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Abstract

Adrenal glucocorticoid secretion is regulated by adrenocorticotropic
hormone (ACTH) acting through a specific cell membrane receptor
(ACTH-R). The ACTH-R is a member of the G protein superfamily-
coupled receptors and belongs to the subfamily of melanocortin
receptors. The ACTH-R is mainly expressed in the adrenocortical cells
showing a restricted tissue specificity, although ACTH is recognized
by the other four melanocortin receptors. The cloning of the ACTH-R
was followed by the study of this gene in human diseases such as
familial glucocorticoid deficiency (FGD) and adrenocortical tumors.
FGD is a rare autosomal recessive disease characterized by glucocor-
ticoid deficiency, elevated plasma ACTH levels and preserved renin/
aldosterone secretion. This disorder has been ascribed to an impaired
adrenal responsiveness to ACTH due to a defective ACTH-R, a defect
in intracellular signal transduction or an abnormality in adrenal corti-
cal development. Mutations of the ACTH-R have been described in
patients with FGD in segregation with the disease. The functional
characterization of these mutations has been prevented by difficulties
in expressing human ACTH-R in cells that lack endogenous melano-
cortin receptor activity. To overcome these difficulties we used Y6
cells, a mutant variant of the Y1 cell line, which possesses a non-
expressed ACTH-R gene allowing the functional study without any
background activity. Our results demonstrated that the several muta-
tions of the ACTH-R found in FGD result in an impaired cAMP
response or loss of sensitivity to ACTH stimulation. An ACTH-
binding study showed an impairment of ligand binding with loss of the
high affinity site in most of the mutations studied.
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Introduction

Glucocorticoid secretion by the adrenal
gland is under the control of pituitary adreno-
corticotropin hormone (ACTH), which acts
through a specific cell membrane receptor.
The ACTH receptor (ACTH-R) is a member
of the superfamily of G protein (guanine

nucleotide binding regulatory proteins)-
coupled receptors and belongs to the mela-
nocortin receptor family (1). The first two
receptors of this family cloned were the MSH-
R, also named MC1-R, and the ACTH-R,
also named MC2-R (2). Further investiga-
tions have identified three other receptors
named MC3-R, MC4-R and MC5-R, which
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are involved in the melanocortin system in
the brain and play a role in the control of
weight homeostasis and in the autonomic
control of the cardiovascular system (3,4).

The ACTH-R is one the smallest G pro-
tein-coupled receptors identified, having a
molecular weight of 33 kDa and containing
297 amino acids. Two potential sites for N-
linked glycosylation in the extracellular N-
terminal region may result in a molecule of
43 kDa. The ACTH-R is mainly expressed in
the adrenal gland (2) and shows low expres-
sion in skin and adipose tissue (5,6). The
major specific expression of the ACTH-R in
the adrenal is determined by the presence of
specific regulatory elements in the promoter
region of the ACTH-R gene. The orphan
nuclear receptor steroidogenic factor 1, a
key regulator of adrenal development and
function (7), has been shown to be involved
in the regulation of the steroidogenic specif-
ic activity of the ACTH-R (8,9). The induc-
tion of ACTH-R promoter activity is also
sensitive to cAMP, which could explain the
ACTH-R up-regulation through its own
ligand (10,11).

The ACTH-R shows an exclusive affinity
for ACTH, although this hormone is recog-
nized by the other four melanocortin recep-
tors (12,13). The ACTH-R requires for ligand
binding not only the conserved His-Phe-Arg-
Trp sequence but also a highly basic motif
present solely in the ACTH molecule.

Following binding to the receptor, ACTH
induces a conformational change that allows
the G protein to interact with the receptor,
eliciting the exchange of GDP for GTP and
dissociation of the heterotrimeric G protein
into an a subunit and a ßg subunit. This
activation ultimately results in an increase of
cAMP, a second messenger that activates
protein kinase A (PKA) which phosphory-
lates cAMP response element binding pro-
tein increasing the transcription of the genes
involved in steroidogenesis such as ste-
roidogenic regulatory protein (14). PKA also
phosphorylates proteins on threonine and

serine residues, a fact which is likely to be
important for steroidogenesis (15). Cyclic
AMP also acts by inhibiting a potassium
channel resulting in an increase of intracel-
lular calcium concentration (16).

ACTH insensitivity

Resistance to ACTH action has been de-
scribed in a group of inherited disorders
which includes familial glucocorticoid defi-
ciency (FGD) and the triple A syndrome
(adrenal failure, achalasia, alacrima) (17).
Linkage analysis excluded the ACTH-R lo-
cus as the cause of triple A syndrome, lead-
ing to the search for another candidate gene
which has mapped this disease to a locus on
chromosome 12q13 (18,19).

FGD is a rare autosomal recessive dis-
ease characterized by ACTH insensitivity
with glucocorticoid deficiency, high plasma
ACTH levels and normal renin-aldosterone
axis. The pathogenesis of FGD has been
ascribed to the following hypotheses: defect
in adrenocortical development, degeneration
of the adrenal gland, defect in the intracellu-
lar signalling response to ACTH, and defect
of the ACTH-R.

The cloning of the human ACTH-R gene
in 1992 allowed the study of this gene in
FGD and several mutations have been found
in segregation with this disease (20-25).
Mutations are distributed throughout the
ACTH-R molecule and should result in dif-
ferent effects on receptor function.

In order to characterize the functional
effects of the mutations found in FGD, ex-
pression studies were carried out using mu-
tant ACTH-R. Previous studies used cells
with some endogenous melanocortin recep-
tor activity and their results did not permit a
distinction between endogenous and trans-
fected melanocortin receptor functions
(26,27). To overcome this difficulty we used
Y6 cells which are a mutant variant of Y1
mouse adrenocortical tumor cells that pos-
sess a non-expressed ACTH-R gene and
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therefore show no background of melano-
cortin receptor activity. Using this cell line
we could successfully express the human
ACTH-R and characterized mutations found
in FGD with an impaired cAMP response to
ACTH or loss of sensitivity showing a right
shift of the dose-response curve (28). Most
of the mutations result in a loss of the high
affinity ACTH binding site. As a group, we
may consider the mutations as quantitative
or qualitative defects according to the possi-
bility of overcoming the defect with higher
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