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Stem cell aging is one of the leading theories of aging and is
gaining momentum in recent years with the development of
new technologies to study stem cells (Schultz & Sinclair,
2016). In the stem cell aging theory, the age-associated
physiological changes and functional declines at tissue and
organismal levels are attributed to changes to various stem
cell populations, both in their quantity and function. Hence,
one of the pressing questions in the aging research is to
understand the molecular mechanisms that preserve stem
cell function and delay their aging process. In this issue, Bi,
et al., reports a novel mechanism that slows down the aging
process in human mesenchymal stem cells by preserving
the structure of heterochromatin, which is mediated through
the functions of SIRT7, one of the seven sirtuins found in all
mammals (Bi et al., 2020).

Mammalian sirtuins are orthologs of yeast silent infor-
mation regulator 2 (Sir2), an NAD+ dependent histone
deacetylase that promotes genome stability and suppress
the transcription at heterochromatin-like regions (Giblin
et al., 2014). Since the first report on Sir2 that it extends
budding yeast lifespan (Kaeberlein et al., 1999), great efforts
have been made to explore the functions and mechanisms
of sirtuins in aging and cellular senescence. The sirtuin
family is evolutionarily conserved, from bacteria to mam-
mals. Seven sirtuin members have been discovered in
mammalian species, SIRT1-7. Although all of them contains
a highly conserved NAD+- binding domain, their enzymatic
activities, molecular functions, and cellular localizations vary
greatly (Haigis & Sinclair, 2010).

SIRT7 is the only sirtuin that predominantly located in
nucleolus. Early studies reveal that it is a regulator of rDNA
transcription (Ford et al., 2006; Grob et al., 2009), and pro-
tein synthesis (Tsai et al., 2014). To date, numerous studies
greatly enrich our understanding of SIRT7 functions. SIRT7
is a versatile regulator that involved in a wide range of

biological processes including but not limited to genome
instability, apoptosis, stress response, heterochromatin
maintenance, DNA damage repair, mitochondrion home-
ostasis, cellular senescence and aging (Blank & Grummt,
2017; Wu et al., 2018). Majority of the SIRT7 functions are
mediated via its enzymatic activities, such as deacetylation
of histone H3K18 (Barber et al., 2012) and several nonhis-
tone proteins, and desuccinylation of H3K122 (Li et al.,
2016), although Paredes et al. report that SIRT7 extends
HSC lifespan by stabilizing SNF2H at rDNA promoters
without its catalytic activity (Paredes et al., 2018).

Consisted with its ortholog Sir2 in budding yeast, many
lines of evidence showed that SIRT7 plays potent roles in
cellular senescence and aging. SIRT7 deficient mice
showed a shortened lifespan and aging related phenotypes
(Vakhrusheva et al., 2008; Shin et al., 2013; Ryu et al., 2014;
Mohrin et al., 2015; Vazquez et al., 2016). Loss of SIRT7 has
been reported in a few of senescent cell lines (Mortuza et al.,
2013; Lee et al., 2014; Ryu et al., 2014), and overexpression
of SIRT7 in senescent-induced cells repress the expression
of senescence markers such as p53 and p21 (Wronska
et al., 2016).

However, in contrast to the versatility of SIRT7 functions,
little was known about the molecular basis and pathways of
SIRT7 during aging and cellular senescence, especially in
human mesenchymal stem cells (MSCs), which attracted a
lot of interests because of its potential in stem cell therapies
and regenerative medicine (Freitag et al., 2016). In addition,
it is known that heterochromatin loss and dysregulation
occur during senescence (Chandra & Kirschner, 2016; Sun
et al., 2018), but the exact mechanisms underlining MSC
heterochromatin maintenance remain elusive.

Here, Bi et al. fills the gap in knowledge between loss of
SIRT7 and heterochromatin dysregulation during cellular
senescence in human MSCs. The authors report that SIRT7
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antagonizes MSC senescence by silencing LINE1 retro-
transposons at heterochromatin regions. Loss of SIRT7
leads to increased heterochromatin accessibility and up-
regulation of LINE1 transcription, which in turn activates
cGAS-STING pathway and autoimmune responses and
eventually triggers MSC senescence (Bi et al., 2020).

The authors first show that loss of SIRT7 is a driver of
senescence of human MSCs. In agreement with previous
studies in other cell types, SIRT7 deficient MSCs have
shorter replicative lifespan with accelerated senescence
phenotypes, including slower growth rate, higher percentage
of SA-β-gal-positive cells, higher ROS, and higher expres-
sion of senescence markers. Most importantly, these results
demonstrate that SIRT7 is responsible for the maintenance
of MSC heterochromatin at nuclear periphery by interacting
with heterochromatin proteins and nuclear lamina.

By flag-tagged IP-mass spectrometry and co-IP assays,
the authors identify a list of new SIRT7-interacting proteins
including heterochromatin proteins KAP1, HP1α and HP1γ,
and nuclear lamina proteins Lamin B1 and Emerin. Further
experiments confirm that loss of SIRT7 resulted in lower
protein levels of these proteins and increased accessibility of
heterochromatin at the LINE1 promoter regions. These
results, accompanied with the up-regulation of LINE1 tran-
scription and increased retrotransposon activities, strongly
indicate that SIRT7 represses LINE1 activation at human
MSC heterochromatic regions. These findings shed new
light on the function of SIRT7 and the molecular basis of
MSC heterochromatin maintenance.

Finally, the authors complete the whole pathway by fig-
uring out the downstream players of LINE1 in MSCs. Since
LINE1 expression activates the cGAS-STING pathway and
triggers cellular senescence in mice (de Cecco et al., 2019;
Simon et al., 2019), the same pathway may be activated by
LINE1 expression in human MSCs. Indeed, by multiple lines
of evidence, including the gene expression profiles and the
relevant protein abundant levels, derepression of LINE1
retrotransposons activates the DNA sensing cGAS-STING
signaling pathway and auto immune responses in human
stem cells.

In summary, the authors provide the first evidence that
SIRT7 antagonizes cellular senescence in human MSCs
through silencing LINE1 at heterochromatin regions. One of
the critical results in the study is the discovery of hete-
rochromatin proteins and nuclear lamina proteins as novel
SIRT7-interacting proteins in human MSCs. Combined with
the experiments showing the loss of SIRT7 causes
increased heterochromatin accessibility and de-attachment
of heterochromatin from nuclear periphery, this study func-
tionally links SIRT7 to heterochromatin maintenance in
MSCs.

Despite the recent progress, this study and other recent
one prompt more questions regarding SIRT7 and its func-
tions in heterochromatin and cellular aging. For example,

how SIRT7 interacts with the heterochromatin structural
proteins in human MSC remains to be investigated. Fur-
thermore, other studies have showed that SIRT7 regulates
heterochromatin via additional mechanisms. Li et al. repor-
ted that SIRT7 promotes chromatin condensation and DNA
double-strand break repair by desuccinylation of H3K122 in
various cancer cell lines (Li et al., 2016). Meanwhile, in
human primary cells, SIRT7 maintains nucleolar hete-
rochromatin by acting as a scaffold to stabilize SNF2H, a
component of the heterochromatin silencing complex NoRC
(Paredes et al., 2018). How these mechanisms influence
one another remains to be studied.

Increased rDNA instability is a common senescence
associated phenotype in human. As a mammalian homolog
of Sir2 and the only sirtuin that primarily located at nucleoli
where rDNA genes are enriched, it is possible that SIRT7
also antagonizes human MSC senescence via maintaining
rDNA stability at heterochromatin regions. Indeed, Paredes
et al. have reported that loss of SIRT7 resulted in dere-
pression of heterochromatic rDNA gene clusters, with
recombination and loss of rDNA gene copies, which in turn
trigger acute cellular senescence (Paredes et al., 2018). In
addition, SIRT7 is an epigenetic regulator that involved in
various biological processes. Loss of SIRT7 in senescent
cells may trigger multiple downstream pathways simultane-
ously. Besides of silencing LINE1 retrotransposons and
rDNA gene clusters at heterochromatin regions, it has also
been reported that SIRT7 represses mitochondrial unfolded
protein responses and promote longevity of hematopoietic
stem cells (Mohrin et al., 2015). Therefore, it will be inter-
esting to see whether these downstream pathways of SIRT7
could be activated at the same time during senescence, and
how these different pathways contribute to the cellular
senescence in various tissues, as well as organismal aging
in general.
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