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Somatic stem cell activity is critical for tissue homeostasis.
Defects in stem cells are thought to be involved in many
diseases, including inherited disorders and aging (He et al,
2009). In a recent paper published in Nature, Adorno et al
(2013) demonstrate that there is a general somatic stem
cell defect in Down syndrome (DS), a congenital disorder
with triplication of human chromosome 21 (HSA21; Roper
and Reeves, 2006; Mégarbané et al, 2009). They report that
the deubiquitinase Usp16 gene located on HSA21 is a key
epigenetic switch that regulates stem cell self-renewal and
senescence in DS, and suggest that inhibiting or reducing
HSA21 may be beneficial in treating the sequelae of DS.
DS is the most common human chromosomal abnormality
with triplication of all or part of HSA21 in humans.
Individuals with DS uniformly exhibit varying degrees of
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developmental delays, mental retardation and premature
ageing (Roper and Reeves, 2006; Mégarbané et al, 2009).
While the underlying mechanisms of these multifactorial
alterations in different systems remain to be defined, one
possibility is that the functional decline of adult stem cells
may partially lead to DS-associated pathologies.
Self-renewal of stem cells is essential for the maintenance
and regeneration of tissues that exhibit high rates of cell
turnover, such as the haematopoietic system (He et al, 2009).
Adorno et al (2013) first examined the self-renewal of
haematopoietic stem cells derived from two DS mouse
models, Ts65Dn and Ts1Cje, in which Ts1Cje mice have
25% less trisomic genes triplicated than in the Ts65Dn mice
(Roper and Reeves, 2006). Consistent with prior studies
(Lorenzo et al, 2011), haematopoietic stem cells from
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Figure 1 Uspl6 deubiquitinates uH2A (ubiquitinated H2A) by removing ubiquitin from H2AK119. In the case of triplication of Uspl6,
H1AK119 ubiquitination is decreased leading to a reduction of self-renewal and accelerated senescence.
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Ts65Dn mice, trisomic for two-thirds of HSA21 genes, exhibit
a significant reduction of self-renewal and failure in
haematopoietic homeostasis. In contrast, Ts1Cje mice have
no defect in stem cell self-renewal.

Based on the presumption that some distinctively tripli-
cated genes in the Ts65Dn mouse lead to the haematopoietic
stem cell defect, the authors compared triplicated genes in the
Ts65Dn versus the Ts1Cje mouse models of DS. One of the
genes they identified is the ubiquitin-specific peptidase 16
(Uspl6), a deubiquitinating enzyme, that regulates cell cycle
progression and gene expression through specific deubiquiti-
nation of histone, H2A, by removing ubiquitin from lysine 119
(K119) of H2A (Joo et al, 2007; Figure 1). Self-renewal of
haematopoietic stem cell defects are fundamentally rescued in
Ts65Dn mice by reducing Usp16 in Ts65Dn mice to a similar
expression level to control’s via short hairpin RNA (shRNA)
to Uspl6. Thus, triplication of Uspl6 contributes to the
reduction of self-renewal of haematopoietic stem cells. Most
DS patients have an extra copy of HSA21 in every cell from the
point of conception (Mégarbané et al, 2009). To determine the
consequences of Usp16 triplication in the other somatic stem
cells, Adorno et al (2013) generated genetically engineered
Ts65Dn/Usp16™® mice, in which a diploid dosage of normal
Uspl6 is present with one mutant Usp16 allele and the other
triplicated DS genes. These studies reveal that depletion of an
extra allele of Uspl6 greatly rescues the expansion defects
across multiple tissues examined, including mammary
epithelial cells, fibroblasts and neural progenitors in Ts65Dn
mice. The authors find that overexpression of Uspl6 in
normal human fibroblasts and neural progenitors lead to
reduced expansion, similar to the strong proliferation defect
of human DS fibroblasts (Carmeliet et al, 1991; Kimura et al,
2005). Notably, shRNA knockdown of Usp16 rescue the self-
renewal defect in human DS fibroblasts.

Dynamic ubiquitination and deubiquitination of H2A mod-
ulates multiple cellular processes. Usp16 deubiquitinates H2A,
the most abundant ubiquitinated mammalian chromatin
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protein, whose monoubiquitinated form has been linked to
transcriptional control by Bmil (a component of the Polycomb
group complex/PRC1; Vissers et al, 2008). Given the role of
Bmil in regulating cell proliferation and senescence through
targeting CDKN2a, the authors compare the senescence of
fibroblasts in Ts65Dn and Ts65Dn/Usp16het mice. The authors
find that fibroblasts from Ts65Dn mice show accelerated
senescence and a concomitant increase in the expression
of p16™“? and p19*™, two ageing biomarkers encoded
by CDKN2a (Jacobs et al, 1999). shRNA-mediated
downregulation of either CDKN2a or Uspl6 significantly
decreases p16™“? and p19*™ levels and rescues the cell
proliferation and senescence defects. Given the remarkable
effect of the increased dosage of Uspl6 in stem cell self-
renewal and senescence, these data strongly indicate that
there is a common mechanism governing the functional
decline of stem cells in DS through an Uspl6 gene dosage-
dependent deubiquitinating mechanism in the H2A-Bmi/
PRC1-CDKN2a pathway (Figure 1).

In summary, Adorno et al (2013) have taken an important
step in illuminating the mechanism for DS and provide new
insights into the pathophysiological impact of Uspl6 on DS
stem cells that occurs in a gene-dosage-dependent manner.
The full extent of the role of deubiquitinases in human
disease remains to be elucidated. The identification of
Uspl6, which is involved in wide range of key regulatory
processes, may provide a new therapeutic target for DS. In
addition, these discoveries raise important questions to be
addressed in future work. Can inhibition or reduction of
Uspl6 levels improve cognitive function in patients with DS
or can the natural history and clinical outcome of DS be
changed by manipulating the levels or activity of Usp16 at an
early age?
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