona-
zole, the patient was submitted to bilateral adrenal sur-
gery. Right adrenal excision had to be postponed because
of harmful bleeding. Based on biochemical studies that
showed cortisol response after exogenous glucagon ad-
ministration, we decided to treat the patient with octreotide
(20 mg/month) in order to control cortisol secretion6 as
well as to slow down adrenal hyperplasia7. After four
months of octreotide treatment cortisol secretion could
be partially controlled (UFC: 140-200 µg/24 h) and the
surgical excision of the right adrenal could be easily made
without abnormal bleeding. Interestingly, exogenous glu-
cagon stimulus during octreotide treatment did not elicit
significant cortisol response. We have no argument to
explain this finding.

Pathological studies revealed adrenal nodular hyper-
plasia. The patient is under hydrocortisone (30 mg) and
fludrocortisone (0.015 mg) treatment.

Fig. 1.– Electrophoresis in agarose gel stained by ethydium
bromide. Control beta actin, a PCR product of 122 bp; line
1: patient (C2); line 2: hepatocarcinoma cell line(CL); line
3: normal adrenal gland(C1); line 4: negative control as-
say (B). PCR product of 148 bp RNAm GCGR is present
in line 5/C2, line 6/CL, and absent in line 7/C; line 8/B.

TABLE 1.– Stimuli tests for cortisol

Stimuli tests Cortisol levels, µg/dl
Basal 30 min 60 min 90 min 120 min 180 min

Mixed meal 35 28.7 30.6 30.3 31
LHRH, 100 µg iv 32 30.6 31.2 31.6 31
ACTH, 250 µg  iv 29 63.7 77
Glucagon, 1 mg im 31.5 25.6 27.6 86.7 94.8 112
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We studied adrenal glucagon receptor (GCGR) mRNA
expression in normal adrenal glands and in the patient
adrenal gland by Real Time PCR (RT-PCR) assays. In
order to do this, total RNA was extracted from the patient
right adrenal gland and purified with Trizol RNA purifica-
tion kit (Invitrogen, USA). The corresponding cDNA was
obtained using RT polymerase Improm II (Promega) and
used as template for RT-PCR assay. cDNA obtained from
an hepatocarcinoma cell line was used as a positive con-
trol for GCGR expression, and cDNA from normal adre-
nal gland as a negative control. Beta-actin was used as
an amplifications control. RT- PCR was performed in a
Light-Cycler 2.0 System (Roche Applied Science, USA)
with the specific GCGR primers forward (5´-
CGCTGACCCTCATCCCTCCTG-3´) and reverse (5´-
TAGAGGACAGCCACCAGCAG-3´) using the Taq Plati-
num polymerase (Invitrogen) and SYBR Green I
(Invitrogen) to follow the kinetic reaction. Cycling condi-
tions were: one cycle at 94 °C for 10 min and 45 cycles at
94 °C for 10 s, 57 °C for 10 s and 72 °C for 10 s. As
shown in Fig. 1, the 148 bp PCR product corresponding
to GCGR mRNA was present in the patient´s adrenal
gland but absent in the normal control gland.

In conclusion, we suggest that cortisol hypersecretion
was related to ectopic expression of glucagon receptor in
the adrenal gland of this patient. The cortisol response to
exogenous glucagon stimulation and the finding of glu-
cagon receptor mRNA strongly support this hypothesis.

This is the first case reported of AIMAH associated
with ectopic glucagon receptors.

Conflict of interest: None to declare.
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[…] Patria, en una plaza, de memoria
he sabido pasajes de tu historia.
Debajo de la noche indicadora
de San Martín, he sido la impostura
de indios en los límpidos ponientes.
He transformado próceres dolientes
con cuidadosos lápiz colorado,
invasiones inglesas he soñado
en azoteas llenas de imprevisto
aceite hirviendo y pelo suelto. He visto
a la Santa de Lima desatando
los temporales turbios y adorando,
sobre un papel de encaje, corazones
y tocayas con muchas perfecciones.
[…]

Silvina Ocampo (1903-1994)

Enumeración de la patria (1942). En: 25 Poetas
argentinos 1920-1945. Presentación y selección de

Julio Caillet-Bois e Iride Rossi de Fiori. Buenos Aires:
Eudeba, 1964.  p 96-7



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


