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Abstract

Introduction: Adrenal incidentalomas without clinically apparent hormonal activities have
becoming a huge socio-economic problem due to recent advances in radiological techniques.
Patients with incidentalomas are considered to be at high risk of developing metabolic
disorders and cardiovascular diseases. That is why, the two-way relationship between adipose
tissue activity and adrenal glands is in high interest and an object of extensively studies.

Aim of the study: This article summarizes the current knowledge about adiponectin and its
receptors in the tumorigenesis of adrenal neoplasia as well as their role in the developing
obesity-related diseases.

Description of knowledge: Adiponectin, an adipose tissue-derived pleiotropic hormone, with
anti-inflammatory, anti-atherogenic, anti-diabetic, and insulin-sensitizing properties is
engaged in developing diabetes mellitus type 2, hypertension or ischemic heart disease, but
the latest researches also revealed its role in tumor cells proliferation and angiogenesis. The
possible effects of adiponectin and its two receptors in both physiological processes and
pathophysiology of adrenal glands is not fully understood. Recent studies suggested that
adiponectin receptors expression is significantly higher in hormonally active adrenal tumors
as compared to normal tissues of adrenal glands, which may prove the involving of adipose
tissue and periadrenal fat depot in regulating the function of adrenal cortex or medulla.
Conclusions: Adiponectin may be predictive factor of developing metabolic disorders in the
group of patients with accidentally detected adrenal lesions. The discovering of its exact
mechanism may result in modifying novel screening options as well as diagnostic process and
treatment scheme. Therefore, further research is required to determine the effect of
adiponectin and its role in the pathogenesis of obesity-related diseases in the course of adrenal

tumors.
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Introduction

Adrenal tumors, generally called incidentalomas are defined as adrenal lesions with a
diameter >1 cm, discovered incidentally during radiological examinations performed for
many different reasons [1]. According to different data, they are detected in about 3-10% of
patients in general population with still increasing prevalence from 0.2% in third decade to
7% in elderly people [2-5]. What is more, the latest epidemiological reports suggest that
incidentalomas have becoming an endocrine epidemic and at the same time a huge economic
and social problem since their discovery in 1941 [6].

Among them the most common pathologies are non-functioning benign lesions
(82.5%), predominantly adenomas (61%), followed by cortisol-secreting adenomas (5.3%),
pheochromocytomas (5.1%), adrenocortical carcinomas (4.7%), metastatic lesions (2.5%),
and aldosteronomas (1%) [3-4]. So far, it was considered that hormonally inactive adrenal
incidentalomas do not present any hyperfunction, notwithstanding the studies of recent years
revealed chronic subclinical hormonal activity of the cortex or medulla, which may lead to
many different complications [7-9]. The association of obesity and related metabolic disorders
like insulin resistance, prediabetes (impaired fasting glucose, impaired glucose tolerance),
diabetes mellitus type 2, dyslipidaemia, hypertension, and other cardiovascular diseases in the
course of Cushing’s syndrome, subclinical Cushing’s syndrome or pheochromocytoma is
established quite well, whereas there are limited data on developing such disturbances in
patients with non-functioning adrenal incidentalomas [5, 10-14]. Moreover, according to the
current statistical analysis the leading causes of mortality among patients with tumors of
adrenal glands are usually not strictly connected with the adrenal masses, but they rather died
from cardiovascular events or obesity-associated complications [15-16]. That is why, the
relationship between adipose tissue is in high interest and an object of many studies in the
context of adrenal glands’ homeostasis regulation.

Adipose tissue, treated as a hormonally inactive fat storage for many years, in the last
decades was recognized as a unique endocrine organ, exerting pleiotropic effects on many
functions and processes in human organism by secreting multiple pro-inflammatory and anti-
inflammatory hormones and cytokines [17-18]. Adipocytes produce adipocytokines, a group
of variety hormonal proteins, including leptin, resistin, apelin, visfatin, omentin, newly
discovered adiponectin, and adipolin as well as cytokines such as interleukin-6 (IL-6), tumor

necrosis factor-alpha (TNF-0), monocyte chemoattractant protein 1 (MCP-1), pigment
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epithelium-derived factor (PEDF), and progranulin (PGRN), which acts at autocrine,
paracrine, endocrine levels. The results of recent years’ studies have revealed the possible
cross-talk between adipokines and endocrine function of adrenal glands as well as have
demonstrated the novel pathophysiological pathways involved in the pathogenesis of adrenal
tumors and their comorbidities, especially obesity-related diseases [19]. A better
understanding of above-mentioned correlations will likely result in innovative approach to
diagnostic process and rationalizing treatment methods of these highly prevalent disorders in
the future.
Aim of the study

The aim of this review was to present the association of adiponectin with metabolic
disturbances and cardiovascular diseases in patients with incidentalomas. Moreover, we also
discussed the current and future perspectives of the usefulness of this adipocytokine as
diagnostic as well as prognostic factor in functioning and non-functioning adrenal glands’
tumors.
Materials and methods

The available literature was subjectively selected due to its usefulness in showing
clinical approach to the role of cytokines, especially adipocytokines as markers of metabolic
disorders in the course of adrenal glands’ tumors. Furthermore, data which reveals
inconsistency in results was shown as well. Articles in English in the EBSCO and the
PubMed database have been analyzed using key words in various combinations: adiponectin,
adipokine, incidentaloma, pheochromocytoma, subclinical Cushing’s syndrome, tumor of
adrenal gland, metabolic disorders, diagnostic and prognostic marker.
Cross-talk between the hormonal activity of adrenal glands and adipose tissue

The two-way relationship between adipose tissue-derived hormones, participating not
only in the developing metabolic diseases, but also in tumorigenesis, and adrenal glands, has
lately been a subject of extensively in vivo and in vitro studies. Adiponectin, primarly known
as adipocyte complement-related protein of 30 kDa, Acrp30, AdipoQ, apM1, and BGP28S, is a
regulatory peptide mainly produced by adipose tissue and secreted into the bloodstream in the
concentration ranging from 3 to 30 pg/ml (100 nM-1puM) in three multimeric fractions: low
molecular weight (LMW) trimers, middle molecular weight (MMW) hexamers, and high
molecular weight (HMW) multimers, which is the most active form [18, 20]. This newly

discovered in 1990s and at the same time one of the best known pleiotropic hormone, with
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anti-inflammatory, anti-atherogenic, anti-diabetic, and insulin-sensitizing properties, is
suggested to play a pivotal role in the regulation of glucose homeostasis, lipid metabolism and
insulin sensitivity. Most its metabolic functions and processes in human organism are
mediated by AMPK (AMP-dependent protein kinase) and PPAR-a (peroxisome proliferator-
activated receptor alpha) signaling pathways. Adiponectin exerts its effects via two
transmembrane adiponectin receptors (AdipoR1 and AdipoR2) localized mainly through
skeletal muscles (AdipoR1) and liver (AdipoR2), and in smaller extent expressed in
pancreatic B-cells, brain, heart, kidneys, placenta, testis, ovaries, macrophages. What is
interesting, but not widely known, both adiponectin receptors were also found in cortex and
medulla of histologically normal adrenal as well as adrenal tumor tissues [21-27]. Therefore,
in table 1 we attempt to summarize the association between the expression of adiponectin
receptors in particular tumors of adrenal glands and the risk of developing obesity-related
diseases as well the correlation with hormonal status and body mass index (BMI) [Table 1].

So far it was considered that adrenal glands are involved in the etiopathogenesis of
carbohydrate disorders and cardiovascular diseases by secreting hormones, such as
glucocorticoids, mineralocorticoids or catecholamines. Nowadays, since Rossi GP et al. for
the first time in 2006 discovered the expression of AdipoR1 and AdipoR2 genes at mRNA
level, as well as the following studies revealed the presence of adiponectin protein both in
normal and pathological human adrenal glands, their regulatory role in adrenal functions and
adrenal tumors’ growth is widely discussed [21]. Recent reports proved significantly higher
expression of adiponectin receptors in hormonally active adrenal neoplasia as compared to
normal tissues of adrenal glands [25]. Moreover, in vitro study demonstrated the functionality
of adiponectin receptors and possible modulating impact of adiponectin on steroidogenesis for
the first time in 2009 [22-23]. However, confusing date coming from in vitro study did not
reveal stimulatory effects of adiponectin on steroidogenesis in human adrenocortical cell line
that is NCI-H295R cells [28-29].

AdipoR2 and mainly AdipoR1 were expressed both at mRNA and protein level in the
cortex of mouse adrenal glands and Y-1 cell line, which may proved its predominant role in
adipocyte-adrenal gland interaction, whereas both AdipoR1 and AdipoR2 were weakly
expressed in the adrenal medulla [22]. On the other hand, the study on pheochromocytoma
tissues from 49 patients showed expression of AdipoR1 and AdipoR2 at mRNA level, which

indicated their presence not only in pathological, but also through normal adrenal medulla
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tissue [27]. The correlation between AdipoR1 mRNA expression and catecholamine
secretion, especially its higher presence in adrenaline-type tumors both in diabetic and non-
diabetic individuals than in noradrenaline ones, may also suggest that adrenaline is involved
in adiponectin signaling pathway.

What is more, in vitro research conducted by Paschke et al. revealed a significant
increase in adiponectin expression during developing and regenerating processes of adrenal
cortex in rat model [23]. It is noteworthy that expression of adiponectin and its receptors in
response to experimental malfunctions in hypothalamus-pituitary-adrenal (HPA) axis depends
on the origin of fat depots. The study confirmed increased expression of adiponectin and
AdipoR2 in subcutaneous adipose tissue while ACTH administration or ether stress, whereas
adiponectin and AdipoR1 were suppressed at mRNA levels after dexamethason treatment.
However, adiponectin sytem was not changed in visceral adipose tissue [23]. This can be
explained by morphological and functional differences between subcutaneous and visceral
adipose tissue. The researchers also proved the presence of two adiponectin receptors at
mRNA level in all zones of rat adrenal cortex and medulla, whereas adiponectin expression at
mRNA and protein level was detected only in zona glomerulosa [23]. What is more, ACTH
role as the suppressive factor of proliferation in primary adrenocortical cell culture and at the
same time down-regulated of adiponectin mRNA expression, suggested higher proliferative
potential of zona glomerulosa as compared to other layers of adrenal glands [23]

The recent study showed that BMI is the most significant factor related to the
expression of AdipoR1 and AdipoR2, while there were no correlation with hormonal status of
adrenal tumors [25]. Then, Babinska et al. tried to assess the relationship between serum
adiponectin concentration and the expression of its two receptors in 12 cases of human
adrenal tumors. They revealed the statistically significant positive correlation only in case of
AdipoR1 expression. Therefore, the study group was too small to achieve significance and
further researches are needed [25]. In the light of the above reports, it is of high interest if
overweight and obesity are causes or consequences of hormonal oversecretion of adrenal
glands [19]. It is well established that excessive secretion of glucocorticoids,
mineralocorticoids and catecholamines by adrenal tumors is connected with increased risk of
carbohydrate disorders and cardiovascular diseases [25]. However, there are only a few
studies, which assessed the impact of sublinical activity of adrenal cortex or medulla on the

development of obesity-related disturbances [7,10,12,25,30]. It is worth mentioning that
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overweight and obesity lead to decreased expression of AdipoR1 and AdipoR2, and in this
way they reduce adiponectin sensitivity. What is more, it is believed that plasma or serum
adiponectin concentration is lowered in patients with obesity both in healthy ones and these
with diabetes mellitus type 2 as well as diseases of cardiovascular system [25]. Besides,
Ermetici et al. hypothesized that patients with adrenal incidentalomas, who were not affected
by hypertension, diabetes mellitus, obesity, and other relevant diseases, had a tendency to
increased plasma adiponectin levels [30].

Furthermore, adrenal glands as well as adrenal tumors are not only subjected to
adiponectin circulating in the blood, but also are surrounded by adipose tissue, which may
suggest its paracrine and endocrine influence. It is even believed that there is a new hormonal
network between adipocytes and adrenal cortex with the proposed name adrenal-adipose
tissue axis [19,21]. Adiponectin mRNA expression was proved in fat depots surrounding the
adrenal neoplasia and was significantly correlated with adiponectin plasma levels [31]. It was
also noticed that adiponectin expression derived from adrenal tumors was significantly
decreased than that from both peri-renal and subcutaneous adipose tissue.

The hormonal activity of adipose tissue in the cell proliferation of adrenal tumors,
especially not associated with obesity, still remains unclear. Therefore, Babinska et al. in the
clinical study assessed the immunohistochemical expression of adiponectin receptors as
diagnostic and prognostic markers of adrenal tumors as well as their significance in
histopathological differentiating between benign and malignant adrenal neoplasia [26]. The
date proved the role of AdipoR1 and AdipoR2 as useful factors in diagnostic process of
patients with uncertain adrenal cortical carcinoma, which is a neoplasm associated with poor
prognosis [26]. Some authors hypothesized that serum hypoadiponectinemia, usually favoring
carcinogenesis, may lead to increased adiponectin receptors expression at the same time. Such
results were also observed in adrenal cortical carcinoma. Moreover, a statistically significant
correlation was determined for steroidogenic factor 1 (SF1), insulin growth factor 2 (IGF2),
AdipoR1 and AdipoR2 according to multivariate analysis with respectively 14%, 22%, 23%,
36% higher odds ratio of an adrenal cortical carcinoma diagnosis adjusted for hormonal
activity, age, gender, and tumor size [26].

According to current knowledge, the role of adiponectin and its impact on adrenal
tumors’ hormonal activity is not completely clarify. In the following part of the review, we

focus on its possible effects in adrenal tumors of particular relevance, that is non-functioning
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adrenal  incidentalomas, cortisol-secreting adenomas, pheochromocytomas, and
aldosteronomas.
Adiponectin and non-functioning adrenal incidentalomas

There are increasing date indicating the correlation of clinically silent adrenal
incidentalomas with metabolic syndrome and diseases of cardiovascular system [12,32].
Nevertheless, these pathomechanisms are still not completely understood. One of them is
hyperinsulinemia, which is suspected of exerting chronic proliferative action on adrenal
neoplasia [33]. What is more, it should be emphasized, that tumors treated as hormonally
inactive, may demonstrate subclinical hormonal activity, such as subclinical Cushing’s
syndrome, subclinical pheochromocytoma, and even low-symptomatic adrenocortical cancer
[7,14].

A few clinical studies suggest that higher risk of cardiovascular disorders and
metabolic diseases in the group of patients with non-functioning adrenal incidentalomas is
associated with cytokines, especially adipocytokines secreted by adipose tissue [14].
However, the latest reports notify no consistent effect of adiponectin system in non-
functioning adrenal incidentalomas. Some authors presented increased adiponectin at mRNA
levels in non-functioning adrenal incidentalomas as compared to functioning incidentalomas
with statistically significant difference observed only in case of peri-renal adipose tissue of
aldosterone-producing adenoma [31], whereas the others noted significantly decreased
adiponectin plasma concentration in non-functioning adrenal tumors independently from
glucocorticoid and catecholamine secretion and BMI [14,34]. Moreover, the concentration of
adiponectin increased six months after surgery, which was performed in 5 individuals [14].
Although, the studied group was too small to assess the obtained results with statistical
analysis [14]. LazGrova I et al. also proved significantly lower serum adiponectin
concentration in individuals with adrenal adenomas than in controls with at the same time
significantly higher BMI, HOMA, and triacylglicerols levels, but they did not revealed
significant differences in these parameters among patients with or without subclinical
Cushing’s syndrome [32]. On the other hand, Tuna MM et al. noted the similar adiponectin

plasma levels in patients with non-functioning adrenal incidentalomas and in controls [12].

Adiponectin and subclinical Cushing’s syndrome in the course of cortisol-secreting

adenomas
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The incidence of subclinical Cushing’s syndrome associated with adrenal
incidentalomas ranges between 5 to 47% and it is the most common subclinical state
encountered in clinical practice [5]. Body weight disturbances resulting in various metabolic
complications are relatively common both in patients with Cushing’s syndrome and
subclinical Cushing’s syndrome with the prevalence, respectively 79 to 95% and 43 to 67%
according to different date [14]. It is not completely obvious if increased risk of hypertension,
atherosclerosis or carbohydrate disorders is a consequence of the higher frequency of
overweight or obesity in subclinical hypercortisolemic individuals, which may lead to
decreased serum adiponectin levels. It is suggested that subclinical hypercortisolemia itself do
not change the adiponectin system homeostatis [25]. What is more, the diagnosis of
subclinical hypercortisolemia is difficult due to no generally accepted hormonal criteria, that
can cause the inconsistency in obtained results of different studies [14,32].

Furthermore, obesity connected with reduced serum adiponectin levels and HPA axis
malfunctions, lead to disorder of inhibitory effect of adiponectin on ACTH-stimulated steroid
secretion [22]. The interaction between glucocorticoids-mediated effects and adiponectin
system are established quite well [23]. The latest studies discussed their role in the
suppression of adiponectin expression at mRNA level in adipocyte, and at the same time
decreasing plasma adiponectin concentration, which can be mediated by glucocorticoid
response element in adiponectin promoter region [23].

According to some authors, patients with subclinical Cushing’s syndrome related to
slight chronic oversecretion of cortisol had lower adiponectin levels than individuals with
non-functioning adrenal incidentalomas or controls [13-14]. What is interesting, Dogruk Unal
A et al. revealed decreased adiponectin concentration in subclinical Cushing’s syndrome for
the first time. Besides, they proposed adiponectin as useful marker in predicting the presence
of subclinical hypercortisolemia in adrenal tumors with the 87.5% sensitivity and 77.4%
specificity for an adiponectin level of <13 ng/mL [13]. Also, the case study of 46-year-old
female patient with Cushing’s syndrome in the course of a left adrenal adenoma proved the
possible modulating effect of glucocorticoids on adiponectin as its concentration increased
after adrenalectomy with concomitant decrease in body weight and normalization of serum
cortisol concentration [35]. Similar observations in adiponectin levels was made in ob/ob

mice model after performing removal of adrenal tumor [36].
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Adiponectin and pheochromocytoma

Carbohydrate disorders in the form of glucose intolerance occurs in 25% to 75%, and
diabetes mellitus is reported in about one third of pheochromocytoma patients [10,27].
Overproduction of catecholamines by adrenal medulla exerts suppressive effect on insulin
secretion, which results in developing insulin resistance, and then diabetes mellitus [10].
Catecholamines also induce adipose tissue lypolysis, that is why the individuals with
pheochromocytomas are lean in most cases, but on the other hand modern lifestyle results in
an increased incidence of obesity or overweight among them [37].

There are several reports that revealed both increased and decreased adiponectin levels
in patients with pheochromocytoma [10,27,37]. The study conducted on 26 serum samples
from pheochromocytomas’ individuals showed significantly increased of adiponectin levels
after surgical removing of tumors as compared to preoperative period despite increased their
BMIs [10]. Moreover, the levels of adiponectin were decreased to normal concentration after
adrenalectomy of pheochromocytoma in 10 cases [27]. Okauchi Y et al. presented a rare case
of an obese 37-year-old man with catecholamine crisis in the course of pheochromocytoma.
What is worth mentioning, the serum adiponectin level was decreased during this life-
threatening condition and increased after adrenalectomy, but its concentration decreased again
during the follow-up in 2-years period with concomitant increased body weight, which
suggests the interaction between adipose tissue and hormonal activity of adrenal tumors [37].
On the contrary to above-mentioned studies, Bosanska L et al. demonstrated no difference in
serum adiponectin levels before and six months after successful adrenalectomy in 18 patients
diagnosed with pheochromocytoma, despite significantly increased body weight after surgical
treatment [38]. However, the limitation of this study is lack of control group involving healthy
volunteers. Therefore, further studies and extension of examined groups of patients are

needed.

Adiponectin and aldosteronoma

Aldosteron-producing adenoma is one of the main causes of primary
hyperaldosteronism (PA) diagnosed in about 27%-30% of hypertensive patients with PA,
which constitutes 1.6% of general population suffering from hypertension [39-40]. It is well
known that excess secretion of aldosterone is associated with metabolic syndrome and higher

rate of cardiovascular events [40-41]. The recent reports about serum or plasma
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hypoadiponectinemia in developing arterial hypertension are conflicting [21,42]. There are
also lacking date linking the adiponectin concentration to aldosterone secretion [21]. The
discovering of both adiponectin receptors (AdipoR1 and AdipoR2) in human adrenal cortex
of aldosteronoma demonstrated for the first time the possible relationship between adipose
tissue hormonal activity, blood pressure level and the function of adrenal glands [21]. On the
other hand, some authors failed to prove the adiponectin role in stimulating adrenocortical

aldosterone secrertion, so further studies are necessary [28-29].

Conclusions

To conclude, it is worth to emphasize that adiponectin may be a predictive factor of
developing metabolic disorders, such as diabetes mellitus, hypertension in the group of
patients with incidentally detected adrenal lesions. The discovering of its exact mechanism
may result in modifying novel screening options as well as diagnostic process and treatment
scheme. Therefore, further research is required to determine the effect of adiponectin and its

role in the pathogenesis of obesity-related diseases in the course of adrenal tumors.
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Table 1. Expression of adiponectin receptors (AdipoR1 and AdipoR?2) in cortex and medulla of adrenal tumors’ tissues and their

correlation with body mass index (BMI), hormonal status.

Level
Stud Type Type of adrenal . . . Correlation Correlation with
Y yp yp AdipoR1 | AdipoR2 of expression . Comments
(Reference) | of study tumor . with BMI hormonal status
(mRNA/protein)
Rossi GP et i vitro histologically normal
al., 2006 [21] human adrenal cortex + + mRNA not examined not examined
(human) " (n=10) both receptors were expressed
e at a significantly higher level in
adrenocortical zona .
. APAs than in the normal
. glomerulosa cell-derived .
in vitro . . . adrenal cortex, for the first time
aldosterone-producing + + mRNA not examined not examined
(human) . at mRNA level
adenomas (APAs) tissue
(n=10)
in vitro normal mouse adrenal adiponectin acutely reduced | for the first time both at mRNA
. glands tissue (male C57 + + mRNA and protein not examined basal levels and protein level, adiponectin
. (animal) . . .
LiPetal., mice) of corticosterone itself was not expressed,
2009 [22] i adrenocortical Y-1 cell and aldosterone secretion the predominant expression
) . 4 4 mRNA and protein not examined and inhibited ACTH- of AdipoR1 in mouse adrenal
(cell line) line . . . .
induced steroid secretion cortex and Y-1 cell line
Isobe K et al., pheochromocytoma AdipoR1 expression correlated
2009 [27] tissue (n=49) (divided AdipoR1 . . with an increased risk
. . . AdipoR1 expression . . .
into 4 groups according expression . of diabetes mellitus, AdipoR1
. .. correlated with . .
to the tissue content significantly . and AdipoR2 expression were
. catecholamine . .
of adrenaline and correlated . . decreased in adrenaline-type
L . . oversecretion and it was .
in vitro noradrenaline: with tissue . . ) diabetics compared to
. + + mRNA . higher in adrenaline-type . . .
(human) adrenaline-type adrenaline . adrenaline-type non-diabetics,
. . . tumors than in . .
diabetics, noradrenaline- content even noradrenaline-tvpe tumors for the first time the expression
type diabetics, when adjusted . P of AdipoR1 and AdipoR2
. both in diabetics and non- .
adrenaline-type non- for diabetics receptors in
diabetics, noradrenaline- inter alia BMI pheochromocytoma tissues was
type non-diabetics proved
Paschke L et in vitro tissue sample from rat N v MRNA and protein not examined acute (ACTH or ether AdipoR2 was only detected
al., 2010 [23] | (animals) adrenal gland p stress) and prolonged at mRNA level in rat adrenal
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S experimental groups:
rats administered with
ACTH at hours 0,12, 24
and decapitated 12 h
after the last injection,
with dexamethasone
at hours 0, 12, 24 and

(ACTH) adrenal
stimulation resulted in
lowered adiponectin levels,

in vivo . not not . . acute treatment upregulated | cortex, adiponectin expression
. decapitated 12 h after the . . not examined not examined . . .
(animals) . . examined examined the expression of AdipoR1 at mRNA level was increased
last injection, with . . . .
bolus iniecti ¢ and AdipoR2, while during adrenocortical cells
a bolus Injection o chronic ACTH proliferation, FIAC used to
ACTH 1 h before .. . .
d tati bmitted administration remained assess the response to ACTH,
ceapriation, submitte them unchanged, prolonged PACC used to assess the
to acute ether stress 1 h . . ..
o dexamethasone proliferative activity
after decapitation , .. .
trol administration only
contro’ group decreased AdipoR2
in vitro i expression
(sl i) adrenocortical cells 4 4 mRNA not examined P
(FIAC)
in vitro primary adrenocortical .
+ +
(cell line) cell culture (PACC) mRNA not examined
Chou SH et in vitro adrenocortical carcinoma N + rotein not associated not examined low frequency of AdipoR1
al., 2010 [24] (human) tissue (n=48) p with obesity expression
adiponectin stimulated H295R,
which resulted in increased
cortisol secretion and
Ramanjaneya in vitro H295R human 4 N MRNA and protein not examined increased cortisol an AEAPE’ EII:tIi(() 1;20-;11;(:1ated
Metal., 2011 | (cell line) adrenocortical cell line P production vp-reg
[20] steroidogenic acute regulatory
(StAR) protein, the first
mediator of cholesterol
metabolism
adrenal cortical hormonal overproduction assessment
Babinska A et in vitro carcinoma tissue (n=20), N N rotein not examined | V3 determined in 12 cases of immunohistochemical
al., 2017 [26] (human) adrenal cortical adenoma P with adrenal cortical expression of AdipoR1 and

and nodular hyperplasia

carcinoma, a statistically

AdipoR2 revealed that they
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(n=63)

significant correlation was
determined for
steroidogenic factor 1
(SF1), insulin growth factor
2 (IGF2), AdipoR1 and
AdipoR2 according to
multivariate analysis with
respectively 14%, 22%,
23%, 36% higher odds ratio
of an adrenal cortical
carcinoma diagnosis
adjusted for hormonal
activity, age, gender, and
tumor size

may be useful markers in the
diagnostic process of uncertain
adrenal cortical carcinoma
cases

Babinska A et
al., 2018 [25]

non-functioning adrenal
incidentaloma tissue:

in vitro adrenal adenoma (n=16) .
(human) and nodular hyperplasia protein
(n=26) — control group
(n=42)
subclinical Cushing’s
syndrome (n=38):
in vitro adrenal cortex adenoma .
(human) (n=23) and nodular protein
hyperplasia (n=15)
tissues
in vitro pheochromocytoma .
(human) tissue (n=40) protein

statistically
significant
negative
correlation
between BMI
and expression
of AdipoR1
and AdipoR2
in patients
with SCS,
negatively
correlation
between BMI
and expression
of AdipoR2 in
patients with
PHEO

in univariate analysis in
SCS patients: AdipoR2
expression was
significantly lower as
compared to individuals
without SCS and cortisol
levels after 1 mg
dexamethasone suppression
test correlated with
AdipoR1 and AdipoR2
expression, in PHEO
patients: there was a
statistically significant,
positive correlation
between AdipoR1
expression and 24-h urinary
metanephrine excretion, but
in multivariate analysis
these correlations were not
significant after inclusion
of the variable BMI

78 patients with subclinical
hormone secretion
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