
Have you seen?

PIAS adds methyl-bias to
HSC-differentiation
Saghi Ghaffari1,2,3,4

Epigenetic modifications of stem cell
genome including DNA methylation and
histone modifications are critical for the
regulation of stem cell gene expression and
maintenance of stem cell pool and their
differentiation. Although the importance of
epigenetic modifications specifically DNA
methylation to adult hematopoietic stem
cells (HSC) has been established, the
identity of specific modulators and precise
mechanism of integration of methylation
events remain to be uncovered. In this
issue, Shuai and colleagues identify the
SUMO E3 ligase PIAS1 (protein inhibitor of
activated STAT1) as a key regulator of DNA
methylation of HSC required for their
maintenance and lineage commitment
(Liu et al, 2014).

See also: B Liu et al (December 2013)

T he methylation of cytosine residues

in the CpG dinucleotide is essential

for mammalian development and

maintenance of genomic integrity. DNA

methylation has deep influence on gene

expression involved in key physiological

processes, including the silencing of germline-

specific genes and of transposable elements.

Patterns of DNA methylation are established

during early embryogenesis and gametogen-

esis and subsequently maintained in somatic

cells where DNA methylation is dynamically

modulated during cell differentiation (Smith

& Meissner, 2013). These patterns are tissue-

specific and perturbed in several human

diseases including cancer and disorders of

imprinting. Dnmt3a and Dnmt3b are de novo

methyltransferases that catalyze remethylation

to establish methylation patterns in post-

implantation mouse embryos and in germ

cells while DNMT1 is responsible for main-

tenance of methylation after cell division,

although the view that there is a clear

dichotomy between the functions of the two

types of enzymes may be changing (Jones &

Liang, 2009).

DNA methylation is critical for the main-

tenance of hematopoietic stem cells and for

their lineage commitment and stepwise

differentiation (Broske et al, 2009; Challen

et al, 2012; Tadokoro et al, 2007; Trow-

bridge et al, 2009). Specifically, DNMT1 is

essential for hematopoietic stem cell self-

renewal and homeostasis as well as for

myeloid versus lymphoid fate choice (Broske

et al, 2009; Trowbridge et al, 2009). While

DNMT3a or DNMT3b were initially thought

to have no effect on HSC (Tadokoro et al,

2007), their combined function appeared criti-

cal for HSC maintenance but not HSC differ-

entiation. Subsequently, DNMT3a was found

to be essential for HSC differentiation (Chal-

len et al, 2012). With the importance of DNA

methylation for the regulation of transcrip-

tional programs in hematopoietic stem cell

maintenance and lineage commitment being

established (Broske et al, 2009; Challen et al,

2012; Tadokoro et al, 2007; Trowbridge et al,

2009), the molecular players that control

DNA methylation and precise steps that inte-

grate DNA methylation events remain poorly

defined. One of the few recently identified

components is SATB1 (special AT-rich

sequence-binding protein 1), a global chro-

matin remodeler essential for HSC DNA

methylation, self-renewal and repression of

lineage commitment (Will et al, 2013).

In this issue of The EMBO Journal, Shuai

and colleagues identify PIAS1, a SUMO E3

ligase as a new and essential piece of the

DNA methylation scheme in hematopoietic

stem cells (Liu et al, 2014). The authors had

previously shown that PIAS1 is an epige-

netic modifier critical for T-cell differentia-

tion (Liu et al, 2010). PIAS1 restricts the

differentiation of natural regulatory T (reg)

cells by recruiting DNMT3a and DNMT3b to

Foxp3 promoter and maintaining Foxp3

promoter at a repressive chromatin state.

Here they show that PIAS1-/- mice also

present global defects in hematopoiesis that

go beyond their previous phenotypic charac-

terization (Liu et al, 2010). They find that

while there are only minor perturbations

in PIAS1-deficient circulating and bone

marrow lineage-restricted cells, the numbers

of lineage committed common lymphoid

progenitors (CLP)s and megakaryocyte-

erythroid progenitors (MEP)s are significantly

altered. These abnormalities are associated

with an increase in the long-term hemato-

poietic stem cell (LT-HSC) population. To

further delineate their finding, they analyze

the cell cycle and cell death in hematopoietic

stem and progenitor cell populations. These

analyses reveal that cell death is the

major mediator of impaired CLP and B-cell

production in PIAS1-deficient bone marrow

indicating that PIAS1 is crucial for cell

survival in lymphoid cells. They further

elucidate PIAS1 as major contributor to the

dormancy of LT-HSC. Loss of PIAS1 profoundly

compromises competitive multi-lineage

repopulation capability of HSC and their

self-renewing potential. Further to this role

in HSC-maintenance, PIAS1 is required for
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HSC differentiation as illustrated by compro-

mised B-cell generation and differentiation

at multiple stages as well as defective T-cell

generation in PIAS1-deficient mice. It turns

out that PIAS1 is critical to balance HSC

differentiation of either myeloid or lymphoid

cells since myelo-erythroid-specific genes

are found highly reactivated in LT-HSC and

in CLP lymphoid progenitors that lack PIAS1.

Among the highly perturbed genes,

increased expression of megakaryocyte-

erythroid factor GATA-1 and its downstream

targets in CLP lymphoid progenitors is nota-

ble. The data are in agreement with a model

in which PIAS1 is required for the suppres-

sion of myelo-erythroid genes in LT-HSC

and in lymphoid progenitors and thus for

proper expression of lineage-specific genes

in these populations. Interestingly, the

authors show that PIAS1 directly occupies

GATA-1 promoter in primitive multipotential

hematopoietic cells in vivo. In addition they

provide evidence supporting a function for

PIAS1 in mediating methylation of GATA-1

promoter as bisulfite sequencing of CpG

sites are hypermethylated in wild-type but

not in PIAS1-deficient LT-HSC and CLP

lymphoid progenitor cells. GATA-1 pro-

moter methylation may be mediated by

DNMT3a, since DNMT3a is found at GATA-1

promoters in vivo in bone marrow cells

(Fig 1). The presented data suggest that

PIAS1 directly recruits DNMT3a to the

GATA-1 promoter as endogenous PIAS1 and

DNMT3a interact in bone marrow cells and

binding of DNMT3a to GATA1 promoter is

compromised in PIAS1-deficient tissue.

These data are intriguing as the hemato-

poietic phenotype of PIAS1-deficient mice
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Figure 1. Model: PIAS1 controls hematopoietic stem cell homeostasis by mediating methylation of GATA-1 promoter.
Upper panel: by recruiting the DNMT3a methyltransferase to GATA-1 promoter in HSC (hematopoietic stem cells) and in common lymphoid progenitors (CLP), PIAS1
participates in silencing myelo-erythroid genes in these cells. Lower panel: Loss of PIAS1 results in decreased HSC quiescence and self-renewal, reduced generation of
lymphoid progenitors, reduced B-cell production and increased production of MEP (megakaryocyte-erythroid progenitors), associated with aberrant expression of myelo-
erythroid and B cell-specific genes in HSC and lymphoid progenitors. Future investigations including elucidation of steps leading to the increased MEP from PIAS-/- HSC
(dashed arrow) will contribute to delineating HSC path to lineage determination. CMP: common myeloid progenitor.
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resembles more closely DNMT1- rather than

DNMT3a-deficient mice (Challen et al, 2012;

Trowbridge et al, 2009). In particular, the

enrichment in LT-HSC and the significant

decrease in CLP observed in PIAS1-deficient

mice are highly reminiscent of DNMT1-

deficient mice that exhibit similar but more

pronounced hematopoietic defects. In contrast

to DNMT1- deficient mice (Trowbridge et al,

2009), PIAS1-deficient mice did not exhibit

any abnormalities within the microenviron-

ment, overall suggesting that the observed

defects are intrinsic and/or autonomous to

HSC. It remains to be seen whether PIAS1

shows any interactions with DNMT1 in

addition to DNMT3a during HSC differentia-

tion. In addition it will be very interesting to

see whether the enzymatic activity of PIAS1

contributes to these interactions.

In light of previous implications for regu-

lated DNA methylation in the context of

hematological malignancies and leukemias/

myelodysplasias in particular (Broske et al,

2009; Ley et al, 2010; Yamashita et al, 2010;

Yan et al, 2011), these novel data raise the

possibility that alterations in expression

and/or abnormal function of PIAS1 may be

associated with hematological malignancies.

In summary, the new findings by Liu

et al identify PIAS1 as a critical regulator of

epigenetic silencing of myelo-erythroid

genes in HSC and in lymphoid progenitors.

By a mechanism that may involve the

recruitment of DNMTs to particular promot-

ers, PIAS1 participates in the intricate

balance between HSC maintenance and

subsequent lineage commitment.
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