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Description
Background: Patients with end-stage liver disease, also known as cirrhosis, are highly susceptible to a number of
severe and even lethal complications, resulting in a markedly reduced life expectancy. (1) This makes cirrhosis the
th
10 most common cause of death in the western world. The gut microbiome is severely altered in liver cirrhosis (2)
and we have recently shown that, besides disease severity and etiology, drug intake and inflammation are important
influencing factors of microbiome composition in cirrhosis. (3, 4) On the one hand, altered gut microbiome composition
has been linked to progression of liver disease and the development of complications via increased gut permeability,
bacterial translocation and inflammation. (2, 5-7) We could identify proton pump inhibitor induced dysbiosis in liver
cirrhosis as a major culprit in the development of complications and death. (4) On the other hand, modulation of the
gut microbiome with probiotics can result in improvement of liver function (7) but conditions for response need to
be defined and optimized. This leads to the notion that understanding changes in gut microbiome composition and
function, especially in reaction to drugs, leads to a better understanding of the pathophysiology of the disease and
that the gut microbiome serves as a novel therapeutic target in liver cirrhosis.
Hypothesis and Objectives:
We hypothesize that the interplay between drugs and the gut microbiome in liver cirrhosis is the key to understand
pathophysiology of complications and to the development of novel therapeutic concepts.
The hypothesis will be tested by two approaches:
1. In-silico part: To study, whether the clinical benefit of drugs, such as probiotics, can be predicted, multi-omics
datasets will be analysed with advanced bioinformatics methods including artificial intelligence. To achieve this
aim, the PhD candidate will do multi-omics analyses on exsisting large datasets of patients with liver cirrhosis
who were treated with probiotics or placebo by combining gut microbiome data with metabolomics data from
urine and a large number of serum and fecal biomarkers. The results of this project part will lead to the identification of a panel of biomarker that predict response to probiotics.
2. In-vitro part: The pathophysiological basis of beneficial or detrimental effects of different drugs on the microbiome
in cirrhosis will be studied in gut microbiome and gut barrier in-vitro models. The PhD candidate will test probiotic
bacteria and target bacteria of dysbiosis that are identified in the in-silico part of the project in anaerobic bacterial
cocultures and in a microbiome bioreactor model, to understand how drugs modulate the composition of the
micrbiome. The PhD candidate will further study the effect of bacterial metabolites on gut barrier function and
inflammation in cell culture experiments.
Methodology:
The PhD student will use advanced biostatistical and bioinformatics methods to analyze microbiome sequencing data,
metabolomics data and biomarkers of inflammation and gut barrier dysfunction (e.g. principal component analysis,
redundancy analysis, ANCOM, LEfSe, random forrest, LASSO regression XGBoost and many more). Knowledge
on some of these methods and basics in R will be necessary for this project part. Additionally, the PhD candidate
will use different bacterial culture techniques under anaerobic conditions, cell culture models of the gut barrier and
inflammatory cells and methods to study gut barrier integrity (TEER, Ussing chamber), as well as standard molecular
biology techniques (qPCR, Western blot, ELISA, immunofluorescence etc.), to understand the interplay between
probiotics and the host microbiome.
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