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The most dramatic changes an individual will 
ever experience take place during embryonic 
development. From the original single cell 
zygote, a multicellular organism derives in 
which hundreds of different specialized cell 
types are grouped into multiple organs. To reach 
such orderly stage, coordinated waves of stem 
cell proliferation, migration and differentiation 
are required. Governing these processes are 
the developmental signaling cascades such 
as Wnt, Sonic hedgehog, Fibroblast growth 
factor, Transforming growth factor-β (TGF-β), 
and Notch, which use information from the 
extracellular space to transduce signals into 
the cell. Inside the cell, Trithorax and Polycomb 
group (PcG) proteins are some of the main 
players in organizing the body plan. PcG 
proteins, the subject of the research described 
in this thesis, can modify the expression of 
large sets of genes by epigenetically labeling 
them for repression. As such, they might be 
able to set gene expression programs that are 
specific for particular cell types; thus acting as 
key determinants of cell specification. After 
embryonic development, the body switches 
to a state of maintenance or homeostasis. It 
is believed that also in the adult, stem cell 
populations persist in many if not all tissues. For 
the most part, these cells are quiescent but for 
instance in case of tissue injury, they can enter 
the cell cycle more frequently.
An organism and its (stem) cells are constantly 
exposed to a wide range of potentially harmful 
environmental factors. Sometimes, damage 
inflicted on the genome leads to loss of control of 
cell proliferation: the onset of cancer is created. 
Interestingly, many cancers resemble the tissue 
they originated from to a certain degree. They are 
not necessarily homogeneous cell masses, but 
consist of different cell types with either more 
primitive or differentiated characteristics. This 
observation led to the idea that within a tumor, 
a hierarchy exists that reflects the cell lineages 
present in the tissue during embryogenesis 
or homeostasis. It also implies that in a tumor, 

a founding or cancer stem cell may be at the 
root of the disease. Because of the similarities 
between tumors and the organs they originated 
from, one needs to appreciate the biology of the 
normal tissue in order to understand the tumor.
We have attempted to elucidate the role of two 
members of the Polycomb group, Bmi1 and 
Ring1b, in brain development and glioma, a 
type of cancer of the brain believed to harbor 
cancer stem cells. To first gain insight into the 
normal development of the brain, we describe 
this process in Chapter 1. The most well known 
cell type in the brain is the neuron, however 
neurons are by far outnumbered by the cells 
belonging to the other group; the glia. There is 
increasing evidence that only a specific subset 
of glial cells can act as cell of origin for glioma; 
namely the progenitor cells of the neurogenic 
regions that remain in some areas of the adult 
brain (Chapter 1). In Chapter 2, we review the 
role that PcG proteins play in development 
with emphasis on embryonic and adult stem 
and progenitor cell populations. PcG proteins 
are chromatin modifiers that form multimeric 
protein complexes termed Polycomb repressive 
complexes (PRCs). They mainly act as gene 
silencers. PcG proteins of the initiation (or PRC2) 
complex are vital to embryonic development. 
Most maintenance (PRC1) PcG proteins are 
dispensable for embryogenesis, but essential 
for normal postnatal life possibly due to their 
role in maintaining adult stem cells. Bmi1 and 
Ring1b belong to this latter group. However, 
Ring1b is exceptional as its deletion also causes 
early embryonic lethality. Both Bmi1 and Ring1b 
have been implicated in the repression of the 
tumor suppressor locus Ink4a/Arf. The Ink4a/
Arf locus codes for two genes, Ink4a and Arf. 
Ink4a is a cyclin-dependent kinase inhibitor 
(CKI) that inhibits CyclinD/CDK4-6 complexes, 
thus preventing progression through the cell 
cycle (reviewed in Chapters 1-3). Arf stabilizes 
p53 by inhibiting Mdm2 and is thereby 
capable of evoking cell cycle arrest or cell 
death. Interestingly, a number of CKIs has been 
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implicated in the self-renewal of adult stem 
and progenitor cells (Reviewed in Chapter 
3). Therefore, we first set out to test to what 
extent repression of Ink4a and Arf by Bmi1 is 
required for the proliferation of ‘normal’, versus 
stem and progenitor cells in vitro and in vivo 
(Chapter 4). Remarkably, while both Ink4a and 
Arf are derepressed in all Bmi1 deficient systems 
analyzed (fibroblasts, lymphoid cells, cerebellar 
neurons and cerebral neural stem cells), we find 
that only Arf repression by Bmi1 is generically 
required for proliferation. Ink4a repression 
contributes to the proliferation and self-renewal 
of just a subset of cell types. However, we 
noticed that not all defects caused by deletion 
of Bmi1 are rescued by co-deletion of Ink4a/
Arf. For instance, cerebellar neurogenesis, 
skeletal transformations and the overall growth 
retardation are still impaired in a Bmi1-/-;Ink4a/
Arf-/- background, suggesting the existence of 
Ink4a/Arf-independent Bmi1 targets (Chapter 
4). Notably, recent binding studies reinforce the 
idea that PcG proteins have multiple additional 
target genes.
As mentioned above, complete removal of Bmi1 
binding partner Ring1b induces embryonic 
lethality. To investigate whether Ring1b also has 
a role in brain development, we conditionally 
ablated this gene from the central nervous 
system (CNS)(Chapter 5). A number of CNS-
specific Ring1b null mice survived until birth, 
however they suffered from severe progressive 
growth retardation and died prematurely. Close 
examination of the brain revealed malformations 
in the cerebellar foliation pattern, which could 
explain the neurological abnormalities exhibited 
by these animals. We detected derepression of 
Ink4a/Arf in all areas of the Ring1b null brain 
investigated, indicating that elevated levels of 
this tumor suppressor locus could be involved 
in the Ring1b phenotypes. Accordingly, we 
observed that the lack of proliferation of Ring1b 
deficient neural stem cells was completely 
rescued by Ink4a/Arf co-deletion. However, we 
also found that the Engrailed genes, known to 
be essential for cerebellar development, were 
derepressed suggesting that genes other than 
Ink4a/Arf might play a role as well (Chapter 5). 
Altogether, these findings prompted an 

exploration of Ink4a/Arf-independent PcG 
targets. We decided to search for these genes 
using a mouse model for brain cancer, and 
established that Bmi1 deficiency does affect 
glioma development independently from Ink4a/
Arf (Chapter 6). Bmi1-/-;Ink4a/Arf-/- tumors formed 
with a later onset and had different histological 
grading. They also displayed a reduced 
differentiation capacity. Large scale gene 
expression analyses revealed that alterations 
in pathways controlling proliferation, adhesion 
and development were most significantly 
changed in these Bmi1 null tumors. In line with a 
role for PcG in adhesion, we observed that Bmi1
-/-;Ink4a/Arf-/- neural stem cells have increased 
capability to adhere to the extracellular 
matrix (ECM)(Chapter 7). We strongly suspect 
that this is caused by an increase in secreted 
ECM compounds due to altered Collagen 
metabolism. Preliminary observations indicate 
that alterations in Notch or TGF-β signaling are 
mediating the differentiation and adhesion 
defects found in the absence of Bmi1 and Ink4a/
Arf (Chapter 8).
Altogether, the research described in this 
thesis favors a model in which PcG can 
control development and cancer in several 
ways. Stimulating proliferation by Ink4a/Arf 
modulation is one aspect, whereas controlling 
adhesion and differentiation may provide other 
means of enhancing (tumor) development. 
Therefore, looking beyond Ink4a/Arf as the main 
PcG target will create a more comprehensive 
insight into PcG function.


