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1 Introductory Summary

1.1 Primary Aldosteronism

1.1.1 Introduction to Primary Aldosteronism

Hypertension is a major health issue in society that affects globally 1 in 4 men and 1 in 5
women [I]. Previously thought to be a rare disease, primary aldosteronism (PA) is now
widely considered the most common form of endocrine hypertension with a prevalence of
3-20% depending on the severity of hypertension [2H5]. PA affects the quality of life when
left untreated [6] and carries an increased risk of metabolic syndrome and diabetes [7]. In
addition, PA is associated with an increased risk of left ventricular hypertrophy and elevated
risk of cardiovascular events such as stroke, atrial fibrillation or heart failure compared to
patients with essential hypertension [7]. Thus, it is of high importance to identify patients
with PA and initiate timely specific treatment.

The cause of PA is inappropriate aldosterone excess from one or both adrenal glands relative
to suppressed renin activity [§]. Once considered a requisite feature of the disease, the
additional presence of hypokalaemia is only found in 9-37% of patients with PA [3, [9]. In
1954, Jerome Conn described the index case with PA with an aldosterone-producing adenoma
(APA) and thus this endocrine disorder was named Conn-syndrome [10]. However, with the
development of imaging techniques such as computed tomography scanning and methods to
sample adrenal venous blood for hormone measurements, the following decades demonstrated
that PA is caused not just by unilateral APAs but also by bilateral forms (referred to as
bilateral adrenal hyperplasia or idiopathic hyperaldosteronism) associated with multinodular
hyperplasia [8, [IT]. Less common are cases of unilateral adrenocortical hyperplasia and very
rare are adrenocortical aldosterone-producing carcinomas. Unilateral forms of PA are treated

surgically in contrast to the medical treatment of bilateral forms of the disease [g].

1.1.2 Diagnosis

Recommendations for the diagnosis and treatment of patients with PA have been defined
by the Endocrine Society Guideline [§]. The Guideline is followed in major referral cen-

tres for PA, including Munich, although each centre uses local reference values for screening
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and confirmatory testing and interpretation of adrenal venous sampling results [12]. Briefly,
candidates for PA are first screened using the aldosterone-to-renin-ratio (ARR) (see Fig-
ure [8]. Patients with an ARR above an upper reference limit further undergo at least
one confirmatory test to confirm or reject the diagnosis of PA [8].

Next, computed tomography of the adrenals

in patients with a confirmed diagno- Candidates of PA

. Patients with resistant hypertension
Patients with hypertension and hypokalaemia
Patients with history of familial hyperaldosteronism
Patients with history of early-onset hypertension

sis of PA is conducted to rule out

rare but malignant adrenocortical Ca,r(ji_ . Patients with cerebrovascular events at < 40 years

V4
noma [8] Subsequently, adrenal venous ‘ Measurement of aldosterone-to-renin ratio ‘
sampling (AVS) is required to differenti- AV

‘ Confirmatory test ‘

ate surgically-treated unilateral from bilat- Nz
eral PA [8]. AVS is a minimally inva- ‘ Adrenal computed tomography ‘

A4
sive method in which a catheter is in- Adrenal venous sampling

serted into both adrenal veins to col-

lect blood to identify which adrenal (or

adrenals) overproduce aldosterone.  Pa- - A Aldosterone AAldosterone
tients diagnosed with unilateral PA un- Unilateral PA Bilateral PA
dergo unilateral laparoscopic adrenalectomy, \VZ V
Laparoscopic Antihypertensive
while patients with bilateral PA are treated unilateral medication
adrenalectomy (MR antagonists)

with antihypertensive medication, predom-

inantly with mineralocorticoid receptor an- Figure 1.1: Simplified Flow-Chart of the Diagnostic
. Management of Primary Aldosteronism. MR, miner-
tagonists [8] alocorticoid receptor; PA, primary aldosteronism.

1.1.3 Histopathology

The adrenal cortex is composed of three histologically distinguishable zones, each synthesiz-
ing different steroids from the common precursor cholesterol dependent on zone-specifically
expressed enzymes [I3], 14]. A capsule of connective tissue surrounds each adrenal gland [14].
Cells of the outermost zona glomerulosa (ZG) are small and densely packed in rosette struc-
tures [I3, [14]. In mitochondria, aldosterone synthase, encoded by CYP11B2 and confined to

the ZG, completes the three successive final reactions of aldosterone synthesis [15]. Compared
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to ZG cells, the cells of the middle zona fasciculata (ZF) are lipid-rich, contain more cyto-
plasm and are less densely packed [I3]. These cells are structured in columns often close to
blood vessels for rapid signaling responses upon adrenocorticotropic hormone (ACTH) stim-
ulation [I3]. In the ZF, the 118-hydroxylase and 17-a-hydroxylase, encoded by CYP11B1
and CYP17A1, respectively, are responsible for cortisol synthesis [16]. The innermost zona
reticularis (ZR) cells are slightly smaller and resemble ZF cells but with less lipid droplets
and a higher number of lysosomes [I3] 14]. ZR cells build structures resembling a net and
synthesize androgens [13] [14].

With increasing age, starting at an age of about 12 years, the aldosterone-producing cells
of the ZG become discontinuous and aldosterone-producing micronodules (APM, formerly
called aldosterone-producing cell clusters APCCs) become more abundant [I7, [I8]. These
APM accumulate over the next decades of life [I7) [I8]. They have been implicated in the
pathophysiology of PA, which has been discussed extensively over the last few years [17, [18].
Over the last decades, the histopathological classification of adrenals from patients with
PA has varied widely between different international centres. To simplify and unify the
histopathological assessment and nomenclature of adrenal lesions from these patients, the
Histopathology of Primary Aldosteronism (HISTALDO) consensus was established in 2021
from international experts in the field of PA [I9]. These histopathological lesions comprise
an APA, an aldosterone-producing nodule (APN), an aldosterone-producing micronodule
(APM), multiple aldosterone-producing nodules (MAPN), multiple aldosterone-producing
micronodules (MAPM), and aldosterone-producing diffuse hyperplasia (APDH) (see Ta-
ble [19]. The assessment of the adrenals is based on haematoxylin and eosin (HE)
staining as well as immunohistochemical staining using the highly specific monoclonal anti-
body against the aldosterone synthase encoded by CYP11B2 [20]. Adrenals from patients
with PA can harbour different histopathological lesions of which some can also occur together
in the same adrenal [2I]. All these histopathologic phenotypes were observed in patients op-
erated for unilateral PA. The predominant pharmacological treatment of patients with bilat-
eral PA and thus scarce availability of resected adrenals from these patients means that the
histopathological phenotype of patients with bilateral PA has been poorly examined to date.
At the molecular level, APAs are the most intensely studied cause of PA and are associated

with diverse clinical and histopathological genotype-phenotype correlations as described in

11
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section [[LT.4]

Table 1.1: Nomenclature of histopathologic aldosterone-producing lesions in adrenals from patients with PA
assessed according to the HISTALDO consensus [19].

Abbreviation | Name Description

APA aldosterone-producing adenoma CYP11B2-positive, clearly circumscribed
lesion of >10mm which can be distin-
guished from the adjacent adrenal cortex
by HE staining

APN/MAPN (multiple) aldosterone-producing nodules one or multiple CYP11B2-positive lesions
of <10mm which are morphologically visi-
ble by HE staining

APM/MAPM (multiple) aldosterone-producing micro- | one or multiple CYP11B2-positive lesions
nodules <10mm located beneath the capsule which
are not morphologically visible by HE
staining

APDH aldosterone-producing diffuse hyperplasia disrupted or continuous layer of the ZG
which displays CYP11B2-positive cells in
>50% of the ZG

1.1.4 Genetics

Somatic as well as germline variants have been identified as underlying causes of PA. The
inherited forms of PA are rare with a prevalence of probably <1% and are mainly associ-
ated with early-onset forms of the disease [22]. Details of these familial forms, classified into
familial hyperaldosteronism (FH) type I — IV based on the affected gene, are reviewed else-
where [23, 24].

CYP11B2-guided sequencing approaches using next-generation sequencing (NGS) methods
report a genetic variant in an aldosterone-driver gene in up to 96% of APAs or APNs [25].
The majority of genes identified so far which carry mutations associated with aldosterone
overproduction are ion channels or ATPases. Those genes are: the G-protein activated in-
wardly rectifying potassium channel GIRK4 encoded by KCNJ5 [26], the Na™ /KT-ATPase
encoded by ATP1A1 [27, 28], the plasma membrane Ca?*-transporting ATPase type 3 en-
coded by ATP2B3 [2§], the voltage-gated L-type calcium channel subunit a-1D encoded
by CACNA1D [27, 29], the voltage-gated T-type calcium channel subunit a-1H encoded by

12
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CACNA1H [30] and the voltage-gated chloride channel 2 encoded by CLCN2 [31],[32]. Vari-
ants in these genes impact intracellular Ca?* levels and thus activate Ca?" signaling pathways
that initiate aldosterone synthesis [I4]. Besides these major aldosterone-driver genes, muta-
tions associated with PA have also been identified in other genes such as CTNNBI which
encodes B-catenin [33], [34]. CTNNB1 mutations appear to have role in tumor development
rather than directly related to aldosterone secretion [33, [34].

The most frequently mutated gene in APAs in most studied populations is KCNJ5. The
mean prevalence of patients harboring a mutation in KCNJ5 is 43% as observed in a meta-
analysis of 1,636 patients with an APA from 13 studies [35]. However, the prevalence varies
from 34% to 77% depending on the study population and shows highest incidence in Asian
centres [25] [35H38]. The second highest prevalence of somatic variants occurs in CACNA1D
(14-27%) in the majority of reports to date |25, [39]. However, in patients of recent African an-
cestry, CACNA 1D is the most frequently mutated gene (42% prevalence) followed by KCNJ5
(34% prevalence) [40]. Somatic mutations in ATP1A1 and ATP2B3 are present at a lower
incidence (5-13% and 1-10%, respectively) [25] [39] and are quite rare occurrences in CLCN2
or CACNA1H with a frequency of 1% [25] 41].

APAs with KCNJ5 mutations are reported to be more prevalent in female patients, have
a larger size, and are associated with specific peripheral venous plasma profiles [25] 35H37).
The first described PA-associated variants in KCNJ5 were the predominant APA G151R and
L168R mutations and a germline variant encoding a T158A substitution [26], [42]. All muta-
tions are located in or close to the selectivity filter of the KCNJ5 channel and lead to a loss
of channel selectivity that facilitates sodium influx [26, 42]. G151R has also been described
as a germline mutation, which like T158A, induces the formation of massive adrenocortical
hyperplasia [26, 43]. In contrast, another germline mutation, G151E, appears associated with
a milder clinical phenotype and with normal appearing adrenals at computed tomography
imaging [42] [43]. These features can be accounted for by the remarkably higher Nat conduc-
tance of the G151E mutated KCNJ5 channel that promotes cell death by osmotic shock and
thereby prevents the dysregulated cell proliferation observed in hyperplastic adrenals with
G151R and T158A variants |26, [43].

Histopathologic evaluation of KCNJ5-mutated APAs reveals lower expression of CYP11B2
and higher expression of CYP11B1 compared with adenomas without a KCN.J5 mutation [44].

13
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The observed co-localization of CYP11B2 with CYP17A1 in APAs with such mutations [45]
might explain the synthesis of the hybrid steroids 18-oxocortisol and 18-hydroxycortisol [46),
A7) as these were found in several studies to be increased in patients with KCNJ5-mutated
APAs compared with APAs without KCNJ5-mutations [39, [48], 49].

Mutations in CLCN2 and CACNA1H are found both as germline and sporadic variants [30-
32, [41], 50]. The identification of variants in these genes in APAs were only recently identi-
fied, in 2019 and 2020, respectively, so that currently not many cases have been described to
date |25, 41]. Nonetheless, CLCN2-G24D as well as CACNA1H-11430T have both been shown
to cause increased aldosterone secretion from adrenocortical cells in vitro [30, 41]. Similarly,
ATP1A1-G99R, -L104R, and -V332G proved to alter the channel gating mechanism, lead to
cell membrane depolarization and induce increased expression of CYP11B2 [28,[51]. However,
not all identified variants in aldosterone-driver genes have been confirmed for their pathogenic-
ity as demonstrated by a electrophysiological study that revealed the non-pathogenic role of
the CACNA1D-M13541 variant [52].

Two different models for APA formation have been postulated and widely discussed. One is
the two-hit-model in which two independent mutations have to occur - one with a prolifera-
tive effect and a second inducing increased aldosterone biosynthesis [53]. The second model
hypothesizes the transition of APAs from APMs named possible APM-to-APA transitional
lesions (pAATLs) based on the findings of Nishimoto et al. who reported micro-APAs consist-
ing of lipid-rich cells within APM-like structures located in the ZG that harbour aldosterone-
driver mutations [54]. Interestingly, APMs show different proportions of mutations in known
aldosterone-driver genes than APAs harbouring predominantly mutations in CACNA1D or
ATP1A1, but never or only very rarely in KCNJ5 [55H57].

1.1.5 Current Difficulties in Subtype Classification

The Primary Aldosteronism Surgical Outcome (PASO) consensus, established in 2017, de-
fined criteria to assess outcomes of patients at 6-12 months after adrenalectomy for unilateral
PA [58]. These PASO criteria are divided in clinical and biochemical outcomes and classify
the blood pressure response and the correct diagnosis of unilateral PA, respectively [58].
Both the clinical and biochemical categories are assessed as complete, partial or absent suc-

cess [58]. The clinical outcome is evaluated based on the blood pressure values and the use of

14
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antihypertensive medication, while the biochemical outcome refers to the ARR and plasma
potassium levels [58]. Complete biochemical success is assigned to patients who displayed a
normalization of the ARR and a correction of hypokalaemia (if present pre-surgery) indicat-
ing a correct diagnosis of unilateral PA resolved by the removal of the diseased adrenal [58].
Patients with a partial or absent biochemical outcome imply disease persistence presumably
caused by bilateral asymmetrical aldosterone production [58].

AVS is the gold standard approach recommended by the Endocrine Society Guideline for sub-
type differentiation of unilateral from bilateral PA [8]. In an international multicentre study,
the use of AVS for subtype diagnosis reduced the proportion of patients with incomplete
biochemical cure after unilateral adrenalectomy from 20% to 7% compared with patients
subtyped based on computed tomography scanning [59]. Segmental selective AVS of each
central and tributary adrenal vein is a further highly technical development of the procedure
that is used only in Japan [60) 6I]. This approach allows finer mapping of the source of
aldosterone overproduction for eventual partial adrenalectomy [60, 61]. However, AVS is a
patient unfriendly, minimal invasive procedure associated with high costs and requires ex-
perienced interventional radiologists. For these reasons, alternatives are sought to replace
AVS in at least some patients. In addition, the standard AVS approach identifies the dom-
inant adrenal with lateralized highest aldosterone secretion, but neglects cases in which the
contralateral, non-dominant adrenal also has abnormally high aldosterone secretion. Such
patients with asymmetrical bilateral aldosterone production can be misdiagnosed with AVS
as unilateral instead of bilateral PA and thus show persistent aldosteronism after unilateral
adrenalectomy [58].

Subtype differentiation of PA using functional imaging with specific molecular tracers in
positron emission tomography-computed tomography, such as ' C-metomidate against the
enzymes CYP11B1 and CYP11B2 [62, [63], or 68Ga-pentixafor against the chemokine recep-
tor CXCR4 (that is positively correlated with CYP11B2 expression in APAs [64]), has shown
initial promise for the detection of APAs. However, the limited spatial resolution allows
only reliable identification of APAs >10-15mm in diameter [63] [64] which limits the wider
applicability of this technique for the diagnostic management of PA [I9]. Peripheral venous
steroid profiling shows particular usefulness for subtype differentiation [65], especially for the

identification of APAs with a KCNJ5 mutation [48| 66](see [L.1.6]).
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1.1.6 Molecular Profiling of Primary Aldosteronism
1.1.6.1 Steroid Profiling

Analysis and quantification of steroids is complex because steroids often have the same molec-
ular mass resulting in equivocal chromatograms when using mass spectrometry only. Thus,
time-resolved analysis is required to separate the peaks of these very similar steroids by using
either liquid or gas chromatography prior to mass spectrometry. By combining these two
techniques, steroids from plasma of peripheral venous blood or adrenal venous blood as well
as urine from patients with PA were analysed by either liquid chromatography-tandem mass
spectrometry (LC-MS/MS) or gas chromatography-mass spectrometry in several studies over
recent years.

The potential utility of the hybrid steroids, 18-oxocortisol and 18-hydroxycortisol, have been
investigated for subtype differentiation in PA. Both are significantly elevated in peripheral
plasma of patients with an unilateral APA compared with patients with bilateral adrenal
hyperplasia [67, [68] and are higher in APAs with KCNJ5 mutations compared to those with-
out [48]. However, to predict the subtype of PA, the measurement of a combination of different
steroids was shown to be a better tool than using solitary steroids. Eisenhofer et al. correctly
classified 80% of patients with an APA or bilateral adrenal hyperplasia using a panel of 12
steroids in peripheral venous blood samples [65]. Moreover, Williams et al. demonstrated
that a fingerprint of seven steroids in peripheral venous blood of patients with an APA was
sufficient to correctly classify these adenomas with an accuracy of 92% according to their
genotype [48]. In a recent multicentre clinical trial, steroid profiling integrated with machine
learning technologies has been shown to be potentially useful to screen for patients with a
unilateral APA with a KCNJ5 mutation [66]. Overall, steroid profiling is highly promising

as a diagnostic tool in the management of patients with PA.

1.1.6.2 Metabolomic Profiling

Matrix-Assisted Laser Desorption/Ionization - Mass Spectrometry Imaging (MALDI-MSI)
can be applied for in situ metabolomic profiling of tissue sections. The technology is based
on a matrix that is applied on tissue sections [69]. A laser beam, absorbed by the matrix,

initiates the matrix to take up the analytes from the tissue and facilitate the desorption and
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ionization step for the following mass spectrometry [69]. Matrix composition is chosen based
on which target analytes are investigated and the molecular weight of these target analytes
determines the best mass spectrometry imaging approach [69]. Through this technology, the
tissue itself remains intact and can be used for a subsequent immunohistochemical staining
that can be imaged and integrated with MALDI-MSI data [69]. This approach enables the
combination of the morphological phenotype with the identification and spatial visualization
of thousands of analytes such as lipids, proteins, peptides, steroids, drugs, and cell metabo-
lites within a single tissue section or specific region of interest within a section [69].

Recent advances in methodology by Prof. Axel Walch’s group at the Helmholtz Zentrum
Miinchen, Germany have demonstrated the application of this technology to fresh frozen tis-
sue as well as FFPE tissue sections [70), [71]. The use of Fourier-Transform Ion Cyclotron
Resonance (FT-ICR) in MALDI-MSI enables the high mass resolution and accuracy manda-
tory for investigating FFPE tissue sections [71]. The first MALDI-MSI of normal human
adrenal glands in 2018 [72] was soon thereafter followed by imaging analyses of APAs [73]
and APMs [74]. Using fresh frozen tissue sections, Sugiura et al. demonstrated the presence
of aldosterone as well as the hybrid steroid 18-oxocortisol in both, APAs and APMs [74].
Moreover, Murakami et al. investigated the metabolomic profiles of APAs from FFPE tissue
sections in regard to their genotypes [73]. Unguided hierarchical cluster analysis initially
could not identify distinct metabolic signatures from the whole sample set, but the pairwise
comparison of APAs with KCNJ5 versus CACNA 1D mutations successfully classified the two
subsets of APAs according to genotype [73].

Because APMs also carry aldosterone-driver mutations, although in divergent proportions
than APAs [55], and have been additionally postulated to transform into APAs [54] (see[L.1.4),
this technology could help to further examine aldosterone-producing lesions, specifically
APMs, in patients with PA to understand the molecular pathophysiology of this complex

endocrine disorder.

1.1.6.3 Genotyping

Tremendous advances in identifying the genetic background of PA are attributed to NGS ap-
proaches of which whole exome sequencing and Ion-Torrent based targeted NGS are currently

the most prominently used methods in this clinical field. Most disease-causing mutations are
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observed in exonic (protein-coding) regions of the human genome, although the relevance of
non-coding DNA in disease has gained increasing importance over recent years [75] including
a potential role for microRNAs in PA pathophysiology [76]. As soon as more than a few
genes need to be investigated, Sanger sequencing is not practicable in terms of costs and
time [77]. Economical alternatives in such cases are whole exome sequencing or Ion-Torrent
based targeted NGS. Although there is a trend towards whole genome sequencing [75], the
costs for whole exome sequencing are comparably lower [78] and datasets are more compact
and easier to manage enabling easier and faster analysis.

Whole exome sequencing has unravelled gene variants that cause somatic forms of PA. These
mutations are in the KCNJ5 gene, predominantly G151R and L168R substitutions [26], mu-
tations in ATP1A1, ATP2B3 and CACNA1D [27, 28], and a few cases of CLCN2 [31] [32]
and CACNA1H [30] [50] mutations. The identification of potential disease causative variants
in the majority of APAs shifts the emphasis from Sanger sequencing to the increased use of

targeted NGS due to the improved success of variant detection [25, [39).

1.2 Aims

The research projects of this dissertation aimed to investigate the pathophysiology of PA by
examining adrenal immunohistochemistry and molecular histopathology of patients diagnosed

with PA.

e Aim I: To establish the steroidobolomics profiles associated with the histopathology of
PA (Publication I)

e Aim II: To determine the metabolomics profiles associated with the histopathology of

PA (Publication II)

e« Aim III: To investigate clinical, histopathological and genetic correlates of a 3-year

prospective series of surgically-treated patients with PA (Publication III)

The respective projects of these aims resulted in three publications. Of note, the HISTALDO
consensus [19] was published during the time of these PhD projects. Thus, publications I

and IT used a slightly different nomenclature of aldosterone-producing lesions in the resected
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adrenals compared with the third publication, which was entirely based on the HISTALDO

consensus [19].

1.3 Major Findings

Publication I with the title "Immunohistopathology and Steroid Profiles Associated With
Biochemical Outcomes After Adrenalectomy for Unilateral Primary Aldosteronism’, pub-
lished 2018 in Hypertension, included 95 patients operated for unilateral PA collected from 9
international referral centres. Clinical and biochemical outcomes were assessed according to
the PASO criteria [58]. Forty-three patients with absent or partial biochemical success were
matched for sex and age with 52 patients with complete biochemical success [79]. HE stainings
and CYP11B2-immunohistochemistry were performed on all adrenals [79]. Steroid profiling
was conducted in collaboration with the group of Prof. Eisenhofer (Institut fiir Klinische
Chemie und Laboratoriumsmedizin, Universitdtsklinikum Carl Gustav Carus an der Tech-
nischen Universitit Dresden, Germany), using LC-MS/MS. Peripheral venous plasma steroid
profiling was performed on a subset of patients and compared with data from 27 patients di-
agnosed with bilateral PA [79]. Immunohistopathology assessment showed that patients with
complete biochemical success have a higher prevalence of a solitary APA (P<0.001), while pa-
tients with incomplete biochemical cure have a higher prevalence of adrenocortical hyperpla-
sia (P=0.004) [79]. Predictive models showed accurate classification of the histopathological
phenotypes according to the adrenal steroid measurements [79]. Decision tree analysis as well
as linear discriminant analysis using a receiver-operator curve demonstrated an association
of the adrenal steroid profiles with biochemical outcomes (complete versus partial+absent)

and the diagnosis of bilateral PA [79].

Publication IT with the title "Mass Spectrometry Imaging Establishes 2 Distinct Metabolic
Phenotypes of Aldosterone-Producing Cell Clusters in Primary Aldosteronism', published
2020 in Hypertension, was performed in collaboration with the group of Prof. Dr. med.
Axel Walch (Research Unit Analytical Pathology, German Research Center for Environ-
mental Health, Helmholtz Zentrum Minchen, Germany) using a Matrix-Assisted Laser Des-

orption/Ionization Fourier-Transform Ion Cyclotron Resonance Mass Spectrometry Imaging
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(MALDI-FT-ICR MSI) platform recently established for FFPE tissue sections [70]. The study
included 6 APAs and 27 APMs from 10 adrenals from patients diagnosed with unilateral PA
at the Medizinische Klinik und Poliklinik IV, Klinikum der Universitdt Miinchen, Munich,
Germany, that were assessed by CYP11B2 immunohistochemistry [80]. One of these adrenals
showed both an APA and 3 APMs in the adjacent adrenal cortex [80]. Metabolomic profiles
of all APAs and APMs were analysed and related to their CYP11B1/CYP11B2 double im-
munofluorescence stainings [80]. Additionally, genotypes were determined of all APAs and 7
APMs after metabolomic profiling using a specifically established CYP11B2-guided Sanger se-
quencing approach [80]. Heat-map based cluster analysis of the 27 APMs showed a separation
into two distinct subgroups of which APMs in subgroup 1 were densely clustered and clearly
distinguishable from those in subgroup 2 and the APAs [80]. In contrast, APM subgroup 2
displayed a similar metabolic fingerprint compared to APAs [80]. Interestingly, APMs found
in the same adrenal were always classified into the same APM subgroup [80]. Clinical data in-
dicated a younger age in patients with APM subgroup 1 compared with APM subgroup 2 and
additionally a lower ARR compared with the APA group [80]. Double immunofluorescence
demonstrated no apparent differences between the two APM subgroups [80]. Genotyping re-
vealed heterogeneous mutations in a heterogeneous group of aldosterone-driver genes in APAs
and in APM subgroups 1 and 2 with the exclusion of KCNJ5 mutations in both groups of
APMs [80].

Publication III with the title "Single Center Prospective Cohort Study on the Histopathol-
ogy, Genotype and Postsurgical Outcomes of Patients With Primary Aldosteronism”, pub-
lished 2021 in Hypertension, highlights the clinical, histopathological and genetic correlates
of a 3-year prospective series of surgically-treated patients for PA. The study included 60 pa-
tients consecutively operated for PA between 2016 and 2018 at the Medizinische Klinik und
Poliklinik IV, Klinikum der Universitdt Miinchen, Munich, Germany. CYP11B2 immunohis-
tochemistry and HE staining were performed on sections from all adrenal FFPE blocks and
evaluated according to the recently established HISTALDO consensus [19]. Follow-up data
were obtained from 54 of 60 patients to evaluate clinical and biochemical outcomes according
to the PASO criteria [58]. AVS parameters were available for 54 patients. Immunohistochem-
istry revealed classical histopathological phenotypes showing a solitary APA or APN without
(n=19) or with MAPM (n=23) or APDH (n=3) in the adjacent adrenal cortex in 45 of 60
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(75%) patients [81]. The remaining 15 adrenals (25%) displayed nonclassical histopathology
with a solitary APA or dominant APN absent, but with MAPM or MAPN (n=12) or APDH
(n=3) [8I]. From AVS results, we showed that patients with a nonclassical histopathology
had higher aldosterone secretion from the contralateral adrenal gland compared with patients
with the classical histopathology [81]. In addition, those patients were less often biochem-
ically cured after surgery compared with patients with a solitary APA or dominant APN
(P=0.002) while clinical outcomes did not differ between the two groups (P=0.224) [8]].
Genotyping was performed from all solitary APA or dominant APN using DNA extracted
from CYP11B2-positive regions of FFPE tissue sections and sequenced by Sanger sequencing
or sent for exome sequencing to Eurofins Genomics Europe Sequencing GmbH (Konstanz,
Germany) with subsequent analysis by the Ingenuity Variant Analysis (Qiagen) [81]. The
genotype of samples with no mutation detected were validated by Ion-Torrent-based targeted
NGS by the group of Prof. Dr. William E. Rainey (Department of Molecular and Integrative
Physiology, University of Michigan Medical School, Ann Arbor, Michigan, USA). We iden-
tified mutations in aldosterone-driver genes in 85% (35 of 41) of APAs or dominant APNs
with a prevalence of 56% for KCNJ5 mutations, which were not associated with clinical or

biochemical outcomes [S1].

1.4 Significance and Future Perspectives

The findings of these publications are contemporary in the research area of PA and disclosed
novel insights into the clinical phenotype and molecular histopathology of the disease. The
major strength of all publications is the collection of follow-up data as well as AVS parameters
from a high percentage of Munich patients. Post-surgical clinical and biochemical outcomes
were uniformly assessed according to the international PASO criteria [58]. For every project,
we evaluated the histopathology of sections of all adrenal FFPE blocks from each Munich
patient by CYP11B2-immunohistochemistry and HE staining which is of high importance
to assess all fragments of the diseased adrenal and visualize potential aldosterone-producing
lesions throughout the resected adrenal.

The power of the first publication is the multicentre design and the high number of rela-

tively rare adrenal samples collected from patients with incomplete biochemical outcomes
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that were carefully matched for sex and age with patients with complete biochemical success
to reduce the effects of bias [79]. Publication II stands out with its combinatory character-
ization of APMs by metabolomic profiling, immunofluorescence staining, as well as genetic
analysis. The third publication was one of the first groups to assess adrenal immunohisto-
chemistry based on the international HISTALDO consensus [19] combined with application
of the PASO criteria [58] for the evaluation of postsurgical outcomes.

Correctly classifying the histopathological phenotype proved of high importance to demon-
strate that patients with the nonclassical histopathology without a solitary APA or dominant
APN displayed increased contralateral aldosterone secretion at AVS compared with patients
with classical histopathology with a solitary APA or dominant APN suggesting bilateral
asymmetrical aldosterone production [81]. Moreover, we could show that steroid profiles are
associated with adrenal histopathology and biochemical outcomes [79]. Together, these find-
ings highlight the heterogeneous histopathology of PA, the potential influence of histopathol-
ogy on patient outcomes, and the role it may play in guiding follow-up care.

Our approach of CYP11B2-guided sequencing ensures the capture of mutations in aldosterone-
driver genes specific to the CYP11B2-positive regions of interest. The additional use of NGS
methods enabled to increase the number of identified aldosterone-driver mutations as re-
ported in previous publications.

We demonstrated for the first time the presence of two distinct metabolomic subgroups of
APMs with potential different pathophysiological impact [80]. The functional significance
of the two metabolomic phenotypes is unclear but future metabolomic studies using a larger
number of APMs integrated with biochemical outcome data are planned to dissect their
putative respective roles in unilateral and bilateral forms of PA. Further understanding of
the biology of APMs could be achieved by combining metabolomics with analysis of tran-
scriptome profiles. State of the art technologies such as spatial transcriptomics enable gene
expression profiling within the context of histopathology or protein expression determined by
immunofluorescence. Application of in situ metabolomics and spatial transcriptomics tech-
nologies to resected adrenals from patients with PA would allow in depth profiling of APM
subgroups and open up new perspectives in the pathophysiology of PA.
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2 My Contribution

For Publication I with the title "Immunohistopathology and Steroid Profiles Associated With
Biochemical Outcomes After Adrenalectomy for Unilateral Primary Aldosteronism" published
in Hypertension 2018, I compiled and managed the dataset of the patient cohort including
matching for sex and age. Immunohistochemistry for CYP11B2 and HE stainings of the
adrenals and genotype analysis was predominantly performed by me. All statistical analyses,
except receiver-operator curves and decision tree analyses, were conducted by myself. In

addition, I provided the draft of the manuscript and prepared figures and tables.

For Publication IT with the title "Mass Spectrometry Imaging Establishes 2 Distinct Metabo-
lic Phenotypes of Aldosterone-Producing Cell Clusters in Primary Aldosteronism" published
in Hypertension 2020, I performed all initial CYP11B2 immunohistochemistry for adrenal
sample selection and performed CYP11B1 and CYP11B2 double immunofluorescence on the
selected samples. I was responsible for establishing CYP11B2-guided Sanger sequencing of
APMs in our laboratory which I used for this study. Finally, I performed genotyping of all

adrenal samples in this study.

For Publication III with the title "Single Center Prospective Cohort Study on the Histopathol-
ogy, Genotype and Postsurgical Outcomes of Patients With Primary Aldosteronism’, I did the
majority of CYP11B2-immunohistochemistry and HE stainings and analysed the histopathol-
ogy together with Dr. Tracy Ann Williams. I extracted DNA from CYP11B2-positive regions
of FFPE tissue sections and performed Sanger sequencing of APAs and APNs. Additionally,
I extracted DNA from fresh frozen tumour tissue, leukocytes or CYP11B2-positive regions of
FFPE tissue sections for exome sequencing or Ion-Torrent-based targeted NGS. Cell transfec-
tion and functional analysis of the CLCN2 variant were entirely done by me. Data analysis
from Sanger sequencing and exome sequencing as well as the database management with
clinical and biochemical data including its statistical analyses completes my contribution to

this project. Finally, I prepared the figures, tables and wrote the manuscript.

23






3 Publication |

Immunohistopathology and Steroid Profiles Associated With Biochemical

Outcomes After Adrenalectomy for Unilateral Primary Aldosteronism

Authors: Lucie S Meyer, Xiao Wang, Eva Susnik, Jacopo Burrello, Alessio Burrello, Isabella
Castellano, Graeme Eisenhofer, Francesco Fallo, Gregory A. Kline, Thomas Knosel, Tomaz
Kocjan, Jacques W.M. Lenders, Paolo Mulatero, Mitsuhide Naruse, Tetsuo Nishikawa, Mirko
Peitzsch, Lars C. Rump, Felix Beuschlein, Stefanie Hahner, Celso E. Gomez-Sanchez, Martin

Reincke, Tracy Ann Williams

Hypertension. 2018;72:650-657. DOI: [10.1161/HYPERTENSIONAHA.118.11465

25


https://doi.org/10.1161/HYPERTENSIONAHA.118.11465




4 Publication Il

Mass Spectrometry Imaging Establishes 2 Distinct Metabolic Phenotypes

of Aldosterone-Producing Cell Clusters in Primary Aldosteronism

Authors: Na Sun, Lucie S Meyer, Annette Feuchtinger, Thomas Kunzke, Thomas Knésel,
Martin Reincke, Axel Walch, Tracy Ann Williams

Hypertension. 2020;75:634-644. DOI: [10.1161/HYPERTENSIONAHA.119.14041

27


https://doi.org/10.1161/HYPERTENSIONAHA.119.14041




5 Publication |11

Single-Center Prospective Cohort Study on the Histopathology, Genotype,

and Postsurgical Outcomes of Patients With Primary Aldosteronism

Authors: Lucie S Meyer, Laura Handgriff, Jung Soo Lim, Aaron M Udager, Isabella-Sabrina
Kinker, Roland Ladurner, Moritz Wildgruber, Thomas Knésel, Martin Bidlingmaier, William
E Rainey, Martin Reincke, Tracy Ann Williams

Hypertension. 2021;78:738-746. DOI: 10.1161/HYPERTENSIONAHA.121.17348

29


https://doi.org/10.1161/HYPERTENSIONAHA.121.17348




Bibliography

1]

NCD Risk Factor Collaboration NR. Worldwide trends in blood pressure from 1975 to
2015: a pooled analysis of 1479 population-based measurement studies with 19 - 1 million

participants. Lancet. 2017;389(10064):37-55. DOI: 10.1016/S0140-6736(16)31919-5

Monticone S, Burrello J, Tizzani D, Bertello C, Viola A, Buffolo F, Gabetti L, Mengozzi
G, Williams TA, Rabbia F, Veglio F, Mulatero P. Prevalence and Clinical Manifestations
of Primary Aldosteronism Encountered in Primary Care Practice. J Am Coll Cardiol.

2017;69(14):1811-1820. DOI: 10.1016/j.jacc.2017.01.052

Rossi GP, Bernini G, Caliumi C, Desideri G, Fabris B, Ferri C, Ganzaroli C, Giacchetti G,
Letizia C, Maccario M, Mallamaci F, Mannelli M, Mattarello M.J, Moretti A, Palumbo G,
Parenti G, Porteri E, Semplicini A, Rizzoni D, Rossi E, Boscaro M, Pessina AC, Mantero
F. A prospective study of the prevalence of primary aldosteronism in 1,125 hypertensive

patients. J Am Coll Cardiol. 2006;48(11):2293-2300. DOI: 10.1016/j.jacc.2006.07.059

Kayser SC, Deinum J, de Grauw WJ, Schalk BW, Bor HJ, Lenders JW, Schermer TR,
Biermans MC. Prevalence of primary aldosteronism in primary care: a cross-sectional

study. Br J Gen Pract. 2018;68(667):e114—e122. DOI: |10.3399/bjgp18X694589

Calhoun DA, Nishizaka MK, Zaman MA, Thakkar RB, Weissmann P. Hyperaldostero-
nism among black and white subjects with resistant hypertension. Hypertension. 2002;

40(6):892-896. DOI: 10.1161/01.hyp.0000040261.30455.b6

Velema MS, de Nooijer AH, Burgers VWG, Hermus ARMM, Timmers HJLM, Lenders
JWM, Husson O, Deinum J. Health-Related Quality of Life and Mental Health in Pri-
mary Aldosteronism: A Systematic Review. Horm Metab Res. 2017;49(12):943-950.
DOI: 10.1055/s-0043-121706

Monticone S, D’Ascenzo F, Moretti C, Williams TA, Veglio F, Gaita F, Mulatero P.
Cardiovascular events and target organ damage in primary aldosteronism compared
with essential hypertension: a systematic review and meta-analysis. Lancet Diabetes

Endocrinol. 2018;6(1):41-50. DOI: 10.1016/52213-8587(17)30319-4

31


https://doi.org/10.1016/S0140-6736(16)31919-5
https://doi.org/10.1016/j.jacc.2017.01.052
https://doi.org/10.1016/j.jacc.2006.07.059
https://doi.org/10.3399/bjgp18X694589
https://doi.org/10.1161/01.hyp.0000040261.30455.b6
https://doi.org/10.1055/s-0043-121706
https://doi.org/10.1016/S2213-8587(17)30319-4

Bibliography Dissertation - Lucie Sophie Meyer

8]

[12]

[15]

[16]

Funder JW, Carey RM, Mantero F, Murad MH, Reincke M, Shibata H, Stowasser M,
Young WFJ. The Management of Primary Aldosteronism: Case Detection, Diagnosis,
and Treatment: An Endocrine Society Clinical Practice Guideline. J Clin Endocrinol

Metab. 2016;101(5):1889-1916. DOI: 10.1210/jc.2015-4061

Mulatero P, Stowasser M, Loh KC, Fardella CE, Gordon RD, Mosso L, Gomez-Sanchez
CE, Veglio F, Young WFJ. Increased diagnosis of primary aldosteronism, including sur-
gically correctable forms, in centers from five continents. J Clin Endocrinol Metab. 2004;

89(3):1045-1050. DOI: 10.1210/jc.2003-031337

CONN JW. Presidential address. I. Painting background. II. Primary aldosteronism, a
new clinical syndrome. J Lab Clin Med. 1955;45(1):3-17

Gomez-Sanchez CE, Kuppusamy M, Reincke M, Williams TA. Disordered CYP11B2
Expression in Primary Aldosteronism. Horm Metab Res. 2017;49(12):957-962. DOI:
10.1055/s-0043-122238

Williams TA, Reincke M. MANAGEMENT OF ENDOCRINE DISEASE: Diagnosis and
management of primary aldosteronism: the Endocrine Society guideline 2016 revisited.

Eur J Endocrinol. 2018;179(1):R19-R29. DOI: 10.1530/EJE-17-0990

Pignatti E, Leng S, Carlone DL, Breault DT. Regulation of zonation and
homeostasis in the adrenal cortex. Mol Cell Endocrinol. 2017;441:146-155. DOI:
10.1016/j.mce.2016.09.003

Seccia TM, Caroccia B, Gomez-Sanchez EP, Gomez-Sanchez CE, Rossi GP. The Biol-
ogy of Normal Zona Glomerulosa and Aldosterone-Producing Adenoma: Pathological

Implications. Endocr Rev. 2018;39(6):1029-1056. DOI: |10.1210/er.2018-00060

Stowasser M, Gordon RD. Primary Aldosteronism: Changing Definitions and New Con-
cepts of Physiology and Pathophysiology Both Inside and Outside the Kidney. Physiol
Rev. 2016;96(4):1327-1384. DOI: [10.1152/physrev.00026.2015

Nishimoto K, Nakagawa K, Li D, Kosaka T, Oya M, Mikami S, Shibata H, Itoh H,

Mitani F, Yamazaki T, Ogishima T, Suematsu M, Mukai K. Adrenocortical zonation

32


https://doi.org/10.1210/jc.2015-4061
https://doi.org/10.1210/jc.2003-031337
https://doi.org/10.1055/s-0043-122238
https://doi.org/10.1530/EJE-17-0990
https://doi.org/10.1016/j.mce.2016.09.003
https://doi.org/10.1210/er.2018-00060
https://doi.org/10.1152/physrev.00026.2015

Bibliography Dissertation - Lucie Sophie Meyer

[17]

[20]

[21]

[22]

23]

in humans under normal and pathological conditions. J Clin Endocrinol Metab. 2010;

95(5):2296-2305. DOI: 10.1210/jc.2009-2010

Nanba K, Vaidya A, Williams GH, Zheng I, Else T, Rainey WE. Age-Related Au-
tonomous Aldosteronism. Circulation. 2017;136(4):347-355. DOI: 10.1161/CIRCULA-
TIONAHA.117.028201

Nishimoto K, Seki T, Hayashi Y, Mikami S, Al-Eyd G, Nakagawa K, Morita S, Kosaka
T, Oya M, Mitani F, Suematsu M, Kabe Y, Mukai K. Human Adrenocortical Remodel-
ing Leading to Aldosterone-Producing Cell Cluster Generation. Int J Endocrinol. 2016;
2016:7834356. DOI: 10.1155/2016/7834356

Williams TA, Gomez-Sanchez CE, Rainey WE, Giordano TJ, Lam AK, Marker A, Mete
O, Yamazaki Y, Zerbini MCN, Beuschlein F, Satoh F, Burrello J, Schneider H, Lenders
JWM, Mulatero P, Castellano I, Knosel T, Papotti M, Saeger W, Sasano H, Reincke M.
International Histopathology Consensus for Unilateral Primary Aldosteronism. J Clin

Endocrinol Metab. 2021;106(1):42-54. DOI: 10.1210/clinem /dgaa484

Gomez-Sanchez CE, Qi X, Velarde-Miranda C, Plonczynski MW, Parker CR, Rainey
W, Satoh F, Maekawa T, Nakamura Y, Sasano H, Gomez-Sanchez EP. Development of
monoclonal antibodies against human CYP11B1 and CYP11B2. Mol Cell Endocrinol.
2014;383(1-2):111-117. DOI: 10.1016/j.mce.2013.11.022

Boulkroun S, Samson-Couterie B, Dzib JFG, Lefebvre H, Louiset E, Amar L, Plouin PF,
Lalli E, Jeunemaitre X, Benecke A, Meatchi T, Zennaro MC. Adrenal cortex remodeling
and functional zona glomerulosa hyperplasia in primary aldosteronism. Hypertension.

2010;56(5):885-892. DOI: 10.1161 /HYPERTENSIONAHA.110.158543

Lenzini L, Prisco S, Caroccia B, Rossi GP. Saga of Familial Hyperaldosteronism: Yet
a New Channel. Hypertension. 2018;71(6):1010-1014. DOI: 10.1161 /HYPERTENSION-
AHA.118.11150

Meyer LS, Reincke M, Williams TA. Timeline of Advances in Genetics of Primary Al-
dosteronism. Exp Suppl. 2019;111:213-243. DOI: |10.1007/978-3-030-25905-1__11

33


https://doi.org/10.1210/jc.2009-2010
https://doi.org/10.1161/CIRCULATIONAHA.117.028201
https://doi.org/10.1161/CIRCULATIONAHA.117.028201
https://doi.org/10.1155/2016/7834356
https://doi.org/10.1210/clinem/dgaa484
https://doi.org/10.1016/j.mce.2013.11.022
https://doi.org/10.1161/HYPERTENSIONAHA.110.158543
https://doi.org/10.1161/HYPERTENSIONAHA.118.11150
https://doi.org/10.1161/HYPERTENSIONAHA.118.11150
https://doi.org/10.1007/978-3-030-25905-1_11

Bibliography Dissertation - Lucie Sophie Meyer

[24]

[25]

[29]

Fernandes-Rosa FL, Boulkroun S, Zennaro MC. Somatic and inherited mutations in
primary aldosteronism. J Mol Endocrinol. 2017;59(1):R47-R63. DOI: 10.1530/JME-17-
0035

Nanba K, Yamazaki Y, Bick N, Onodera K, Tezuka Y, Omata K, Ono Y, Blinder
AR, Tomlins SA, Rainey WE, Satoh F, Sasano H. Prevalence of somatic mutations
in aldosterone-producing adenomas in Japanese. J Clin Endocrinol Metab. 2020;DOI:

10.1210/clinem/dgaa595

Choi M, Scholl Ul, Yue P, Bjorklund P, Zhao B, Nelson-Williams C, Ji W, Cho Y, Patel
A, Men CJ, Lolis E, Wisgerhof MV, Geller DS, Mane S, Hellman P, Westin G, Aker-
strom G, Wang W, Carling T, Lifton RP. K+ channel mutations in adrenal aldosterone-
producing adenomas and hereditary hypertension. Science. 2011;331(6018):768-772.
DOI: 10.1126/science.1198785

Azizan EAB, Poulsen H, Tuluc P, Zhou J, Clausen MV, Lieb A, Maniero C, Garg S,
Bochukova EG, Zhao W, Shaikh LH, Brighton CA, Teo AED, Davenport AP, Dekkers
T, Tops B, Kiisters B, Ceral J, Yeo GSH, Neogi SG, McFarlane I, Rosenfeld N, Marass
F, Hadfield J, Margas W, Chaggar K, Solar M, Deinum J, Dolphin AC, Farooqi IS,
Striessnig J, Nissen P, Brown MJ. Somatic mutations in ATP1A1 and CACNA1D un-
derlie a common subtype of adrenal hypertension. Nat Genet. 2013;45(9):1055-1060.
DOI: 10.1038/ng.2716

Beuschlein F, Boulkroun S, Osswald A, Wieland T, Nielsen HN, Lichtenauer UD, Penton
D, Schack VR, Amar L, Fischer E, Walther A, Tauber P, Schwarzmayr T, Diener S,
Graf E, Allolio B, Samson-Couterie B, Benecke A, Quinkler M, Fallo F, Plouin PF,
Mantero F, Meitinger T, Mulatero P, Jeunemaitre X, Warth R, Vilsen B, Zennaro MC,
Strom TM, Reincke M. Somatic mutations in ATP1A1 and ATP2B3 lead to aldosterone-
producing adenomas and secondary hypertension. Nat Genet. 2013;45(4):440-444. DOL:
10.1038/ng.2550

Scholl UI, Goh G, Stolting G, de Oliveira RC, Choi M, Overton JD, Fonseca AL, Korah
R, Starker LF, Kunstman JW, Prasad ML, Hartung EA, Mauras N, Benson MR, Brady
T, Shapiro JR, Loring E, Nelson-Williams C, Libutti SK, Mane S, Hellman P, Westin

34


https://doi.org/10.1530/JME-17-0035
https://doi.org/10.1530/JME-17-0035
https://doi.org/10.1210/clinem/dgaa595
https://doi.org/10.1126/science.1198785
https://doi.org/10.1038/ng.2716
https://doi.org/10.1038/ng.2550

Bibliography Dissertation - Lucie Sophie Meyer

[31]

G, Akerstrom G, Bjorklund P, Carling T, Fahlke C, Hidalgo P, Lifton RP. Somatic and
germline CACNAT1D calcium channel mutations in aldosterone-producing adenomas and

primary aldosteronism. Nat Genet. 2013;45(9):1050-1054. DOI: 10.1038 /ng.2695

Nanba K, Blinder AR, Rege J, Hattangady NG, Else T, Liu CJ, Tomlins SA, Vats P,
Kumar-Sinha C, Giordano TJ, Rainey WE. Somatic CACNA1H Mutation As a Cause of
Aldosterone-Producing Adenoma. Hypertension. 2020;75(3):645-649. DOI:|10.1161/HY-
PERTENSIONAHA.119.14349

Scholl UI, Stolting G, Schewe J, Thiel A, Tan H, Nelson-Williams C, Vichot AA, Jin
SC, Loring E, Untiet V, Yoo T, Choi J, Xu S, Wu A, Kirchner M, Mertins P, Rump
LC, Onder AM, Gamble C, McKenney D, Lash RW, Jones DP, Chune G, Gagliardi
P, Choi M, Gordon R, Stowasser M, Fahlke C, Lifton RP. CLCN2 chloride channel
mutations in familial hyperaldosteronism type II. Nat Genet. 2018;50(3):349-354. DOL:
10.1038/s41588-018-0048-5

Fernandes-Rosa FL, Daniil G, Orozco 1J, Géppner C, El Zein R, Jain V, Boulkroun S,
Jeunemaitre X, Amar L, Lefebvre H, Schwarzmayr T, Strom TM, Jentsch TJ, Zennaro
MC. A gain-of-function mutation in the CLCN2 chloride channel gene causes primary

aldosteronism. Nat Genet. 2018;50(3):355-361. DOI: |10.1038/s41588-018-0053-8

Tadjine M, Lampron A, Ouadi L, Bourdeau I. Frequent mutations of beta-catenin gene in
sporadic secreting adrenocortical adenomas. Clin Endocrinol (Oxf). 2008;68(2):264-270.
DOI: 10.1111/j.1365-2265.2007.03033.x

Tissier F, Cavard C, Groussin L, Perlemoine K, Fumey G, Hagneré AM, René-Corail F,
Jullian E, Gicquel C, Bertagna X, Vacher-Lavenu MC, Perret C, Bertherat J. Mutations
of beta-catenin in adrenocortical tumors: activation of the Wnt signaling pathway is a
frequent event in both benign and malignant adrenocortical tumors. Cancer Res. 2005;

65(17):7622-7627. DOIL: 10.1158/0008-5472.CAN-05-0593

Lenzini L, Rossitto G, Maiolino G, Letizia C, Funder JW, Rossi GP. A Meta-
Analysis of Somatic KCNJ5 K(+) Channel Mutations In 1636 Patients With an
Aldosterone-Producing Adenoma. J Clin Endocrinol Metab. 2015;100(8):E1089-95. DOLI:
10.1210/jc.2015-2149

35


https://doi.org/10.1038/ng.2695
https://doi.org/10.1161/HYPERTENSIONAHA.119.14349
https://doi.org/10.1161/HYPERTENSIONAHA.119.14349
https://doi.org/10.1038/s41588-018-0048-5
https://doi.org/10.1038/s41588-018-0053-8
https://doi.org/10.1111/j.1365-2265.2007.03033.x
https://doi.org/10.1158/0008-5472.CAN-05-0593
https://doi.org/10.1210/jc.2015-2149

Bibliography Dissertation - Lucie Sophie Meyer

[36]

[39]

[41]

Akerstréom T, Crona J, Delgado Verdugo A, Starker LF, Cupisti K, Willenberg HS,
Knoefel WT, Saeger W, Feller A, Ip J, Soon P, Anlauf M, Alesina PF, Schmid KW,
Decaussin M, Levillain P, Wéngberg B, Peix JL, Robinson B, Zedenius J, Backdahl
M, Caramuta S, Iwen KA, Botling J, Stalberg P, Kraimps JL, Dralle H, Hellman P,
Sidhu S, Westin G, Lehnert H, Walz MK, Akerstrom G, Carling T, Choi M, Lifton
RP, Bjorklund P. Comprehensive re-sequencing of adrenal aldosterone producing lesions
reveal three somatic mutations near the KCNJ5 potassium channel selectivity filter.

PLoS One. 2012;7(7):41926. DOI: |10.1371 /journal.pone.0041926

Boulkroun S, Beuschlein F, Rossi GP, Golib-Dzib JF, Fischer E, Amar L, Mulatero
P, Samson-Couterie B, Hahner S, Quinkler M, Fallo F, Letizia C, Allolio B, Ceolotto
G, Cicala MV, Lang K, Lefebvre H, Lenzini L, Maniero C, Monticone S, Perrocheau
M, Pilon C, Plouin PF, Rayes N, Seccia TM, Veglio F, Williams TA, Zinnamosca L,
Mantero F, Benecke A, Jeunemaitre X, Reincke M, Zennaro MC. Prevalence, clinical,

and molecular correlates of KCNJ5 mutations in primary aldosteronism. Hypertension.

2012;59(3):592-598. DOI: 10.1161 /HYPERTENSIONAHA.111.186478

Zheng FF, Zhu LM, Nie AF, Li XY, Lin JR, Zhang K, Chen J, Zhou WL, Shen ZJ, Zhu
YC, Wang JG, Zhu DL, Gao PJ. Clinical characteristics of somatic mutations in Chinese
patients with aldosterone-producing adenoma. Hypertension. 2015;65(3):622—-628. DOI:
10.1161/HYPERTENSIONAHA.114.03346

De Sousa K, Boulkroun S, Baron S, Nanba K, Wack M, Rainey WE, Rocha A, Giscos-
Douriez I, Meatchi T, Amar L, Travers S, Fernandes-Rosa FL, Zennaro MC. Genetic, Cel-
lular, and Molecular Heterogeneity in Adrenals With Aldosterone-Producing Adenoma.

Hypertension. 2020;75(4):1034-1044. DOI: 10.1161/HYPERTENSIONAHA.119.14177

Nanba K, Omata K, Gomez-Sanchez CE, Stratakis CA, Demidowich AP, Suzuki M,
Thompson LDR, Cohen DL, Luther JM, Gellert L, Vaidya A, Barletta JA, Else T, Gior-
dano TJ, Tomlins SA, Rainey WE. Genetic Characteristics of Aldosterone-Producing
Adenomas in Blacks. Hypertension. 2019;73(4):885-892. DOI: [10.1161/HYPERTEN-
SIONAHA.118.12070

Dutta RK, Arnesen T, Heie A, Walz M, Alesina P, Séderkvist P, Gimm O. A somatic

36


https://doi.org/10.1371/journal.pone.0041926
https://doi.org/10.1161/HYPERTENSIONAHA.111.186478
https://doi.org/10.1161/HYPERTENSIONAHA.114.03346
https://doi.org/10.1161/HYPERTENSIONAHA.119.14177
https://doi.org/10.1161/HYPERTENSIONAHA.118.12070
https://doi.org/10.1161/HYPERTENSIONAHA.118.12070

Bibliography Dissertation - Lucie Sophie Meyer

[42]

[46]

[47]

mutation in CLCN2 identified in a sporadic aldosterone-producing adenoma. Fur J En-

docrinol. 2019;181(5):K37-K41. DOI: 10.1530/EJE-19-0377

Mulatero P, Tauber P, Zennaro MC, Monticone S, Lang K, Beuschlein F, Fischer E,
Tizzani D, Pallauf A, Viola A, Amar L, Williams TA, Strom TM, Graf E, Bandulik
S, Penton D, Plouin PF, Warth R, Allolio B, Jeunemaitre X, Veglio F, Reincke M.
KCNJ5 mutations in European families with nonglucocorticoid remediable familial hy-
peraldosteronism. Hypertension. 2012;59(2):235-240. DOI: 10.1161/HYPERTENSION-
AHA.111.183996

Scholl UI, Nelson-Williams C, Yue P, Grekin R, Wyatt RJ, Dillon MJ, Couch R, Hammer
LK, Harley FL, Farhi A, Wang WH, Lifton RP. Hypertension with or without adrenal
hyperplasia due to different inherited mutations in the potassium channel KCNJ5. Proc

Natl Acad Sci U S A. 2012;109(7):2533-2538. DOI: 10.1073/pnas.1121407109

Monticone S, Castellano I, Versace K, Lucatello B, Veglio F, Gomez-Sanchez CE,
Williams TA, Mulatero P. Immunohistochemical, genetic and clinical characterization of
sporadic aldosterone-producing adenomas. Mol Cell Endocrinol. 2015;411:146-154. DOI:
10.1016/j.mce.2015.04.022

Ono Y, Yamazaki Y, Omata K, Else T, Tomlins SA, Rhayem Y, Williams TA, Reincke
M, Carling T, Monticone S, Mulatero P, Beuschlein F, Ito S, Satoh F, Rainey WE,
Sasano H. Histological Characterization of Aldosterone-producing Adrenocortical Ade-
nomas with Different Somatic Mutations. J Clin Endocrinol Metab. 2020;105(3):€282-9.
DOI: 10.1210/clinem /dgz235

Guo Z, Nanba K, Udager A, McWhinney BC, Ungerer JPJ, Wolley M, Thuzar M, Gordon
RD, Rainey WE, Stowasser M. Biochemical, Histopathological, and Genetic Character-
ization of Posture-Responsive and Unresponsive APAs. J Clin Endocrinol Metab. 2020;
105(9):e3224-35. DOI: 10.1210/clinem/dgaa367

Lenders JWM, Williams TA, Reincke M, Gomez-Sanchez CE. DIAGNOSIS OF EN-
DOCRINE DISEASE: 18-Oxocortisol and 18-hydroxycortisol: is there clinical utility of
these steroids? Eur J Endocrinol. 2018;178(1):R1-R9. DOI: 10.1530/EJE-17-0563

37


https://doi.org/10.1530/EJE-19-0377
https://doi.org/10.1161/HYPERTENSIONAHA.111.183996
https://doi.org/10.1161/HYPERTENSIONAHA.111.183996
https://doi.org/10.1073/pnas.1121407109
https://doi.org/10.1016/j.mce.2015.04.022
https://doi.org/10.1210/clinem/dgz235
https://doi.org/10.1210/clinem/dgaa367
https://doi.org/10.1530/EJE-17-0563

Bibliography Dissertation - Lucie Sophie Meyer

[48]

[49]

[51]

Williams TA, Peitzsch M, Dietz AS, Dekkers T, Bidlingmaier M, Riester A, Treitl M,
Rhayem Y, Beuschlein F, Lenders JWM, Deinum J, Eisenhofer G, Reincke M. Genotype-
Specific Steroid Profiles Associated With Aldosterone-Producing Adenomas. Hyperten-
sion. 2016;67(1):139-145. DOI: 10.1161 /HYPERTENSIONAHA.115.06186

Tezuka Y, Yamazaki Y, Kitada M, Morimoto R, Kudo M, Seiji K, Takase K, Kawasaki
Y, Mitsuzuka K, Ito A, Nishikawa J, Asai N, Nakamura Y, Gomez-Sanchez CE, Ito
S, Dezawa M, Sasano H, Satoh F. 18-Oxocortisol Synthesis in Aldosterone-Producing

Adrenocortical Adenoma and Significance of KCNJ5 Mutation Status. Hypertension.
2019;73(6):1283-1290. DOI: 10.1161/HYPERTENSIONAHA.118.12064

Scholl UI, Stolting G, Nelson-Williams C, Vichot AA, Choi M, Loring E, Prasad ML,
Goh G, Carling T, Juhlin CC, Quack I, Rump LC, Thiel A, Lande M, Frazier BG,
Rasoulpour M, Bowlin DL, Sethna CB, Trachtman H, Fahlke C, Lifton RP. Recurrent
gain of function mutation in calcium channel CACNAT1H causes early-onset hypertension

with primary aldosteronism. FElife. 2015;4:¢06315. DOI: 10.7554 /eLife.06315

Williams TA, Monticone S, Schack VR, Stindl J, Burrello J, Buffolo F, Annaratone
L, Castellano I, Beuschlein F, Reincke M, Lucatello B, Ronconi V, Fallo F, Bernini
G, Maccario M, Giacchetti G, Veglio F, Warth R, Vilsen B, Mulatero P. Somatic
ATP1A1, ATP2B3, and KCNJ5 mutations in aldosterone-producing adenomas. Hyper-
tension. 2014;63(1):188-195. DOI: |10.1161 /HYPERTENSIONAHA.113.01733

Pinggera A, Negro G, Tuluc P, Brown MJ, Lieb A, Striessnig J. Gating defects of
disease-causing de novo mutations in Ca(v)1.3 Ca(2+) channels. Channels (Austin).

2018;12(1):388-402. DOT: 10.1080/19336950.2018.1546518

Gomez-Sanchez CE, Gomez-Sanchez EP. Mutations of the potassium channel KCNJ5
causing aldosterone-producing adenomas: one or two hits?  Hypertension. 2012;

59(2):196-197. DOI: 10.1161/HYPERTENSIONAHA.111.186205

Nishimoto K, Seki T, Kurihara I, Yokota K, Omura M, Nishikawa T, Shibata H, Kosaka
T, Oya M, Suematsu M, Mukai K. Case Report: Nodule Development From Subcapsu-
lar Aldosterone-Producing Cell Clusters Causes Hyperaldosteronism. J Clin Endocrinol

Metab. 2016;101(1):6-9. DOI: 10.1210/jc.2015-3285

38


https://doi.org/10.1161/HYPERTENSIONAHA.115.06186
https://doi.org/10.1161/HYPERTENSIONAHA.118.12064
https://doi.org/10.7554/eLife.06315
https://doi.org/10.1161/HYPERTENSIONAHA.113.01733
https://doi.org/10.1080/19336950.2018.1546518
https://doi.org/10.1161/HYPERTENSIONAHA.111.186205
https://doi.org/10.1210/jc.2015-3285

Bibliography Dissertation - Lucie Sophie Meyer

[55]

[56]

[60]

Omata K, Anand SK, Hovelson DH, Liu CJ, Yamazaki Y, Nakamura Y, Ito S, Satoh
F, Sasano H, Rainey WE, Tomlins SA. Aldosterone-Producing Cell Clusters Frequently
Harbor Somatic Mutations and Accumulate With Age in Normal Adrenals. J Endocr
Soc. 2017;1(7):787-799. DOI: [10.1210/js.2017-00134

Nishimoto K, Tomlins SA, Kuick R, Cani AK, Giordano TJ, Hovelson DH, Liu CJ,
Sanjanwala AR, Edwards MA, Gomez-Sanchez CE, Nanba K, Rainey WE. Aldosterone-
stimulating somatic gene mutations are common in normal adrenal glands. Proc Natl

Acad Sci U S A. 2015;112(33):E4591-9. DOI: 10.1073/pnas.1505529112

Omata K, Satoh F, Morimoto R, Ito S, Yamazaki Y, Nakamura Y, Anand SK, Guo
7, Stowasser M, Sasano H, Tomlins SA, Rainey WE. Cellular and Genetic Causes of
Idiopathic Hyperaldosteronism. Hypertension. 2018;72(4):874-880. DOI: 10.1161/HY-
PERTENSIONAHA.118.11086

Williams TA, Lenders JWM, Mulatero P, Burrello J, Rottenkolber M, Adolf C, Satoh
F, Amar L, Quinkler M, Deinum J, Beuschlein F, Kitamoto KK, Pham U, Morimoto
R, Umakoshi H, Prejbisz A, Kocjan T, Naruse M, Stowasser M, Nishikawa T, Young
WEFJ, Gomez-Sanchez CE, Funder JW, Reincke M. Outcomes after adrenalectomy for
unilateral primary aldosteronism: an international consensus on outcome measures and

analysis of remission rates in an international cohort. Lancet Diabetes Endocrinol. 2017;

5(9):689-699. DOI: [10.1016/52213-8587(17)30135-3

Williams TA, Burrello J, Sechi LA, Fardella CE, Matrozova J, Adolf C, Baudrand R,
Bernardi S, Beuschlein F, Catena C, Doumas M, Fallo F, Giacchetti G, Heinrich DA,
Saint-Hilary G, Jansen PM, Januszewicz A, Kocjan T, Nishikawa T, Quinkler M, Satoh
F, Umakoshi H, Widimsky J, Hahner S, Douma S, Stowasser M, Mulatero P, Reincke
M. Computed Tomography and Adrenal Venous Sampling in the Diagnosis of Unilateral
Primary Aldosteronism. Hypertension. 2018;72(3):641-649. DOI: 10.1161 /HYPERTEN-
SIONAHA.118.11382

Satani N, Ota H, Seiji K, Morimoto R, Kudo M, Iwakura Y, Ono Y, Nezu M, Omata

K, Ito S, Satoh F, Takase K. Intra-adrenal Aldosterone Secretion: Segmental Adrenal

39


https://doi.org/10.1210/js.2017-00134
https://doi.org/10.1073/pnas.1505529112
https://doi.org/10.1161/HYPERTENSIONAHA.118.11086
https://doi.org/10.1161/HYPERTENSIONAHA.118.11086
https://doi.org/10.1016/S2213-8587(17)30135-3
https://doi.org/10.1161/HYPERTENSIONAHA.118.11382
https://doi.org/10.1161/HYPERTENSIONAHA.118.11382

Bibliography Dissertation - Lucie Sophie Meyer

[63]

[65]

Venous Sampling for Localization. Radiology. 2016;278(1):265-274. DOI: 10.1148/ra-
diol.2015142159

Kitamoto T, Kitamoto KK, Omura M, Takiguchi T, Tsurutani Y, Kubo H, Yamazaki Y,
Sasano H, Saito J, Nishikawa T. Precise Mapping of Intra-Adrenal Aldosterone Activi-

ties Provides a Novel Surgical Strategy for Primary Aldosteronism. Hypertension. 2020;
76(3):976-984. DOI: 10.1161/HYPERTENSIONAHA.119.14341

Bergstrom M, Juhlin C, Bonasera TA, Sundin A, Rastad J, Akerstrom G, Langstrom
B. PET imaging of adrenal cortical tumors with the 11beta-hydroxylase tracer 11C-
metomidate. J Nucl Med. 2000;41(2):275-282

Hennings J, Lindhe O, Bergstrom M, Langstrom B, Sundin A, Hellman P.
[11C]metomidate positron emission tomography of adrenocortical tumors in correlation
with histopathological findings. J Clin Endocrinol Metab. 2006;91(4):1410-1414. DOI:
10.1210/jc.2005-2273

Heinze B, Fuss CT, Mulatero P, Beuschlein F, Reincke M, Mustafa M, Schirbel A,
Deutschbein T, Williams TA, Rhayem Y, Quinkler M, Rayes N, Monticone S, Wild V,
Gomez-Sanchez CE, Reis AC, Petersenn S, Wester HJ, Kropf S, Fassnacht M, Lang
K, Herrmann K, Buck AK, Bluemel C, Hahner S. Targeting CXCR4 (CXC Chemokine
Receptor Type 4) for Molecular Imaging of Aldosterone-Producing Adenoma. Hyperten-
sion. 2018;71(2):317-325. DOI: 10.1161 /HYPERTENSIONAHA.117.09975

Eisenhofer G, Dekkers T, Peitzsch M, Dietz AS, Bidlingmaier M, Treitl M, Williams TA,
Bornstein SR, Haase M, Rump LC, Willenberg HS, Beuschlein F, Deinum J, Lenders
JWM, Reincke M. Mass Spectrometry-Based Adrenal and Peripheral Venous Steroid
Profiling for Subtyping Primary Aldosteronism. Clin Chem. 2016;62(3):514-524. DOLI:
10.1373/clinchem.2015.251199

Eisenhofer G, Duran C, Cannistraci CV, Peitzsch M, Williams TA, Riester A, Burrello J,
Buffolo F, Prejbisz A, Beuschlein F, Januszewicz A, Mulatero P, Lenders JWM, Reincke
M. Use of Steroid Profiling Combined With Machine Learning for Identification and Sub-
type Classification in Primary Aldosteronism. JAMA Netw Open. 2020;3(9):€2016209.
DOI: 10.1001 /jamanetworkopen.2020.16209

40


https://doi.org/10.1148/radiol.2015142159
https://doi.org/10.1148/radiol.2015142159
https://doi.org/10.1161/HYPERTENSIONAHA.119.14341
https://doi.org/10.1210/jc.2005-2273
https://doi.org/10.1161/HYPERTENSIONAHA.117.09975
https://doi.org/10.1373/clinchem.2015.251199
https://doi.org/10.1001/jamanetworkopen.2020.16209

Bibliography Dissertation - Lucie Sophie Meyer

[67]

[68]

[72]

[73]

Mulatero P, di Cella SM, Monticone S, Schiavone D, Manzo M, Mengozzi G, Rabbia F,
Terzolo M, Gomez-Sanchez EP, Gomez-Sanchez CE, Veglio F. 18-hydroxycorticosterone,
18-hydroxycortisol, and 18-oxocortisol in the diagnosis of primary aldosteronism and its

subtypes. J Clin Endocrinol Metab. 2012;97(3):881-889. DOI: |10.1210/jc.2011-2384

Satoh F, Morimoto R, Ono Y, Iwakura Y, Omata K, Kudo M, Takase K, Seiji K,
Sasamoto H, Honma S, Okuyama M, Yamashita K, Gomez-Sanchez CE, Rainey WE,
Arai Y, Sasano H, Nakamura Y, Ito S. Measurement of peripheral plasma 18-oxocortisol
can discriminate unilateral adenoma from bilateral diseases in patients with primary
aldosteronism. Hypertension. 2015;65(5):1096-1102. DOI: 10.1161/HYPERTENSION-
AHA.114.04453

Norris JL, Caprioli RM. Analysis of tissue specimens by matrix-assisted laser desorp-
tion/ionization imaging mass spectrometry in biological and clinical research. Chem Rev.

2013;113(4):2309-2342. DOI: 10.1021/cr3004295

Buck A, Ly A, Balluff B, Sun N, Gorzolka K, Feuchtinger A, Janssen KP, Kuppen
PJK, van de Velde CJH, Weirich G, Erlmeier F, Langer R, Aubele M, Zitzelsberger
H, Aichler M, Walch A. High-resolution MALDI-FT-ICR MS imaging for the analysis
of metabolites from formalin-fixed, paraffin-embedded clinical tissue samples. J Pathol.

2015;237(1):123-132. DOI: 10.1002/path.4560

Ly A, Buck A, Balluff B, Sun N, Gorzolka K, Feuchtinger A, Janssen KP, Kuppen
PJK, van de Velde CJH, Weirich G, Erlmeier F, Langer R, Aubele M, Zitzelsberger
H, McDonnell L, Aichler M, Walch A. High-mass-resolution MALDI mass spectrometry
imaging of metabolites from formalin-fixed paraffin-embedded tissue. Nat Protoc. 2016;

11(8):1428-1443. DOI: 10.1038 /nprot.2016.081

Sun N, Wu Y, Nanba K, Sbiera S, Kircher S, Kunzke T, Aichler M, Berezowska S,
Reibetanz J, Rainey WE, Fassnacht M, Walch A, Kroiss M. High-Resolution Tissue
Mass Spectrometry Imaging Reveals a Refined Functional Anatomy of the Human Adult
Adrenal Gland. Endocrinology. 2018;159(3):1511-1524. DOI: 10.1210/en.2018-00064

Murakami M, Rhayem Y, Kunzke T, Sun N, Feuchtinger A, Ludwig P, Strom TM,
Gomez-Sanchez C, Knosel T, Kirchner T, Williams TA, Reincke M, Walch AK,

41


https://doi.org/10.1210/jc.2011-2384
https://doi.org/10.1161/HYPERTENSIONAHA.114.04453
https://doi.org/10.1161/HYPERTENSIONAHA.114.04453
https://doi.org/10.1021/cr3004295
https://doi.org/10.1002/path.4560
https://doi.org/10.1038/nprot.2016.081
https://doi.org/10.1210/en.2018-00064

Bibliography Dissertation - Lucie Sophie Meyer

Beuschlein F. In situ metabolomics of aldosterone-producing adenomas. JCI Insight.

2019;4(17). DOI: [10.1172/jci.insight. 130356

Sugiura Y, Takeo E, Shimma S, Yokota M, Higashi T, Seki T, Mizuno Y, Oya M, Kosaka
T, Omura M, Nishikawa T, Suematsu M, Nishimoto K. Aldosterone and 18-Oxocortisol
Coaccumulation in Aldosterone-Producing Lesions. Hypertension. 2018;72(6):1345-1354.
DOI: 10.1161/HYPERTENSIONAHA.118.11243

Kumar KR, Cowley MJ, Davis RL. Next-Generation Sequencing and Emerging Tech-
nologies. Semin Thromb Hemost. 2019;45(7):661-673. DOI: 10.1055/s-0039-1688446

Témbol Z, Turai PI, Decmann A, Igaz P. MicroRNAs and Adrenocortical Tumors:
Where do we Stand on Primary Aldosteronism? Horm Metab Res. 2020;52(6):394-403.
DOI: 10.1055/a-1116-2366

Neveling K, Feenstra I, Gilissen C, Hoefsloot LH, Kamsteeg EJ, Mensenkamp AR, Ro-
denburg RJT, Yntema HG, Spruijt L, Vermeer S, Rinne T, van Gassen KL, Bodmer
D, Lugtenberg D, de Reuver R, Buijsman W, Derks RC, Wieskamp N, van den Heuvel
B, Ligtenberg MJL, Kremer H, Koolen DA, van de Warrenburg BPC, Cremers FPM,
Marcelis CLM, Smeitink JAM, Wortmann SB, van Zelst-Stams WAG, Veltman JA,
Brunner HG, Scheffer H, Nelen MR. A post-hoc comparison of the utility of sanger se-
quencing and exome sequencing for the diagnosis of heterogeneous diseases. Hum Mutat.

2013;34(12):1721-1726. DOI: 10.1002/humu.22450

Schwarze K, Buchanan J, Taylor JC, Wordsworth S. Are whole-exome and whole-genome
sequencing approaches cost-effective? A systematic review of the literature. Genet Med.

2018;20(10):1122-1130. DOI: 10.1038/gim.2017.247

Meyer LS, Wang X, Susnik E, Burrello J, Burrello A, Castellano I, Eisenhofer G, Fallo
F, Kline GA, Knosel T, Kocjan T, Lenders JWM, Mulatero P, Naruse M, Nishikawa
T, Peitzsch M, Rump LC, Beuschlein F, Hahner S, Gomez-Sanchez CE, Reincke M,
Williams TA. Immunohistopathology and Steroid Profiles Associated With Biochemical
Outcomes After Adrenalectomy for Unilateral Primary Aldosteronism. Hypertension.

2018;72(3):650-657. DOI: 10.1161 /HYPERTENSIONAHA.118.11465

42


https://doi.org/10.1172/jci.insight.130356
https://doi.org/10.1161/HYPERTENSIONAHA.118.11243
https://doi.org/10.1055/s-0039-1688446
https://doi.org/10.1055/a-1116-2366
https://doi.org/10.1002/humu.22450
https://doi.org/10.1038/gim.2017.247
https://doi.org/10.1161/HYPERTENSIONAHA.118.11465

Bibliography Dissertation - Lucie Sophie Meyer

[30]

[81]

Sun N, Meyer LS, Feuchtinger A, Kunzke T, Knosel T, Reincke M, Walch A, Williams
TA. Mass Spectrometry Imaging FEstablishes 2 Distinct Metabolic Phenotypes of
Aldosterone-Producing Cell Clusters in Primary Aldosteronism. Hypertension. 2020;
75(3):634-644. DOI: 10.1161/HYPERTENSIONAHA.119.14041

Meyer LS, Handgriff L, Lim JS, Udager AM, Kinker IS, Ladurner R, Wildgruber
M, Knoésel T, Bidlingmaier M, Rainey WE, Reincke M, Williams TA. Single-Center
Prospective Cohort Study on the Histopathology, Genotype, and Postsurgical Outcomes
of Patients With Primary Aldosteronism. Hypertension. 2021;(p. HYPERTENSION-
AHA12117348). DOI: 10.1161 /HYPERTENSIONAHA.121.17348

43


https://doi.org/10.1161/HYPERTENSIONAHA.119.14041
https://doi.org/10.1161/HYPERTENSIONAHA.121.17348




Acknowledgement

I would like to express my deep gratitude to my supervisor Dr. Tracy Ann Williams
for her outstanding support in all areas of responsibility in medical research, for her trust
and enthusiastic encouragement, but also for her continuous patient guidance and exemplary
function.

I am particularly grateful for the insightful comments, suggestions and the excellent support
from my supervisor Prof. Dr. med. Martin Reincke. His and Dr. Tracy Ann Williams
immense knowledge and valuable experience inspired me all the time for my academic career.
I would like to express my special thanks to my third supervisor Prof. Dr. William E.
Rainey who provided me with very valuable recommendations on my projects.

I want to extend my sincere thanks to all former and current members of the laboratory for
their patient teaching and provision of their expertise in laboratory skills, especially Miriam,
Yuhong, Petra, Diana and Brigitte.

My research has only been successful with the support from all my co-authors for providing
clinical and pathological data as well as biosamples for our studies.

Special thanks also to our collaborators for MALDI-FT-ICR MSI (Dr. Na Sun and Prof.
Dr. med. Axel Walch, Research Unit Analytical Pathology, German Research Center for
Environmental Health, Helmholtz Zentrum Miinchen, Germany), steroid profiling by LC-
MS/MS (group of Prof. Dr. Graeme Eisenhofer, Institut fur Klinische Chemie und Labo-
ratoriumsmedizin, Universitatsklinikum Carl Gustav Carus an der Technischen Universitéit
Dresden, Germany) and Ion-Torrent based NGS (group of Prof. Dr. William E. Rainey, De-
partment of Molecular and Integrative Physiology, University of Michigan Medical School,
Ann Arbor, Michigan, USA).

I want to thank all patients that gave consent to be included in research. Without your
permission, these studies would not have been possible.

My special thanks are extended to Deutsche Forschungsgemeinschaft and the Collaborative
Research Centre/Transregio 205 "The Adrenal: Central Relay in Health and Disease" for
their financial support and the organisation of a great promotion for PhD candidates. Con-
versations and workshops with my PhD colleagues as well as the coordinators of the PhD

program has been an inspiring and appreciated motivation.

45



Bibliography Dissertation - Lucie Sophie Meyer

Additionally, I would like to acknowledge my mother in memory, who always believed in me
and supported me to become who I am today. My thoughts of you encouraged me all the
time. I am deeply grateful to my father, my grandmother and my whole family for their
thoughtful advices, motivations, patience and the continuous believe in my ability.

Finally, my deepest gratitude is dedicated to all my friends, especially to Toffi, Theodora and
Beatrix, who always have been there for me and gave me the encouragement and moral sup-
port I needed. I appreciated all the great conversations and the companionships for sporting

balance.

46



	Affidavit
	Confirmation of congruency
	List of Abbreviations
	List of Publications & Awards
	Confirmation of co-authors
	Introductory Summary
	Primary Aldosteronism
	Introduction to Primary Aldosteronism
	Diagnosis
	Histopathology
	Genetics
	Current Difficulties in Subtype Classification
	Molecular Profiling of Primary Aldosteronism
	Steroid Profiling
	Metabolomic Profiling
	Genotyping


	Aims
	Major Findings
	Significance and Future Perspectives

	My Contribution
	Publication I
	Publication II
	Publication III
	Bibliography
	Acknowledgement

