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Unlocking the secrets of sirtuins

Sirtuins, a family of metabolic
enzymes, play a variety of important
roles in cell biology, including in
inflammation, metabolism, response
to oxidative stress and DNA

repair. Sirtuins are thought to be

key regulators of cellular function
and have been of great interest to
anti-ageing researchers in recent
decades.

With a growing number of
scientists exploring their role in
the ageing process, and seeking
compounds that regulate their
activity, research may lead to
exciting developments in ageing-
related science, such as treatments
for cancers and metabolic
diseases, and improvements to skin
care.

Building on these ongoing
developments, researchers are
developing small molecule activators
or drugs to mitigate a wide range of
ageing-linked issues. For example,

the sirtuin ‘SIRTT, which is directly
involved in metabolic pathways,
and its activators can prevent and
reverse insulin resistance and
diabetic complications, making
them promising therapeutic targets
for type 2 diabetes. In recent years,
attention has further been focused
on another sirtuin, ‘SIRT6’, which
has the ability to extend lifespan in
mice and regulate cellular processes
through chromatin remodelling.

Research findings have also
moved from the laboratory to the
consumer domain in one important
area, skin care: Estée Lauder’s
research has made it the leading
company to offer skin care products
built upon the science of sirtuins.

The following pages outline some
of the most important findings made
by researchers globally on sirtuins,
including Estée Lauder scientists’
findings on their actions within the
skin.
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Limiting stress to slow ageing

Several sirtuin proteins
can regulate the skin’s
stress response to slow
ageing and help maintain
its integrity as a barrier.

kin is our largest organ, protecting
S us from the environment and

minimizing water loss from our
bodies. But as time passes, damage takes
its toll on the skin. Sirtuins, a group of
proteins including SIRT1-7 have been
implicated in slowing the ageing process,
an exciting area for researchers to explore.

In a chapter in the book Skin Stress
Response Pathways' published in 2016,
Yu-Ying He at the University of Chicago,
in lllinois, United States, summarizes
knowledge about the role of sirtuins in
skin cancer, ageing and barrier integrity.
The researcher also covers the crucial
role they play in moderating the skin’s
stress response.

As He explains, sirtuins SIRT1 and
SIRT6 are important for regulating the
function of two major skin cells called
keratinocytes and fibroblasts.

SIRTT may be involved in slowing
ageing via its effect on fibroblasts,
according to a 2010 study. Researchers
from the Gifu International Institute
of Biotechnology in Japan studied
the effects of SIRT1 on ageing under
inflammatory and non-inflammatory
conditions. They discovered that, in
both situations, SIRT1 has an impact
on ageing by inhibiting the expression
of enzymes, metalloproteinases 1
and 3, which can degrade a range
of components within fibroblasts,
including collagen.

SIRT6, which is involved in molecular
pathways related to metabolism and
ageing, may also play a role in skin
ageing. According to a 2013 study from
Stanford University, in California, United
States, SIRT6 does this by promoting
the reprogramming of fibroblasts into
induced pluripotent stem cells, which
have the ability to develop into many
other cell types. Other studies have
shown that SIRT6 can also regulate the
metabolism of collagen in fibroblasts.

The author also highlights the effects
of SIRTT and SIRT3 on keratinocyte
cells, which are abundant in the skin’s
outermost layer, the epidermis. Here they
help maintain an impermeable barrier to
the skin, limiting damage over time.
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Sirtuins SIRT1 and
SIRTO6 are important
for regulating the
function of two major

skill cell types.

SIRT1 may exert anti-ageing
effects by promoting differentiation
of keratinocytes, according to a 2009
study, while the essential role of SIRT1
in maintaining the integrity of the skin
barrier was shown by a 2015 study that
revealed a loss of skin integrity in mice
genetically engineered to lack SIRTI.

SIRT3, on the other hand, may help
limit oxidative stress in mitochondria,
which are crucial for differentiation of
keratinocytes. Other work has shown
that exposure to ozone decreases SIRT3
levels, and further research into the
role of SIRT3 may point at prevention
measures or treatments for ozone-related
skin diseases.

“It is also critical to identify new
regulatory and functional roles of sirtuins
in the skin and to expand our knowledge
of the functions of sirtuins in skin cancer,
ageing and barrier function,” He writes.
This may open new opportunities
for prevention and treatment of skin
conditions. l
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Sirtuins have been found to play a crucial
role in skin cancer, ageing and skin
barrier integrity.
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Cellular clean-up
processes point
to rejuvenating
treatments

Understanding how an important enzyme is cleaned up
in older cells hints at anti-ageing therapies.

locking the body’s removal of
an important kind of enzyme
called a sirtuin may lead to

new anti-ageing treatments, according
to scientists. The discovery comes

from research revealing a surprising
mechanism for the way autophagy —

a process that cleans out damaged
components of cells — flushes the SIRT1
enzyme out of our bodies. SIRT1 is a
sirtuin thought to be tightly linked with
the ageing process.

The study, led by Zhixun Dou and
Shelley L Berger at the University of
Pennsylvania in Philadelphia, United
States, was published in 2020 in Nature
Cell Biology'.

Sirtuins are a family of enzymes,
found in human and other mammals,
which can strip the acetyl molecular
group from certain proteins, changing
their function. SIRT1 plays a crucial role
in a broad range of processes, including
metabolism and ageing. However, little
is known about how its levels change as
we get older.

One widely recognized hallmark of
ageing is cellular senescence, when cells
permanently lose their ability to divide.

Using cell cultures, Dou and

3 | Tackling Ageing

colleagues observed markedly reduced
levels of SIRT1 protein in multiple
induced senescent cells compared

to proliferating cells, suggesting

the enzyme is being removed from
senescent cells.

66

The discovery that
SIRT1 levels fall

as we age may
eventually lead to new
treatments to slow the
ageing process.

They found that SIRTT is flushed
out by autophagy, whereby unwanted
or damaged components of cells
are encircled by vesicles called
autophagosomes which carry them
to waste-disposal organelles called
lysosomes to break them up.

By blocking the lysosomes in
senescent cells, researchers found that
SIRT1 levels were restored, suggesting

this complex
waste disposal
process was
involved in SIRTI
degradation.

Performing further assays,
they also showed that SIRT1
interacts with an autophagy protein
called LC3, thus allowing it to be
delivered to the autophagosomes for
the next step.

This mechanism was then confirmed
in vivo, in the tissues of young and old
mice, as well as in human immune
cells. Accordingly, SIRT1 levels also
significantly decline in old mice and
ageing human cells via LC3-dependent
autophagy.

The discovery that SIRT1 levels fall
as we age may eventually lead to new
treatments to slow the ageing process.
“Stabilization of SIRT1 protein levels, for
example, through the interruption of the
SIRT1-LC3 interaction, could be a new
direction for the design of anti-ageing
compounds,” the authors write. l
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An illustration of an autophagosome, a
double-membrane vesicle involved in the
degradation of unwanted or damaged
cellular components.

HEARR. ARER-—HNEEL 55
TERENRZRNARR D HERIE.

(A

R SIRT K23 b
ERB R R, BUHBY
TIEHITIRES 1%

AN R - mEBNMRRAME, KT Nature Portfolio, HTEIFZEHE,

B (sirtuin) 2—FER
2?%&’9!&}, WL, WU
& BT B S R A2

FHRRET R X—RIKBT—M&
IEWB TG EANARMARER
7 ERARZIHEINEIE—E
SIRTT BEMEAMEAERR. SIRT1 2 — 3
INNEREIERETHEXNE B,

XHMARBARESYEZRIL KREFMN
Zhixun Dou # Shelley L Berger 41,
RIRIE 2020 1 (BR - AREDE)
(Nature Cell Biology) ' £

EZTAEERTE AT E A ELZ Y
PERRW—NERE, TUEREBEER
RN ZBHER, HEERRLIEL. SIRTI
ERBENEEZERSIRPREEXREE
WIEA. A, AATX SIRTI KFEREEHR
BRNTLHEZED,

MAEEZE (cellular senescence) 2
EARTEEEIREINAR, 2—
WERBIAAT N ELIRE,

Dou MR B AMIEFRHMEE, 5
EEEEM AR, 2EFAREERER
AR SIRTI RAKFAZRE, Xk
BPiZE E E R EMMERR,

MRARKH, BRIESEARA
W SIRTI/EEHE, ARA LN, FTHEEN
REHMNARK D 2 WA BRENER
BE, BRAECITREZREE (AR
‘Wl AMEENARRES) P — DR,

FRAKH, @i AR EMEANE
Bk, AR SIRTI KEBETME. X
—IKRIEHE, BRIXMEZNENLES
B257 SIRTI HIk&fR.

#H—SHRKRA, SIRTI258%
TEH LG HEEER, EHEHEIXEEEERH
HATT —H75RR,

FMAFENEEZPENALURAZE
REME, ZUHITERRESE TIESK. £
FEPEMALRZHMES, SIRTIKFE
#E LC3 NS B EEHTRERE,

B SIRTI KK LBERIEKM T
B, EPTARFNNRET L. FE
B, “43F SIRTI EEMKE, HlaE
TIBEMT SIRTT#I LC3 WMEEIEA, W=
BitMREASYH—N ARG, " B

s T \WN
UJIHCET]\EEI

L]
b b

4
|
3

NTN

i

e Wl =F o

f}

/1Y

A

S

Zhar

RERREZE | 4



Gatekeepers of

cellular powerhouses

A sirtuin protein can limit oxidative damage to
mitochondrial DNA and prevent cell death.

itochondria are the energy-
supplying powerhouses of
our cells, but their DNA is

prone to oxidative damage, a major
driver of the symptoms of ageing.
Researchers discovered some years ago
that sirtuins, a group of enzymes that
help regulate metabolism, cellular stress
response and inflammation, may have

a protective effect on mitochondrial
DNA, limiting cell death from stress.

The study was published in Cell
Death & Disease' by a team led by
Jinming Yang, at Pennsylvania State
University College of Medicine, in
Hershey, United States.

The protective role is mediated
through ‘deacetylation’ of a DNA repair
enzyme called OGGT. Assirtuin called
SIRT3 directly binds to the enzyme, and
removes so-called acetyl groups, leading
to changes which affect the molecule’s
behaviour. By removing acetyl groups,
sirtuins have the potential to dramatically
change the functions of proteins and the
role they play in metabolism.

To prove the link between SIRT3 and
OGC(l, the researchers showed that
changing the amount of SIRT3 expressed
within cells alters the degree to which
OGGT1 was deacetylated, impacting its
ability to repair damaged mitochondrial
DNA. Conversely, they also showed
that reducing expression of the sirtuin
increased acetylation of the enzyme,
the adding of acetyl groups, limiting its
function.

The levels of the enzyme in SIRT3-
depleted cells were found to be much
lower than in cells expressing SIRT3,
showing that the sirtuin can stabilize the
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enzyme and prevent its degradation.

To further understand SIRT3's effects
on OGQI activity, the researchers
irradiated cells with gamma rays,
inducing DNA damage. In SIRT3-
deficient cells, both the structure of
mitochondria and mitochondrial DNA
showed more damage than control
cells without SIRT3 depletion. These
cells were also more likely to undergo
programmed cell death.

GG

This knowledge

may be used to aid
the treatment of
conditions associated
with mitochondrial

DNA damage.

These findings highlight the
important role of SIRT3 in preserving
mitochondrial DNA and preventing
cell death. This knowledge may be
used to aid the treatment of conditions
associated with mitochondrial DNA
damage such as ageing, cancer and
degenerative diseases.

The researchers have also found that
the expression level of SIRT3 correlates
with the ability of cancerous tumour
cells to proliferate. Further research
into SIRT3's role could shed light on the
development of new treatments. Ml
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An illustration of mitochondria, the energy-
supplying powerhouses of our cells.
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Guarding chromosomes to
avert cellular ageing

A sirtuin enzyme

tinkers with the tips of
chromosomes to delay
ageing in human skin cells.

(A

Previous work had
shown that lack of
SIRTO6 leads to a
shorter lifespan and
premature ageing in
mice.
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n 2008, researchers reported in
I Nature a crucial role of the sirtuin

SIRT6 in controlling the lifespan
of human cells'. The team, led by
Katrin Chua, at Stanford University, in
California, United States, discovered
the enzymatic activity of SIRT6, and
revealed its link between the regulation
of chromosome structure, cellular
senescence, and, potentially, organismal
ageing.

Previous work had shown that lack
of SIRT6 leads to a shorter lifespan
and premature ageing in mice, but the
mechanism underlying these effects was
unknown.

Chua and colleagues reduced the
levels of SIRT6 in human skin cell
culture by knocking out the gene that
expresses the protein. They found that
SIRT6-deficient cells prematurely hit
senescence — the stage at which they
stop dividing in old age — affecting
the body’s ability to withstand stress
or illness. They observed in these
cells a significantly lower number of
divisions before death than in the
control cells; as well as higher levels of
beta-galactosidase, a marker of cellular
senescence.

These findings prompted the
researchers to look at the cells’
telomeres, repetitive DNA sequences
associated with specialized proteins,
called histones, on the ends of
chromosomes. Each time a cell divides
its telomeres shorten, often used as
a marker of cellular ageing. Although
the mean telomere length was not
significantly reduced in cells lacking
SIRT6, they found signs that telomere
function was impaired.

Performing further assays, the
researchers confirmed that SIRT6
associates with telomeres, suggesting

that SIRT6 activity could modify within
telomeres the structure of a protein-DNA
complex called chromatin, which is kept
in check by histones.

Chua and colleagues demonstrated
that SIRT6 could efficiently and
specifically remove acetyl groups from
specific lysine residues on histones on
telomeres. This allowed the histones to
wrap the DNA more tightly, potentially
slowing the ageing process of the
chromosomes.

Intriguingly, the telomere dysfunction
observed in SIRT6-deficient cells,
was similar to that observed in cells
from people with Werner Syndrome,

a premature ageing condition
characterized by mutations in the gene
WRN. When the authors examined the
association of the gene with telomeric
chromatin, they found a significant
reduction in WRN in SIRT6-deficient
cells compared with control cells.

Although SIRT6 and WRN don’t seem
to directly interact, the authors suggest
that SIRT6 promotes the formation of
a special telomeric chromatin state
required for the stable association of
WRN and other factors that prevent
telomere dysfunction during cell division,
limiting premature cellular ageing.

Since the discovery of its role in
ageing, SIRT6 has been implicated in
ageing-related disorders, including
cancers and cardiovascular and
neurodegenerative diseases.
Compounds that modulate SIRT6
activity may alleviate many conditions
and extend healthy lifespan, researchers
suggest. ll
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A novel tool for

discovering drug targets s

By revealing the structure of a sirtuin, researchers have
allowed for its exploration as a drug target for cancers

and other diseases.

evealing the structure of a
protein that may play an
important role in cancers,

inflammation, infection and
neurological diseases has made way
for its investigation as a potential drug
target, according to researchers at the
Albert Ludwig University of Freiburg in
Germany.

Sirtuins are an ancient group of
enzymes found in mammals, which
act to remove the acetyl chemical
group from certain proteins, changing
their function. They are involved in
metabolism, cell division and the ageing
process.

For example, a sirtuin called SIRT2
can act on several proteins, such
as alpha-tubulin, one of the main
components of the microtubules that
form a cell’s cytoskeleton, providing
structure and shape to the cell.

Until now, SIRT2 has been proven to
have multiple uses in metabolism, such
as cleaning up waste inside cells and
inhibiting brain inflammation, making it
a potential drug target against cancers
and neurodegeneration. SIRT2 has
been hard to study because of a lack of
knowledge about molecules that bind
to and interact with it. Such molecules
are one of the tools that scientists use to
explore the structure of enzymes.

Several years ago, an international
team led by Oliver Einsle and Manfred
Jung at Albert Ludwig University, in
Freiburg, Germany, succeeded in
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imaging the structure of SIRT2 using
X-ray crystallography, by binding it to
another protein called SirReal2 whose
structure was already known.

As they described in the journal
Nature Communications, the protein is
significant because it is highly selective
for SIRT2, binding to it and inhibiting
it 1,000 times more strongly than any
other sirtuin'.

The scientists discovered SirReal2
by screening a large number of proteins
and discovering a family of sirtuin-
rearranging ligands, of which SirReal2
showed the most promise.

This was confirmed in cell cultures,
where the addition of SirReal2 led to
an increase in the levels of a metabolic
process that SIRT2 usually limits,
suggesting SIRT2 had been inhibited.

The discovery of SirReal2, and the
imaging of its structure when it is bound
to SIRT2, provided crucial clues about
the interaction between this sirtuin and
an inhibitor, offering scientists a fresh
tool to explore the function of SIRT2 in
the body.

The finding has enabled researchers
to explore in greater depth the roles that
SIRT2 plays in diseases including many
cancers, which will help the study and
development of pharmaceuticals. B
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SIRT2 has been
proven to have

multiple uses in
metabolism.

Microtubules are a component of
a cell’s cytoskeleton, maintaining
shape and structure.
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The quest to
understand the
power of sirtuins

Estée Lauder’s scientists have undertaken a remarkable 15-year
journey to investigate the links between sirtuins and ageing.

stée Lauder researchers
have long pursued a deep
knowledge about the role of

metabolic enzymes called sirtuins in
the process of ageing in our skin. The
team has made a series of discoveries
about their function in skin biology,
particularly SIRT1, SIRT2, SIRT3 and
SIRT6, and how their levels might be
modulated to slow visible signs of
ageing.

In 2008, a team led by Dr Nadine
Pernodet, a biologist and senior vice
president in the R&D division, revealed
SIRT1's involvement in regulating
the differentiation and division of
keratinocyte cells, which are crucial
to maintaining the structure and
integrity of the epidermis. Estée Lauder
researchers also developed a stable
form of resveratrol, a sirtuin-activating
compound, to help boost SIRTT activity,
which naturally decline with age.

GG

Skin is constantly exposed to stress and
damage, from the impact of UV light,

to that of oxidative reactions in cells.
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Skin is constantly exposed to stress
and damage, from the impact of UV
light, to that of oxidative reactions in
cells. Pernodet’s team further showed
that levels of SIRT3 in skin cells are
affected by the environment, and UV
light disrupts cyclic patterns of SIRT3
and SIRT4 expression.

Even deeper within cells, in the
nucleus, SIRT6 has been found to
regulate several factors that affect the
ageing process, such as stress. To find
out more, Pernodet’s team knocked
down the expression of SIRT6 to inhibit
its activity in another type of skin cell
called a fibroblast. This led to increased
metabolic processes linked to stress,
which SIRT6 helps to control, as well
as increased cellular damage, both in
the presence and absence of UV light.
In preliminary, yet-to-be published
research, the researchers have
identified a way to boost SIRT6 activity,

helping to slow
these damaging
processes in the
skin.

In the past few
years, Estée Lauder
scientists have set their
sights on SIRT2, which has
been found to help regulate
microtubules — elements of a cell’s
internal cytoskeleton, which play an
important role in cellular shape and
structure. According to Pernodet’s
team’s ongoing research, increasing
levels of SIRT2 could reduce skin cell
ageing and support the skin’s natural
mechanical properties.

The challenge for researchers now
is to find ways to impact levels of many
sirtuins simultaneously, creating a
symphony of beneficial changes for the
skin, she says. H

Estée Lauder; Mrs.Moon/Shutterstock . -
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