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Summary
SIRTJ is the human homologue of Sir2, a key regulator of celi defense and survival in response to
stress. Many studies have investigated the presence of SIRT J in d ifferent hu man tissues, however, no
previous studies have involved human skin. Consequently, we became interested in investigating the
expression of SIRTI in hu man skin under different conditions includ ing UV stress and celi senescence.
Ou r studies involved in vitro-aged human keratinocytes and fibroblasts as well as comparative immunohistological analyses between frozen and fresh ex vivo skin samples, and between skin samples of
different ages. Severa! unmask ing protocols were used in these investigations.
Immunofluorescence staining studies showed that SIRT l is expressed in human skin. In fresh ex vivo
skin samples, SIRTI exhibited a predominantly nuclear staining pattern throughout the epidermis.
Comparative studies of skin samples from donors of different ages did not reveal any significant agerelated difference in SIRTI level, under unstressed physiological conditions. Interestingly, when skin
samples were irradiated with moderate UVB doses, a dose-dependent increase in SIRTI nuclear
expression was seen, which is an interesting new finding. However, high UVB doses yielded strong
p53 expression, which correlated with tissue damage. Simultaneously, celi senescence stud ies have
demonstrated that SIRTI induction in aged human skin cells correlates with a decrease in the expression of a senescence marker and with an extension of the lifespan of these cells.
Ali together, these studies demonstrate that SIRT l is expressed in human skin, and that its expression
correlates with its protecti ve role.

Riassunto
SIRT 1 è l'omologo di SIR 2, regolatore chiave delle difese e della sopravvivenza delle cellule sottoposte a stress.
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ted Streptavidin (DAKO, Glostrup, Denmark)
diluted at 1: 1000 in PBS for 20 minutes. The
sections were incubated with 3.3'-diaminobenzidine substrate (DAKO, Glostrup, Denmark) for
an egual length of time, washed with PBS to stop
the reaction , and then dehydrated with alcohols
and xylene. Finally, the slides were mounted
with a hydrophobic mounting medium (Eukitt,
O. Kindler GmbH & Co, Freiburg, Germany).
For immunofluorescence staining, after incubation with the primary antibody the sections were
washed with PBS and then incubated with a
secondary antibody, donkey anti-rabbit Alexa
488 (Molecular Probes, Eugene, OR , USA) diluted at 1: 1000 in PBS. The slides were then
mounted with an aqueous mounting medium
(Fl uoromount-G, Electron Microscopy Sciences,
Hatfield, PA , US A) . Immunostaining was visualized using an Eclipse E600 microscope (Nikon,
Champigny sur Marne, France).
U nmasking protocols included pepsin digestion
with 0.25% pepsin (SIGMA, Saint Louis , MO ,
USA) for 30 minutes at 37°C, tryps in digestion
with 0.05% trypsin (Zymed, San Francisco, CA,
USA) for 15 minutes at 37°C, microwave ex posure at 750W in citrate buffer (0.0lM , pH6) for
4 x IO seconds after boiling, water bath for 50
minutes at 95°C in citrate buffer (0.0lM, pH6),
and exposure to 0.5% Triton-X 100 detergent for
30 minutes at room temperature.

In vitro-aged cells and
senescence-associated
beta-galactosidase staining
One week daily treatment with a patented SIRTinducing active ingredient was performed on in
vitro-aged human keratinocytes (P5) and on in
vitro-aged human fibroblasts (P 16) seeded in
lab-tek. For one month treatment on in vitroaged fibroblasts (P30), cells were grown in T75
flask and transferred in lab-tek the last week. At
the end of treatment, cells were washed in PBS ,
fixed for 3-5min at room temperature in 2% formaldehyde I 0.2% glutaraldehyde, washed, and
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incubated overnight at 37°C with fresh senescence-associated ~-Gal (SA-~-Gal) stain sol ution at lmg/ml. Finally, slides were mounted in
aquatex and visual ized using an Eclipse E600
microscope (Nikon, Champigny sur Marne,
France). Senescent human cells expressing SA~-Gal were detected by X-Gal staining, wh ich
forms a locai blue precipitate .

Skin samples cultured for multiple
days
6mm-biopsies of normai human skin , obtained
post-plastic surgery, were cultured for 5 or 9
days on inserts containing culture media prepared with l g/L glucose DMEM: Ham's ( 1:1 ),
SVF 10%, and 2mM glutamine (Cambrex,
Verviers, Belgium) , and lOOµg/mL primocin
(lnvivogen, San Diego, CA, USA). A patented
SIRT-induci ng active ingredient was applied
daily to the skin biopsies and finally, the samples
were submitted to standard Hematoxylin &
Eosi n (H&E) staining for morphological studies.

MTT Assay
Assays were performed on young (P2) and on in
vitro-aged (P6) human primary keratinocytes.
Cells were seeded in 96-well plates and treated
once a day for 72h with the patented SIRT-inducing active ingredient. At the end of the incubation time, cellular viability was evaluated by
MTT colorimetric assay.

RESULTS
These studies revealed similar results between
the different unmasking protocols and showed
that the treatment of choice was microwave
exposure. The studies also demonstrated that in
fresh ex vivo skin samples , SIRTI is expressed in
the epidermis and dermis which supports the
importance of the role of Sirtuins in celi aging
and the crucial necessity of the presence of
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Sirtuins in cells.
In addition, SIRTI exhibited a predominant
nuclear staining throughout the epidermis in
these studies. Some cytoplasmic staining was
also observed (fig 1).
Surprisingly, a predominant cytoplasmic staining was observed in studies of different frozen
ski n samples. However, in a very small portion
of these samples , nuclear and perinuclear staining was observed (fig 2).
Comparative studies of skin samples from
various donors revealed a moderate difference in
degree and pattern of SIRTI expression. These
differences included a predominant nuclear staini ng with and without some perinuclear staining ,

and some cytoplasmic staining in addition to
nuclear staining (fig 3).
Interestingly, parallel comparative studies of
skin samples from donors of different ages (30 to
55) did not reveal a significant age-related difference in SIRTI expression under stress-free conditions (fig 4) .
When skin samples were irrad iated with UVB
(50-200 mJ/cm2), fresh skin samples exhibited a
clear dose-dependent increase in SIRT l nuclear
expression , up to 100 mJ/cm2, which correlated
with low tissue damage and low p53 expression,
whereas high UVB doses yielded strong p53
expression. Very interestingly, these results were
more apparent in young skin (fig 5, 6).

Fig. I SIRTl expression in fresh human ex vivo skin.

Fig. 2 SIRTl expression in frozen human ex vivo skin.
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Fig5C

Fig5D

No UVB (A), 50 mJ/cm 2 (B),
100 mJ/cm 2 (C), 200 mJ/cm 2 (D)
Fig. 3 SIRTl expression in fresh human ex vivo skin.

Fig. 5 SIRTl expression in skin from a 30-year-old

donor irradiateci with different doses of UVB.

Fig4A

Fig4B

Fig4C

Fig4D

Fig6A

Fig6B

Fig6C

Fig6D

30-year-old (A), 35-year-old (B),
40-year-old (C), 50-year-old (D)

No UVB (A), 50 mJ/cm2 (B),
100 mJ/cm 2 (C), 200 mJ/cm 2 (D)

Fig, 4 SIRTl expression in skin from donors of

Fig, 6 SIRTl expression in skin from a 35-year-old

different ages.

138

donor irradiated with different doses of UVB.
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Fig 7A: Contro!

Fig 7B: SIRTI-induced cells

Fig. 7 Beta-galactosidase staining in in vitro-aged human keratinocytes (P5) after treatment with the

SIRTl-inducing active ingredient for one week.

Fig 8A: Contro!

Fig 8B: SIRTl-induced cells

F ig. 8 Beta-galactosidase staining in in vitro-aged human fìbroblasts (P16) after treatment with the

SIRTl -inducing active ingredient for one week.

Fig 9A: Contro!

Fig 9B: SIRTl-induced cells

Fig. 9 Beta-galactosidase staining in in vitro-aged human fìbroblasts after treatment with the SIRTl -indu-

cing active ingredient for one month (P30).
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In parallel, studies on aged human sk.in cells
have evidenced that the expression of the senescent biomarker beta-galactosidase, was considerably diminished in the SIRTl-induced cells .
The aged SIRT-1 induced cells exhibited a
decrease in number of stained cells and in staining intensity, compared to the contro! (fig 7, 8,

integrity were clearly more preserved in SIRTl induced skin samples than in contro! skin (fig
10, 11 ) .
Moreover MTT studies revealed an increase in
celi viability in the SIRTl-induced cells, compared to the contro! cells where SIRTI was not
induced (fig 12, 13).

9),

Supplementary histological studies, on human
sk.in samples after multiple days in culture, have
confirmed that skin morphology, structure, and

Fig IOA: Contro! skin

Fig lOB: SIRTl-induced skin

Fig.10 H&E of skin samples after 5 days in c ulture.

Fig l IA: Contro) skin
Fig, 11 H&E of skin samples after 9 days in culture.
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Fig l IB: SIRTl-induced skin
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MTT celi viability test on young human
keratinocytes
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MTT celi viability test on in vitro-aged human
keratinocvtes
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DISCUSSION
O ur results demonstrated that fresh ski n samples
are the best substrate for SIRT studies , and showed the predominant nuclear ex pression of
SIRTI in fresh skin epidermal keratinocytes and
derma! fibroblasts . Surprisingly, frozen ski n, by
contrast, exhibited mostly cytoplasmic staining
and very rarely exhibited nuclear staining of
SIRT I , and this result was consistent despite the
rapid freezing procedure of skin specime ns.
Moreover, studies on SIRTI expression in fresh
skin samples from different donors revealed a
great similarity in the nuclear expression pattern.
However, some perinuclear and cy toplasmic
staining was observed in a small number of samples. This small variation in express ion pattern
could be due to the state of the donor when the
biopsy was taken, and to the accompanying role
played by SIRTI in diffe rent situations.
It is known that different stress signals that
include important DNA damage, lead to p53 protein increase in the nuclei where it plays its role
in transcription activation. P53 the n launches the
apoptosis process by inducing Fas/CD95 expression and the Fas L ligand binding,
Very interestingly, SIRTI studies on UY-exposed skin showed that SIRTJ expression increased in re lationship to skin irradiation by UVB , in
a dose-dependent manner, up to I00 mJ/cm2.
This new finding is very important and points to
a n add itional protective role that SIRTI plays in
skin physio logy by deacetylating p53 and other
key molecules.
This fi nding was confirmed by p53 expression
studies of skin samples wh ich demonstrated very
low p53 expression and an increased expression
of SIRTI under moderate UVB doses, with
minor accompanying celi damage .
Under stronger damaging UVB doses, an increase in p53 expression was observed in parallel
with a decrease in SIRTI leve!, showing a domi nance of the p53 pathway over the action of
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SIRTI on celi survival, ind icating a n increased
likelihood of celi death . To our kno wledge , the
role of SIRTI in relation with p53 expression
under moderate doses of UVB had not yet been
described .
In addit ion to these new findings, celi senescence studies using a specific biomarker that is
absent from qu iescent and differenti ated cells
have clearly confirmed the fundamental role of
SIRTI against skin aging.
Indeed, a decrease in the numbe r of cells entering in senescence was observed in cells induced-SIRT I expression. These data were also
confirmed by an improvement of aged cells viability.
Moreover, histological stud ies on huma n ski n
samples have revealed that the skin was clearly
more preserved in S IRT- 1 ind uced skin samples
than in contro! skin which ex hibited the usual
stress and signs of damage that accompany multiple days in cultu re.
Fu11hermore, under no stress conditi ons, stud ies
on skin samples from donors of d ifferent ages
did not reveal a clear relationship between age
and basic SIRTI expression in cells. This finding
furthe r substantiates the notion that the presence
of SIRT is necessa ry for celi survi va l.
Nevertheless, in irradiated aged skin , SIRTI
ex pression and its re lationship with UVB dosage
and p53 ex pression was less obvious than in
younger skin samp les . This interesting result
correlates with the defective functioning of some
key molecules that may accompany, or induce,
aging.
In conclusion, these stud ies demonstrate the
clear and strong expression of SIRTI in human
skin , and propose an additional protective role
for SIRT I against e nvironmental stress, such as
UV. Moreover, the results also suggest that
SIRTI expression optimization in the skin could
be of great use in the fight agai nst agi ng.
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