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It is essential that during our lives the cells 
that make up our body retain their identity. 
The identity of cells is determined by the 
genes they express. Thus to maintain the 
identity of a cell the gene expression 
patterns in a particular cell need to be 
maintained throughout many cell divisions. 

In Drosophila, two protein 
complexes have been identified that are 
involved in the stable maintenance of gene 
expression patterns. These two complexes 
are the trithorax group (trxG) complex and 
the Polycomb group (PcG) complex. The 
trxG complex is involved in maintaining the 
active state of genes and the PcG complex 
is involved in maintaining the inactive state 
of genes. 

At the time work on this thesis was 
started, several PcG proteins had been 
identified in vertebrates, but practically no 
human PcG proteins were known. In this 
thesis we have identified several human 
PcG proteins by using vertebrate PcG 
homologues as bait in three different two-
hybrid screens. In chapter 2 we describe the 
first two-hybrid screen. This screen was 
performed with Bmil as bait. Bmil is a 
vertebrate homologue of the Drosophila 
PcG protein Posterior sex combs. We 
identified two new human proteins that 
interacted with Bmil. These two proteins 
were both homologues of the Drosophila 
PcG protein polyhomeotic. For this reason 
we called these proteins human 
polyhomeotic 1 and 2 (HPH1 and HPH2). 
Apart from interacting with Bmil, HPH1 
and HPH2 also interact with each other. To 
obtain evidence for the in vivo interaction 
between these proteins we performed 
cofractionation and coimmunoprecipitation 
experiments. Human BMI1, HPH1, and 
HPH2 all cofractionate in a multimeric 
protein complex of well over 1000 kD. 
Furthermore, all three of these proteins 

coimmunoprecipitate with one another. This 
again indicates that these proteins interact 
with each other. Another indication that the 
interaction between BMI1, HPH1, and 
HPH2 is relevant in vivo is obtained by 
immunofluorescence. BMI1, HPH1, and 
HPH2 all colocalize in the large, brightly 
staining PcG domains in the nucleus of 
several human cell lines. This supports the 
idea that they interact with each other in 
vivo and that a human PcG complex exists. 

In chapter 3 we describe a two-
hybrid screen using a vertebrate homologue 
of the Drosophila Polycomb (Pc) protein. In 
this screen we identified RTNG1 as a Pc-
interacting protein. At that time the function 
of the PJNG1 protein was not known. 
RJNG1 was known as a protein containing a 
so-called RJNG-finger, which is generally 
involved in protein-protein interactions. 
However, the RTNG-finger of RJNG1 was 
not involved in the interaction with 
vertebrate Pc homologues. To verify the 
two-hybrid interaction between Pc and 
RJNG1 we performed coimmuno
precipitation experiments. We found that 
RING1 coimmunoprecipitates with HPC2, a 
human Pc homologue, BMI1, and HPH1. 
Furthermore, RING1 also colocalized with 
these proteins in the PcG domains. This 
indicated that RJNG1 is part of a human 
PcG complex and might be a human PcG 
homologue. PcG proteins are repressors of 
gene activity. We have shown that RJNG1 
also represses gene activity. This fits well 
with the idea that RTNG1 might be a PcG 
protein. 

In chapter 4 the final two-hybrid 
screen is described. We performed this 
screen with HPC2 and identified CtBPl and 
CtBP2 as interacting proteins. The CtBP 
proteins interact with HPC2 through a 6 
amino acid motif that is also found in other 
CtBP interacting proteins. M33, the murine 
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HPC1 homologue does not have this motif 
and consequently doesn't bind the CtBP 
proteins. This indicates that there is a 
functional difference between the human Pc 
orthologues. Apart from interacting with 
HPC2, CtBPl and CtBP2 also interact with 
each other in the two-hybrid system. These 
interactions have been verified by 
coimmunoprecipitation and colocalization 
experiments. dCtBP, the Drosophila 
homologue of CtBPl and QBP2, binds to 
developmentally active transcriptional 
repressors such as snail and knirps, which 
classifies dCtBP as a co-repressor. The 
human CtBP proteins have also been shown 
to be co-repressors. The interaction between 
CtBP and HPC2 is, however, not essential 
for the repressive capacity of HPC2. This is 
evident from a repression experiment where 
an HPC2 mutant lacking the CtBP binding 
motif is still able to repress gene activity 
when targeted to a reporter gene (Chapter 
4). It is possible that the human PcG 
complex might be tethered to its target 
genes through the interaction of HPC2 with 
CtBPl or CtBP2. One has to take into 
account however, that this is merely a 
hypothesis. There is no data that indicates 
that the PcG complex is directly linked to 
the DNA by way of CtBP. 

Chapter 5 describes the PcG 
expression patterns of several human tissues 
and cell types. A multiple tissue Northern 
blot probed with BMI1, HPH1, and HPH2 
revealed that PcG expression is to some 
extent dependent on the type of tissue and 
consequently that the PcG complex might 
not have a fixed composition (Chapter 2). A 
more extensive Northern analysis of PcG 
expression involving 6 PcG genes and 23 
different tissues revealed that PcG 
expression varied greatly from tissue to 
tissue (Chapter 5). PcG expression varied in 
three different criteria. Firstly, each tissue 
expressed a different number of PcG genes. 
Secondly, each PcG gene was expressed in 
a different number of tissues. And thirdly, 
the expression level of the individual PcG 
genes varied depending on the tissue. 
Tissues consist of various cell types. Using 

immunohistochemistry we showed that cell 
type-specific PcG expression patterns exist 
(Chapter 5). This indicates that the 
composition of the PcG complex is also cell 
type-specific. 

Some hypotheses predict that the 
composition of the PcG complex determines 
the specificity for its target genes. As every 
cell type has a specific set of genes that 
have to be stably repressed, it follows that 
every cell type would also need its specific 
PcG complex. This hypothesis fits well with 
our observation that the composition of the 
PcG complex is different in various cell 
types. 

The identity of a cell is set up during 
development. The glomerular cells of the 
kidney are formed in several different 
stages during development. We have 
analyzed PcG expression in various stages 
of glomerular development (Chapter 5). 
Apparently in each stage of glomerular 
development a differently composed PcG 
complex is present. This indicates that the 
composition of the PcG complex is not 
constant during cellular differentiation 
towards a specific cell type, but rather that 
stage specific PcG complexes might exist. 

If the composition of the PcG 
complex determines its target specificity, 
then deregulation of PcG expression would 
lead to the repression of a different set of 
target genes. As the general expression 
pattern determines the identity of a cell, this 
might alter the identity of that cell. An 
example of cells that can be considered as 
having lost their identity are cancer cells. 

In chapter 6 we have studied the 
expression of PcG proteins in a specific 
form of cancer called Mantle Cell 
Lymphoma (MCL), which is derived from 
the mantle cells of the tonsils or lymph 
nodes. When MCL cells are in rest they 
have the same PcG expression pattern as 
healthy mantle cells. In healthy mantle cells 
BMI1 and PJNG1 are expressed, but EZH2 
and EED are not. However, when MCL 
cells are stimulated to proliferation they 
display an aberrant PcG expression pattern 
in comparison to their healthy proliferating 
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counterparts. Healthy proliferating cells that 
originate from resting mantle cells no 
longer express BMI1 or RING1, but now 
express EZH2 and EED. On the other hand 
proliferating MCL cells keep expressing 
BMI1 and RING1 and don't up-regulate 
EED expression. The only thing that is 
similar is the up-regulation of EZH2. This 
indicates that deregulation of PcG genes 
might play an important role in 
carcinogenesis. A striking feature of MCL 
cells that start proliferating is that EZH2 is 
up-regulated. Over-expression of EZH2 in a 
haematopoietic cell line causes an increase 

in the growth rate (Chapter 6). This 
suggests that there might be a causal 
relation between EZH2 up-regulation and 
increased proliferation. 

Taken together, this thesis has 
provided a more detailed understanding of 
the composition of the human PcG 
complex. Furthermore, we have shown that 
there are functional differences between 
human PcG orthologues. Finally, we have 
been able to gain more insight into the 
involvement of PcG expression in the 
pathology of a specific form of cancer. 
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