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Letters
Immunohistochemistry showed a signiﬁcant increase

Atrogin-1 Pathway
Activation in Cushing
Syndrome Cardiomyopathy
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compared with idiopathic DCM and normal control
samples (2.8  0.15 vs. 0.79  0.30; p < 0.001, and vs.
0.15  0.30; p < 0.001, respectively). Atrogin-1
messenger ribonucleic acid was at presentation >28
fold higher than normal control samples and >3.5

Cushing syndrome (CS) may associate with a cardio-

fold higher than idiopathic DCM (Figure 1A); levels

myopathy whose substrate is poorly understood.

normalized after adrenalectomy and inversely corre-

A total of 8 of 473 consecutive patients with dilated

lated with LVEF (Figure 1B). Western blot analysis

cardiomyopathy (DCM) (1.6%, 4 male, 4 female, mean

conﬁrmed the overexpression of atrogin-1. Cell death

age 61  4.9 years) had CS due to adrenal adenoma.

was comparable to idiopathic DCM and increased

Diagnosis of CS was supported by typical clinical signs

compared with normal control samples.

of hypercortisolism including moon face, central

DCM is a clinical entity characterized by progres-

obesity, skeletal muscle atrophy, hyperglycemia, and

sive cardiac dilation and dysfunction that has various

increased blood and urine cortisol levels. A cortisol-

etiologies and mechanisms of damage. Among endo-

secreting adrenal adenoma was identiﬁed in all

crine disorders, hypothyroidism, hyperthyroidism,

patients by hormonal dynamic tests and magnetic

pheochromocytoma, acromegaly, and growth hor-

resonance imaging. Patients had noninvasive and

mone deﬁciency have been associated with DCM.

invasive cardiac studies including endomyocardial

DCM has also been reported as a predominant or

biopsy (EMB), after written informed consent, at

presenting feature of CS. In this setting, descriptions

baseline and, in 3 patients, also 1 year after adrenal

are mostly limited to single case reports, and the

adenoma removal. Echocardiographic left ventricular

structural myocardial changes as well as the molec-

end-diastolic diameter (LVEDD), ejection fraction (EF),

ular pathways involved are still poorly understood.

and maximal wall thickness (MWT) were assessed.

The present report comparing histological, ultra-

EMB with assessment of cardiomyocyte diameter

structural, and molecular parameters in EMB samples

and percent myoﬁbrillolysis area, myocardial ﬁbrosis,

from 8 patients with CS cardiomyopathy, before and

and cell death by apoptosis and necrosis was ob-

after

tained.

diomyocyte

Myocardial

atrogin-1

was

evaluated

by

cortisol

normalization,
hypertrophy,

that

car-

myoﬁbrillolysis,

shows

and

immunohistochemistry, real-time polymerase chain

myocardial ﬁbrosis are the main structural abnor-

reaction, and western blot analysis. Intensity of im-

malities and that they revert completely at 1 year

munostaining was semiquantitatively evaluated as

follow-up from adrenalectomy. Mechanisms involved

absent (grade 0), mild (grade 1), moderate (grade 2),

in cell hypertrophy include pressure overload, a

and intense (grade 3). Controls were EMB from 10

glucocorticoid-mediated increase of angiotensin-II,

patients with idiopathic DCM matched for age, sex,

and an enhanced responsiveness of cardiomyocytes

and severity of LV dilation and dysfunction, as well as

to angiotensin-II. Cell myoﬁbrillolysis strictly corre-

surgical LV samples from 10 patients with mitral

lates with myocardial expression of atrogin-1, which

stenosis and normal LVEDD and EF.

is increased >28 fold control values during the failing

At presentation, the LV was hypertrophied, dilated,

state and normalizes after cardiac recovery, associ-

and severely hypokinetic in all (EF <30%). After adre-

ated with a decrease of myoﬁbrillolysis cell area from

nalectomy, LVEDD reduced on average from 69.0  3.5

61% to 22%. These data conﬁrm in humans the atro-

mm to 50.0  3.5 mm, maximal wall thickness reduced

phic effects of glucocorticoids on skeletal (1) and

from 12.8  1.2 mm to 8.6  0.8 mm, and LVEF rose from

cardiac (2) muscle obtained in experimental models.

25.0  3.2% to 53.0  3.3% (p < 0.001). Cell diameter

The molecular pathway involved includes activation

reduced from 28.7 to 15.7 m m (p < 0.01), myocardial

of Foxo transcription factors, overexpression of

ﬁbrosis declined from 11.5% to 3.1%, and myoﬁ-

atrogin-1, and ubiquitin promoting proteasome pro-

brillolysis area reduced from 61% to 22% (p < 0.001).

teolysis of endogenous contractile elements.
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F I G U R E 1 Myocardial Atrogin-1 Expression in Cushing Syndrome Cardiomyopathy
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(A) Myocardial atrogin-1 messenger ribonucleic acid (mRNA) expression in Cushing syndrome cardiomyopathy before and after adrenalectomy,
in idiopathic dilated cardiomyopathy (DCM) and control (CTRL) biopsy samples. (B) Inverse correlation between myocardial atrogin-1 and left
ventricular ejection fraction (EF). Blue circles indicate failing state; orange circles indicate recovery state.

Myocardial ﬁbrosis derives from a direct glucocorticoid stimulation of ﬁbroblast activity, likely through
Smad and the transforming growth factor beta-1
pathway, and was reduced in our CS population from
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to the contents of this paper to disclose.
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steroids who manifest with cardiomyopathy should
consider drug discontinuation.
In conclusion, CS cardiomyopathy is a reversible
entity induced by high levels of glucocorticoids, characterized by cell hypertrophy, myoﬁbrillolysis, and
myocardial ﬁbrosis that revert after adrenalectomy.
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After Bariatric Surgery

Atrogin-1 activation has a major pathogenetic role.
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can be measured in humans by proton magnetic reso-
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nance spectroscopy (1). We previously demonstrated

bution in visceral area and in ectopic sites likely plays
an important role in the obesity-related risk. Ectopic
fat accumulation in the heart, the liver, and the
pancreas, namely steatosis, could induce accumulation of toxic lipid intermediates leading ultimately
to organ dysfunction. Whether ectopic fat stores
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