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Fanconi anemia (FA) is a rare, genetically heterogeneous, chromosomal instability disorder, 
characterized by developmental abnormalities, retarded growth, progressive bone marrow 
failure, and a high risk for the development of cancer. The risk is usually attributed to impaired 
repair of DNA damage since cells from FA patients typically display structural chromosome 
aberrations, such as chromatid breaks and rearrangements. In line with this, patient-derived cells 
have turned out to be extremely sensitive to bifunctional alkylating or DNA interstrand cross-
linking agents, such as mitomycin C or cisplatin, which greatly aggravate their chromosomal 
instability. The latter feature has been routinely used in standard FA diagnostics. In the past 25 
years, sixteen FA genes have been discovered and the corresponding proteins all function in the 
so-called FA pathway of DNA repair. The FA pathway is governed by three protein complexes, 
a core complex (also known as upstream complex), D2-I complex (the middle complex), and a 
downstream complex. In the genes encoding the upstream complex proteins so far, only loss-
of-function/recessive mutations have been found associated with a disease phenotype (FA), 
whereas for the downstream branch monoallelic loss-of-function mutations (heterozygozity) 
may also result in a clinical phenotype, of which the association between monoallelic BRCA2 
mutations and breast cancer predisposition has been widely recognized. However, the 
variability in clinical appearance of Fanconi anemia patients (and cells derived from them) have 
been difficult to explain on the basis of defects in DNA repair alone. In this thesis the FA network 
has been investigated through genomic and proteomic approaches, i.e. in an unbiased way, to 
expand our knowledge of the FA pathway’s participating genes and function(s). 

In Chapter 1, the recent advancements in the field were covered and the aim of the thesis 
was outlined, which is to explore other biological networks, besides DNA repair, in which the 
proteins, encoded by the genes defective in Fanconi anemia, are involved.

To identify additional genes/proteins that participate in or function adjacent to the FA/
BRCA pathway we developed an approach in which we ranked the entire human proteome 
according to overall FA protein similarity. In Chapter 2 a whole-proteome ranked list is 
presented, based on several FA protein properties, combined with publicly available tools for 
protein-protein interactions and function prediction, and literature mining. We found that the 
150 top-ranking genes are enriched for proteins associated with DNA repair (as expected) but 
also for proteins with a connection to the (regulation of) the cell cycle.

In Chapter 3, a novel, non-standard, FA subtype (“FANCR”) is described. We demonstrated 
how the ranking tool developed in Chapter 2 could be implemented in FA gene discovery 
research. To identify the disease-causing mutation(s) a whole-genome (DNA) sequencing 
approach was used. Each candidate gene was tested for FA protein-like properties, which 
eventually led to the identification of the disease gene RAD51/FANCR. This novel subtype of 
FA constitutes the first example of a dominant monoallelic mutation giving rise to a syndrome 
that was always thought to be recessive, albeit that the affected individual does not display all 
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symptoms typical for the FA clinical phenotype, such as bone marrow failure and pediatric 
cancers. However, the patient did present with microcephaly and mental retardation.

To explore the possibility that the FA/BRCA proteins are involved in biological networks 
other than DNA repair, we focused on the regulation of transcription of FA genes, with the 
consideration that any co-regulated genes to be found may well function in a common network. 
Therefore, in Chapter 4, we determined how FA genes are regulated at the mRNA level, 
especially in relation to the cell cycle. Remarkably, we found FANCA (acting in the upstream 
branch of the FA network) and BRCA1 (associated with the downstream branch) to be the 
two genes that are most tightly co-regulated within the FA/BRCA pathway. Interestingly, 
the designation “centrosome compartment” and the Medical Subject Heading (MeSH) term 
“microcephaly” were found to be enriched in the list of genes that are co-expressed with FANCA 
and BRCA1. This finding seems relevant for the FA phenotype, centrosome amplification is often 
associated with human tumors, and has also been linked to microcephaly, a clinical feature 
often observed in FA patients.

In Chapter 5 an inventory is presented of the currently known transcription factors 
involved in the transcriptional regulation of the FA/BRCA pathway. The transcription factors 
found were associated with three main signaling pathways: TGFβ-SMAD, ROS/NF-ĸB, and JAK-
STAT. Moreover, specific transcription factors, cofactors and chromatin regulators involved 
in the these three signaling pathways are known to interact with certain FA proteins. This 
knowledge can be used in further functional studies, implemented in data mining approaches, 
and can give insight in the additional pathways the FA proteins are involved in. 

In Chapter 6, we focused on WDR62, also known as primary autosomal recessive 
microcephaly 2 (MCPH2), which was an “FA-like protein” according our FA prioritization 
approach outlined in (Chapter 2). Through protein-protein interaction studies, the centrosomal 
protein CEP170 was identified as the prime cytoplasmic binding partner of WDR62. A 
zebrafish model was used to substantiate the causal connection between defective CEP170 and 
microcephaly.

In Chapter 7, we present the hypothesis that FA proteins may be involved in the proper 
functioning of the centrosome during the cell cycle. This hypothesis is mainly based on the 
interactions of the FA/BRCA proteins with known MCPH-SCKL proteins. Such interactions 
have been found by others and were substantiated by our own proteomics studies. We argue 
that this involvement might become manifest in diverse clinical features typically observed in 
patients affected by FA, including bone marrow failure and microcephaly.

This thesis has shown that genomic and proteomic approaches can be used to further 
explore and expand the Fanconi anemia protein network. Our data may form a basis for novel 
approaches to further specify the cytoplasmic functions of FA proteins and their role in the 
developing brain.


