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The self-renewal capacity of stem cells is 
crucial for the homeostatic maintenance 
of adult tissues, in which they mediate the 
continuous replacement of differentiated 
cells, and is the focus of attempts to design 
patient-specific therapies.1 The Polycomb 
group proteins are key global epigenetic 
regulators of stem-cell fate decisions. The 
Polycomb family induces histone-specific 
posttranslational modifications on tar-
get genes through the action of the two 
Polycomb repressive complexes (PRC1 
and PRC2). PRC2 catalyzes methylation 
of Lys27 on histone 3 (H3), generating 
the H3K27me2/3 mark, which acts as a 
platform for PRC1, which, in turn, ubiq-
uitylates histone H2A on Lys119.2 The 
catalytic subunits of the PRC1 and PRC2 
complexes are, respectively, Ring1B and 
Ezh1/2, but it should be noted that the 
repressive activity of the Polycomb group 
also requires the presence of other func-
tional subunits.3

The chromatin-modifying component 
of PRC2 exists in two forms, Ezh1 and 
Ezh2, which have an identical catalytic 
SET domain. Therefore the exclusive 
attribution of methyltransferase activity 
to Ezh2 needs to be retested; indeed, accu-
mulated evidence support the hypothesis 
that the repressive activities of PRC2-
Ezh1 and PRC2-Ezh2 are differentially 
coordinated during tissue development 
and homeostasis. The H3K27me3 mark 
is not completely lost in Ezh2−/− ESCs, 
suggesting residual or compensatory 
methylation by Ezh1.4 Moreover, Ezh1 
is indispensable for the establishment of 
pluripontent cells and for the mainte-
nance of ESC self-renewal.5 Further evi-
dence for a role for Ezh1 comes from the 
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relatively mild phenotypes of mice after 
conditional targeting of Ezh2 in somatic 
stem cells and the complementary spa-
tial and temporal expression patterns of 
Ezh1 and Ezh2 during development.5 It 
is therefore important to determine the 
role of Ezh1-containing PRC2 complexes 
in the maintenance of adult stem cells. 
Our recent findings show that Ezh1 is 
important for physiological HSC activa-
tion.6 We propose that Ezh1 might bal-
ance HSC preservation against the risk of 
aging, since disturbance of PRC2-Ezh1 
function affects several important cell 
fate decisions, including senescence and 
self-renewal.

The extreme sensitivity of HSCs to 
Ezh1 inactivation in mice is remarkable 
when compared with the impact of defi-
ciency for Ezh2 in a similar system.5 Ezh1 
deficiency induces a potent senescence 
response that severely reduces the size of 
the adult HSC fraction as well as the self-
renewal capacity and quiescent popula-
tion of HSCs. This specialized function 
is related to specific regulation by Ezh1 
of mono- and dimethylation of H3K27, 
which prevents active proliferation and 
represses pathways required for terminal 
differentiation and senescence of adult 
HSCs.

The challenge of revealing Ezh1-
mediated mechanisms was met by 
genome-wide analyses combined with 
quantification of ChIP assays in HSCs 
rendered senescent by Ezh1 deletion. 
We identified a role for Ezh1 in coor-
dinated methylation of the repressive 
H3K27 mark, resulting in activation of 
the master senescence regulators p16INK4a 
and Bmp27 and selective repression of 

Runx1, a transcription factor that regu-
lates critical processes in many aspects 
of hematopoiesis.8 Repression of Runx1 
is achieved by dynamic and harmonized 
H3K27me1 and H3K27me2 alterations, 
but not upon trimethylation, to generate 
the H3K27me3 mark. Thus the unique 
and specialized function of Ezh1, medi-
ated through mono- and di-methylation 
of H3K27, is to prevent active prolifera-
tion and repress pathways required for 
terminal senescence. Based on these find-
ings, we propose a model in which the 
energy needed to recruit PRC2 to target 
gene promoters is the sum of the energy 
steps established by each of the PRC2 
holoenyzyme components (Fig. 1). We 
suggest that H3K27me1 is an impor-
tant intermediary PCR2-Ezh1 product, 
because it not only constitutes the sub-
strate for subsequent H3K27me2, but also 
prevents H3K27 from being acetylated. 
Despite the variety of proteins associated 
with the core PCR2 complex, its integrity 
should remain intact, such that all PRC2 
complexes containing either Ezh1 or Ezh2 
catalyze H3K27 methylation.

Our knowledge of Ezh1 has lagged 
behind that of other epigenetic regula-
tors. Now, the identification of PRC2-
Ezh1 as responsible for H3K27me1 and 
H3K27me2 marks in HSCs opens the 
way to exciting discoveries about the bio-
logical function of these epigenetic marks. 
A combination of mechanistic and func-
tional studies will be required to deter-
mine whether and how misregulation 
of histone methyltransferases Ezh1 and 
Ezh2 affects specific modes of chromatin 
recruitment, and how these enzymes exert 
distinct biological functions.
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Figure 1. in the hematopoietic system, where stem cell activation is a transitory state that 
requires a combination of self-renewal coupled with the prevention of differentiation and senes-
cence, Ezh1 is needed to maintain primitive hematopoietic cells by protecting them from differen-
tiation and senescence in slow cycling through its PrC2-associated Polycomb function.


