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Summary 

Retroviral msertional mutagenesis is based on 
the ability of retroviruses to integrate in the 
host DNA and mutate or transcriptionally 
activate flanking cellular sequences. The 
relative randomness of the retroviral integration 
machinery implies that proviruses may 
integrate in almost any site in the genome. 
Moreover, the insertion of a unique sequence 
tag permits identification of the mutated locus 
via molecular cloning of flanking cellular 
sequences. This method, also known as proviral 
tagging, has proven a valuable tool in 
identifying genes that confer - upon acquiring a 
retroviral insertional mutation - a selectable 
phenotype to cells or to an organism. Chapter 1 
of this thesis reviews a number of proviral 
tagging strategies that have been instrumental 
in the identification of cancer genes and their 
assignment to different complementation 
groups in transformation. 

We have applied retroviral insertional 
mutagenesis in a screen designed to identify 
oncogenes responsible for accelerating late-
stage lymphoma development. In this screen, 
the life span of retrovirally induced primary 
tumors was prolonged via transplantations into 
syngeneic hosts, thereby permitting the 
outgrowth of more malignant clones that were 
arising in the primary tumor as a result of 
ongoing insertional mutagenesis. Transplan
tation protocols have been applied to primary 
lymphomas induced by retroviral infection in 
wild type mice, or in Eyi-Pirnl or H2-K-Myc 
transgenic mice. The transplanted tumors 
frequently carried additional bands that were 
common to the independent outgrown 
transplants of the same primary tumor but that 
were not or hardly detectable in the primary 
tumor. The presence of the same proviral 
insertion in independent transplants indicates 
that (i) in the primary tumor, a small 
subpopulation already carried the additonal 
insertion, and (ii) this subpopulation had a 
selective advantage upon transplantation. 
Apparently, the cell clone, marked by the 
additional retroviral insertional mutation, was 
generated long after genesis of the primary 
tumor, and therefore represented a tumor 
progression event. Cloning of a series of these 
additional insertions has led to the iden

tification of two common insertion sites (CIS) 
that were specifically involved in tumor 
progression: Ticl and Fratl. Analysis of the 
Ticl locus has proven to be difficult: thus far 
80 kb of genomic sequences surrounding the 
proviral insertions in Ticl were screened for 
the presence of genes affected by the 
insertional mutations, but the relevant gene has 
not been identified to date. 

The identification of the Fratl locus and of 
the Fratl gene that conferred the selective 
advantage to transplanted tumor cells is 
described in chapter 2. In contrast to the 
integrations in Ticl, which are spread over a 10 
kbp region, the integrations in Fratl cluster in 
a small genomic region of 500 bp, resulting in 
the enhanced expression of trunctated Fratl 
transcripts which lack most of the 3' untrans
lated region contained in normal Fratl mRNA. 
Cloning and sequencing of the mouse Fratl 
and human FRAT1 genes showed that the 
encoded proteins of 274 and 279 ammo acid 
residues, respectively, are highly homologous. 
The role of Fratl in tumor progression was 
confirmed by stable overexpression of Fratl 
together with a lacZ marker in tumor cell lines, 
through retroviral transduction of cell lines 
derived from spontaneous E\x-Piml lymph
omas. Transplantation of mixtures of trans
duced and nontransduced cells showed that 
overexpression of Fratl confers a selective 
growth advantage to the transduced 
subpopulation. 

To obtain direct evidence for the oncogenic 
potential of the Fratl gene in vivo, we have 
generated transgenic mice that overexpress 
Fratl in various organs, including lymphoid 
tissues (Chapter 3). In line with the notion that 
the oncogenic activity of Fratl appears to be 
restricted to late-stage lymphomagenesis, Fratl 
transgenic mice did not exhibit an increased 
incidence of spontaneous lymphomas. 
However, introduction of initiating mutations 
via crosses with Piml transgenic mice or via 
retroviral insertional mutagenesis led to a 
marked acceleration of lymphoma develop
ment, providing direct evidence for the 
involvement of Fratl in lymphoma progres
sion. In addition, Fratl transgenic mice 
developed a nephrotic syndrome, characterized 
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by proteinuria due to a glomerular sieving 
defect and glomerular lesions featuring focal 
and segmental sclerosis. Long-term bone 
marrow transplantation experiments showed 
that overexpression of Fratl in the 
hematopoietic compartment alone does not 
induce a nephrotic syndrome, suggesting that 
the primary lesion in Fratl transgenic mice is 
kidney-borne rather than blood-bome. The 
exact mechanism underlying this syndrome is 
at present unknown. 

Chapter 4 of this thesis describes the 
generation of Fratl null mutant mice in which 
most of the Fratl coding sequences were 
replaced by a promoter-less lacZ reporter gene. 
Although neural and epithelial expression of 
LacZ was detected during embryogenesis and 
in adult mice, homozygous Fratl null mutant 
mice did not display any detectable phenotypic 
abnormalities. A possible explanation for these 
observations might be the presence of a second 
mouse Frat gene, named Frati, which could 
compensate for the absence of Fratl. This 
notion is supported by several observations: (i) 
the high degree of structural similarity between 
Fratl and Frati, (ii) the functional similarity 
between Fratl and Frati as indicated by their 
capacity to induce a secondary body axis in 
early Xenopus embryos, and (iii) the 
overlapping embryonic expression patterns of 
Fratl and Frati. Analysis of Fratl^- Fraß-'-
double-mutant mice will be required to address 
the possibility of functional redundancy 
between Fratl and Frati. 

The function of Fratl has remained elusive 
for a long time. However, a C-terminal 
fragment of a Xenopus laevis homologue, 
named GBP for GSK-3 binding protein, was 
recently identified by Kimelman and co
workers in a yeast two-hybrid screen with 
Xgsk-3. Expression of GBP caused activation 
of the maternal Wnt pathway in Xenopus 
embryos by inhibiting Xgsk-3 kinase activity, 
which in turn led to accumulation of ß-catenin. 
Both GBP and a C-terminal fragment of human 
FRAT2 could induce formation of a secondary 
body axis when misexpressed in early Xenopus 
embryos, suggesting that the ability to function 
as a Wnt signaling component may be 
conserved among FRAT/GBP family members. 
In chapter 5, we have investigated the effects of 
mouse Fratl on Wnt signaling. Full length 
Fratl, as well as a C-terminal fragment of 
Fratl, was capable of activating the maternal 
Wnt pathway in Xenopus embryos. Co-
immunoprecipitation experiments showed that 
Fratl and C-termmal Fratl interact directly 
with GSK-3 P, and a similar association of 
endogenous Fratl and GSK-3 ß was 
demonstrated in splenic T cell lymphomas and 
normal thymus. These results suggest that also 
in late-stage lymphomagenesis, Fratl exerts its 
oncogenic activity through binding and 
presumably inhibiting the GSK-3 ß protein 
kinase. It remains however to be established 
which components, downstream of GSK-3 ß, 
are affected in lymphomas with high levels of 
Fratl. 
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