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2. Introduction 

2.1 Hypothalamic-pituitary-adrenal (HPA) axis 

Hypothalamic-pituitary-adrenal (HPA) axis represents a complex set of feed-
back loops regulating the hormones secreted by the hypothalamus, the anterior 
pituitary gland and adrenal glands. This axis plays a central role in homeostasis, 
stress response, energy metabolism and neuropsychiatric function (1).  

The HPA axis regulates the peripheral concentrations of steroid hormones un-
der the control of an ultradian, circadian and stress-related fashion (2). Once 
the hypothalamus receives the signal of stress, corticotropin releasing hormone 
(CRH) neurons in the hypothalamic paraventricular nucleus releases CRH (3), 
which is transported to the pituitary gland via hypophyseal portal system. CRH 
binds to the specific receptor on the pituitary gland and subsequently activates 
the synthesis and secretion of ACTH. Circulating ACTH acts on the cortex of 
adrenal gland and stimulates the adrenal cortex to produce cortisol.  Circulating 
cortisol regulates CRH release and ACTH secretion by negative feedback and 
thereby maintains the relative homeostasis of circulating cortisol (Figure 1).  

 
Figure 1 Regulation of Hypothalamic-pituitary-adrenal axis (Adapted from “Hypothalamic-
Pituitary-Adrenal Axis”, by BioRender.com (2022). Retrieved from 
https://app.biorender.com/biorender-templates) 
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2.2 Adrenal gland 

2.2.1 Morphology and Histology  

Humans have two adrenal glands located at the top of each kidney. The right 
adrenal is pyramidal and the left adrenal gland is crescentic in shape.  

The adrenal gland is composed of two different types of tissue, the cortex and 
the medulla. Among them, the cortex makes 85% of adrenal tissue while the 
medulla makes 15% (4). The adrenal cortex is divided into three separate histo-
logical and functional zones (Figure 2): zona glomerulosa (zG), zona fasciculata 
(zF) and zona reticularis (zR) (5). These different zones are associated with the 
synthesis and secretion of different steroids, with zG producing mineralocorti-
coids, zF producing glucocorticoids (GCs) and zR producing androgens. The 
medulla mainly consists of chromaffin cells and ganglion cells, producing cate-
cholamines. 

 
Figure 2 Morphology and histology of adrenal (created with BioRender.com). 

.  

2.2.2 Physiology of Glucocorticoids (GCs) 

GCs are essential in many biological processes, such as metabolism (6), bone 
metabolism and growth (7-9), anti-inflammation and immunomodulation (8, 10), 
reproduction (11), development (12), mood and cognitive functions (13).  

Cortisol, as the most important glucocorticoid in humans, is pulsatively released 
throughout the day with peak at around 8 am and nadir around midnight. Acute 
stress results in short spikes in circulating cortisol levels. The regulation of corti-

https://biorender.com/
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sol is crucial and can be influenced by many different stressors. These stress-
ors include physical and mental stimuli such as hunger, cold, trauma, infection, 
depression and anxiety (14). Besides the regulation of cortisol secretion via the 
previously described HPA axis, there are several other and especially intra-
adrenal mechanisms which are important for the fine regulation of the adrenal 
stress response via cortisol secretion. 

2.3 Cushing’s syndrome (CS) 

CS is an endocrine and metabolic disorder caused by increased levels of circu-
lating glucocorticoids. This disorder includes not only excess of circulating glu-
cocorticoids but also disturbed diurnal rhythm of cortisol secretion (15). Long 
time exposure to high glucocorticoids result in increased morbidity and mortality 
(16). 

2.3.1 Clinical presentations 

CS presents a broad range of symptoms, depending on the exposure times to 
GCs, level of GCs in circulation and the subtype of CS. The symptoms are 
listed in table 1 based on organ systems. As the symptoms are not specific, di-
agnosis is often delayed (see below). 

Table 1 Clinical presentations of Cushing’s syndrome based on systems.  

System Clinical presentations 

General symptoms Fatigue, abnormal growth in children (lagging height but 
gaining weight) 

Adipose Weight gain, altered fat distribution (central adiposity and 
moon faces but slender limbs, buffalo hump, moon face) 
(17) 

Metabolism Diabetes/impaired glucose tolerance (18, 19), dyslipidemia 
(20) 

Musculoskeletal system Proximal muscle weakness, osteoporosis/fracture (21, 22) 

Infection Increased infections in affected systems (23) 

Skin and hair Purple striae on abdomen, buttons, upper arm/leg breasts, 
thin skin, hyperpigmentation, hirsutism (women), balding 
(women), acne, poor wound healing, easy bruising, flushed 
face (24) 

Cardiovascular system Hypertension (25, 26), cerebrovascular accident, myocardi-
al infarction, thrombus, edema (27, 28) 

Urinary system Increased incidence of urinary stones (29) 

Reproductive system sexual dysfunction, hypogonadism (21, 22); masculinization 
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(women), menstrual disorders (women) (30), infertility (31) 

Neuropsychiatric system and 
cognition 

Exacerbation of existing personality/disorder, depression, 
anxiety and irritability, memory loss, cognitive difficulty, 
headache, insomnia (32)  

2.3.1 Morphology and Histology 

CS could be caused by endogenous or exogenous factors. Exogenous factor is 
the most common cause while endogenous cause is rare (33, 34), with an inci-
dence of 1.8–3.2 per million people per year (35). However endogenous CS is 
more complex in subtyping. ACTH-dependent CS are responsible for 80% of 
endogenous CS and are caused by ACTH-secreting pituitary adenoma or non-
pituitary tumors with ectopic ACTH production. 20% of endogenous CS are 
ACTH-independent CS and caused by autonomous cortisol-producing adrenal 
pathologies (36, 37). Moreover, ACTH-independent CS has four main subtypes 
which are summarized in Table 1. 

Table 2 Subtypes of endogenous Cushing’s syndrome (33, 36, 37).    

 Proportion 

ACTH-dependent CS 80% (33, 36)  

Cushing’s disease (CD) 70% (37) 

CS with ectopically secreting ACTH from non-pituitary tumor 10% (37) 

Unknown source of ACTH 5% (37) 

ACTH-independent CS 20% (33, 36)  

Cortisol-producing adenoma (CPA) 10% (37) 

Adrenocortical carcinoma (ACC) 5% (37) 

Micronodular bilateral adrenal hyperplasia (MiBAH)       Very few (37) 

Primary bilateral macronodular adrenocortical hyperplasia 
(PBMAH) 

      Very few (37) 

  

 
2.3.2 Diagnosis 

Due to the high variability of clinical presentations and considerable clinical 
overlaps with other metabolic diseases, diagnosing and subtyping of CS re-
mains challenging.  

Patients with clinical suspicion of CS are subjected to the initial biochemical 
screening tests by endocrinologists. The first-line screening tests recommended 
for CS diagnosis by the Endocrine Society’s guidelines (38) include 24h urinary 
free cortisol (UFC, reflecting daily cortisol secretion), low dose dexamethasone 
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suppression test (LDDST, assessing feedback inhibition of cortisol on the HPA 
axis) and late-night salivary cortisol (LNSLC, evaluating the diurnal rhythm in 
cortisol secretion) (39). The combination of assays is more sensitive and specif-
ic in diagnosing CS in comparison to serum cortisol (40). In addition, dexame-
thasone-CRH test and desmopressin test are used as the second-line test for 
CS screening (39, 41). The workflow of CS diagnosis is summarized in figure 3. 

 
Figure 3 Workflow of CS diagnosis (38). 

After the diagnosis of CS is established, the next main step is to find out the 
subtype of CS. Mostly, the ACTH concentration could distinguish ACTH-
dependent from ACTH-independent CS (42). Imaging (MRI or CT) and addi-
tional biochemical tests (e.g. high dose dexamethasone test, CRH test) can fur-
ther help to differentiate between subtypes of CS (42).  

2.3.3 Management 

Surgical removal of ACTH-secreting pituitary adenoma, ectopic ACTH-secreting 
tumor or cortisol producing tumors of adrenal pathologies is recommended as 
the best treatment of CS when surgery is possible (43). The success rate of 
surgery depends on the size of tumor and the experience of the surgeon, so 
that not all patients could achieve completely remission. Additionally, some pa-
tients have recurrence of CS after surgery. No surgical therapy is possible when 
the primary source of ACTH production is occult. For these patients who have 
persistent or recurrent hypercortisolism, additional treatments are recommend-
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ed, such as re-operation (the same or alternative types), radiation therapy or 
medical treatment (13, 43, 44) . 

Currently available pharmacological therapies of CS include pituitary-directed 
drugs, steroidogenesis inhibitors and glucocorticoid receptor antagonists. How-
ever, most of these drugs have severe side-effects and therefore, their applica-
tion is limited. If these therapies failed to control hypercortisolism or if both ad-
renals are affected by cortisol producing nodules (e.g. in patients with PBMAH), 
bilateral adrenalectomy could be performed as a last therapeutic option (43, 
45). In consequence, the patients have to substitute hydrocortisone life-long.  

2.4 MicroRNA (miRNA) 

miRNAs are single stranded, small non-coding RNAs that are 21-24 nucleotides 
in length and were first described in in Caenorhabditis elegans in 1990s (46, 47). 
Since their first discovery, miRNAs have been subject of many studies to inves-
tigate their physiological and pathological role in biological processes. 

There are two biogenesis pathways of miRNAs in mammals: canonical pathway 
(mediated by RNA polymerase II, most common pathway of miRNA biogenesis) 
and non-canonical pathway (mediated by RNA polymerase III). Majority of the 
identified miRNAs are present in the intracellular environment, only a small 
quantity of miRNAs is reported to be in the extracellular fluids, commonly called 
extracellular miRNA or circulating miRNA, if they are in blood circulation. The 
source of circulating miRNAs remains unknown, but current research supports 
the hypothesis that circulating miRNAs are actively secreted by cells via extra-
cellular vesicles and protein carriers (48), and that only a small portion are pas-
sively released from necrotic or damaged cells (49, 50).  

miRNAs are widespread in human body, a total of 1917 mature human miRNAs 
have been identified and included in miRbase (a database included all pub-
lished miRNA sequences and associated annotation, https://www.mirbase.org/, 
last visit on Nov 10th, 2022) (12). According to a study published in 2009, over 
60% of human protein-coding genes is estimated to be regulated by miRNAs 
(51). This indicates that gene regulation mediated by miRNAs is common in 
various biological processes. 

2.4.1 Circulating miRNA as biomarkers 

The discovery of miRNAs in biological fluids suggests that miRNAs might also 
act as signaling molecules outside the cell. In addition, miRNA expression 
shows unique patterns in different cells and tissues, and even at different stag-

https://www.mirbase.org/


2 Introduction 15 

es of biological process, indicating that miRNAs can serve as biomarkers for 
certain pathologies (52). As potentially valuable biomarkers for specific bio-
chemical process in medicine, circulating miRNAs show various advantages: 1). 
Endogenous circulating miRNAs are resistant to plasma RNase (53); 2). The 
collection of circulating mRNAs is minimally invasive; 3). The concentrations of 
miRNAs can be measured relatively cheap with standard lab techniques already 
included into clinical practice (54); 4). miRNA profiles are highly sensitive and 
specific (55). 

2.4.2 miRNAs mediate gene regulation in tissue 

miRNAs regulate gene expression at post-transcriptional level by binding to the 
mRNA. The seed sequence (or seed region) is an evolutionarily conserved re-
gion which is mostly located at 2-7 nucleotides from the 3’ end of miRNA. This 
region plays an essential role in miRNA target recognition, determination of 
miRNA targeting efficacy and specificity in the miRNA-mRNA interaction (56, 
57). Canonically, miRNA targets the 3’ untranslated region (3’UTR) of target 
mRNAs by base-pairing of the seed sequence through contiguous and Watson-
Crick base-pairing  (58). mRNA degradation or translation repression is the 
most common result of miRNA-mRNA interaction (61). 5’untranslated region 
(5’UTR), coding regions and promoter regions are the other uncommon binding 
sites of targets mRNAs (62). The binding of miRNAs to 5’UTR and coding re-
gions could also result in silencing effects on gene expression, while miRNA 
interaction within promoter region has also been reported to activate transcrip-
tion (63). The canonical miRNA-mRNA interaction is schematized in Figure 4. 

 

 

 

 

 

 

Figure 4 miRNA-mRNA interaction (created with BioRender.com).  

As mentioned above 1917 mature human miRNAs target 60% human genes, 
hinting that miRNA-mRNA targeting isn’t a one-to-one interaction. One miRNA 
may have multiple mRNA targets containing the cognate miRNA-binding site 
(64) and one mRNA also could be regulated by multiple miRNAs (65). 

https://biorender.com/
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2.4.3 miRNA in CS 

The above described time-consuming diagnosis of CS denotes the risk of de-
layed or missed diagnosis of CS, with crucial implications for morbidity and mor-
tality (40). Therefore, specific molecular biomarkers could help in the diagnosis 
of CS.  In 2013, Dhaval Patel et al. were the first to publish their study on the 
roles of serum miR-34a and miR-483-5p as candidate biomarkers in distinguish-
ing benign from malignant adrenocortical tumors (11). Plasma miRNAs were 
studied to differentiate CD from ectopic CS in 2020 (66).  

Epigenetic alterations are crucial during tumorigenesis. As an eminent part of 
epigenetic mechanism, miRNAs also play important roles in tumorigenesis. Alt-
hough studies have identified specific miRNAs and their targets in different 
forms of adrenal pathologies, such as primary pigmented nodular adrenocortical 
disease (PPNAD) (67), massive macronodular adrenocortical disease (MMAD) 
(68) and PBMAH (69), no common miRNA was found among these studies. 
This indicates that different underlying pathologies in CS have specific miRNAs 
profiles. Comprehensive understanding of the effect of miRNA in different sub-
types of CS may provide an understanding of miRNA-based targeting in CS 
subtypes. 

2.5 Aims 

The overall purpose of this dissertation is to have a comprehensive understand-
ing of the role of miRNAs in CS. The specific aims of this research project are: 

• To identify specific biomarkers for diagnosing and subtyping of CS 
(ACTH-dependent and ACTH-independent) by performing a profile of cir-
culating miRNA by miRNA seq (Publication I). 

• To explore adrenal miRNA profile in ACTH-dependent and ACTH-
independent CS by adrenal miRNA seq (Publication II) 

• Study miRNA-mRNA interactions and involved pathways in adrenal 
glands of patients with CS using in silico predictions, pathway analysis, 
and luciferase assays. (Publication II) 
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3. Materials, methods and major findings 
To achieve the described aims, biological samples (serum and adrenal tissue) 
were collected from patients who were registered in at least one of the following 
biobanks: German Cushing’s Registry (CUSTODES), European Network for the 
Study of Adrenal Tumor (ENS@T - http://www.ensat.org/) and/or Network of 
Excellence for Neuroendocrine Tumors (NeoExNet). The CUSTODES was 
founded by Prof. Dr. Martin Reincke and the Adrenal Gland Section of the Ger-
man Society for Endocrinology (DGE). Several centers throughout Germany are 
actively involved. This joint register is used to evaluate data on occurrence, di-
agnosis, symptoms, therapy and long-term prognosis of CS and aims to gain a 
better understanding of this rare disease by improving diagnostic methods, 
medical care and optimizing long-term therapy. The NeoExNet, which is funded 
as part of the m4 Cluster of Excellence (http://www.m4.de), is a clinical registry 
and associated biobank recruiting patients with endocrine tumors, especially 
patients with CS, with aims to systematically examine the complaints, symp-
toms, secondary diseases and mortality of various neuroendocrine tumors. 
ENS@T is a European register and biobank of adrenal-related tumors, devoted 
to the research on adrenal tumors.  

For the first project of this dissertation, two medical centers were involved: LMU 
Klinikum, Ludwig-Maximilians-Universität in Munich and the Hospital of the Uni-
versity of Würzburg. 

We included a cohort of patients with CS (CD and CPA) and controls as discov-
ery cohort (10 controls, 5 patients with CPA and 10 patients with CD), and an-
other cohort of patients with CS and controls as validation cohort (11 controls, 
11 patients with CPA and 9 patients with CD). CS was diagnosed following the 
current guidelines (38). Both pre- and post-operative blood samples from pa-
tients with CS and blood samples from controls were collected. Serum miRNAs 
were isolated from all the blood samples using miRNeasy Serum/Plasma Kit 
(Qiagen GmbH, Hilden, Germany). miRNAs extracted from the discovery cohort 
were divided into two aliquots, one was processed for NGS and another was 
stored at −80°C until further use. All miRNAs (from both discovery cohort and 
validation cohort) were reverse transcribed with TaqMan MicroRNA Reverse 
Transcription Kit (Thermo Fisher Scientific). Real-Time Quantitative PCR (q-
PCR) was performed with TaqMan Fast Universal PCR Master Mix (2x) 
(CN:4352042; Thermo Fisher Scientific) on a ThermoFisher QuantStudio™ 5 
Real-Time PCR System to confirm miRNA expressions. Further, we evaluated 
the candidate miRNAs with Receiver Operating Characteristic (ROC) analysis. 
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At last, the influence of short-term glucocorticoids on the circulating miRNA 
candidates was investigated.  

Results of the first project showed distinct circulating miRNA profiles in patients 
with CD and CPA. Circulating miR-182-5p was identified as a possible bi-
omarker for CD. We also found that circulating miRNA expression could be af-
fected by dexamethasone, which underlies the hormonal regulation in circulat-
ing miRNA. 

The second project of this dissertation focused on the role of miRNAs in the 
adrenal glands including the miRNA-mRNA interactions and involved pathways.  

Normal adrenal tissue from 8 controls who underwent adrenalectomy for pheo-
chromocytoma, 7 patients with CPA and 8 patients with CD who underwent 
adrenalectomy were collected and stored at −80°C until use. Adrenal miRNAs 
were isolated using RNeasy Tissue Kit (Qiagen, Hilden, Germany) and stored at 
−80°C. Synacthen (ACTH1-24) (Sigma Aldrich, Munich, Germany) was intraper-
itoneally injected into 13-week-old C57BL/6 J female mice (Janvier, Le Genest-
Saint-Isle, France) with 1 mg/kg. Murine adrenals were collected at 10, 30, and 
60 min of injections. Another group of mice without ACTH injection were used 
as controls (0 min). All murine adrenals were frozen in liquid nitrogen and stored 
at −80°C for later RNA extraction. We performed NGS of adrenal miRNA and 
RNA. q-PCR was used to confirm miRNA and RNA expression. In silico predic-
tion and RNA seq data were used to predict and validate miRNA targets, lucif-
erase assay was performed to validate miRNA-mRNA interaction.  

miRNA seq showed different adrenal miRNA profiles in patients with CD and 
patients with CPA. q-PCR confirmation yielded two significantly upregulated 
miRNA candidates when compared to controls, miR-1247-5p in CPA and miR-
379-5p in CD. Further q-PCR analysis revealed that miR-1247-5p was upregu-
lated in CPA and PBMAH (both are ACTH-independent CS) compared to con-
trols, CD and ectopic CS (both are ACTH-dependent CS). miR-379-5p was up-
regulated in CD and PBMAH compared to controls. In vivo experiments showed 
that adrenal miR-1247-5p and miR-379-5p expression were independent from 
ACTH stimulation. Therefore, it could be hypothesized that in CPA and PBMAH 
the upregulated miR-1247-5p might contribute to cortisol regulation independent 
from ACTH. In CD and PBMAH, where adrenal hyperplasia is found, the upreg-
ulated miR-379-5p could be involved in the proliferative pathology. In silico 
analysis, RNA seq data and q-PCR identified Cyb5a as a potential target of 
miR-1247-5p in CS. However, the target interaction could not be proven conclu-
sively by dual luciferase assay. Finally, comparative pathway analysis of miR-
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1247-5p and miR-379-5p targets revealed the Wnt signaling pathway as a 
commonly regulated pathway of both miRNA candidates in CS. 
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4. Summary 
Endogenous CS is a rare disease with high morbidity and mortality. Several 
diagnostic tests have been established for its diagnosis. However, timely diag-
nosis and subtyping of CS forms is challenging. Further, treatments based on 
specific CS subtypes are limited. After surgery as the first line treatment based 
on the underlying cause of hypercortisolism (adrenal, pituitary or tumour) the 
patients have to substitute hydrocortisone and are ins risk of adrenal crisis.  Ex-
isting medical therapy do not effectively control hypercortisolism in long term 
and have several side-effects.  

In this dissertation, we performed miRNA seq in serum and adrenal samples of 
patients with CS with the following aims: (1.) to identify circulating biomarkers 
for CS, (2.) to explore adrenal miRNA profile in ACTH-dependent and ACTH-
independent CS and (3.) to study miRNA-mRNA interactions and involved 
pathways. 

In the first project of this dissertation, we compared the circulating miRNA ex-
pression profile quantified by NGS in serum samples of control patients and in 
pre- and postoperative serum samples of patients with the CD (the most preva-
lent subtype of ACTH-dependent CS) and CPA (the most prevalent type of 
ACTH-independent CS). 14 miRNAs were found to be differentially expressed 
in the pre- and postoperative groups. The results were validated by q-PCR in 
the discovery cohort and in an independent validation cohort. miRNA-182-5p 
was observed to be significantly upregulated in CD and CPA group compared to 
controls. ROC analysis for the diagnostic power showed promising results for 
circulating miR-182-5p to distinguish CS patients from controls (AUC 0.84, 
p=0.0002), and even better for CD patients (AUC 0.87, p=0.0003). This sug-
gests that circulating miR-182-5p may function as a biomarker specifically for 
CD. Further, significant differences in miRNA expression were found in pre and 
post dexamethasone treatment, hinting at a hormonal regulation of the circulat-
ing miRNAs. In conclusion, it could be speculated that the presence or absence 
of ACTH might be at least as relevant for circulating miRNA expression as hy-
percortisolism itself. 

In the second project, we investigated adrenal miRNA profiles, potential miRNA-
mRNA targets and their related pathways in CS. For this, miRNA-based NGS 
was performed in adrenal tissues taken from patients with CPA, and from pa-
tients with CD after bilateral adrenalectomy, and from control subjects. The re-
sults revealed different miRNA patterns in CS subtypes. Validation analysis by 
q-PCR showed an upregulation of miR-1247-5p in CPA (log2-fold change>2.5, 
p<0.05) and of miR-379-5p in CD (log2-fold change>1.8, p<0.05). Further vali-
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dation analyses in adrenals of patients with PBMAH and ectopic Cushing indi-
cated that miR-1247-5p could contribute to cortisol production in CPA and 
PBMAH, while miR-379-5p could contribute to adrenal hyperplasia in PBMAH 
and CD. The expression of miRs-1247-5p and miR-379-5p was not changed in 
the adrenals of mice after short-term ACTH stimulation test.  

For miRNA-mRNA target interaction, in silico prediction and RNA seq analyses 
revealed that both miR-1247-5p and miR-379-5p target specific genes in the 
Wnt signaling pathway. Additionally, Cyb5a, as a target of miR-1247-5p, was 
significantly downregulated in all CS samples. Luciferase assay suggests that 
miR-1247-5p and Cyb5 may interact by a non-canonical way in adrenal tissue.  

In summary, this dissertation helps to elucidate the role of circulating and ad-
renal miRNAs in different subtypes of CS. We found miR-182-5p as a promising 
minimally invasive biomarker for CS. Target prediction, miRNA-mRNA interac-
tion and pathway analysis gave us a more comprehensive understanding of the 
role of miRNA in CS pathogenesis.  
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5. Zusammenfassung (deutsch) 
Das endogene Cushing-Syndrom ist eine seltene Erkrankung, die jedoch mit 
einer hohen Morbidität und Mortalität einhergeht. Obwohl mehrere diagnosti-
sche Tests zur Diagnosestellung des Cushing-Syndroms entwickelt wurden, 
bleibt die Diagnosestellung nach wie vor herausfordernd und zeitaufwändig. 
Zusätzlich zu den Herausforderungen ein Cushing-Syndrom richtig zu diagnos-
tizieren, sind die Therapieoptionen sehr eingeschränkt. Die Operation, die als 
Erstlinientherapie abhängig von der jeweiligen Ursache des Hypercortisolismus 
(Nebennieren, Hypophyse oder Tumor) durchgeführt wird, führt zu einer lebens-
langen Hydrocortison-Substitution sowie den Gefahren einer Nebennierenkrise.  
Eine medikamentöse Therapie führt selten zu einer langfristigen Kontrolle des 
Hypercortisolismus und ist reich an Nebenwirkungen. 

In dieser Dissertation führten wir eine RNA-Sequenzierung in Serum- und Ne-
bennieren-Proben von Patienten mit Cushing-Syndrom mit folgenden Zielen 
durch: (1.) Identifizierung zirkulierender Biomarker für das Cushing-Syndrom, 
(2.) Exploration des miRNA-Profils der Nebennieren bei ACTH-abhängigem und 
ACTH-unabhängigem Cushing-Syndrom, (3.) Untersuchung der miRNA-mRNA 
Interaktionen und der beteiligten Signalwege.  

Im ersten Projekt der Dissertation verglichen wir die Expressionsprofile der zir-
kulierenden miRNA anhand von NGS-Daten der Serumproben der Patienten 
mit Morbus Cushing (CD, dem häufigsten Subtyp des ACTH- abhängigen 
Cushing Syndroms) und der Patienten mit Cortisol-produzierenden Nebennie-
renadenomen (CPA, dem häufigsten Subtyp des ACTH-unabhängigen Cushing 
Syndroms). Bei 14 miRNAs wurde eine signifikant unterschiedliche Expression 
in den prä- und postoperativen Proben gefunden. Die Ergebnisse wurden mit-
tels q-PCR in der Entdeckungskohorte als auch in einer unabhängigen Validie-
rungskohorte überprüft.  miRNA-182-5p war signifikant hochreguliert in der CD- 
und in der CPA-Gruppe im Vergleich zur Kontrollgruppe. ROC-Analysen erga-
ben vielversprechende Ergebnisse für die diagnostische Aussagekraft von zir-
kulierendem miR-182-5p zur Unterscheidung von Patienten mit CS und Kontrol-
len (AUC 0,84, p = 0,0002) und war noch deutlicher in der Unterscheidung von 
Patienten mit CD und Kontrollen (AUC 0,87, p = 0,0003). Dies deutet darauf 
hin, dass zirkulierendes miR-182-5p als Biomarker speziell für CD fungieren 
könnte. Weiterhin wurden signifikante Unterschiede in der miRNA-Expression 
vor und nach der Behandlung mit Dexamethason gefunden, was auf eine hor-
monelle Regulation der zirkulierenden miRNAs hindeutet. Zusammenfassend 
lässt sich vermuten, dass das Vorhandensein oder Fehlen von ACTH für die 
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zirkulierende miRNA-Expression mindestens so relevant sein könnte wie der 
Hypercortisolismus selbst. 

Im zweiten Projekt untersuchten wir die adrenalen miRNA-Profile, potenzielle 
miRNA-mRNA-Interaktionen und ihre betroffenen Signalwege bei CS. Dazu 
wurde miRNA-basiertes NGS in Nebennieren von Patienten mit CPA, in Ne-
bennieren von Patienten mit CD nach bilateraler Adrenalektomie sowie in nor-
malem Nebennierengewebe von Patienten mit Phäochromozytom (Kontrollen) 
durchgeführt. Die Ergebnisse zeigten unterschiedliche miRNA-Muster in den 
CS-Subtypen. Die Validierungsanalyse durch q-PCR zeigte eine Hochregulie-
rung von miR-1247-5p in CPA (log2-fold change>2.5, p<0.05) und von miR-
379-5p in CD (log2-fold change>1.8, p<0.05). Weitere Untersuchungen in Ne-
bennieren von Patienten mit PBMAH und ektopem CS deuteten darauf hin, 
dass miR-1247-5p zur Cortisolproduktion bei CPA und PBMAH beitragen könn-
te, während miR-379-5p bei PBMAH und CD zur Nebennierenhyperplasie bei-
tragen könnte. Die Expression von miRs-1247-5p und miR-379-5p war in den 
Nebennieren von Mäusen nach einem Kurzzeit-ACTH-Stimulationstest nicht 
verändert. 

Für die miRNA-mRNA-Interaktion ergaben in silico Vorhersagen und RNA-Seq-
Analysen, dass sowohl miR-1247-5p als auch miR-379-5p spezifische Gene im 
Wnt-Signalweg regulieren können. Darüber hinaus wurde Cyb5a als Zielgen 
von miR-1247-5p in allen CS-Proben signifikant herunterreguliert. Der Lucifera-
se-Assay deutete darauf hin, dass miR-1247-5p und Cyb5 im Nebennierenge-
webe auf nicht-kanonische Weise interagieren können.  

Zusammenfassend trägt diese Dissertation dazu bei, die Rolle von zirkulieren-
den und adrenalen miRNAs in verschiedenen Subtypen von CS aufzuklären. 
Wir identifizierten miR-182-5p als vielversprechenden minimal-invasiven Bio-
marker für CS. MiRNA Expressionspforfile, Analysen von miRNA-mRNA-
Interaktion und den entsprechenden Signalwegen erweiterten unser Verständ-
nis von der Rolle von miRNA in der Pathogenese des CS. 
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