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1. Global Burden of Liver Disease

Liver disease accounts for approximately two million deaths per year worldwide, including 
cirrhosis as the 11th leading cause of death globally and liver cancer as the 16th leading 
cause of death currently.1 Approximately 383,000 patients die from liver cancer every 
year in China, which accounts for 51% of the worldwide deaths from liver cancer.2 The 
progressing and increasing profile of liver disease in Europe, which has the largest burden 
of liver disease in the world, is also a concerning issue.3 Differences in demographics, 
geography, and historical factors need to be considered when trying to understand the 
variance in liver disease risk factors, morbidity and mortality, as well as when trying to 
device interventions that best reduce the burden of liver disease.

Non-alcoholic fatty liver disease (NAFLD) is an increasingly prevalent liver disease 
worldwide, with an estimated prevalence of 25.2%.4 Recently, a consensus-driven change 
in nomenclature from NAFLD to metabolic (dysfunction) associated fatty liver disease 
(MAFLD) has been proposed, due to the increasing current knowledge on fatty liver disease 
in which metabolic dysfunction is essential.5 The precise pathophysiological mechanisms 
underlying the development of NAFLD are not fully clarified, but multifactorial 
contributors including environmental factors (diet, lifestyle, physical activity), central 
obesity, insulin resistance, alterations in gut microbiome and genetic predisposing loci 
(i.e PNPLA3) are likely to play important roles. It is estimated that nearly 1 billion people 
globally are affected by NAFLD, and up to 22% of them will eventually develop cirrhosis. It 
is alarming that nonalcoholic steatohepatitis (NASH), which is the inflammatory subtype 
of NAFLD, is expected to become the most important indication for liver transplantation in 
the near future.6,7 

There is a gradual increase in the number of patients with end-stage liver disease (as 
defined by the Model for End-Stage Liver Disease score) undergoing liver transplantation, 
which plays a major role in the therapeutic path of these patients. Despite excellent 
1-year survival of around 90%, morbidity after liver transplantation remains high, with 
approximately one half of patients developing severe complications during 1-year follow-
up.8 Understanding the risk factors of post-transplantation complications is of paramount 
importance to develop strategies to improve the quality of life and long-term survival of  
liver transplantation recipients.

2. Environmental Factors in Liver Diseases

For complex liver diseases, the contribution of genetics to overall disease risk is limited 
(less than 50%). Only a fraction (typically <20%) of the genetic susceptibility is known.9 In 
complex liver disease manifestations, both genetic factors and environmental factors such 
as lifestyle, provide clues on the underlying pathophysiology (Figure 1). 

Lifestyle is associated with the development of complex liver diseases
In past decades, the number of patients with NAFLD has dramatically increased because 
of alterations in people’s lifestyles. Excess calorie intake, unhealthy diet and lack of 
physical activity remain the main drivers of NAFLD, modulated by interactions of gene 
and behavior.10 Therefore, the cornerstone of treatment for all patients with NAFLD is 
formed by lifestyle interventions such as weight loss (diet and exercise). For the outcomes 
of liver transplantation, the role of lifestyle and other environmental factors is less clear. 
Potential risk factors for post-transplantation complications have been reported from both 
donor and recipient sides, and from both environmental and genetic sources.11,12 Outcomes 
after liver transplantation, like postoperative thrombosis, is hence a complex phenotype 
resulting from a combination of genetic and environmental factors, which are worth 
investigating in a larger multi-center patient cohort.

Figure 1. Concept of the relationship between environmental and genetic risk factors for liver diseases 
modified from Karlsen et al9. For the case of Mendelian/familial liver affections do genetic factors have 
clinically predominant predictive power, whereas a complex liver disorder involves multiple, interacting 
genetic and environmental factors.

Gut micro-environmental changes in liver diseases 
The anatomy of the liver provides its close interaction with the gut where nutrients and 
the microbiome contribute to the maintenance of a healthy metabolism and healthy 
liver.13 The interdependence of the gut and the liver, i.e., the gut-liver axis, explains why 
disturbances in the gut barrier result in increased portal influx of bacteria or their products 
to the liver, where they cause or worsen a range of liver diseases. 
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1Recent research has suggested a role for the gut microbiota in pathogenesis and potential 
treatment of a wide range of liver diseases. The gut microbiota and bacterial products may 
contribute to the development of liver diseases through multiple mechanisms including 
increased intestinal permeability, chronic systemic inflammation, production of short-
chain fatty acids and changes in metabolism.14 Gut microbiome compositions were 
characterized by whole-genome shotgun sequencing and were shown to differentiate 
between mild or moderate NAFLD and aggravated fibrosis.15 Cirrhosis, the end stage 
of liver fibrosis, usually accompanied with hepatic encephalopathy and infections 
such as spontaneous bacterial peritonitis, is related to alterations in the gut-liver axis. 
The progressive change in the gut microbiota composition and functionality with the 
development and progression of cirrhosis, was previously measured by 16S tag sequences 
as well as metagenomics.16–18 

Malnutrition, ischemia-reperfusion injury and immunosuppression therapy in liver 
transplantation recipients directly lead to dysbiosis, disrupted intestinal barriers, and 
alterations in the innate immune response. Multidrug resistant bacteria colonization 
has been recognized as a marker of persistent dysbiosis in post-liver transplantation 
recipients.19 TransplantLines20, a Dutch initiative, is a biobank that includes all different 
types of solid organ transplant recipients including fecal samples from pre- and post-
transplantation recipients, which could be used to investigate the microbial profiles in 
liver transplantation recipients. 

3. Role of Genetics in NAFLD and OLT

Many thousands of human traits and complex diseases are partially determined by genetic 
factors.21 The development of technologies available for genetic analysis, including 
positional cloning of unknown genes, gene tests for known variants, genome-wide 
association studies (GWAS), and next-generation sequencing (NGS) of selected genes, 
exons or the whole genome, has a potential to improve our understanding of liver diseases 
and their pathophysiology.9 The advantages and limitations of each genetic technique 
are shown in Table 1. The main milestones of human genetic research in monogenic 
and complex disease, that have been achieved during the recent progression of our 
understanding of the genetic aspects of human disease, are summarized in the Figure 2. 

Genetic studies improved our understanding of NAFLD pathophysiology
Large inter-ethnic variability in susceptibility to NAFLD and progressive liver disease 
has been demonstrated, and approximately half of the hepatic fat content variability 
is explained by genetic factors.23 GWASs have identified multiple loci associated 
with NAFLD, but these known variants explain only a small proportion of NAFLD 

development. Variations in patatin-like phospholipase domain-containing 3 (PNPLA3) and 
transmembrane 6 superfamily member 2 (TM6SF2) have most consistently been validated 
as associated with NAFLD development and progression to fibrosis.24,25 With modest 
effects, membrane bound O-acyltransferase domain containing 7 (MBOAT7) (rs641738 C>T) 
and glucokinase regulator (GCKR) mutations (rs1260326 encoding for the P446L protein) 
are associated to the risk of NAFLD, inflammation and fibrosis, whereas a splice variant 
(rs72613567) of hydroxysteroid 17-beta dehydrogenase 13 (HSD17B13) is associated with 
a reduced risk of NAFLD progression.5,23 Of interest, variations in these genes have been 
reported to have divergent associations on coexisting disease modifiers of NAFLD such as 
inflammation and oxidative stress.26 

To date, NAFLD GWASs have defined NAFLD through radiologically determined hepatic 
triglyceride content with proton magnetic resonance spectroscopy (H-MRS), through 
magnetic resonance imaging proton density fat fraction (MRI-PDFF), through computed 
tomography, through clinical biochemistry parameters such as ALT and recently through a 
large-scale histological characterization.27–29 Given the interindividual pathophysiological 
variability of NAFLD development, with the considerable genetic influence on hepatic fat 
content, it is pivotal to further delineate its common genetic pathways. 

Table 1. A comparison of different genetic testing strategies.

Strategy Advantages Disadvantages
Candidate gene test
(sequencing of a curated 
panel of interest genes)

requires low amounts of 
DNA; targets are biologically 
relevant; clinically 
available; quick turnaround; 
statistically powerful 
approach

cannot identify intronic 
variants; limited detection of 
copy number and structural 
variants; requires strong a 
priori hypothesis

Linkage analysis
(identification of a genetic 
region that has a large effect 
on phenotype)

matching ethnicity generally 
unimportant; detect the 
known population structure; 
suitable for small reference 
populations and powerful 
for rare variants

requires related individuals 
with a phenotype; findings 
might not apply to 
nonfamilial disease variants

Genome-wide association 
studies
(with commercial chip/
arrays ready to use)

hypothesis-free approach; 
able to detect single-
exon level duplications 
and deletions; relatively 
inexpensive; rapid 
availability of results

variants not in the assay 
will be not identified; more 
suitable for identifying 
variants of larger effect; 
requires larger study sample 
size

Next-generation sequencing 
(of exons or whole genome)

high resolution covering all 
intronic and exonic variants; 
facilitates copy number 
variation and structural 
variation identification

complex data handling after 
the sequencing; costly in 
clinics
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Genetic studies in the field of liver transplantation are still in their infancy
Complex outcomes such as transplant tolerance and rejection after solid organ 
transplantation are likely influenced by multiple genetic polymorphisms that individually 
only contribute a small proportion of the overall risk.30 The human leukocyte antigen 
(HLA) complex encodes the human variant of the major histocompatibility complex. It is 
the most gene-dense region of the human genome, and one of the most immunologically 

and clinically relevant regions in the field of transplantation.31 HLA eplet mismatch confers 
a substantial risk for de novo donor-specific antibodies development, leading to graft 
rejection and graft failure in both heart and renal transplantation, but its impact on liver 
transplantation is still debatable.32–34 

Both the donor and the recipient genome contribute to the diversity of the nucleic acids 
that are relevant to transplantation genetics. To further explore the role of genetic 
polymorphisms and mismatched alleles in outcomes after solid organ transplantation, 
an increasing amount of research has been conducted in renal transplantation 
studies over the years. Such studies, however, are still in their infancy in the field of 
liver transplantation and are in-general based on small study populations without 
rigorous replication. Several GWASs were performed in renal transplantation, mainly 
focusing on intuitively relevant outcomes (i.e., acute rejection, or graft loss).35–37 
There is a need for sufficiently powered studies and large cohort sizes for robust 
identification of genetic predictors of liver transplantation outcomes. To overcome 
this, the International Genetics and Translational Research in Transplantation Network 
(iGeneTRAiN) consortium aims to combine genomic data of multiple international 
solid organ transplant recipient cohorts with their corresponding phenotype 
data, to discover and validate genetic contributors to liver transplant outcomes.38 

 
Well-characterized cohort with disease-specific phenotypes is important to capture 
when designing the genetic analysis. Large population studies have shown the relation 
between risk factors and the inter-individual variation in terms of genotypes. In this 
thesis, four cohorts were used for which extensive phenotypic data was available. First, 
the TransplantLines, which is a unique and novel prospective biobank and cohort study 
within the University Medical Center Groningen of which is the largest transplantation 
center in the Netherlands20. Secondly, we used the UGLI cohort, additionally to the 
Lifelines cohort study, which is a multi-disciplinary prospective population-based cohort 
of 167,729 individuals living in the North of the Netherlands assessing the biomedical, 
socio-demographic, behavioral, physical and psychological factors with a special focus on 
complex genetics39,40. UK Biobank, as a prospective cohort study with recruitment between 
2006-2010, was enrolled deep genetic and phenotypic data of approximately half a million 
participants from the United Kingdom41. Finally, a subset of subjects from the Dutch 
Microbiome Project (DMP) was included as a control group with part of the available fecal 
samples of metagenomic shotgun sequencing from LifeLines cohort42.

Figure 2. The cumulative numbers of genes harboring variants causal for rare, monogenic diseases and 
of significant genome-wide association study (GWAS) associations implicated in common, complex 
diseases and traits are shown. The left panel illustrates how the advent of high-throughput sequencing 
technologies and availability of reference genomes from diverse populations, which has supported 
an increase in the discovery of rare causal genes for disease between 1999 and 2020. The right panel 
shows international collaborations combined with GWAS and sequencing studies, that have supported 
identification of more than 60,000 genetic associations across thousands of human diseases and traits. 
Key events contributing to the rare- and common-variants approaches based on large cohorts are depicted 
in the timeline.22 Reprinted with permission from Mark McCarthy et al. A brief history of human disease genetics. 
Nature. 2020;577(7789)
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14. Research Aims and Thesis Outline
In this thesis I focus on: i) identifying the environmental and genetic risk factors for 
complications after liver transplantation, ii) exploring the gut microbial pattern pre- and 
post-liver transplantation, and comparing this with the microbial pattern in a cohort of 
healthy controls and renal transplantation patients, and iii) investigating the additional 
genetic risk variants for MAFLD and their effect on gut microbiome compositions.

In the first part of the thesis, chapter 2, I provide an overview of the literature on GWASs 
in solid organ transplantation. I discuss the reason why genetic studies in solid organ 
transplant are useful and why GWAS can be advised as an agnostic approach over 
candidate gene studies. I then describe the advantages of a large research consortium as an 
essential resource for genetic research in solid organ transplantation, and summarize the 
implication of current genetic research for the knowledge in the field of transplantation.

Next, I concentrate on identifying the risk factors for thrombosis after liver transplantation, 
which is highly associated with a higher incidence of graft loss. In chapter 3, donor-, 
recipient- and surgery-related characteristics were collected from an observational cohort 
study including all primary adult liver transplantation patients between 1993-2018. I 
found that liver donor history of smoking was associated with an increased risk of short-
term post-transplant thrombosis. Unlike clinical risk factors, little is known about the 
genetic background of the liver donor on development of post-transplant thrombosis.  
In chapter 4, I investigated the known thrombophilia polymorphisms in liver donors, 
and found that these have no association with increased risk of thrombosis after liver 
transplantation. I performed a meta-analysis of two GWASs on adult and pediatric 
liver transplantation patients with the largest genotyped donor cohort to date. I newly 
identified two common candidate risk loci for thrombosis after liver transplantation by 
downstream prioritization strategies. 

To investigate the role of donor-recipient genetic mismatch on the incidence of acute 
cellular rejection after liver transplantation, I calculated the HLA and non-HLA mismatch 
score of donor-recipient pairs in chapter 5. In this study, I identified the non-HLA genetic 
mismatch burden as a major player for biopsy proven one-year graft rejection. The 
strengths of this study include a well-defined phenotype of liver transplantation outcomes 
and the connection of the calculation of HLA serotyping mismatches by donor and 
recipient with HLA epitopes imputation.

Chapter 6 provides a general overview of the gut microbiome characteristics in liver and 
renal transplantation as obtained through the TransplantLines microbiome project, 
combined with the matched healthy controls from the Dutch Microbiome project using 
shotgun metagenomic sequencing. I studied the longitudinal and cross-sectional data 

and described the transition of the gut microbiome from end-stage liver disease to 
the post-transplantation situation. I analyzed gut microbial composition, metabolic 
pathways, antibiotic resistance genes, virulence factors and the relationship between 
clinical characteristics, immunosuppressive medication and overall survival with the gut 
microbiome. In the study, I found that liver transplant recipients with lower gut microbial 
diversity and a higher dissimilarity to healthy controls have a higher risk of all-cause 
mortality. In addition, I found that the gut microbiome is permanently altered after 
transplantation, compared to healthy controls. 

In the last part of the thesis, chapter 7, I investigate the genetic susceptibility of NAFLD 
with the largest study sample size to date, using the UK Biobank as a data source. To get a 
more complete overview of the genetic mapping for a newly established clinical biomarker 
score of NAFLD, I performed a GWAS on magnetic resonance imaging (MRI) based proton 
density fat fraction (PDFF) which is used to characterize liver fat. I also performed a large-
scale GWAS on fatty liver index (FLI), which is a calculated score to represent a high 
probability of NAFLD steatosis. I confirmed two NAFLD risk loci by MRI-PDFF analysis, 
identified more new risk loci with FLI and further replicated them in the Lifelines cohort. I 
hypothesize that FLI could represent high risk NAFLD based on the identified risk loci from 
a genetic perspective. 

Chapter 8 provides a general discussion about the (genetic) risk factors of liver 
transplantation outcomes based on the results of this thesis, and the future perspectives 
in potential clinical application of genetic screening in the selection of (living) liver donors. 
As for the other liver diseases, the use of genetic findings, combined with risk factors 
of lifestyle and gut microbiota are emerging as key factors for disease diagnosis and 
individualized patient care. 



18 19

Chapter 1 | General Introduction. Genetic susceptibility and environm
ental risk factors for liver diseases

1References
1.  Asrani SK, Devarbhavi H, Eaton J, Kamath PS. Burden of liver diseases in the world. J Hepatol. 2019;70(1):151-

171. doi:10.1016/j.jhep.2018.09.014
2.  Wang FS, Fan JG, Zhang Z, Gao B, Wang HY. The global burden of liver disease: The major impact of China. 

Hepatology. 2014. doi:10.1002/hep.27406
3.  Pimpin L, Cortez-Pinto H, Negro F, et al. Burden of liver disease in Europe: Epidemiology and analysis of risk 

factors to identify prevention policies. J Hepatol. 2018. doi:10.1016/j.jhep.2018.05.011
4.  Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global epidemiology of nonalcoholic 

fatty liver disease—Meta-analytic assessment of prevalence, incidence, and outcomes. Hepatology. 
2016;64(1):73-84. doi:10.1002/hep.28431

5.  Eslam M, Sanyal AJ, George J, et al. MAFLD: A Consensus-Driven Proposed Nomenclature for Metabolic 
Associated Fatty Liver Disease. Gastroenterology. 2020. doi:10.1053/j.gastro.2019.11.312

6.  Sheka AC, Adeyi O, Thompson J, Hameed B, Crawford PA, Ikramuddin S. Nonalcoholic Steatohepatitis: A 
Review. JAMA - J Am Med Assoc. 2020;323(12):1175-1183. doi:10.1001/jama.2020.2298

7.  Younossi Z, Anstee QM, Marietti M, et al. Global burden of NAFLD and NASH: Trends, predictions, risk 
factors and prevention. Nat Rev Gastroenterol Hepatol. 2018;15(1):11-20. doi:10.1038/nrgastro.2017.109

8.  Muller X, Marcon F, Sapisochin G, et al. Defining Benchmarks in Liver Transplantation: A Multicenter 
Outcome Analysis Determining Best Achievable Results. Ann Surg. 2018;267(3):419-425. doi:10.1097/
SLA.0000000000002477

9.  Karlsen TH, Lammert F, Thompson RJ. Genetics of liver disease: From pathophysiology to clinical practice. J 
Hepatol. 2015. doi:10.1016/j.jhep.2015.02.025

10.  Marchesini G, Petta S, Dalle Grave R. Diet, weight loss, and liver health in nonalcoholic fatty liver disease: 
Pathophysiology, evidence, and practice. Hepatology. 2016;63(6):2032-2043. doi:10.1002/hep.28392

11.  Mallet M, Saliba F. Chronic alcohol consumption, a novel risk factor of liver transplantation or death in 
patients with acute liver failure. Liver Int. 2020;40(1):45-46. doi:10.1111/liv.14169

12.  Macshut M, Kaido T, Yao S, et al. Older Donor Age Is a Risk Factor for Negative Outcomes After Adult 
Living Donor Liver Transplantation Using Small-for-Size Grafts. Liver Transplant. 2019;25(10):1524-1532. 
doi:10.1002/lt.25601

13.  Wiest R, Albillos A, Trauner M, Bajaj JS, Jalan R. Targeting the gut-liver axis in liver disease. J Hepatol. 
2017;67(5):1084-1103. doi:10.1016/j.jhep.2017.05.007

14.  Schwenger KJ, Clermont-Dejean N, Allard JP. The role of the gut microbiome in chronic liver disease: the 
clinical evidence revised. JHEP Reports. 2019;1(3):214-226. doi:10.1016/j.jhepr.2019.04.004

15.  Loomba R, Seguritan V, Li W, et al. Gut Microbiome-Based Metagenomic Signature for Non-invasive 
Detection of Advanced Fibrosis in Human Nonalcoholic Fatty Liver Disease. Cell Metab. 2017;25(5):1054-
1062.e5. doi:10.1016/j.cmet.2017.04.001

16.  Albhaisi SAM, Bajaj JS, Sanyal AJ. Role of gut microbiota in liver disease. Am J Physiol - Gastrointest Liver 
Physiol. 2020;318(1):G84-G98. doi:10.1152/AJPGI.00118.2019

17.  Caussy C, Tripathi A, Humphrey G, et al. A gut microbiome signature for cirrhosis due to nonalcoholic fatty 
liver disease. Nat Commun. 2019;10(1). doi:10.1038/s41467-019-09455-9

18.  Qin N, Yang F, Li A, et al. Alterations of the human gut microbiome in liver cirrhosis. Nature. 
2014;513(7516):59-64. doi:10.1038/nature13568

19.  Annavajhala MK, Gomez-Simmonds A, Macesic N, et al. Colonizing multidrug-resistant bacteria and 
the longitudinal evolution of the intestinal microbiome after liver transplantation. Nat Commun. 2019. 
doi:10.1038/s41467-019-12633-4

20.  Eisenga MF, Gomes-Neto AW, Van Londen M, et al. Rationale and design of TransplantLines: A 
prospective cohort study and biobank of solid organ transplant recipients. BMJ Open. 2018. doi:10.1136/
bmjopen-2018-024502

21.  Buniello A, Macarthur JAL, Cerezo M, et al. The NHGRI-EBI GWAS Catalog of published genome-wide 
association studies, targeted arrays and summary statistics 2019. Nucleic Acids Res. 2019. doi:10.1093/nar/
gky1120

22.  Claussnitzer M, Cho JH, Collins R, et al. A brief history of human disease genetics. Nature. 2020;577(7789). 
doi:10.1038/s41586-019-1879-7

23.  Arab JP, Arrese M, Trauner M. Recent Insights into the Pathogenesis of Nonalcoholic Fatty Liver Disease. 
Annu Rev Pathol Mech Dis. 2018;13:321-350. doi:10.1146/annurev-pathol-020117-043617

24.  Liu YL, Reeves HL, Burt AD, et al. TM6SF2 rs58542926 influences hepatic fibrosis progression in patients 
with non-alcoholic fatty liver disease. Nat Commun. 2014. doi:10.1038/ncomms5309

25.  Krawczyk M, Liebe R, Lammert F. Toward Genetic Prediction of Nonalcoholic Fatty Liver Disease Trajectories: 
PNPLA3 and Beyond. Gastroenterology. 2020. doi:10.1053/j.gastro.2020.01.053

26.  Eslam M, Valenti L, Romeo S. Genetics and epigenetics of NAFLD and NASH: Clinical impact. J Hepatol. 
2018;68(2):268-279. doi:10.1016/j.jhep.2017.09.003

27.  Anstee QM, Darlay R, Cockell S, et al. Genome-wide association study of non-alcoholic fatty liver and 
steatohepatitis in a histologically characterised cohort☆. J Hepatol. 2020;73(3):505-515. doi:10.1016/j.
jhep.2020.04.003

28.  Speliotes EK, Yerges-Armstrong LM, Wu J, et al. Genome-wide association analysis identifies variants 
associated with nonalcoholic fatty liver disease that have distinct effects on metabolic traits. PLoS Genet. 
2011;7(3). doi:10.1371/journal.pgen.1001324

29.  Parisinos CA, Wilman HR, Thomas EL, et al. Genome-wide and Mendelian randomisation studies of liver 
MRI yield insights into the pathogenesis of steatohepatitis. J Hepatol. 2020;73(2):241-251. doi:10.1016/j.
jhep.2020.03.032

30.  Yang JYC, Sarwal MM. Transplant genetics and genomics. Nat Rev Genet. 2017. doi:10.1038/nrg.2017.12
31.  Edgerly CH, Weimer ET. The past, present, and future of HLA typing in transplantation. In: Methods in 

Molecular Biology. Vol 1802. ; 2018:1-10. doi:10.1007/978-1-4939-8546-3_1
32.  Senev A, Coemans M, Lerut E, et al. Eplet Mismatch Load and De Novo Occurrence of Donor-Specific Anti-

HLA Antibodies, Rejection, and Graft Failure after Kidney Transplantation: An Observational Cohort Study. 
J Am Soc Nephrol. 2020;31(9):2193-2204. doi:10.1681/ASN.2020010019

33.  Badawy A, Kaido T, Yoshizawa A, et al. Human leukocyte antigen compatibility and lymphocyte cross-
matching play no significant role in the current adult-to-adult living donor liver transplantation. Clin 
Transplant. 2018;32(4). doi:10.1111/ctr.13234

34.  Kubal CA, Mangus R, Ekser B, et al. Class II Human Leukocyte Antigen Epitope Mismatch Predicts De Novo 
Donor-Specific Antibody Formation After Liver Transplantation. Liver Transplant. 2018. doi:10.1002/lt.25286

35.  Ghisdal L, Baron C, Lebranchu Y, et al. Genome-Wide Association Study of Acute Renal Graft Rejection. Am J 
Transplant. 2017. doi:10.1111/ajt.13912

36.  Oetting WS, Schladt DP, Guan W, et al. Genomewide Association Study of Tacrolimus Concentrations in 
African American Kidney Transplant Recipients Identifies Multiple CYP3A5 Alleles. Am J Transplant. 2016. 
doi:10.1111/ajt.13495

37.  Cargnin S, Galli U, Lee KS, Shin J Il, Terrazzino S. Gene polymorphisms and risk of acute renal graft rejection: 
A field synopsis of meta-analyses and genome-wide association studies. Transplant Rev. 2020;34(3). 
doi:10.1016/j.trre.2020.100548

38.  Fishman CE, Mohebnasab M, van Setten J, et al. Genome-Wide Study Updates in the International Genetics 
and Translational Research in Transplantation Network (iGeneTRAiN). Front Genet. 2019;10. doi:10.3389/
fgene.2019.01084

39.  Scholtens S, Smidt N, Swertz MA, et al. Cohort Profile: LifeLines, a three-generation cohort study and 
biobank. Int J Epidemiol. 2015;44(4):1172-1180. doi:10.1093/ije/dyu229

40.  Lopera Maya EA, van der Graaf A, Lanting P, et al. Lack of Association Between Genetic Variants at ACE2 
and TMPRSS2 Genes Involved in SARS-CoV-2 Infection and Human Quantitative Phenotypes. Front Genet. 
2020;11. doi:10.3389/fgene.2020.00613

41.  Sudlow C, Gallacher J, Allen N, et al. UK Biobank: An Open Access Resource for Identifying the Causes 
of a Wide Range of Complex Diseases of Middle and Old Age. PLoS Med. 2015;12(3). doi:10.1371/journal.
pmed.1001779

42.  Lopera-Maya EA, Kurilshikov A, van der Graaf A, et al. Effect of host genetics on the gut microbiome in 7,738 
participants of the Dutch microbiome project. bioRxiv. 2020. doi:10.1101/2020.12.09.417642


	Chapter 1



