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Project Title: Biomarker and resistance mechanisms of metastatic Her2
positive breast cancer treated in the NerHer clinical trial
Background:
HER2-positive breast cancer (BC) is characterized by the overexpression of the HER2 protein
as determined by immunohistochemistry or by the amplification of HER2/neu gene as
determined by in-situ hybridization. HER2 overexpression was traditionally associated with
poor prognosis. However, the treatment of HER2 positive disease has vastly improved over
the last two decades, starting with the introduction of the monoclonal antibody trastuzumab as
the first HER2-directed targeted treatment. Its implementation in the treatment of mBC patients
with HER2 overexpression led to significant improvements in progression-free survival (PFS)
and overall survival (OS). NerHer 1 is an investigator initiated clinical study in patients with
metastastic breast cancer.
In this study proposal, we suggest evaluating the efficacy of neratinib with two possible
combination partners as 3rd-line or beyond 3rd-line therapy. Combination partners for neratinib
will be at the discretion of treating physicians, enabling 2 possible treatment options: Neratinib
+ Trastuzumab + Vinorelbine or Neratinib + Trastuzumab.
Hypothesis and Objectives:
We hypothesise that with implementation of biomarker analyses including ctDNA longitudinal
trajectories, mutational profile and epigenomic changes we may establish correlation with
response and resistance and translate this knowledge into the evaluation of resistance
mechanisms with in vitro modelling.
Methodology:
Exploratory endpoints of the NerHer study will be focus of the thsis and involve evaluation of
biomarkers potentially predicting for response to neratinib + combination partners and/ or
resistance:
We will perform assessment of HER2 gene copy numbers (primary tumor, if indicated;
optionally cell-free tumor DNA (ctDNA)), HER2/neu mutation status, and PIK3Ca mutation
status (ctDNA).
Mutational profile of ctDNA will be performed with Avenio kit. WGS will be performed for
evaluation of novel resistance mechanisms and methylation profile of ctDNA will be evaluated
in good responders vs. patients with very short progression free survival in order to evalute
potential of methylation profiles for prediction of response and prognosis.
Assessment of baseline and longitudinal trajectories of circulating ctDNA fraction as assessed
by mFAST-Seq (so-called Z-score).
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Project Title: In silico evaluation of DNA methylation signatures
as regulators of therapy resistance and tumor progression within clinically relevant
subgroups of lung and breast cancer patients
Background:
Lung and breast cancer are two of the most common and deadly cancer types, and treatment
resistance is a significant problem in these entities, especially in patients with advanced
disease. Human tumors are known to be caused not only by DNA mutations [1, 2] but also by
epigenetic alterations, such as DNA methylation [3, 4]. With ongoing disease, tumors
accumulate such molecular alterations, which promote tumor progression, the invasion of
healthy surrounding tissue as well as the formation of metastases. Yet, the molecular
mechanisms of disease progression are still not fully understood, and many late-stage cancers
lack clear driver events. For individual patient subgroups, effective targeted therapies exist, yet
most patients still do not sufficiently respond to the treatment and/or develop resistances. Such
patients are in the highest medical need of novel effective treatment options. Identifying
clinically relevant biomarkers allows to gain insights into the molecular mechanisms of
treatment response and tumor progression, with the potential to reveal novel treatment targets.
Hypothesis and Objectives:
This project aims at identifying and characterizing DNA methylation changes that are
associated with the progression of lung and breast cancer using well defined clinically relevant
patient subgroups. This includes to unravel their regulatory function on downstream targets
and to identify clinically relevant biomarkers for the response towards individual therapy
approaches as well as the risk of disease recurrence. To this end, DNA methylation profiles of
cancer patients will be integrated with gene expression profiles in a systematic approach which
allows to describe the regulatory mechanisms of treatment failure across a broad spectrum of
molecular alterations. Integrating such molecular signatures with detailed clinical records
improves our understanding of tumor biology and finally also disease control and management.

Methodology:
Molecular profiles of breast and lung cancer patients are collected within the Medical University
of Graz, alongside with comprehensive clinical records. Further, publicly available data from
TCGA [5, 6], TRACERx [7], and METABRIC [8] will be included in the project as well. Molecular
characterization includes profiling of DNA methylation and gene expression of primary tumor
samples at different time points during the course of the disease, as well as of metastatic
lesions. Individual computational approaches which are needed to analyze this unique data
collection will be developed during the project and will be combined with state-of-the-art
bioinformatic analysis pipelines [9, 10]. Subsequently, candidate mechanisms may be
evaluated in vitro using cutting edge molecular approaches such as the CRISPR/Cas9 system.
During this PhD project, the candidate will use modern computational approaches to
characterize and correlate DNA methylation profiles with respect to cancer development and
treatment response in retrospective cohorts of lung and breast cancer patients. The successful
completion of the project will contribute to our understanding of the biology of cancer
progression and pave the way for more effective treatment approaches as well as informed
clinical decision making, both ultimately optimizing patient care in the future.
References:
1. Nowell, P.C. and D.A. Hungerford, Chromosome studies on normal and leukemic human
leukocytes. J Natl Cancer Inst, 1960. 25:85-109.
2. Nowell, P.C., The clonal evolution of tumor cell populations. Science, 1976. 194:23-8.
3. Berdasco, M. and M. Esteller, Aberrant epigenetic landscape in cancer: how cellular
identity goes awry. Dev Cell, 2010. 19(5):698-711.
4. Esteller, M., Cancer epigenomics: DNA methylomes and histone-modification maps. Nat
Rev Genet, 2007. 8(4):286-98.
5. Cancer Genome Atlas Research Network. Comprehensive molecular profiling of lung
adenocarcinoma. Nature. 2014 Jul 31;511(7511):543-50.
6. Cancer Genome Atlas Network. Comprehensive molecular portraits of human breast
tumours. Nature. 2012 Oct 4;490(7418):61-70.
7. Jamal-Hanjani M et al. Tracking genomic cancer evolution for precision medicine: the lung
TRACERx study. PLoS Biol. 2014 Jul 8;12(7):e1001906.
8. Curtis C, et al. The genomic and transcriptomic architecture of 2,000 breast tumours
reveals novel subgroups. Nature. 2012 Apr 18;486(7403):346-52.

9. Greif PA*, Hartmann L*, Vosberg S*, et al. Evolution of Cytogenetically Normal Acute
Myeloid Leukemia During Therapy and Relapse: An Exome Sequencing Study of 50 Patients.
Clin Cancer Res. 2018 Apr 1;24(7):1716-1726. *authors contributed equally
10. Kerbs P, Vosberg S, et al. Fusion gene detection by RNA sequencing complements
diagnostics of acute myeloid leukemia and identifies recurring NRIP1-MIR99AHG
rearrangements. Haematologica. 2021 Jun 17.

LUKA BRCIC, MD, PhD
Diagnostic and Research Institute of Pathology, Medical University of Graz

Project Title: The ANswer within the microEnvironment: pleural Mesothelioma
resistance to Old and NEw drugs-ANEMONE 1)
Background: Pleural mesothelioma (PM) is an intrathoracic neoplasia with an unfavourable
prognosis. Although rare, a high peak in incidence is expected in 2020-2025. The most
important risk factor is asbestos exposure that leads to a protracted immune response, making
PM a candidate for immunotherapeutic approaches. However, to date, the overall response
rates to treatment with immune checkpoint inhibitors (ICI) remain 10-20%.
Hypothesis and Objectives: Tumour microenvironment (TME), especially tumor immune
microenvironment, plays a crucial role in the development and progression of PM, affecting
the survival of mesothelial cells and evasion of the immunosurveillance.
The main goal of the project is a precise characterization of TME in clinical samples, the
evaluation of genetic alterations and gene/protein expression modulation on TME, and the
identification of predictive biomarkers of ICI response by correlating pathological/molecular
findings with clinical/radiological (radiomics) data using machine learning algorithms, in vitro
and vivo models.
Methodology:
The research will be done on 360 chemonaïve pleural biopsies from PM patients that will
undergo neoadjuvant chemotherapy followed by surgery or palliative systemic treatment
(platinum-based chemotherapy or immunotherapy). A subset of patient samples will be
investigated before and after treatment. The research will be based on a multidisciplinary and
interdisciplinary approach. Data from immunohistochemistry, radiomics, and high-throughput
molecular assays will be integrated through advanced statistical methods to identify the most
discriminative predictive features for the ICI treatment response. Experimental models (in vitro
and in vivo) for functional studies will also be performed.
Specifically, at Med Uni Graz whole genome sequencing evaluation of collected samples and
transcriptomic analysis (RNA-sequencing) will be performed. With TU Vienna collaboration
high-performance liquid chromatography-mass spectrometry will be performed in a subset of
samples. In all these analysis PhD student will be involved.
International project financed in a TRANSCAN-3, ERA-NET Sustained collaboration of
national and regional programmes in cancer research. Joint Transnational Call for Proposals
2021 (JTC 2021) co-funded by the European Commission/DG Research and Innovation: "Next
generation cancer immunotherapy: Targeting the tumour microenvironment"
1)
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Project Title: Pregnancy-primed platelets

Background:
Platelets are small, discoid-shaped blood circulating cells, which originate from
megakaryocytes in the bone marrow, with a life span of eight to ten days in the circulation
before they are finally degraded in the spleen, liver and lung. Despite their importance in
hemostasis, wound healing and tissue regeneration, inappropriate activation of platelets is
associated with various pathologies, including thrombosis, inflammation, diabetes, and cancer.
Recently, aberrant RNA- and protein profiles have been described for platelets under
pathological conditions, including cardiovascular disease and solid tumors [1]. In the latter
case, platelets modify their content and function in response to local or systemic signals from
the tumor tissue, which led to the recently proposed concept of tumor-educated platelets
(TEPs) [2,3].
In human pregnancy, circulating maternal platelets leave the endothelium-lined maternal
vasculature during their passage through the placenta, where they come in contact with fetal
epithelial-like trophoblasts at the placental barrier [4]. There, activation and subsequent
release of granules-stored mediators can seriously affect the fine-balanced immune-cross talk
at the maternal fetal interface [5–8]. However, they may also get primed by the placental milieu,
i.e. the trophoblast and/or its derived mediators, and thereby may get adapted to pregnancy
when returning into maternal vasculature. Based on the concept of TEPs, it is tempting to
speculate that maternal platelets get primed to ongoing pregnancy either through direct
transfer and storage of placenta-derived vesicles and biomolecules, placenta-induced
alterations in platelet RNA processing, and/or altered platelet production by megakaryocytes
in the maternal bone marrow and lung niche.
Hypothesis and Objectives:
In this project the hypothesis will be tested whether placenta-derived vesicle- and biomolecule
sequestration by maternal platelets can affect their transcriptome- and proteome landscape.
Moreover, placental endocrine communication with the bone marrow and its impact on the
transcriptional profile of megakaryocytes and generation of platelet subpopulations will be
studied. Finally, the hypothesis will be tested whether or not placenta-associated pregnancy
pathologies such as preeclampsia involve abnormal priming of maternal platelets into distinct
subpopulations.
Methodology:
Beside standard molecular biology techniques and conventional cell culture, the candidate will
be trained in human placental explant culture, trophoblast-platelet co-culture, fluidic flow
culture of cells and tisse, isolation of human platelets and rodent megakaryocytes.
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Project Title: Elucidating the biology of ctDNA release in in colorectal
Cancer *1-5)

Background:
Colorectal cancer (CRC) stage at diagnosis plays a key role in determining the outcome of
disease treatment and overall survival. On average, the five-year survival for CRC is about
60%, but this varies greatly, from 90% for stage I patients to 10% for those diagnosed with
metastatic disease, which make up to 20% of the diagnoses. Incidence is rising due to increasing population age and life. The Doctoral Network ColoMARK aims to find immediate solutions
to better prevent, treat, and manage CRC.
The analysis of ctDNA (cell-free circulating tumour DNA) is a very promising tool and is thought
to revolutionize cancer care with respect to early detection, identification of minimal residual
disease, assessment of treatment response, and monitoring tumour evolution (summarized in
1-5
). However, a major challenge for ctDNA applications is the differentiation of circulating DNA
derived from the tumour from non-tumour circulating DNA (cfDNA). In principle, attempts to
use cfDNA/ctDNA as a cancer biomarker focus on two classes of alterations, i.e. quantitative
and qualitative abnormalities. These approaches appeared powerful and achieved a good sensitivity, however prior knowledge about the tumour-associated alterations is necessary. Even
though the detection of cancer-specific mutations offers a genotypic means to distinguish tumoral from non-tumoral plasma DNA, a major problem is that every cancer has a unique fingerprint and therefore there is no universal marker that can be used for cancer screening.
Exact knowledge about the biology of cfDNA/ctDNA might reveal other useful parameters,
which can be used in the early detection setting and might dramatically increase sensitivity/specificity for detecting early-stage disease.
Objective:
Compared to the number of studies addressing the clinical applicability of ctDNA, data regarding the actual origin, the kinetics, and the mechanisms of release and clearance are limited
and often contradictory. The aim of the proposed thesis is to close this gap. Although the ability
to detect mutations or other cancer-specific alterations in plasma cell-free DNA (cfDNA) is
thought to correlate with the tumour burden6-8, the exact size and the degree of vascularization
for DNA release into the circulation have not yet been tested. The doctoral candidate will address this question using novel cutting-edge technologies for tumour profiling and ctDNA detection.
Hypothesis:
We hypothesize that the rate of shedding of ctDNA into the circulation is dependent upon the
location, size, and vascularity of the tumour and therefore leads to a high variability in levels

across patients. A sharper picture of the biology and kinetics of ctDNA release and turnover
should expand the utility of circulating nucleic acids as tumour markers.
Methodology:
We will comprehensively analyse primary tumours from localized CRC patients at various omics-levels, whose tumours will be resected with curative intent. Genetic alterations at the genome-level will be tracked to in plasma. Tumours will be classified as ctDNA shedders and
non-shedders and using bioinformatics and statistical methods such as PCA, correlation and
regression analysis, we will search for genetic, histological, or phenotypic features that are
associated with ctDNA release.
Competences required for the position:
The student will employ and further develop a broad range of next generation sequencing
(NGS) approaches, which is why experience with NGS is desirable.
Moreover, the candidate will make use of a variety of bioinformatic approaches. Therefore,
knowledge of Linux and programming skills are beneficial, but not mandatory.
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This project is embedded in the MSCA Doctoral Network 2021 ColoMARK. Specific selection criteria apply!
ColoMARK:
The ColoMARK network integrates 17 teams with multidisciplinary expertise (omics, epidemiology, microbiome, circulating tumour DNA, bioinformatics, assay development, circulating
RNAs, circulating tumour cells, tumour profiling, clinics) aiming at the identification and development of novel colorectal cancer (CRC) biomarkers via state-of-the-art liquid biopsy approaches. ColoMARK will provide cross- and interdisciplinary innovative training with special
emphasis on transversal competences to 10 young researchers that will constitute the next
generation of effective, multi-skilled and proactive future professionals that comply with the
tenets of the Principles for Innovative Doctoral Training, and that achieve enhanced intersectoral employability.
1)

Eligibility criteria:
The candidates MUST not have resided or carried out their main activity (work, studies, etc.)
in the country of the recruiting beneficiary (Austria) for more than 12 months in the 36 months
immediately before the recruitment date (unless as part of a compulsory national service or a
procedure for obtaining refugee status under the Geneva Convention).
2)

Working conditions:
PhD students receive a fully funded working contract (30 hours/week, annual gross salary
40.860,00) for three years (1 initial year + 2 years extension) including health insurance and
social benefits. If a fourth year is needed, beneficiaries will inspect alternatives for employment
funding for the doctoral candidate until PhD completion.
3)

Requirements and obligations:
• The doctoral candidate will be enrolled in the PhD-program Molecular Medicine at the
Medical University Graz, Austria, which will contribute greatly to providing specialized education on both core scientific topics, as well as transversal skills.
• In addition, the doctoral candidate will participate in training activities provided by the
ColoMARK including network-wide training, clinical rotations, workshops, summer/winter
schools, or e-training. This reinforces the doctoral candidates´s exposure to a varied choice
of training activities outside of the host lab, and will be focused on enhancing the personal,
team-wide and network-wide capabilities of the DCs.
• One of the strongholds of MSCA Doctoral Network actions is the flexibility of DC work
amongst the different teams, and this mobility enhances and improves the participant interrelations. Therefore, all ColoMARK doctoral candidates will perform a minimum 5 months
of secondments, including at least 3 weeks in the non-academic sector (e.g. IARC, QIAGEN, GeomeScan, DESTINA) according to internal regulations that restrict interactions
with for-profit organisations.
4)

Recruitment process and evaluation:
DC recruitment will take into account gender equality policies, and where two candidates are
tied with regards to merits, we will choose the one from the underrepresented sex.
On stage 1, candidates will be evaluated according to their CV (eligibility, academic and pro5)

fessional qualifications, prior research experience, publications, teaching activities, level of independence, knowledge transfer and dissemination output, mobility experience, transdisciplinary work - amongst others), letter of motivation describing their purpose and goal in participating in ColoMARK, recommendation letters and English fluency. Career breaks or variations
in the order of CVs will not be penalised. The top candidates or those attaining a minimum
score will then proceed to stage 2, where they will have a face-to-face interview (potentially
videoconference) with the Selection Committee. In stage 3 top candidates are invited to the
hearing of the PhD-Faculty MolMed, at the Medical University of Graz.
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Project Title: Comprehensive analysis of CaMKII-mediated inflammatory
signaling in cardiac (patho)physiology

Background:
Inflammation is an established driver of adverse cardiac remodeling after acute myocardial
infarction in humans and experimental animal models. Ischemic interventions lead to necrotic
cell death and release of damage-associated molecular patterns, factors that signal cell damage
and induce expression of proinflammatory chemokines and cytokines. However, emerging
evidence demonstrates that nonischemic conditions such as atherosclerosis, atrial fibrillation
(AF) and heart failure (HF) are also associated with increases in inflammatory genes and
immune cell accumulation in the heart. How proinflammatory responses are elicited in
nonischemic heart disease which is not—at least initially—associated with cell death is one of
the most critical unanswered question in cardiovascular biology.
Activation of Ca2+/calmodulin-dependent protein kinase II (CaMKII) is the early promoter of
cardiac remodelling via transducing stress signals to gene reprogramming in the process termed
excitation-transcription coupling (ET-coupling). 1, 2 In line with this, recent evidence showed that
CaMKII triggers inflammatory gene expression and activation of the NOD-like receptor pyrin
domain-containing protein 3 (NLPR3) inflammasome in cardiomyocytes,3while increased
assembly of NLPR3 inflammasome on hyperacetylated mitochondria has been identified as a
key driver of HF pathogenesis.4Furthermore, our latest work showed that CaMKII is critically
involved in the upregulation of interleukin 6 receptor (IL6R) signaling in cardiomyocytes upon
tachycardia- and hypertension-induced cardiac stress. 5
Hypothesis and Objectives:
In this project we will further follow the hypothesis that cardiomyocytes are an initiating site of
inflammatory gene expression in response to nonischemic stress. Specifically, this project aims
to (1) reveal specific CaMKII-dependent sites and molecular mechanisms of inflammatory
signaling activation within cardiomyocytes, (2) their effects on immune cells recruitment and (3)
their contribution to overall functional vulnerability of the heart in conditions of tachycardia,
hypertension and AF. Finally, we will test the possibility that pharmacological interventions
targeting CaMKII signaling axis could serve as potential treatment for alleviating increased
inflammatory response and structural and functional remodeling of the heart.
Methodology:
We will employ various techniques for assessing cardiac structure and function in vivo (blood
pressure and transthoracic echocardiography) and in vitro (isolation of adult ventricular
myocytes, live-cell subcellular Ca2+ imaging, proximity ligation assays and
immunocytochemistry, purification of cardiomyocyte nuclei, MS-based CaMKII interactome

analyses, electron microscopy, single cell RNA sequencing and standard qRT-PCR and protein
detection assays). With our multidisciplinary approach, a wide range of state-of-the-art
techniques and invaluable access to human myocardium with various degrees of cardiac
pathologies, we expect to acquire a better understanding of CaMKII-mediated inflammatory
signaling in cardiac (patho) physiology and provide substantial preclinical evidence to support
future translational and clinical studies targeting identified signaling cascades as a remedy for
treating cardiac remodeling of different etiologies.
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Project Title: The role of neuronal and glial biomarkers to indicate
disease worsening in multiple sclerosis

Background:
Multiple sclerosis (MS) is a chronic autoimmune mediated disease that is characterized by
episodes of focal inflammation in the brain and spinal cord that affects both the white and
grey matter.1 The disease typically starts with a relapsing-remitting MS (RRMS) phase and
after approximately 10 to 20 years, a progressive clinical course develops in many of the
persons affected, eventually leading to impaired mobility and cognition.1 The clinical
presentation is very heterogeneous and related to the spatiotemporal dissemination of
lesions and ongoing neurodegeneration within the central nervous system (CNS). These
lesions are a hallmark of multiple sclerosis and are caused by immune cell infiltration across
the blood–brain barrier (BBB) that promotes inflammation, demyelination, gliosis and neuroaxonal degeneration, leading to disruption of neuronal signaling.2
In the RRMS disease course, inter-relapse intervals have long been considered a “silent”
phase that bears no clinical evidence of disease activity. The transition time from RRMS to a
secondary progressive MS (SPMS) is variable and the diagnosis of SPMS can still only be
done retrospectively.3 However, there is mounting evidence that disability accumulation
occurs even in RRMS, which is not related to overt relapses. This indicates an underlying
progression even in typical RRMS populations and challenges the current clinical distinction
of relapsing and progressive forms of the disease.4,5
There is a strong unmet need to develop reliable tools to indicate and monitor such
processes. In this respect, body fluid biomarkers in particular for neuro-axonal injury (serum
neurofilament light and heavy chain)6,7 and astroglial markers (glial fibrillary acidic protein –
GFAP)8 have gained increasing attention, as they have been related to disease activity and
progression in pwMS. With the advent of an ultra-high sensitive single molecule array
(SiMoA),9 it became possible to reliably quantitate also the compared to the CSF generally
lower levels of NfL and GFAP in the peripheral blood, facilitating to perform repeated
measurements and therefore studying this marker also in a longitudinal manner.
Hypothesis and Objectives:
Recent studies in persons with MS (pwMS) have shown that serum NfL (sNfL) reflects acute
disease activity (relapse and lesion formation) in people, to correlate with therapy response
and to predict the course of disability worsening.6,10 Apart from NfL, some evidence also
exists for blood GFAP to reflect, and potentially also predict worsening of disability in pwMS.8
However, it is still unclear if combined analysis of sNfL and GFAP may more precisely allow
to indicate and eventually predict disability worsening in pwMS.
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Therefore, in this project we aim to longitudinally investigate, if combined analysis of sNfL
and GFAP and their change over time may indicate disease worsening in MS, including
clinical and brain imaging measures.
Methodology:
The PhD student will focus on investigating Nf and GFAP proteins in serum in pwMS and
relate them to longitudinal clinical and MRI data. The student will learn to use the
ultrasensitive Simoa platform for sNfL measurements. The student will further learn to
perform diagnostic cerebrospinal fluid (CSF)/serum work up, including determination of CSF
white cell count, total protein, lactate, albumin CSF/serum quotient, calculation of
immunoglobulin G, A and M indices, determination of oligoclonal bands by isoelectric
focusing followed by immunoblotting, as well as isolation of DNA and peripheral blood
mononuclear cells.
The student will also learn to handle larger clinical data sets and merge them with
biochemical and MRI data prior to statistical analyses.
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Project Title: Microchimeric Cells: (Trans-oral) Routes to and Presence
in the Host
Background:
During pregnancy, some cells manage to traffic from the fetus into the mother and vice versa
giving rise to microchimerism (MC) – a phenomenon in which an individual hosts a small
number of cells originating from another (genetically different) individual. In humans this
microchimeric cells can persist beyond pregnancy thereby founding the basis for a lifelong MC.
Microchimeric cells can differentiate into almost any cell type in the host, and implant in almost
any tissue type. The consensus is that MC plays a paradoxical role in host health: some studies
show benefits, others suggest it may play a role in the development of diseases. MC has been
proposed to play a role in maternal wound healing, but may also be associated with pregnancy
complications, such as pre-eclampsia and spontaneous abortion, as well as cancer and autoimmune diseases. MC may also play a role in providing immunological protection for the
developing fetus, but also has been associated with offspring autoimmune disorders. Both, the
routes of the microchimeric cells into the host and the biological meaning in the host are still
unclear and lack a theory unifying its paradoxical effects.
We launched a John Templeton Foundation-funded project on microchimerism connecting
experts in evolutionary medicine, reproductive immunology, biochermistry, and single-cell
analysis to address basic scientific questions in microchimerism research including short-term
and long-term fetal and maternal microchimerism with a special focus on immunology.
We recently developed methods unambiguously identifying haplo-identical cells (i.e., maternal
and fetal) allowing to assess the frequency of microchimeric cells in host tissues and are
currently developing approaches towards spatial histology using in situ techniques to
characterize tissues at the single cell level. Combination of these techniques will be a focus in
the ongoing projects to identify microchimeric cells, their biological function and their
microenvironment.
Hypothesis and Objectives:
Trans-oral route into the host: Maternal cells with stem cell potential transmigrate into the
amniotic fluid and are swallowed by the fetus. From the fetal digestive tract, the microchimeric
cells transmigrate into fetal tissues. The project tests if (1) maternal cells are present in
amniotic fluids and (2) if these cells have stem-cell properties. In addition, the project will (3)
screen fetal organs, especially fetal intestine for the presence of maternal cells.
Methodology:
In the project the candidate will use histological (e.g., tissue pre-analytics, sectioning, staining),
molecular biology techniques (ddPCR, qPCR, FISH, in situ techniques) and conventional and
cell culture (e.g., differentiation assays) to identify and characterize cells.
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Thomas KRONEIS, Priv.Doz. PhD

Division of Cell Biology, Histology and Embryology,
Gottfried Schatz Research Center

Project Title: Microchimeric Cells: (Trans-placental) Routes to and
Presence in the Host
Background:
During pregnancy, some cells manage to traffic from the fetus into the mother and vice versa
giving rise to microchimerism (MC) – a phenomenon in which an individual hosts a small
number of cells originating from another (genetically different) individual. In humans this
microchimeric cells can persist beyond pregnancy thereby founding the basis for a lifelong MC.
Microchimeric cells can differentiate into almost any cell type in the host, and implant in almost
any tissue type. The consensus is that MC plays a paradoxical role in host health: some studies
show benefits, others suggest it may play a role in the development of diseases. MC has been
proposed to play a role in maternal wound healing, but may also be associated with pregnancy
complications, such as pre-eclampsia and spontaneous abortion, as well as cancer and autoimmune diseases. MC may also play a role in providing immunological protection for the
developing fetus, but also has been associated with offspring autoimmune disorders. Both, the
routes of the microchimeric cells into the host and the biological meaning in the host are still
unclear and lack a theory unifying its paradoxical effects.
We launched a John Templeton Foundation-funded project on microchimerism connecting
experts in evolutionary medicine, reproductive immunology, biochermistry, and single-cell
analysis to address basic scientific questions in microchimerism research including short-term
and long-term fetal and maternal microchimerism with a special focus on immunology.
We recently developed methods unambiguously identifying haplo-identical cells (i.e., maternal
and fetal) allowing to assess the frequency of microchimeric cells in host tissues and are
currently developing approaches towards spatial histology using in situ techniques to
characterize tissues at the single cell level. Combination of these techniques will be a focus in
the ongoing projects to identify microchimeric cells, their biological function and their
microenvironment.
Hypothesis and Objectives:
Trans-placental route into the host: Maternal cells with stem cell potential transmigrate via
placental tissues to the fetus. The project tests if (1) maternal cells are present in fetally-derived
placental tissues (e.g., placental villi) and – if present - (2) what cell type they represent. In
addition, the project will (3) screen fetal organs, especially those involved in the developing
immune system (e.g., lymph nodes, spleen, liver, fetal) for the presence of maternal cells.
Methodology:
In the project the candidate will use histological (e.g., tissue pre-analytics, sectioning, staining),
molecular biology techniques (ddPCR, qPCR, FISH, in situ techniques) and conventional and
cell culture (e.g., differentiation assays) to identify and characterize fetal and maternal cells.
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Roland MALLI, Assoc. Prof., PhD.

Molecular Biology and Biochemistry
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Investigating Subcellular Iron Fluxes in Cancer Cells by High-Resolution Fluorescence
Microscopy
Background:
Cellular iron supply is required for various biochemical processes but in excess iron can
become highly toxic causing severe oxidative damage1. Iron is thus both vital and lethal to
cells. Given this double-edged character, it is assumed that cancer cells have evolved
particular strategies to maximally benefit from a cellular iron load thereby avoiding
ferrotoxicity2. However, due to the lack of suitable techniques3, little is known about cancer cell
type-specific dynamics of iron uptake, biodegradation, storage, subcellular transport, and
efflux.
Hypothesis and Objectives:
We hypothesize that novel biosensor-based strategies will allow the high-resolution
investigation of subcellular iron dynamics in cancer cells. We anticipate that illuminating the
cancer cell-specific iron metabolism and homeostasis will open new avenues in the diagnosis
and therapy of cancer.
Methodology:
The Ph.D. candidate will design, develop, generate and optimize new as well as existing
fluorescent protein-based biosensors4 to detect subcellular iron transport activities and
biochemical consequences thereof in cultured cancer cells in vitro using high-resolution
fluorescence microscopy techniques.
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Martin Pichler, Assoc. Prof. MD
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Project Title: Identifying immunological, metabolome- and microbiomebased parameters influencing efficacy of immuntherapy in kidney cancer patients
Background:
The treatment landscape in uro-genital cancers including renal cell carcinoma (RCC) has been
significantly changed through the introduction of immunotherapy. Despite these new treatment
options, the response rates with these agents range between 42 to 71 % in RCC. Thus, much
space for improving the efficacy of these cost-intensive and potentially toxic drugs is still left
and a better understanding of predictive and influential factors might help to improve the clinical
outcome. Recent work indicated that the gut microbiome might influence the response of
immunotherapy in melanoma and beyond other types of cancer. Other factors such as immune
cell subtypes, cytokines or metabolites might also influence the efficacy of immunotherapy in
genito-urogential cancers.
Hypothesis and Objectives:
In this project we aim to adress the following hypothesis:
• Non-eubacterial microorganisms (archaea) in the gut microbiome correlate with treatment
re-sponse, progression free survival and overall survival of patients treated immunotherapy
across different urogenital cancers.
• Microbiom-associated metabolites and immunological blood-based cellular and humoral
factors, identified in the patient blood and stool, correlate with treatment response, progression
free survival and overall survival of patients treated with immunotherapy across different
urogenital cancers.
Methodology:
Investigator-initiated trial design, Biostatistical Analysis of longitudinal data, untargeted NMRspectroscopy, Microbiome profiling, amplicon sequencing, immune cell and parameter
measurement
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Project Title: Characterization of long non-coding RNAs in triple
negative breast cancer
Background:
Breast cancer is the most common diagnosed human cancer in women worldwide. Although
several patients are cured by surgery and neo-/adjuvant treatment modality, some of them
develop metastatic disease or are primarily diagnosed with metastatic breast cancer. In
general, breast cancer is very heterogeneous in terms of underlying genetics and biology,
treatment strategy and patient´s clinical outcome. A lack of estrogen, progesterone and
HER2/neu receptors on cancer cells leads to the diagnosis of “triple negative breast cancer
(TNBC)”, the most aggressive subtype. Non-coding RNAs are defined as trancripts that fullfill
their function without translation into a respective protein. The aim of this project is to
characterize novel long non-coding RNA in TNBC with a special focus on cancer stem cell
features.
Hypothesis and Objectives:
The central hypothesis of this proposal is to determine the role of long non-coding RNAs in
TNBC biology and by doing so, discover novel therapeutic vulnerabilities. First, long noncoding RNAs relevant in breast cancer biology will be tested for molecular interaction partners
with a special focus on druggable proteins/signaling pathways including a high-troughput
compound screening approach. Second, we will test in collaborative efforts RNA-therapeutics
in combinatorial approaches for their therapeutic potential in this deadly disease in vitro and in
vivo.
Methodology:
Methods in RNA biology, RNA-protein interactions, cell culture, animal models including
xenografts and patient-derived xenografts, high-troughput compound screening, RNA
therapeutics
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Project Title: Characterization of metastases-associated non-coding and
protein-coding genes in colorectal cancer

Background:
Colorectal cancer (CRC) is the third most common cancer and the third leading cause of
cancer death in men and women in the United States and Europe.
For three decades, alterations of protein-coding oncogenes and tumor suppressor genes have
been considered as the main cause of tumorigenesis. Recent advances proved without doubts
that cancer is a complex genetic disease involving structural and expression abnormalities of
both coding and non-coding genes. Recently, the discovery of long non-coding RNAs in cancer
and the fact that this class of molecules is located in around 70% of the whole genome
sequence, underline the huge potential of these molecules in cancer medicine as diagnostics,
prognostics and therapeutic targets. The aim of this proposal, therefore, is to identify long noncoding RNAs and corresponding protein-coding genes and characterize the interplay in the
process of cancer metastases.
Hypothesis and Objectives:
The central hypothesis of this project is to determine the role of long non-coding RNAs in CRC
with a special focus on cancer metastases. The following aims should be followed to achieve
new insights: (1) First, based on preliminary genome-wide expression data derived from cell
lines, we will determine the biological function of several key long non-coding RNA and proteincoding candidates. (2) Second, long non-coding RNAs relevant in CRC biology will be further
tested for molecular interaction partners with a special focus on druggable proteins/signaling
pathways.
Methodology:
Methods in RNA biology, RNA-protein interactions, cell culture, animal models, RNA
therapeutics
References:
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Project Title: p53 regulation of lipid-associated macrophage infiltration
upon fasting in liver disease
Background:
Metabolic derangements solicited by unhealthy lifestyle-choices such as sedentariness and
overnutrition are predominant causes of liver disease1,2 and other metabolic disorders.
Intermittent fasting (IF) has been shown to mitigate many of these metabolic derangements3,4.
Lipid-associated macrophages (LAMs), positive for markers such as Trem2, Mmp12, and
Gpnmb, have been identified in various stages in the progression of liver disease, from
hepatosteatosis, fibrosis, cirrhosis to hepatocellular carcinoma (HCC)5–8. LAMs develop from
infiltrating monocytes and, once infiltrated, localise to pathologic lesions and are suggested to
curtail disease severity9. Yet, the primary signals that elicit the recruitment of these
macrophages under various cirumstances remain elusive.
Hypothesis and Objectives:
Unpublished data from our lab show that LAMs are strongly recruited in adipose tissue upon
an IF regimen applied to obese mice. Importantly, this IF-driven recruitment is entirely
dependent on expression of the transcription factor p53 in parenchymal adipocytes. Based on
preliminary data from livers of IF mice, we hypothesize that IF may ameliorate liver disease
through recruitment of LAMs and that hepatic p53 regulates LAM infiltration in response to
fasting.
Methodology:
We have established several fasting protocols for mice and a transgenic, conditional and
hepatocyte-specific mouse model for knock-out of p53 (AlbCreERT2-p53fl/fl)10. This model will
be subjected to treatments that model non-alcoholic fatty liver disease (high fat high fructose
diet) or HCC with and without fibrosis background (DEN+/-CCl 4 ), with or without clodronatemediated macrophage depletion. In these models we will asses the effects of loss of
hepatocyte p53 on LAM infiltration upon IF. We will employ single-cell sequencing methods
(established in our lab), immuno-histochemistry, and spatial transcriptomics (HybridISS11,
available through an in-house collaborator). Liver function will be analysed through liverspecific blood markers (e.g. AST, ALT) and HCC progression will be assessed via number and
size of tumor nodules.
Finally, we will characterize macrophage infiltration and p53 status in biopsies from cirrhotic
HCC patients (ethical approval and on-site clinical collaborations are already established).
In sum, this project aims to reveal mechanisms of p53-driven macrophage infiltration that
underlie the effects of fasting in the etiology of liver disease. Understanding this axis is poised
to deliver novel therapeutic avenues to fight the growing threat of metabolic liver diseases.
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Project Title: Impact of Inflammation on Atherosclerosis Progression
Myocardial Infarction (VASC HEALTH Consortium)

Foto
(bitte auch
separat
after
mitschicken)

Background:
Atherosclerosis of the coronary arteries leads to ischemic heart disease and heart failure. In
addition to conventional risk factors, inflammation contributes to atherosclerosis progression
and plaque rupture, causing atherothrombosis and myocardial infarction (MI). Systemic
inflammation post-MI accelerates atherosclerosis progression by immune cell recruitment and
activation. Subsequent events often occur early after MI, and anti-inflammatory therapies may
prevent recurrent cardiovascular events. cGAS-STING is an innate immune sensor for DNA
and strongly expressed in atherosclerotic plaques.
This PhD position is advertised within the frame of the new Med Uni Graz Research Flagship
on Healthy Vascular Aging VASC HEALTH with joint supervision and ample cooperation
possibilities.
Hypothesis and Objectives:
Hypothesis: Selective small molecule STING inhibition attenuates atherosclerosis acceleration
in the critical time window post-MI and attenuates disease progression and prevents secondary
events.
Objectives: Establish mouse model of post-MI atherosclerosis progression. Characterize
atherosclerotic disease with and w/o selective STING inhibition. Characterize heart failure
remodeling. Validate implicated pathways and immune cells in human patient cells and
samples.
Methodology:
We will induce MI in an atherosclerotic mouse model model, induce myocardial infarction, and
measure post-MI atherosclerosis progression (plaque area, composition, immune cell content,
and cellular phenotype (flow cytometry, scRNAseq) with and without selective STING
inhibition. In addition, we will phenotype myocardial remodeling and heart failure phenotype
(echocardiography, histology, gene expression). We will use human cells and tissues to
validate findings in patients (blood cells, endothelial cells, plaques).
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Project Title: Enrich your microbiome: effects of positive environmental

m

modulation on microbiota-gut-brain axis signaling

Background:
Gut-brain axis signalling describes the dynamic, bidirectional communication between visceral
organs and the brain. Signals from the brain are essential to maintain gut homeostasis and
gut-derived neural, humoral, immunological and microbial signals are able to influence many
brain functions and neurobiology (1). While aversive environmental factors such as chronic
stress are known to have a marked impact on the microbiota-gut-brain axis, it is unknown
whether beneficial environmental factors have a similar strong effect.
Hypothesis and Objectives:
This project sets out to investigate for the first time, whether and how a widely recognised
positive environmental intervention influences the microbiota-gut-brain axis with a focus on
gastrointestinal microbiota and microbial metabolites. We hypothesize that (i) environmental
enrichment (EE), a set of refined husbandry procedures known to improve laboratory animal
housing and to beneficially modulate animal behavior and neurobiology (2), is able to change
the gastrointestinal microbiome and levels of microbial metabolites. We further hypothesize
that (ii) microbial alterations are essential in mediating the well-known beneficial behavioural
and neurobiological effects of EE and that (iii) microbial changes/metabolites altered by EE
can mimic the beneficial effects of the intervention.
Methodology:
The recruited PhD student will use mice and zebrafish EE models to investigate the
connections between the gastrointestinal microbiome and EE. Interventions, besides EE,
include antibiotics to deplete the gastrointestinal microbiota, germ-free animal models and
fecal microbiota transplantations between the treatment groups. Readouts include big data
analysis such as bacterial community profiling (16S and/or shotgun metagenomics) within the
gut and RNAseq of intestinal cells and neurons. Potential circulating mediators will be identified
by flow cytometry, ELISAs and MS-based metabolomics. A battery of behavioural tests will be
used to assess the effects of the experimental interventions on brain functions such as anxiety,
cognition, social and depressive-like behaviour. These readouts will be complemented with
gene/protein expression profiling of mediators known to be altered by EE and newly identified
target genes/proteins of interest.
References:
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Project Title: Clonal hematopoiesis of indeterminate potential
(CHIP) and inflammatory signaling in humanized atherosclerotic mice
Rationale and hypothesis:
CHIP arises from somatic mutations in hematopoietic stem cells that yield mutant clonal
progeny in the blood.1 CHIP frequency increases with age and has serendipitously emerged
as an independent and strong risk factor for atherosclerotic disease.2 Murine transgenic
transplantation models suggest a direct link between CHIP, inflammatory signaling, and
atherogenesis.2-4 However, translating preclinical in vivo discoveries into clinical application is
often hampered by significant species-related cellular and mechanistic differences.
Overcoming these critical limitations by developing an atherosclerotic mouse model with
humanized clonal hematopoiesis has the potential to provide new insights into basic human
vascular biology and shine new light on the contribution of mutant human immune cells and
inflammatory mediators to vascular health.
This PhD position is advertised in the frame of the new Med Uni Graz Research Flagship on
Healthy Vascular Aging VASC HEALTH with joint supervision and ample cooperation
possibilities.
Hypothesis and Objectives:
Hypothesis: Clonal human leukocytes harboring recurrent CHIP mutations and mutant
leukocyte-derived inflammatory mediators critically impact atherosclerotic plaque formation.
Objective: The generation of a novel atherosclerotic mouse model harboring a humanized
immune system with clonal hematopoiesis to investigate mutant human leukocytes and
inflammatory mediators in atherosclerotic plaque development.
Methodology:
The successful applicant will be integral in developing a unique humanized mouse model with
genome-engineered clonal hematopoiesis developing hyperlipidemia and atherosclerosis. You
will then study the impact of human CHIP mutant immune cell infiltrates and leukocyte-derived
inflammatory mediators on atherosclerotic plaque formation and composition and plasma lipid
parameters in detail.
You will gain in-depth experience in mouse handling, including:
• Xenotransplantation for the generation of a humanized immune and blood system
• Isolation and analysis of mouse and human tissues

•

Quantitative and qualitative analysis of atherosclerotic plaques and lipid parameters

Furthermore, you will have the opportunity to develop key in vitro skills, including:
• Isolation and culture of primary human hematopoietic cells (including HSCs)
• Isolation of primary mouse cells
• Polychromatic flow cytometry: analysis, sorting
• Molecular biology: PCR, qRT-PCR, ddPCR, molecular cloning, Western blotting,
Immunohistochmeistry, immunofluorescence
• CRISPR/Cas9 genome engineering of primary cells (knock-in and knock-out)
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Project Title: Establishment of autologous tumor models and definition
of new biomarkers at the extracellular vesicles level
Background:
Sarcomas are a heterogeneous, rare, and complex group of neoplasms of mesenchymal origin
whose diagnosis and resulting medical treatment are challenging. Metastatic sarcomas in
particular are often detectable late and rarely curable, so biomarkers are urgently sought1-4.
One group of sarcomas are translocation-associated sarcomas5,6 (TAS), which arise from
specific gene fusions. In our group, we were able to isolate extracellular vesicles (EVs) from
TAS and detect the fusion in released EVs. EVs play an important role in tumorigenesis,
metastasis, and immune surveillance7,8. Their biological role in the context of TAS has not yet
been fully elucidated and will be studied in detail in vitro and in vivo in this project. We assume,
that sarcoma cell-derived EVs force reprogramming of tumour-associated stroma to promote
tumour growth and metastasis and can be used as biomarkers to monitor the disease. The
aim is to investigate the tumorigenesis potential of EVs by using autologous derived patient
sarcoma models and patients samples.
Hypothesis and Objectives:
Tumor-derived EVs force reprogramming of tumor-associated stroma to promote tumor growth
and metastasis. Aim is to investigate the tumorigenesis potential of EVs by using autologous
derived patient sarcoma models. Translationally: EVs derived from fusion-translated sarcomas
will be identified in plasma of patients to investigate their biological and potential diagnostic
significance.
Methodology:
We will employ basic and advanced cell culture techniques, with an emphasis on primary cell
culture including isolation of cells by using human tumor dissociation technique and
immortalization of cancer associated fibroblasts by using hTERT technique. Furthermore,
established patient derived cell lines will be characterized in detail by using various well
established molecular biological methods (Western Blot, PCR, immunohistochemistry, flow
cytometry, STR analyses).
Release of EVs from cell culture models will be performed by using ultracentrifugation and/or
NanoView technology. Analyses for EV characterization will be done according to MISEV2018guidelines (Nanosight technology, flow cytometry, PCR, western blotting and NanoView). The
content of EVs will be further characterized in terms of specific RNA-fusion transcripts. Release
of EVs will be measured in complex in vitro models followed by xenograft mouse models. To
transfer the obtained results on a translational level, EVs and their content in plasma from
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sarcoma patients will be investigated by using NanoView technology. The proximity to the
clinic, the know-how of the comprehensive cancer centre and the available ethics application
(ethic 31,457ex18/19) enables the establishment of new sarcoma models/cell lines as well as
the investigation of plasma from sarcoma patients with regard to EV release.
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Project Title: Targeted Drug Delivery by an Iontronic Implant
for Tunable Chemoimmunotherapy

Background:
Chemo- and immunotherapy are two powerful therapeutic interventions to fight cancer.
However, synergetic effects between these two cancer therapies are largely hampered by the
fact that classical systemic chemotherapy not only targets tumor cells, but often interferes with
the alarmed immune system. To synergize these two therapeutic strategies, local
chemotherapy is a powerful tool to increase both cytotoxic effects in a confined target area and
to boost immunotherapy, while the systemic burden is kept low. This is especially of importance
for therapeutically exhausted cancer patients or those suffering cachexia, as they are either
resistant to- or cannot pursue classic anticancer treatment.
We have recently established, a worldwide unique, free-standing electronically controlled
device prototype for the long-time administration of the potent and immune-augmenting
chemotherapeutic gemcitabine (Gem)1 that will be further developed for an implantable and
remotely controllable local chemotherapy. Our next aim is now to establish an electrically
triggered implant based on this iontronic technology2 for the administration of
chemotherapeutic drugs into the immediate vicinity of in vivo tumors to achieve greater efficacy
than systemic drug application and reduce adverse effects. Furthermore, we aim to combine
iontronic therapy with immunological checkpoint inhibitors in an in vivo mouse flank tumor
xenograft model.
Objectives and hypothesis:
We aim to compose a tunable “multi-level” chemo-immuno-treatment regime. By developing a
personalized multi-level treatment tool for chemo-tuned immunotherapy, we aim to potentiate
the efficacy of both approaches and to reduce cytotoxic- and immune-related side effects. In
the long run we foresee an iontronic implant for finely-tunable, chronic chemoimmunotherapy
that can be used for treatment of therapeutically-exhausted patients.
The goal of this PhD thesis is to operate iontronic implants on tumors in the flank of mice. We
will focus on the evaluation of synergetic treatment of iontronic chemotherapy and
immunotherapy in Lewis lung carcinoma and pancreatic adenocarcinoma. This will comprise
the monitoring of in vivo pharmacodynamics and immune cell infiltration, cell viability, cell cycle
arrest, as well as tumor size and overall survival of mice.

Methodology:
The PhD student should be motivated to engage beyond the field of tumor biology and
immunology with project related sciences, such as Chemistry, (Bio) Physics and material
science. The work of the PhD student will include cell culture, animal experiments in rodents,
immunohistochemistry and imaging techniques, flow cytometry and sample preparation for
mass spectrometry. Prospective students should be able to plan experiments independently
and like to work in an interdisciplinary research team. Strength of the research team is intense
collaboration with leading laboratories ranging of organic chemistry, computer simulations to
clinical oncology. Experiments will be performed at the Division of Medical Physics and
Biophysics, and with collaboration partners within the Medical University of Graz.
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Project Title: Vascular autophagy in hypertension and
kidney disease

Background:
Human life expectancy has dramatically increased across the globe, significantly shifting the
demographic profile towards an elderly population. In our aging societies, vascular diseases
are the major cause of morbidity and mortality. Amongst these, hypertension is the leading risk
factor. Although a great majority of patients with hypertension receive regular pharmacological
therapies, only a third show controlled blood pressures. Thus, more efforts are needed to
achieve better management of hypertension. Autophagy, which is an essential process for
maintaining health by recycling damaged cellular components, is altered during vascular aging
and hypertension. However, whether autophagy is directly involved in blood pressure
regulation remains to be determined.
Hypothesis and Objectives:
We speculate that autophagy is required for vascular homeostasis. To test this hypothesis, we
will assess the vascular phenotype of genetically engineered mice that mimic human
hypertension and kidney diseases- these mice will have either enhanced or reduced
autophagy.
Methodology:
Mice lacking autophagy globally or specifically in vascular smooth muscle or endothelial cells
will be generated. Autophagy-deficient and WT mice will be subjected to hypertension and/or
vascular calcification using established models in the presence or absence of autophagy
inducers, like spermidine. Measurements of vascular calcification and autophagic flux will be
complemented by high-resolution micro-CT and computational 3D reconstruction analysis of
the vascular tree to visualize the heart, kidney, and their microcirculation. Vascular function
(wire myography) and remodeling (histology, gene/protein expression) will be analyzed.
Kidney function will be assessed by glomerular filtration rate (GFR) measurements, serum
urea and proteinuria. Cardiac phenotyping will include echocardiography, invasive
hemodynamics, as well as in vivo energy metabolism and polyamine flux using state-of-the art
metabolomics and fluxomics, respectively. The selected PhD candidate will closely work with
other fellows who will be recruited as part of the MedUniGraz first Flagship Project: Vascular
health in aging and disease (Vasc-Health). Additionally, the recruited PhD student will have
the opportunity to perform parts of the study abroad in close collaboration with renowned
international research groups.
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Project Title: Precision Medicine for People with Muco-Obstructive
Lung Diseases
Background:
In people with muco-obstructive lung diseases (pwMOLD), Cystic Fibrosis (CF) and Primary
Ciliary Dyskinesia (PCD) account for the most prevalent genetic etiologies. Chronic bacterial
and fungal infection, neutrophilic inflammation, and mucus in peripheral small airways account
for increased respiratory morbidity and mortality. We and others have extensively
characterized biomarkers of small airway dysfuncion in pwMOLD using novel lung-physiology
and imaging methods1,2. With the advent of precision medicine, i.e. modulator therapy for
specific CFTR gene mutations, lung function decline is attenuated and survival may increase
in people with CF. However, due to certain severe CFTR mutations, age restrictions and lack
of specific treatment for people with PCD, approximately half of the population of pwMOLD
worldwide are not eligible for modulators. Therefore, populations of pwMOLD currently
undergo a dramatic shift into an increased heterogeneity of modulated vs. naïve disease
endotypes. There is an urgent need to precisely characterize these heterogeneous disease
endotypes using novel biomarker development and implementation approaches. On the basis
of biomarkers that distinguish a given individual from other pwMOLD, effective and safe
treatments should be precisely targeted to the needs of individuals.
Hypothesis and Objectives:
Biomarker Implementation - Small airway dysfuncion quantified by the Lung Clearance Index
(LCI) from multiple-breath washout is an ideal candidate “treatable trait” for precise healthcare
decisions in pwMOLD 3. We aim to establish a study allocating pwMOLD to LCI guided vs.
traditional care. We hypothesize that LCI guided care improves important respiratory domains
in pwMOLD. We further hypothesize that this improvements exceed natural variability
thresholds.
Objective I: To develop clinical decision algorithms with or without LCI including public and
patient involvement (PPI).
Objective II: To develop the minimal clinically important difference in LCI using anchor based
methods by PPI.
Objective III: To assess the difference in structural, functional and clinical domains of the lungs
between pwMOLD undergoing LCI guided vs. traditional care in longitudinal analyses.
Biomarker Development – (i) Concurrent, (ii) discriminate, and (iii) predictive validity and (iv)
responsiveness are important clinimetric properties which need to be established during the
process of biomarker development. Our research institutes already have great experience and
established reliable lipidome4, microbiome, and neutrophilic marker protocols 5–7. We aim to
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apply a systematic multi-domain characterization using lipidomics, microbiome, and neutrophil
activity (elastase) in airway secretions, and lipidomics and elastase in peripheral blood 8,9.
Objective I: To assess the concurrent validity of lipidomics, microbiome, and elastase activity
according to structural and functional lung disease domains in pwMOLD in cross-sectional and
longitudinal analyses.
Objective II: To assess the discriminate validity of lipidomics, microbiome, and elastase activity
to differentiate between pwMOLD stratified by modulator treatment in cross-sectional
analyses.
Objective III: To assess the discriminate validity of lipidomics, microbiome, and elastase
activity to differentiate between pwMOLD undergoing LCI guided vs. traditional care in
longitudinal analyses.
Objective IV: To assess the predictive validity and responsiveness of lipidomics, microbiome,
and neutrophil activity to estimate the future risk of pulmonary exacerbations and response to
exacerbation treatment in pwMOLD in longitudinal analyses.
Methodology:
Study design: International, prospective, multi-center observational study with sampling and
testing embedded into clinical routine outpatient programs. Study sites: Graz, Zurich, and
Berlin. Backup site: Innsbruck. Sample size based on non-inferitority lung function thresholds.
Study duration: 3 years. Inclusion criteria: Established CF or PCD diagnoses, age > 4 years,
not listed for lung transplant, ability to adhere to the protocols. At baseline, random allocation
stratified by modulator treatment of pwMOLD to LCI-guided vs. traditional clinical care. Singleblinding of pwMOLD regarding the allocation of care programs. Clinical decision algorithm
based on individual baseline and change in LCI vs standard algorithms in accordance to
recommendations.
Assessments
Sampling is scheduled according to clinical routine care programs at all sites (Table 1).
Functional and structural magnetic resonance imaging of the lung, together with Univ. Basel
and Graz. Lung function tests: nitrogen multiple-breath washout and spirometry. Induced
sputum samples for biobanking in Graz and later longitudinal 16S rRNA gene profiles, i.e.
microbial diversity, and quantitative analyses together with BioTechMed Graz. Blood serum
samples for biobanking in Graz and later profiling of lipid mediators by liquid chromatography
coupled to tandem mass spectrometry for untargeted comprehensive lipidomics and targeted
biomarker panels together with the Core Facility Mass Spectrometry Graz. Symptom and
quality of life questionnaires.
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References
1.
Singer, F. et al. Lung clearance index predicts pulmonary exacerbations in individuals
with primary ciliary dyskinesia: A multicentre cohort study. Thorax 1–8 (2021)
doi:10.1136/thoraxjnl-2020-215504.
2.
Kurz, J. M. et al. Association of lung clearance index with survival in individuals with
cystic fibrosis. European Respiratory Journal 59, 2100432 (2022).
3.
Nyilas, S. et al. Physiological phenotyping of pediatric chronic obstructive airway
diseases. Journal of Applied Physiology 121, 324–332 (2016).
4.
Brandsma, J. et al. Lipid phenotyping of lung epithelial lining fluid in healthy human
volunteers. Metabolomics 14, (2018).
5.
Mahnert, A. et al. Man-made microbial resistances in built environments. Nature
Communications 10, 1–12 (2019).
6.
Warncke, G. et al. Volatile organic compounds, bacterial airway microbiome,
spirometry and exercise performance of patients after surgical repair of congenital
diaphragmatic hernia. Molecules 26, (2021).
7.
Kumpitsch, C., Koskinen, K., Schöpf, V. & Moissl-Eichinger, C. The microbiome of the
upper respiratory tract in health and disease. BMC Biology vol. 17 Preprint at
https://doi.org/10.1186/s12915-019-0703-z (2019).
8.
Kargl, J. et al. Neutrophils dominate the immune cell composition in non-small cell
lung cancer. Nature Communications 8, (2017).
9.
Haudum, C. W. et al. Cohort profile: ‘Biomarkers of Personalised Medicine’
(BioPersMed): a single-centre prospective observational cohort study in Graz/Austria
to evaluate novel biomarkers in cardiovascular and metabolic diseases. BMJ Open 12,
e058890 (2022).

Page 3 of 3

PI: Christian Wadsack Prof. Dr., Co-PI: Hanna Allerkamp, PhD
Department of Obstetrics and Gynecology, Research Lab

Project Title: Placental endothelial dysfunction in preeclampsia The role of the ion channel Piezo1 and its fine-tuning by fatty acids

Background:
Preeclampsia (PE) is a hypertensive pregnancy disorder and a leading cause for maternal and
perinatal death. Pathophysiologically, PE is thought to be evoked by impaired placental adaptation
of the uterine blood vessels to pregnancy, which creates oxidative stress in the placenta, leading
to the release of antiangiogenic and pro-inflammatory factors into the maternal circulation. While
placental endothelial dysfunction is well described in PE, the underlying mechanisms still remain
poorly understood and treatment options are limited (1).
Piezo1 is a mechanosensitive, Ca2+ permeable ion channel recently identified in the membrane of
endothelial cells (2). It is involved in important vascular functions such as mediating vasodilation
via nitric oxide, maintenance of the endothelial barrier, and vascular remodelling (3-5), all of which
can be impaired in PE placentae. Furthermore, Piezo1 seems to play a role in adaptation of the
utero-placental arteries to pregnancy (6), which were shown to change their reactivity to shear
stress and flow (7).
Because Piezo1 is embedded in the phospholipid bilayer of the cell membrane, the composition
of those lipids can fine-tune its function. It was shown that different fatty acids can be incorporated
into the cell membrane and subsequently change Piezo1 mechanical response (8). During
pregnancy, the maternal lipid metabolism adapts to the special metabolic needs. In PE, it was
already shown that the concentration of various fatty acids in the maternal serum is altered (9).
Furthermore, our lab already demonstrated that both, fatty acid availability and placental
metabolism, determine fatty acid availability in the fetal circulation (10). However, the involvement
of Piezo1 in placental endothelial function and possible regulating mechanisms via fatty acids in
PE have not been investigated yet.
Hypothesis and Objectives:
We hypothesise that Piezo1 is a key player interlinking the placental lipid environment with
endothelial function in normal and PE pregnancies. We aim to investigate the influence of the fatty
acid profiles in normal and PE human pregnancies as well as the placental fatty acid transfer on
placental endothelial cells. Subsequently, we aim to link these findings to Piezo1 regulated
endothelial function. We expect that differences in fatty acid profiles will change endothelial cell
membrane characteristics and thereby alter Piezo1 response in PE.
Methodology:
Placental tissue from normal and PE pregnancies will be collected at term after delivery. Lipid
profiles will be characterized by lipidomics in a) maternal blood, b) cord blood, and c) the
membrane fraction of isolated primary placental endothelial cells. These cells are isolated and
collected on an ongoing basis and well established in our lab. To investigate fatty acid transfer of

candidate targets shown to influence Piezo1 regulation, ex vivo placental perfusion of normal and
PE term placentae will be conducted. This technique allows investigation of placental fatty acid
transfer, uptake and metabolism and has already been established in normal placentae in our lab
(10).
Results will be used to inform subsequent in vitro assays using primary placental endothelial cells
to investigate a) membrane properties (e.g. bending stiffness by atomic force microscopy), b) fatty
acid influence on mechanically mediated Piezo1 regulation (e.g. calcium influx and channel activity
by microfluidics and patch-clamping) and c) Piezo1 downstream functions (e.g. angiogenesis,
nitric oxide production, and endothelial barrier integrity). Fatty acid and Piezo1 influence on
placental chorionic artery reactivity will be investigated by myography.
Overall, this will provide a comprehensive characterization of the involvement of Piezo1 in
placental endothelial dysfunction in PE and its fine-tuning via fatty acids. The general role of
Piezo1 in the placental endothelium and other possible regulatory mechanisms are currently
investigated in an ongoing project in our group, so that both projects will complement each other
and thereby help to identify new treatment possibilities for PE in the future.
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Project Title: The role of RAS-signaling aberrations in the development of
myeloid sarcoma
Background:
Acute myeloid leukemia (AML) is an aggressive hematopoietic malignancy caused by the
malignant transformation of hematopoietic stem and progenitor cells. Myeloid sarcoma (MS) is
a subtype of acute myeloid leukemia (AML), in which leukemic cells invade extramedullary
tissues and form solid tumors. MS may manifest as an isolated event or with concomitant
involvement of leukemic bone marrow (BM), the latter affecting up to 20% to 30% of all AML
cases. MS may occur at any point during the disease course, and almost every site of the body
can be affected. Very frequently, the clearing of extramedullary leukemic blasts by conventional
chemotherapy and allogeneic hematopoietic stem cell transplantation is insufficient.
Consequently, residual leukemic cells in MS sites frequently cause systemic AML relapses.
Deciphering the mechanisms behind the tissue infiltration of leukemic blasts will increase our
knowledge about the formation of MS and enable the design of novel therapeutic approaches for
AML in general.
Recently, next-generation sequencing and transcriptomic analyses shed more light on the
molecular landscape of MS and revealed an enrichment of aberrations within the RASsignaling cascades. However, validation in larger patient cohorts is missing, and these lesions’
functional relevance of these lesions in the tissue invasion of leukemic cells and MS formation
is largely unexplored.
Hypothesis and Objectives:
Based on previous data from our group, we hypothesize that the tissue invasion of leukemic
cells and MS formation is caused by aberrations affecting the RAS-signaling cascades.1,2 The
knowledge gained in this thesis will help to pave the way for the development of targeted
treatment approaches for this AML subtype.
Methodology:
Within preliminary experiments of this project, we have already identified enrichment of RASsignaling mutations in a cohort of primary MS specimens. We will validate these data by
analyzing a larger collection of primary human MS specimens from the MedUni Graz Leukemia
Biobank with targeted next-generation sequencing covering more than 40 leukemia-relevant
genes. This panel will also detect mutations in NRAS and KRAS, as well as in a series of RASsignaling genes.1 This project will be performed in the course of international collaboration
within the TRANSCAN-3 ERA-NET program, allowing us to extend these data by whole
genome-wide sequencing and transcriptomic analyses within these samples. We will use these
large-scale mutational and expression data to comprehensively analyze signaling-related
genes and strengthen a potential correlation with aberrant RAS signaling.

In the second part of this thesis, we will delineate the functional relevance of these aberrations
by employing state-of-the-art functional MS assays in leukemic cell lines and primary MS
patient specimens. This approach will enable us to decipher the role of aberrant intracellular
signaling in MS pathogenesis. In addition, we will create the basis for the development and
preclinical testing of targeted therapeutic approaches. In more detail, this project phase will
initially focus on creating RAS-signaling aberrations in AML cell lines and primary
hematopoietic cells. We have already created an isogenic AML cell line model carrying the most
prevalent NRASG12D mutation by CRISPR/Cas9 knock-in technologies. The PhD student will
use this technique to engineer additional RAS-signaling aberrations in AML cell lines and
healthy CD34+ hematopoietic stem and progenitor cells. Subsequently, she/he will study the
effects of these aberrations on leukemic tissue infiltration in state-of-the-art in-vitro and in-vivo
approaches. This will include in-vitro invasion and migration assays and the in vivo
chorioallantoic membrane (CAM) model, which was successfully established in our laboratory
and allows functional characterization of specific genetic lesions in the process of MS
formation.2 Although the CAM assay is not routinely used for engraftment assays of myeloid
leukemias, it represents an ideal tool for testing the tissue infiltration of malignant cells. This is
because leukemic cells can be placed externally on the CAM in a ring, and the invasion and
migration into the CAM can be ideally assessed.
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