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Cancer is a genetic disease, becoming manifest following the accumulation of mutations. In 
humans, individuals that inherit a mutant allele of a given tumor suppressor gene are predisposed to 
cancer development. Somatic mutation of the second, wild-type allele in a certain cell will lead to 
complete loss of the tumor suppressor function of the gene and, as a consequence, to growth 
advantage of that cell. 

Also mice get cancer. The ability to genetically manipulate mice, e.g. to introduce an inactivating 
mutation in a tumor suppressor gene in all cells via homologous recombination in pluripotent mouse 
embryonic stem (ES) cells, provides the possibility to model familial forms of human cancer. These 
"knockout" mice can be used to delineate the molecular pathways to tumorigenesis and to test cancer 
therapies. This thesis describes the modeling in the mouse of two human hereditary cancer 
syndromes, retinoblastoma and neurofibromatosis type 2. 

Human retinoblastoma has served as the prototypic example of tumorigenesis through loss-of-
function mutations. In both the hereditary and sporadic form, the functional loss of both alleles of the 
tumor suppressor gene RB in the developing retina is the rate-limiting step in tumorigenesis. Around 
90% of RB*'' individuals develop retinal tumors. 

Based on in vitro studies, the protein pRB has been suggested to play a central role in controling 
cell proliferation. The protein has been found to prevent premature Gl/S transition of the cell cycle 
via physical interaction with cellular proteins such as E2F that activates S-phase genes. 

We have collaborated with the group of Hooper, Edinburgh (UK), to mimiek retinoblastoma in 
the mouse by generation of Rb*1' mice. Like man, these mice (with one Rb allele mutated in all cells) 
were expected to develop retinal tumors at high incidence. However, retinoblastomas have never 
been observed in Rb*1' mice, instead, tumors of the intermediate lobe of the pituitary gland were 
found that showed loss of the wild-type Rb allele (Chapter 3). 

Rb*1' mice have been intercrossed to generate homozygous Rb mutant progeny. In this way, we 
expected to assess the effect of loss-of-i?ft-function in all cell types of the mouse. Rb'1' embryos die 
around day 15 of gestation showing severe defects in central neurogenesis, fetal liver erythropoiesis 
and lens development, while the developing retina shows normal (Chapter 2 and 3). 

Why do these Rb*1' and Rb'1' animals not develop retinoblastomas? We hypothesized, that the rate 
of spontaneous mutation in the murine Rb*1' retina is insufficient to obtain a Rb'1' retinal cell, and that 
Rb embryos die too early to develop retinal tumors. Therefore, we have generated chimeric Rb'1' 
mice (with both Rb alleles mutated in a fraction of the cells). These mice are viable, showing a 
substantial contribution of Rb'1' cells to most tissues in the adult. Defects are seen in fetal liver 
erythropoiesis and lens development. Interestingly, the contribution of Rb'' cells to the adult retina is 
significantly reduced due to apoptosis (programmed cell death) in the developing retina beyond day 
16 of gestation. No retinoblastomas were found, instead, nearly all animals died of pituitary gland 
tumors derived from Rb'' cells (Chapter 3). 

These results suggest that during differentiation of the murine retina loss of Rb results in cell death 
and not in tumorigenesis. Thus, unlike the situation in man, additional inactivating mutations may be 
required to unleash the oncogenic potential of pRb-deficient retinoblasts in the mouse. Mutations in 
not only Rb but also the Rb-related genes pl07 and pi30 may play a role, since transgenic mice that 
express SV40 large T antigen under the control of the photoreceptor cell-specific IRBP promoter 
develop retinoblastomas. These tumors may have resulted from the inactivation of the pRb, pl07, 
and pi 30 proteins through their binding to SV40 T antigen. Others have reported on knockout mice 
carrying combinations of null alleles of these genes, except Rb'' variants as these will be embryonic 
lethal: No retinoblastomas have been found. 

To enable the study on the phenotypic effects of lack of both functional Rb and pl07 genes, we 
have generated chimeric Rb';plOT'' mice. Although in human tumors no specific mutation of pl07 
has been reported, these mice develop retinoblastomas derived from Rb'';plOT'~ cells. The retinal 
tumors largely originate from inner nuclear layer progenitor cells, committed to the amacrine cell 
compartment, not from the /flßP-expressing photoreceptor progenitor cells (the expected tumor cell 
origin). Already at embryonic day 17.5, the primitive nuclear layer exhibits rosette-like arrangements 
and apoptosis. /ÄßP-expressing Rb'''\plOT'' cells are found at mis stage but they undergo apoptosis 
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before postnatal day 15, likely at the stage of differentiation to mature /ÄÄP-expressing cells. These 
findings provide formal proof for the role of loss of Rb in retinoblastoma development in the mouse 
and the first in vivo evidence that pi07 can exert a tumor suppressor function (Chapter 4). 

The hallmark feature of neurofibromatosis type 2 (NF2) is bilateral vestibular schwannoma, a 
Schwann cell tumor that also occurs sporadically. Functional loss of the NF2 gene, identified in 
1993, is the rate-limiting step in tumorigenesis, but the mechanism behind it is largely unknown. 
Truncating and exon-skipping mutations have been found in the coding region for the N-terminal 
domain, that can interact with the C-terminal domain and shows homology with cytoskeleton-
associated ERM proteins. In vitro studies have shown that NF2 protein (schwannomin) mutants 
lacking the exon 2 or 2-3 encoded region loose interaction with the plasma membrane and become 
diffusely distributed in the cytoplasm, whereas C-terminal deletion mutants remain located at the cell 
membrane. 

In collaboration with the group of Thomas, Paris (France), we have generated different mouse 
models to study the phenotypic effects of various mutant Nf2 proteins prototypic for naturally 
occurring mutants observed in humans. Initially, we have tested whether mutant schwannomins, 
comparable to specific tumor suppressor p53 mutants, may act in a dominant-oncogenic fashion. 
Transgenic mice with PO promoter-directed Schwann cell-specific expression of a human mutant 
schwannomin, lacking the exon 2-3 encoding region, develop at high frequency Schwann cell tumors 
and hyperplasia. Those lacking the C-terminal part are normal. The results indicate that a subset of 
mutant NF2 alleles observed in patients may encode products with dominant-oncogenic properties 
when overexpressed in specific cell lineages (Chapter 5). 

We have next compared in NJ2 knockout mice the phenotypic effects of an insertional mutation in 
exon 3 and deletion of exon 2. Nf2Koy* and Nf2Ai,+ mice develop osteomas and osteosarcomas 
(partly with metastasis) showing loss of the wild-type Nf2 allele, but no schwannomas as found in 
man. Homozygosity for each of the mutant alleles results in embryonic death before day 9.5. Thus, 
both types of mutations lead to similar phenotypes. These findings are in agreement with those 
reported by others on animals that are heterozygous or homozygous for a different, Nf2K02'3 allele, 
albeit that the phenotype of the latter heterozygous mice is more malignant (Chapter 6). 

To study whether inactivation of both Nf2 alleles in the Schwann cell lineage leads to 
tumorigenesis in adult mice, we have used another approach, generating conditional Nf2 knockout 
mice. First, N/2 exon 2 is flanked by loxP recombination sites in the intronic regions via 
homologous recombination in ES cells, leaving the function of the mutant allele intact. Subsequently, 
mice that are homozygous for this "floxed" exon 2 allele undergo tissue-specific, somatic Nf2 exon 2 
deletion by transgenic Cre recombinase-mediated loxP recombination under control of the PO 
promoter. These P0Cre;Ay2tlox2,flox2 mice develop schwannomas, Schwann cell hyperplasia, and 
other neurocristopathy-like NF2 features, such as cataract and osseous metaplasia. Thus, the tumor 
suppressor function of Nf2, that in this study is revealed in murine Schwann cells, is concealed in 
hemizygous Nf2 mice because of insufficient rate of second allele inactivation in this cell 
compartment. The finding of this conserved function documents the relevance of the present 
approach to model the human disease (Chapter 6). 
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