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Genetic studies have greatly expanded our knowledge of genetic variants underlying liver 
diseases and related complex traits. Forty years since the first discovery of the gene defect 
in cystic fibrosis, genetic research has further unraveled the pathogenesis of liver diseases 
and provided the potential of personalized medical care for liver disease patients.1 

Metabolic Associated Fatty Liver Disease (MAFLD), also known as non-alcoholic fatty liver 
disease (NAFLD), is a well-known metabolic disorder with a multifactorial pathogenesis. 
It has a substantial genetic component with heritability estimated between 20% and 
70%, depending on ethnicity, study design, environmental factors and the methodology 
used for MAFLD characterization.2,3 Our understanding of the genetic underpinnings of 
MAFLD susceptibility and disease progression has exponentially increased over the past 
few years. Currently, several genes have been robustly associated with the susceptibility 
of MAFLD, including PNPLA3, TM6SF2, GCKR, MBOAT7 and HSD17B13, all identified using 
agnostic, genome-wide association study (GWAS).4 Due to the invasiveness and sampling 
variability of histological diagnosis of MAFLD, these GWAS were performed on cohorts of 
limited sample size, or by using a surrogate, non-histological characterization of MAFLD. A 
more complete understanding of the genetic contributors to MAFLD might allow clinical 
translational insights enabling both drug development and drug repurposing, as well as 
personalized medicine.

Unlike MAFLD, the research into genetic risk associations in the field of liver 
transplantation is still in its infancy. The genetic studies conducted in the setting of 
liver transplantation were mainly focused on human leukocyte antigen (HLA) complex 
matching of donor to recipient. Differences between donor and recipient can encompass 
between 3.5 million and 10 million genetic variants and epigenetic variation, depending 
on ethnicity and geographical region.5 Compared to the large number of genetic variants 
known to be associated with transplant outcomes in renal transplantation, the knowledge 
on genetic variation associated with liver transplantation outcomes is limited. Considering 
the current situation of liver donor shortage, the pre-transplant genetic analysis of donors 
and identification of liver transplant patients who are at increased genetic risk of negative 
outcomes, would potentially enable targeted post-transplant monitoring and personalized 
adaptation of immunosuppressive therapy to improve patient outcomes.5 

In addition to genetic studies, the emerging exposome research frameworks are poised 
to enable the systematic analysis of nongenetic factors involved in liver diseases.6 Three 
major risk factors, i.e. alcohol use, obesity, and genetic heritability, are associated with 
the development of MAFLD.7 In addition to these risks, the gut-liver axis - a network of 
interactions between liver, immune system, autonomic nervous system, and human gut 
microbiota - has been implicated in complex liver diseases including MAFLD and other 
liver disorders.8,9 Thus, the understanding of how the taxonomic, functional and metabolic 

features of the gut microbiome interact with its host can provide new insights into biology 
of complex liver diseases, facilitate the identification of novel therapeutic targets, and 
allow for development of new diagnostic models. 10

The aim of my thesis was to investigate the genetic risk factors of MAFLD and complications 
after liver transplantation and to explore the role of the gut-liver axis in the context of 
liver transplantation. I have investigated these aims by using two large, publicly available 
datasets (the UK Biobank and the TransplantLines Biobank), and have replicated my results 
in the Lifelines cohort and the MiBioGen consortium. 

Transplant-omics in solid organ transplantation
The recent advances in genetics have led to improvements in the understanding of 
outcomes after solid organ transplantation, with a special focus on GWAS. In chapter 2, 
I summarized the current GWASs on solid organ transplantation with different post-
transplantation outcomes. I foresee that in the future, a personalized treatment enhanced 
by the genetic background of the donor and recipient will increase the long-term quality of 
life post-transplantation. This aim can be reached by integrating the knowledge obtained 
from the current GWASs on solid organ transplantation with the translational steps in 
post-GWAS analyses that are currently being undertaken. 

The ‘transplant-omics’11 is a recently introduced approach in the field of transplantation, 
which aims to synthesize the knowledge acquired from genomics, proteomics, 
transcriptomics, metabolomics and other -omics approaches. For example, a study 
combining proteomics and metabolomics to delineate which key cellular processes 
are perturbed in the kidney after brain death.12 I propose that such a broad approach is 
essential for the discovery of novel drug targets, repositioning of existing drugs, and 
development of interventional treatments in the field of solid organ transplantation.

Donor-recipient genetics and outcomes of liver transplantation
An inevitable consequence of liver transplantation is that the recipient acquires potential 
genetic risk factors from the donor, which may play a role in postoperative outcomes. 
I used a single-center, donor genotyped, liver transplant cohort, including 1085 liver 
transplant procedures, to identify environmental risk factors (chapter 3) as well as donor-
introduced genetic risk for postoperative thrombosis (chapter 4). In chapter 3, donor 
history of smoking, as an independent risk factor, was found to be associated with early 
postoperative thrombosis, implying the environmental and individual risk for the outcome 
of liver transplantation. 
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Next, I concentrated on identification of potential donor gene polymorphisms on the 
risk of post-transplantation thrombosis. I identified that the genetic composition of the  
donor liver does contribute to the post-operative thrombosis, possibly because the 
heritable disorders of coagulation in the donor are also transplanted into the recipient. 
In chapter 4, I performed a GWAS on the largest donor-genotyped cohort in the liver 
transplantation field, with the outcome of post-transplant thrombosis, including hepatic 
artery thrombosis and portal vein thrombosis. From my results, previously reported 
thrombophilia risk loci identified in liver donors did not increase thrombosis risk in our 
cohort of liver transplant recipients, which suggests that it may not be necessary to exclude 
liver donors solely based on thrombosis-susceptible polymorphisms. Two candidate 
risk loci (AK4 and RGS5) were identified to be newly associated with early postoperative 
thrombosis through downstream prioritization strategies. Even though these GWAS loci 
typically have small effect sizes and explain only a modest proportion of trait heritability, 
these associations still provide clues into the nature of thrombosis susceptibility, but 
should be further investigated.13,14

I followed up this study by investigating the effect of mismatch in HLA and non-HLA 
genetic variants between the donor and recipient on the development of acute graft 
rejection (chapter 5). This study is, to the best of my knowledge, the first to unveil genetic 
mismatches of donor-recipient mismatches for acute rejection after liver transplantation 
in a large, well-phenotyped and genotyped liver transplant cohort. By the evaluation 
of serological equivalent HLA type and HLA genotyping results, I found that non-HLA 
mismatch burden, but not an increased HLA genetic mismatch between liver donors and 
recipients is a significant predictor of acute cellular rejection, suggesting that the high 
donor-recipient genetic mismatch burden and possibly specific genetic risk variants may 
lead to the development of allograft rejection and ultimately effect long-term liver graft 
patency. I also found that in a small subset of living-related donor liver transplantation 
pairs, a lower HLA mismatch and non-HLA mismatch burden was found, as well as a lower 
incidence of acute cellular rejection. This further suggests that genetic non-HLA mismatch 
burden is associated with clinically relevant liver graft rejection. Our results suggest 
that identification and quantification of non-HLA genetic mismatch between donor and 
recipient could potentially reduce liver allograft rejection and enable patient-tailored 
post-transplantation immunosuppression regimens.

Gut microbiome and solid organ transplantation
To obtain a more complete picture of the role of the gut microbiome in solid organ 
transplantation, I performed an extensive investigation of the microbiome profile in liver 
and kidney transplantation patients using the TransplantLines Biobank with metagenomic 
sequencing, with the controls from the Dutch Microbiome Project (DMP) (chapter 6). I 
found that the transplant recipients suffer from gut dysbiosis characterized by the reduced 

microbial diversity, increased abundance of opportunistic pathogens, and increased 
prevalence of antibiotic resistant genes and virulence factors, which persists up to 20 years 
post-transplantation. The transplant recipients with lower microbiome diversity showed, 
higher mortality after transplantation when compared to high-diversity individuals. This 
result was consistent with a recent study of hematopoietic stem cell transplantation, 
implying that a lower diversity of the intestinal microbiota at engraftment could 
be an independent predictor of overall recipient mortality. This association is more 
observed in liver transplantation recipients, which could be explained in part by higher 
transplantation-related mortality. Still, independent cohorts of transplantation are 
required to validate this finding and establish the biology of this phenomenon. For 
instance, the iGeneTRAiN consortium (www.igenetrain.org) is built up as a biobank of 
large consortia and aims to combine multiple international solid organ transplantation 
cohorts with their corresponding phenotypic data, to discover and validate multi-layer 
contributors to transplant outcomes.15 

Genomics in metabolic associated fatty liver disease
Finally, I performed a large-scale GWAS investigating the genetics architecture of MAFLD, 
with the disease defined by using MRI determined proton density fat fraction (MRI-PDFF) 
and Fatty Liver Index (FLI) (chapter 7). The GWASs showed that commonly known MAFLD 
risk loci (PNPLA3 and MAU2/TM6SF2) have an opposite allelic direction between MRI-
PDFF and FLI, suggesting the difference between hepatic lipid assessment and plasma 
lipoprotein function in MAFLD (chapter 7). It should be noted, that although MRI-PDFF is 
currently the most accurate method to diagnose MAFLD, phenotyping using FLI is more 
manageable in clinics/large scale studies with potentially increased statistical power 
for GWAS. In that chapter, I showed the differences in GWASs of the most solid MAFLD 
phenotype with lower statistical power vs. poorer MAFLD phenotype with high statistical 
power, both leading to a complemental genetic analysis. However, the genetic architecture 
between hepatic lipid accumulation and plasma lipoprotein function in MAFLD still needs 
to be investigated in disease course monitoring. 

Lessons learnt from my studies

In this chapter, I will expand on several discussion points that I needed to overcome when 
performing the studies from my thesis. I also discuss my perspectives on how to further 
improve our knowledge of liver related genetic research and on how results from genetic 
studies could be applied to improve patient care in liver disease through diagnostics  
and treatment.

http://www.igenetrain.org/
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1. Knowledge of genetics contributes to the understanding of 
liver diseases

Complex liver diseases such as MAFLD are believed to be multifactorial with a substantial 
genetic component.1 With the identification of potential underlying genetic contributors, 
liver diseases might be reclassified in their pre-stage (before clinical manifestation). One 
representative example of a major genetic determinant in fatty liver and steatohepatitis, 
as well as the progression to fibrosis, cirrhosis and hepatocellular cancer is PNPLA3. 
The p.I148M variant causes 70% higher hepatic lipid content and a 3-fold higher risk of 
developing necroinflammation and fibrosis.16 In chapter 7, I use GWAS to investigate the 
genetic mechanism behind two MAFLD phenotypes of MRI-PDFF and FLI, which could 
improve our understanding of the interindividual pathophysiological variability of MAFLD.

2. Biobank and disease cohorts facilitate genetic studies

GWAS are designed and powered to detect associations between genotyped or imputed 
common variants and complex traits as an agnostic approach. In this thesis, I performed 
two GWAS studies (chapter 4, chapter 7), one for a liver transplantation cohort with a 
relatively small sample size, and the other using a large-scale population-based cohort (UK 
Biobank). Many GWASs are limited by the small size of their cohorts, leading to insufficient 
statistical power.17 Ideally, cohort sizes should be fitted to the disease that is investigated 
and the outcome of interest, as assumptions regarding disease prevalence, inheritance 
models and effect sizes will vary.18 In chapter 4, even though hepatic artery thrombosis 
or portal vein thrombosis after liver transplantation occur in approximately 2-6% of liver 
transplant recipients, our study is the first and the largest to date. The solution to this issue 
is multicenter collaboration, with meta-analyses between the different GWAS employed 
to increase the statistical power. Currently the number of genotyped individuals grows 
exponentially, through major biobanking efforts like the UK Biobank, 23andme and 
Lifelines, providing a powerful and ever-growing resource for genetic studies of complex 
disease. In addition, large multiethnic cohort efforts, such as the 1000 genomes projects, 
Hapmap, WTCCC1 and GenomeAsia100K, will increase the reliability of  genetic association 
studies and provide replication cohorts for multi-ethnical studies.19 

3. Post-GWAS analyses improve understanding of genetic 
associations

GWAS have been very successful in identifying plenty of robust variant-trait associations. 
Even if GWAS loci typically have small effect sizes and explain only a modest proportion 
of trait heritability, these associations still provide clues into the nature of the disease 

susceptibility, but should be further investigated to unearth the biological mechanisms 
of the disease.14 Technological advances which enable the sequencing of entire genomes 
in large sample size cohorts, at affordable prices, are likely to generate further insights 
into genes, pathways, and biological mechanisms, as well as to identify causal mutations. 
Most of GWAS findings have shown that the majority of disease-associated variants lie in 
non-coding regions of the genome, and expression quantitative trait loci (eQTL) detection 
is helpful in explaining the biology behind these GWAS results by investigating the 
associations between gene expression and genetic variants. The public resources like GTEx, 
which include measurements of gene expression levels in diverse tissues in hundreds of 
individuals, could be helpful in connecting the genetic trait with the disease pathogenesis. 

In addition to focusing on variants affecting gene expression, prioritizing the genetic 
variants by biological plausibility is also a very important step for the identification of 
pathogenic variants. In chapter 4, I combined the annotations of eQTLs, disease biology, 
enriched pathways, and known drug targets to highlight the more likely functional variants 
which could cause postoperative thrombosis. While there are numerous examples of GWAS 
genes that can be plausibly linked to the biology of studied traits, the combination of these 
proofs can be used to prioritize the “core-genes” for follow-up in mechanistic investigation. 
In that chapter, I also combined the disease-associated variants into a polygenic risk 
score (PRS) to generate a more informative method to capture the susceptibility of 
postoperative thrombosis. Despite methodological concerns about construction, content, 
and criterion validity of PRS, many studies have shown that PRS can predict disease 
status in case-control studies.20 In my opinion, although these studies are mostly in the 
realm of academic research, genetic testing and diagnostics have the potential to improve 
diagnostics and personalized treatment for future clinical practice.

4. Studies of environmental factors add value in unveiling 
disease mechanisms

Liver transplantation outcomes are also likely to result from a combination of 
environmental and genetic factors. To identify the environmental, clinical, and genetic 
risk factors for the outcomes of liver transplantation, in chapter 3, I incorporated the 
phenotypic factors of liver transplantation including the individual data of transplantation 
recipients with their paired donors and the surgical related factors. I found that donor 
history of smoking conveys a more than two-fold increased risk of thrombosis after liver 
transplantation, implying a hint of the importance of exposome risk factors in addition to 
genetic risk alone. 
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Intestinal dysbiosis, has been found in patients with cirrhosis and liver fibrosis and could 
be caused by gut barrier dysfunction and systemic immunologic dysfunction.9,21 In chapter 
6, I investigated an extensive microbiome profile of patients from pre-transplantation 
up to 20-years post-transplantation using the prospective TransplantLines biobank and 
cohort study. A lower diversity of post-liver transplantation recipients is found to be 
associated with a lower patient survival rate, which suggests that microbiome markers 
could be a potential predictor of the liver transplant outcome.22,23 Meanwhile, this study 
may provide hints of complex interactions between immunosuppressive therapy and the 
gut microbiome, which may contribute to the observed dysbiosis post-transplantation. 
The side effects of immunosuppressive drugs can be severe, including an increased risk of 
opportunistic infections and new onset diabetes, which is associated with a decreased life 
expectancy of transplant recipients.24 

Perspectives: future of genetic research in the field of liver 
disease

The ability to map the human genome has revolutionized our ability to explore the 
genetic origins of liver diseases and related complex traits, even though the predictive 
power of genetic risk for liver disease remains limited.6 Technological advances, such as 
next generation sequencing, have led to a rapid increase of data coming from different 
molecular levels. Given these developments, and the potential benefits of genomic 
knowledge for patients with complex liver diseases, here I want to discuss my view on the 
future implementation of genetic-based liver disease research.

1. Multidiscipline collaboration and databases help genetic 
research

The hypothesis of ‘multiple-hits’ considers multiple risk factors acting together on 
genetically predisposed individuals to induce MAFLD. The pathogenesis of MAFLD 
includes insulin resistance, nutritional factors, gut microbiota and genetic factors.25 
Emerging exposome research frameworks are poised to enable the systematic analysis 
of non-genetic factors involved in diseases, which could complement the relatively 
limited genetic components.26 In my opinion, a well-established, large and extensively 
phenotyped patient cohort is essential to be able to identify the environmental factors that 
in combination with genetic factors lead to patient outcomes. An example of such a cohort 
is the Lifelines cohort. The Lifelines cohort is a prospective, population-based cohort study 
of 167,729 individuals living in the North of the Netherlands. This cohort collects hundreds 
of lifestyle, environment, health and disease related factors and phenotypes, which is 

important when investigating the genetic heritability and external factors of liver diseases 
or hepatic related traits.27 The other studied cohort, TransplantLines, is designed as a 
biobank and cohort study, includes solid organ transplant recipients as well as living organ 
donors within the University Medical Center Groningen. In addition to the extensively 
collected data on phenotypes and genetic data, Transplantlines collects fecal microbiome 
sequencing data allowing for investigation of interactions of these data layers to transplant 
outcomes.28 These well-phenotyped biobanks with multi-layer data can provide the data 
necessary to investigate the role of genetics, either alone or combined with environmental 
factors, in association with the risk of liver diseases. 

In this thesis, I performed GWAS in two different study cohorts, one of which is a specific 
transplantation patient cohort, and the other is a large-scale population-based cohort. In 
my opinion, an important method to increase study power and clinical implementation 
is data sharing, even though genotypic data is commonly restricted because of privacy 
policies. Meta-analysis approaches can also be employed to increase the statistical power. 
For example, public databases such as the GWAS Catalog29 allow for sharing of summary 
statistics and facilitate collaboration between research groups, as well as the re-use 
of GWAS data for meta-analyses studies and replication datasets. Large biobanks like 
Lifelines and UK Biobank are now becoming increasingly common, and this increase in 
available data will enable the detection of novel genetic variants, e.g. rare and small effect 
variants. In my study, two novel candidate loci (CREB3L1 and GCM1) were identified based 
on the largest study cohort of MRI-PDFF, highlighting the importance of establishing large-
scale disease cohorts. In the transplantation field, with the costs of genetic technology and 
associated expertise decreasing rapidly, more and more collaborative initiatives are being 
established to facilitate the collaborations. An example of such a collaborative initiative 
is iGeneTRAiN, a transplantation network, which combines genomic data from multiple 
international solid organ transplant recipient cohorts with their corresponding phenotypic 
data to provide data for discovery and validation of genetic contributors to transplant 
outcomes.15 

2. Translation of genetic associations to mechanisms of liver 
disease

While GWAS performed on large cohorts allow for identification of genetic variants 
associated with diseases, these studies do not allow for analysis of causality or biological 
mechanisms underpinning these genetic risks. One option in overcoming this limitation 
is to establish functional follow-up studies. For example, Crispr-cas9 technique, which has 
proven to be valuable for genome editing through altering of a single base-pair of interest. 
This technique can enable the assessment of effects of genetic variants on transcriptome, 
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proteome and cell morphology. This use of Crispr-cas9 is already well-studied in 
investigation of drug resistance and recurrence of cancer patients.30 For instance, Crispr-
cas9 library screening identified that PHGDH is a critical driver for Sorafenib resistance in 
advanced hepatocellular carcinoma, suggesting the therapeutic potential of modifying 
DNA sequences as precision medicine method in follow-up GWAS investigation.31 Another 
recent development in functional studies is an experimental liver model named “liver-on-
chip”, an vitro model including the liver sinusoid, liver lobule and zonation in the lobule to 
mimic liver functions. 32,33 This liver-on-chip model represents a promising tool for tissue 
engineering and drug screening applications, and has been considered as a promising 
method to validate genetic findings.

While the experimental validation of GWAS results is often time and resource intensive, 
it provides an essential step in furthering understanding of biology of GWAS findings and 
assessment of causality. In this thesis, I also tried to identify the cause-effect relationship 
between the candidate loci and studied phenotypes. As demonstrated in chapters 4 
and 7, several of methods such as Mendelian Randomization, PRS and eQTL detection 
were combined in post-GWAS analysis to enrich biological insight of GWAS, could help 
prioritize the candidate genes for further studies. For instance, mendelian randomization 
is a mathematical method, using genetic variants as instrumental variables to estimate 
whether an exposure is causally related to a disease or trait. It relies on well-established 
GWAS statistics, and performs better if replication data is available, so its application is 
still limited in transplantation studies where large, well-phenotyped cohorts are scarce.

3. Translation of GWAS findings into clinical practice

It is important to be aware of the limitations of the current genetic studies before the 
results of these studies can be translated into the clinical practice. A challenge in forming 
relevant translational research is that GWAS could identify associations of liver diease, but 
do not determine the causality of these associations.14 While we are still in an early stage of 
the implementation of genetic findings as therapeutic option, there is still a great potential 
for its application in clinical practice. For example, in development of therapeutic drugs 
for non-alcoholic steatohepatitis, genetic findings (i.e FXR, THRβ, SCD, ASK1, PPAR, CCR2/
CCR5) have been used for development of multiple, targeted drugs (Ocaliva, Resmetirom, 
Aramchol, Selonsertib, MSDC-0602K, Elafibranor and Cenicriviroc).34 Of these, obeticholic 
acid (OCA) has currently been approved for the treatment of non-alcoholic steatohepatitis 
after a successful phase 3 clinical trial. Unfortunately, the majority of GWAS hits fall 
into non-coding regions or genes that are challenging to target with pharmaceutical 
drugs.35,36 Thus, in my opinion, combination of GWAS and prioritization strategies in post-
GWAS analyses might give more potential to repurpose existing drugs for different liver 

disorders. Pharmaceutical knowledge resources, such as the public DrugBank database, 
provides comprehensive drug target information (chapter 4). Since the genes from known 
drug targets that usually have a large effect on the corresponding disease phenotype, 
repurposing of existing drugs could provide a more efficient means of investigating the 
targeted genes with non-discovery mechanism in GWAS results.37 

Drug dosing advices for guiding therapy based on genetic information is nowadays 
available. The “pharmacogenetic passport” of inflammatory bowel disease has 
been established within our research group to predict both thiopurine toxicity and 
immunogenicity of TNFα-antagonists.38 Regarding the clinical implementation of genetic 
studies in the transplantation field, an assumption of “donor genetic passport”, based on 
personal genomic profiles, could be implemented in the liver transplantation to assist in 
matching donor organ with recipients and reduce the postoperative complications. 

Regarding to the molecular diagnostics, new high-throughput methods are being 
implemented in liver diseases as well. It allows the identification of susceptibility genes 
to complex liver diseases through mapping of quantitative trait loci in the context 
of gene expression, proteins and metabolites.39 A study combining RNA sequencing, 
miRNA sequencing and methylation data was developed to predict hepatocellular 
carcinoma patient survival.40 In my opinion, the integration of the metabolome (i.e. lipid 
measurement), microbiome (i.e taxonomy of gut bacteria) and genome from known GWAS 
findings would help obtain more insight into MAFLD pathophysiology. While most of the 
multidimensional omics measurements have been conducted in mouse models to date, 
there will be sufficient space for capturing the multiple players that are involved in the 
pathogenesis of MAFLD.41,42 

4. Change of perspective: the genetic research is a start, not the end

GWAS have successfully mapped thousands of loci associated with complex traits, however, 
the majority of disease-associated loci lie in non-coding regions of the genome. It’s unclear 
which genes they regulate and in which cell types or physiological contexts this regulation 
occurs.43 That is the reason why more liver studies start combining RNA sequencing 
into GWAS as the subsequent studies to investigate mRNA processing in the cellular 
pathways.44 “Multi-omics” studies, including proteomics, epigenomics, transcriptomics, 
metabolomics, lipidomics and glycomics, have proved invaluable in the interpretation of 
GWAS results and the modeling of biologic networks by combining genetics with other 
data layers.45
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 For instance in MAFLD research, even for genetic variants that have been robustly 
recognized from a large population cohort, omics investigations on the molecular 
pathobiology at the cellular, tissue and system levels produce a more comprehensive 
biochemical snapshot.42 Besides, gut dysbiosis has been repeatedly observed in MAFLD 
and other metabolic diseases, which has an evidence of a causal role of gut microbiota 
in disease development by animal studies and fecal transplantation experiments.46 
To understand the mechanisms of joint functions, omics studies in MAFLD remain to 
be validated in multiple, large, heterogeneous and independent cohorts, both cross-
sectionally as well as prospectively.

In addition, such multi-omics approaches in transplantation has been coined 
‘transplant-omics’.47 In chapter 6, I investigate the microbial characteristics in different 
immunosuppressive users post-transplantation. A similar effect on the gut microbiomes in 
prednisolone and mycophenolic acid users was observed: three species which are typically 
involved in the production of short chain fatty acids (SCFAs), are significantly decreased in 
their relative abundance. Correspondingly, they also exhibit a decrease in the metabolic 
pathways responsible for pyruvate (the main precursor of SCFA-acetate) fermentation. The 
targeted metabolomics could be helpful in further detecting potential metabolite panels 
with the immunosuppressive drugs related to graft injuries. 

In my thesis, the genetic analysis of liver transplantation has started with an investigation 
of the association of donor genetics with post-liver transplantation outcomes. More 
common complications such as biliary complications (up to 30% of liver recipients), are 
of interest within our research group. Since genetic variants and mutations in bile salt 
transporters influence the formation and composition of bile48, after further genetic 
investigations, we might be able to identify whether genetic variations possibly associate 
with increased susceptibility to development of bile duct injury after liver transplantation. 
Finally, I learned that whatever the genetic study design, biological research should 
originate from clinical questions, which will highly increase the clinical implementation 
of genetic findings. To accelerate translation of liver research findings into clinical 
care, biomedical science requires partnerships between basic wet lab researchers, 
computational biologists, statisticians, clinical researchers and clinicians.
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