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ABSTRACT The researchers investigated whether single nucleotide polymorphisms (SNPs) of M2CR were associated
with the development of adrenocortical diseases including cushing syndrome (CS), subclinical cushing syndrome
(SCS) and primary aldosteronism (PA) in Turkish population. Two promoter SNPs [rs1893219 (853A/G) and
rs1893220 (759 G/T)] were genotyped in 43 patients with adrenal adenomas. All patients were examined hormonally
with dynamic tests. While 22 of the patients had non-functional (NF) adrenal adenomas; 21 of the patients (CS=9,
SCS=10, PA=2) had functional adrenal adenomas. In rs1893219 the frequencies of the CC (AA) were found to be
2, 3 and 1 patients in CS, SCS and PA, respectively. In rs1893220 the frequencies of the AA (GG) genotype were
found to be 2, 1 and 1 patients in CS, SCS and PA. Also, the C allele frequency of rs1893219 was found increased
in the patients with functional adenomas. The results have shown that the M2CR gene may contribute to the
development of adrenocortical diseases.
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INTRODUCTION

Clinically unapparent adrenal masses of the
adrenal glands called as adrenal incidentalomas
may be hormonally functional/non-functional or
malignant/benign, thus the evaluation of the
hormonal status in adrenal masses have become
an important problem for clinicians (Nieman
2010). Cushing syndrome (CS) is a clinical disor-
der according to excessive secretion of cortisol
and this clinical issue is a major diagnostic prob-
lem in clinical endocrinology (Yorke et al. 2017).
Chronic exposure of over cortisol value causes
too much clinical comorbidity as cardiovascular
and metabolic disease thus resulting in in-
creased mortality (Guignat and Bertherat 2010).
Autonomous cortisol secretion by adrenal inci-
dentalomas is defined by the change of the pitu-

itary-adrenal axis due to the adrenal autonomy
in the absence of the phenotype of hypercorti-
solism; known as subclinical cushing syndrome
(SCS) (Terzolo et al. 2012). As a result of wide-
spread use of imaging modalities (CT, MRG) SCS
has been diagnosed increasingly. Chronically,
slight cortisol secretion can have a clinical neg-
ative effect on cardiovascular system, bone me-
tabolism or fasting blood glucose levels. The
diagnosis of SCS is completely dependent on
biochemical and hormonal evaluation. Although
etiological diversity of hypercortisolism caused
by CS or SCS is described by many authors,
their researches are not clearly comprehended.
Hypercortisolism depended on CS or SCS; ge-
netic and molecular mechanisms play a substan-
tial role in these phenomes (Albani et al. 2018).
Although some recent  mutations related to CS
such as phosphodiesterase mutation (PDE8B
and PDE11A ), protein kinase A (PKA) or DAX1
mutations have been demonstrated in CS, these
mutations have been linked primarily to pigment-
ed adrenocortical disease (PPNAD) or ACTH
independent macronoduler adrenal hyperplasia
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(AIMAH) (Lacroix et al. 2004; Stratakis et al.
2001).

Primary aldosteronism (PA) is the most com-
mon form of secondary hypertension and is gen-
erally derived from unilateral aldosterone pro-
ducing adenoma or hyperplasia. Increased lev-
els of aldosterone cause severe hypertension,
hypokalemia and cardiovasculer diseases. KCNJ5,
ATP1A1, ATP2B3, CACNA1D and CTNNB1
mutations have been recently determined in pa-
tients with aldosterone producing adenomas
(APAs)

Melanocortin receptor family plays diverse
physiological roles and melanocortin 2 (MC2R)
receptor is one of the five members of melano-
cortin receptor family. This receptor family is re-
lated to G-protein coupled receptor and all of
them are activated pro-opiomelanocortin
(POMC) (Dores 2013).  The MC2R gene is locat-
ed in chromosome 18p11.2 and has two exons.
The coding region for the 297-amino acid pro-
tein is located in the second exon (El Ghorayeb
et al. 2018). MC2R is highly sensitive and spe-
cific receptor for ACTH activation and differ from
other melanocortin receptor subtypes in terms
of two molecular features. First, without longer
ACTH stimulating, it could not be stimulated by
α-, β-, or γ-MSH peptide. Second, it was only
functional in adrenal or melanoma cells. After
MC2R binding ACTH receptor, adenylyl cycla-
se is activated then glucocorticoid is synthe-
sized and secreted in adrenal cortex (Fridmanis
et al. 2014).

Objectives

The hypothesis of this study is to describe
that MC2R mutations may lead to over or mild
cortisol and even aldosterone secretion by
ACTH receptor stimulation with the absence of
detectable value of ACTH in adrenal cortex. And
researchers also aim to demonstrate that MC2R
mutations may have existed in cortisol and al-
dosterone secretion adrenal adenomas without
hyperplasia. Besides, the researchers aim to dem-
onstrate the MC2R mutations in non-functional
adrenal incidentalomas. So the researchers’ have
different viewpoints about mutations in adrenal
masses by comparing this mutation in two
groups. Promoter single nucleotide polymor-
phism (SNP) of MC2R gene [rs1893219 (853A/

G) and rs1893220 (759 G/T)] had been associat-
ed with CS, SCS or PA in Turkish population.

METHODOLOGY

The Local Ethics Committee of the Universi-
ty of Cukurova approved this study. Written in-
formation consent was obtained from all sub-
jects according to the Declaration of Helsinki.
The researchers screened 43 patients with adre-
nal adenoma in their cohort. Considered patients
are taken from southern province of Turkey
(Adana) in Cukurova district. Patients were in-
cluded when: 1) they had documented having
adrenal masses; and 2) diagnosis was at 18 years
old or older. At first; if there were only imaging
results (CT, MRG) of the patients who were ex-
amined for any reason and detected to have ad-
renal mass, the existence of adrenal mass was
confirmed through MRG examination in the re-
searchers’ center. The diagnosis of CS, SCS or
PA in this study was based on hormonal evalu-
ation with dynamic tests. All patients underwent
an overnight 1 mg dexamethasone [DST] test
after having performed basal cortisol and ACTH
values. The suppression test was considered
appropriate when morning cortisol value was
below1.8 mcg/dL. If morning cortisol levels were
higher than 1.8 mcg/dL, twice more low-dose
DST suppression test was performed [2 mg, four
times a day for two days]. The diagnosis of SCS
(Morelli et al. 2010) was based on the presence
of at least one of the following in addition to
cortisol levels greater than 1.8 mcg/dL after 1-
mg DST [R]: (1) urinary free cortisol (UFC) lev-
els of >300 mcg/day in two of the three consec-
utive collections per 24-hour period, (2) ACTH
levels of <10 pg/mL (<2.2 pmol/L),  and (3) low
serum DHEAS levels. Urinary metanephrine and
normetanephrine excretion values were in nor-
mal limits for all patients.  All patients with adre-
nal mass plasma-renin activity (PRA) and plas-
ma aldosterone (PA) values were recorded. In
patients with a Plasma Aldosterone/Renin ratio
(ARR) >25, primary hyperaldosteronism (PHA)
diagnosis was made via saline infusion confir-
matory test.

All patients with CS and PHA were operated
and their pathological diagnosis was shown in
Table 1. Otherwise none of the SCS was operat-
ed because of not having clinical or metabolic
indication.
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 DHEAS, ACTH and cortisol values were an-
alyzed using polymerase chain reaction [PCR]
method, enzymatic-labeled chemiluminescent im-
munometric assay method, and chemilumines-
cence [Beckman DXI 800 auto analyzer], respec-
tively. PRA and PA levels were measured through
radioimmunoassay method. High performance liq-
uid chromatography [HPLC] method was used to
analyze urine cortisol and metanephrine values.

Genetic Analyzes

Genomic DNA was prepared from peripheral
blood leukoyctes using DNA isolation kit. Se-
lected SNP of MC2R (rs1893219 (853 A/G) and
rs1893220 (759 G/T) genotyping was conducted
by direct sequencing using the following prim-
ers for each SNP: sense, 5 -GGCAATGCCT-
TGCTTTTCTCTG3; antisense, 5 -AGGGAA
GGGCT  ACTGTTGGT-3 , 387 bp) and  rs1893220
(sense, 5 -GGCAATGCCTTGCTTTTC TCTG-3 ;
antisense, 5 -AGGGAAGGGCTACTGTTGGT-3 ,
323 bp). The entire coding sequence of the MC2R
gene was amplified by PCR (Kyratec Termocycle,
Australia). PCR products were purified using
BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems) from on ABI 3730XL Ge-
netic Analyzer (Applied Biosystems, Foster City,
CA). BLAST analysis was performed using Gen-
Bank database for each sample with the obtained
sequence analysis results and the type was de-
termined. SNP genotyping analysis was per-
formed by aligning with the sequence analysis
results using the online MultAlin program (http:/
/multalin.toulouse.inra.fr/multalin/).

Statistical Analysis

 The differences in genotype of rs1893219
(853 A/G) and rs1893220 (759 G/T) were analyzed

statistically using Fischer’s exact test and chi-
square test. The associations between allele
frequencies in all groups were evaluated by com-
puting the odds ratios (OR) and their confidence
intervals using Hardy-Weinberg equilibrium.
P<0.05 was considered statistically significant.

RESULTS

Majority of the patients with adrenal masses
(33, 76.7%, n=43) were female. Twenty-two (22)
of the patients had non-functional adrenal ade-
nomas, 9 patients were diagnosed as an over
cushing syndrome and the other 10 patients were
diagnosed as a SCS. Two (2) of the patients were
evaluated as PA. Majority of the patients (18,
85.7%, n=21) with functional adrenal mass were
female. The mean age of the patients with CS,
SCS, PA were 45±7.07, 62.50±3.99, 46.50±6.36 re-
spectively. In rs1893219 the frequencies of the
CC (AA) (25% and 5.1%) were found increased
in patients with functional adrenal mass; espe-
cially SCS and PA compared to the patients with
non-functional adenomas. In rs1893219 the fre-
quencies of the TT (GG), TC (GA) were 16.66
percent (n=4) and 58.33 percent (n=14) respec-
tively. In rs1893220 the frequencies of the AA
(GG) genotype were found increased in the pa-
tients with functional adenomas (16.6%) com-
pared to patients with non-functional adenom-
as (5.26%). In the allele frequency analysis,
rs1893219 was also associated with functional-
ity of the adrenal masses, and the frequency of
the C allele was found increased in the patients
with functional adenomas (n=26, 54.16%) com-
pared to the patients with non-functional ade-
nomas (n=15, 39.47%). In rs1893220 the frequen-
cy of the A allele was also found increased in the
patients with functional adenomas (41.66%,
n=20) compared to the patients with nonfunc-

Table 1: Clinical characteristics of 43 patients with adenoma for whom measured hormonal profile

Age Sex Cortisol ACTH 1mg 4x0.5 mg Urine PAC   Mass
(µg/dL) (pg/ml) DST DST cortisol  (pg/mL) size

(µg/dL)    (µg/dL)    (µg/24h)  (cm)

SCSn=10 62.5±3.9 F=8 16.5±  9.1 9±4.1 20 18 60.46 25±  10.1 2.5±1.4
M=2

CSn=9 45±7.07 F=8 24.3±15.0 4.4±3.1 24 20 95.98 18±  10.2 3.4±3.1
M=1

PAn=2 46.5±6.3 F=2 10.2±  7.0 15±0.1 18 20.1 20.8 240±118 1.5
NFAIn=22 54.3±6.2 F=15 12.1±  8.3 22±8.2 22 18 25.5 15±    5.1 2.2±1.3

M=7

SCS: Subclinical Cushing Syndrome, CS: Cushing Syndrome, PA: Primary Aldosteronism, NFAI: Non-functional
Adrenal Incidentaloma, DST: Dexamethasone-supression Test, PAC: Plasma Aldosterone Concentrations
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tional adenomas (36.8%, n=14). But, no signifi-
cant differences were observed in allele frequen-
cy of MC2R gene between functional and non-
functional adenomas patients (p<0.05).

 The genotype and allele frequencies of two
examined SNPs are demonstrated in Tables 2a-
2d and Figures 1 and 2. Both SNPs were related
with SCS, CS and PA. The meta-analysis indi-
cated that patients who carried MC2R rs1893219
CC genotype showed significantly having diag-
nosed as PA or CS. Otherwise patients with
MC2R rs1893220 are also related with CS and
PA. The CC, AC and AA MC2R genotypes were
identified in 5 (55.55%), 2 (22.22%) and 2 (22.22%)
of CS patients, respectively. In SCS patients, CC,
AC and AA genotypes of MC2R were found in 2
(20%), 7 (70%) and 1 (10%), respectively. The
CC and AC M2CR genotypes were identified in
1 (50%) and 1 (50%), respectively in two SNPs.
Interestingly, one of the patient with PA had
homozygous mutation while the other patient
had heterozygous mutation. Otherwise patients
with non-functional adrenal incidentaloma had
mostly heterozygous mutations by genotyped
with rs1893219 and rs1893220.

DISCUSSION

Herein this report the results of screening
for known genes associated with CS, SCS or
PA in a cohort of 43 patients with adrenal. This
study confirmed that MC2R is a gene which its
related mutations can contribute to PA, SCS
and CS. The primary association occurs with
single nucleotide polymorphism rs1893219 and
rs1893220. Particularly, the frequencies of the
major alleles of both rs1893219 and rs1893220
(the C allele and the A allele, respectively) were
increased in the patients with functional ade-
nomas. Especially; both the patients with PA
had also homozygous mutations in the two
SNPs. All the patients with NFAI had heterozy-
gous mutations. CC and AA haplotypes con-
sisting of rs1893219 and rs1893220 were relat-
ed to hypercortisolism and hyperaldosteronism.

ACTH stimulation is the primary initial fac-
tor for secreting cortisol in adrenal cortex and
according to this process; abnormal ACTH be-
tween its receptor interactions can lead to over
secretion of glucocorticoid or mineralocorticoid
(CS and PA) and changing adrenocortical tissue
(Arnsten 2009). ACTH carries out its actions

Table 2b: Alleles frequencies of the SNP in peripheral blood MC2R gene in functional and non-
functional patients

                                                           rs1893219                                                       rs1893220

Total T (G)  C (A) C (T) A (G)

Functional     48 22 (45.83%) 26 (54.16%) 28 (58.33%) 20 (41.66%)
NF                38  23 (60.552%) 15 (39.47%) 24 (63.15%) 14 (36.84%)

OR: 1.812 P: 0.177  OR: 1.224 P: 0.649

Table 2a: Genotype frequencies of the SNP in MC2R gene in functional and non-functional patients

                   rs1893219                                                              rs1893220

                         TT (GG) TC (GA) CC (AA) CC (TT) AC (GT)  AA (GG)

Functional   4 (16.66%) 14 (58.33%) 6 (25.01%) 8 (33.33%) 12 (50.01%) 4 (16.66%)
NF               5 (26.31%) 13 (68.42%) 1 (5.2 6%) 6 (31.57%) 12 (63.15% 1 (5.26%)

       P: 0.203                                                                                          P: 0.466

Table 2c: Genotype frequencies of the SNP in MC2R gene in CS, SCS and PA patients

                                                       rs1893219                                                               rs1893220

TT (GG) TC (GA) CC (AA) CC (TT) AC (GT) AA (GG)

CS 3 (33.33%) 4 (44.44%) 2 (22.22%) 5 (55.55%) 2 (22.22%) 2 (22.22%)
SCS 0 7 (70%) 3 (30%) 2 (20%)  70 (70%) 1      (10%)
PA 0 1 (50%) 1 (50%) 0 1 (50%) 1      (50%)
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through activating of human ACTH receptor
genes (MC2R). MC2R gene includes two exons
and is intronless within the coding sequence.
MC2R activation is the first step in the stimula-
tion of the ACTH receptor pathway (Cooray and
Clark 2011). So far several studies have described
inactivating mutations of the MC2R gene asso-
ciated with familial glucocorticoid deficiency
(FGD) (Chung et al. 2010). In contrast, one of the
studies reported that the activating mutations
of the MC2R gene and one of these patients
were diagnosed with PMAH (Fragoso et al. 2013).
This reason has encouraged the researchers for
searching on the MC2R gene in the range of
adrenal hyperplastic and neoplastic pathologies.

Latronico et al. (1995) amplified the poly-
merase chain reaction and genotyped the entire

exon of the MC2R gene in 25 adrenocortical tu-
mors (17 adenomas and 8 carcinomas), but they
did not find missense or silent mutations. How-
ever, Beuschlein et al. (2001) researched about
constitutive activating of G protein couplet re-
ceptor including ACTH-R gene family; they ob-
served MC2R LOH in two of four informative
adrenocortical carcinomas which suggested a
role for MC2R that could contribute to develop-
ment of adrenal tumorigenesis by the way of
cellular dedifferentiation in adenomas and carci-
nomas. The possibility of an ACTH receptor
activating mutation as the cause of hypercorti-
solism was also reported in a patient with hyper-
cortisolemia with the absence of detectable val-
ue of ACTH with MC2R mutation. Aloi et al.
(1995) demonstrated the patient with hypercor-

Table 2d: Alleles frequencies of the SNP in peripheral blood MC2R gene in CS, SCS and PA patients

                                                            rs1893219                                                          rs1893220

 Total T (G) C (A) C (T) A (G)

CS             18 10   (55.55%) 8 (44.44%) 12  (66.66%) 6 (33.33%)
SCS           23 10   (43.47%) 13 (56.52%) 11  (47.82%) 9 (39.13%)

OR: 1.621 P: 0.445 OR: 1.636 P: 0.463
PA              4 1   (25%) 3 (75%) 1   (25%) 3 (75%)

OR: 2.301 P: 0.490 OR: 3.666 P: 0.294

Fig. 1. Genotype frequencies (%) of the SNP in MC2R gene in CS, SCS and PA

Genotype frequency level of rs1893219 and rs1893220 in CS, SCS and PA patients
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tisolemia had germline missense mutation of the
MC2R that resulted in the substitution of Phe
278 by Cys (F278C) in the C terminal tail.

Another hypothesized hypercortisolism re-
lated with MC2R mutations has been indicated
in constitutive activation of the human ACTH-R
associated with clinical hypersensitivity (Swords
et al. 2002; Swords et al. 2004). Swords et al.
(2002) reported that the wild type (WT) MC2R
showed rapid early desensitization to recurrent
stimulation with ACTH and WT MC2R gene and
could increase basal activation and impaired
desensitization. Some studies (Swords et al. 2004)
reported that constitutive activity of the human
ACTH receptor related with missense mutation
in MC2R gene and this mutation could be the
cause of elevation activity of the ACTH respon-
siveness despite the normal dose of ACTH val-
ue. In the researchers’ study, 4 patients of CS
and 7 of the SCS patients with adrenal adenoma
for rs1893219 and 2 patients of CS and 7 of the
SCS patients for rs1893220 heterozygous muta-
tions of MC2R gene plasma ACTH value of the
patients’ were also completely suppressed. The
researchers speculated that constitutive activa-
tion of the ACTH receptor related with homozy-
gous or heterozygous mutations may trigger in
the presence of the hypercortisolemia. There-
fore, the researchers suggested that CS and SCS

have the heterozygous etiology and related to
cause by activating MC2R gene.

Although mutations in MC2R gene seem to
be related with solely hypercortisolemia, recent
studies indicate that MC2R has a major role in
the autocrine/paracrine processes occurring in
the adrenal gland in both physiological and
pathological conditions (Lefebvre et al. 2016).
Arnaldi et al. (1998) researched that ACTH-R
was expressed in all patients’ tissue including
non-secreting adenomas, aldosterone produc-
ing adenomas and androgen secreting adenom-
as. They highlighted that the overexpression of
the ACTH-R was more abundant than other hor-
mone secreting tissues. Despite the variety of
the diurnal rhythm, renin-angiotensin system or
fluid electrolyte balance primarily influence al-
dosterone synthesis; this mutation can cause
tumorigenesis by supporting the role of ACTH
on aldosterone secretion in these tumors. In  this
study; patients with primary aldosteronism the
frequency of major alleles (C and A, respective-
ly) in two SNPs was seventy-five percent. One
of the patients with PA had homozygous muta-
tion while the other patient had heterozygous
mutation.

In addition, previous studies demonstrated
that blocking MC2 receptor can also be used to
treat medically for cushing syndrome or disease

Fig. 2. Allele frequencies (%) of the SNP in MC2R gene in CS, SCS and PA

Allel frequencies of rs1893219 and rs1893220 in CS, SCS and PA patients
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(Bouw et al. 2014; Igaz et al. 2008; Newfield 2010;
Rauschecker and Stratakis 2012). Furthermore,
studies suggested that antagonism of this re-
ceptor could provide a useful therapeutic aid
and can lead to innovative pharmacological ther-
apies as an alternative to other surgical treat-
ments in CS, ectopic ACTH syndrome or con-
genital adrenal hyperplasia (Clark et al. 2016;
Mircescu et al. 2000).

CONCLUSION

In this study, the researchers sequenced the
rs1893219 (1032T/C) and rs1893220 (936C/A)
coding area of MC2R gene. They found that
two promoter SNPs of this gene were not asso-
ciated with CS, SCS and PA patients. Although
there was not statistical significance; CC geno-
type was more common in patients with hyper-
cortisolemia (CS, SCS).  So MC2R mutations may
linked with overt cortisol secretion.

RECOMMENDATIONS

There is a need for further and more compre-
hensive study including more patients to un-
derstand the role MC2R mutations play in oc-
currence of overt hormone secretion.
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