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The role of oxidative stress in the 
aging process has been highly debated 
for decades and remains equivocal. A 
new study published in Cell Research 
reports a novel role for the aging-
associated SIRT6 deacetylase in the 
control of oxidative homeostasis in 
human mesenchymal stem cells.

Aging is a multifactorial process 
likely modulated by diverse molecular 
and cellular events, such as genome 
instability, epigenetic and transcrip-
tional changes, molecular damage, cell 
death and senescence, inflammation, 
and metabolic dysfunction [1]. These 
processes are interconnected and un-
derstanding how each contributes to 
individual aspects of aging pathology 
remains largely unknown, making it 
challenging to tease out the triggering 
events during aging. 

An enduring possible explanation for 
aging is the oxidative stress theory [2]. 
Although there is solid evidence show-
ing that oxidative stress is a contributor 
to some aging pathologies, lifespan 
extension has yet to be consistently 
achieved through strategies to mitigate 
levels of oxidative damage [3]. It also 
remains unclear which tissues and cell 
types might be the most sensitive to 
oxidative stress during aging.

SIRT6 is one of the few genes known 
to regulate both longevity and progeria 
(a genetic disorder resembling acceler-
ated aging) [4, 5]. Specifically, ubiq-
uitous SIRT6 overexpression leads to 
enhanced longevity, although this effect 
is seen only in males [6]. Conversely, 
mice lacking SIRT6 exhibit progeroid 
phenotypes [7]. Functionally, SIRT6 
plays an important role in DNA repair, 
telomerase function, genomic stability, 

and cellular senescence [8]. Until now, 
however, SIRT6 has not been associ-
ated with oxidative stress. A new study 
from Pan et al. [9] links the deacetylase 
activity of SIRT6 to redox homeostasis 
in human mesenchymal stem cells 
(hMSCs) and suggests that this activity 
may regulate the longevity and progeria 
phenotypes (Figure 1).

Pan et al. [9] generated SIRT6-
deficient human embryonic stem cells 
(hESCs), differentiated them into hM-
SCs (SIRT6−/− hMSCs) and character-
ized their properties. Interestingly, these 
cells showed premature and progres-
sively accelerated cellular senescence 
as demonstrated by several senescent 
markers and also exhibited elevation 
of reactive oxygen species (ROS), 
dysregulated redox metabolism, and 
increased sensitivity to oxidative stress. 
Contrary to a prior work performed in 
mouse embryonic fibroblasts (MEFs) 
[7], SIRT6−/− hMSCs did not exhibit 
enhanced genomic instability [9], sug-
gesting that cell type differences may 
underlie the divergent phenotypes. In-
deed, Pan et al. [9] found that transcrip-
tional changes upon SIRT6 depletion in 
hMSCs were not recapitulated in human 
vascular endothelial cells. 

Motivated to uncover the molecular 
mechanisms underlying the pheno-
types of SIRT6−/− hMSCs, Pan et al. 
[9] applied both genome-wide RNA 
sequencing and chromatin immuno-
precipitation-sequencing analyses. The 
primary finding from these approaches 
is that SIRT6 acts as a transactivator for 
the cytoprotective transcription factor, 
nuclear factor erythroid 2-related fac-
tor 2 (NRF2), a critical redox sensor 
and regulator of antioxidant responses. 

SIRT6 localizes to NRF2-associated 
promoters through direct association, 
where it directly recruites RNA poly-
merase II and indirectly creates a sup-
portive environment for recruitment of 
RNA polymerase II by deacetylating 
H3K56 locally. Furthermore, the au-
thors observed that overexpression of 
heme oxygenase (HO-1), an antioxidant 
gene downstream of NRF2, restored re-
sistance to oxidative damage in SIRT6−/− 
hMSCs, and improved the ability of 
these cells to engraft and proliferate 
in vivo. HO-1 downregulation also ac-
counts for SIRT6−/− hMSC deficiencies. 
Thus, these data suggest that SIRT6 
functions to positively modulate the 
NRF2-regulated antioxidant pathway in 
hMSCs, uncovering a novel mechanism 
for regulation of oxidative stress and 
possibly explaining links between the 
deacetylase activity and aging.

SIRT6 is a highly specific histone 
type 3 deacetylase that targets H3K9 
and H3K56 and plays an important role 
in DNA repair, telomerase function, 
genomic stability, and cellular senes-
cence [8]. Given that sirtuins such as 
SIRT6 are conserved NAD+-dependent 
deacylases, their function is intrinsi-
cally linked to cellular metabolism. In 
addition to being a NAD+ consumer, 
SIRT6 modulates glucose metabolism 
by maintaining deacetylation of H3K9 
in promoters of glycolytic genes and 
functioning as a co-repressor of HIF1α 
[10]. Interestingly, SIRT6−/− hMSCs 
exhibited elevation of H3K56Ac level 
as expected, but not H3K9Ac [9]. 
Again observed differences may reflect 
cell-type specificity, although species 
differences remain a possibility and 
further studies are needed to provide 
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pan extension and SIRT6 abrogation-
associated progeria. Moreover, this 
regulatory pathway may be altered in 
human progeria and should be assessed 
in progeroid mouse models. In one such 
model, Zmpste24−/− mice, a model for 
Hutchinson-Gilford progeria associated 
with mutations in A-type lamins, loss of 
SIRT1 function has already been noted 
in MSC populations [11]. SIRT6 was 
not assessed in that study; however, 
another recent study showed that A-type 

lamins are required for SIRT6 activation 
and support SIRT6-mediated DNA re-
pair [12]. As with many important stud-
ies, the findings of Pan et al. [9] raise 
important questions whose answers may 
functionally identify key components in 
aging regulation and accelerate progress 
towards a systemic understanding of 
human aging process. 
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clarification. 
The relationship between aging, 

SIRT6-mediated deacetylation and re-
dox biology is intriguing. In line with 
previous studies, SIRT6 may play a 
pivotal role in both longevity and proge-
ria, and it would be interesting to study 
whether modulation of ROS production 
might underlie this response. It will be 
of interest to examine the SIRT6-NRF2-
HO-1 axis in vivo in the context of both 
SIRT6 overexpression-mediated lifes-

Figure 1 SIRT6 regulates longevity and progeria. The density of the red color indi-
cates the concentration of SIRT6 protein. The arrows in this model indicate relation-
ships that are yet to be firmly established in other cell types and variable mouse 
models. 
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