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UV-Induced Premature Senescence as a Model
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A Case Study with 1,25 Dihydroxyvitamin D3

B |ntroduction

It is known that many proliferative cell
types like lung or skin human diploid fi-
broblasts (HDFs), melanocytes, endothe-
lial cells, retinal pigment epithelial cells,
erythroleukemia cells, exposed to subcy-
totoxic stress (UV, organic peroxides,
H,0,, ethanol, mitomycin C, hyperoxia,
etc.), undergo stress-induced premature
senescence or SIPS which is closely re-
lated to replicative senescence (1, 2). SIPS
can be defined as the long term effects
of subcytotoxic stress on proliferative
cell types, including irreversible growth
arrest of a majority of the cell popula-
tion. SIPS is characterized by several bio-
markers that are common to cells having
reached the limit of their proliferative
life span. In particular, the proportion of
HDFs positive for senescence-associated
B-galactosidase (SA B-gal) activity in-
creases in SIPS (3). This activity is attrib-
uted to an increased expression of the
lysosomal B-D-galactosidase protein (4).
Cellular senescence is also characterized
by cell-growth arrest, morphological
changes, ROS overproduction (which
could explain the maintenance of a
senescent state) or gene expression
changes.

UVB-induced SIPS represent valuable in
vitro model to evaluate the efficacy of
anti-ageing compounds against the skin
ageing processes induced by chronic sun
exposure (photoageing).

1,25 dihydroxyvitamin D3 (calcitriol), the
active metabolite of vitamin D, is well
known for its function in bone metabo-
lism, but cannot be restricted to this. In-
deed, its role in photoprotection and im-
munosupression following UV exposure
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has been demonstrated in keratinocytes
culture (5).

This article was undertaken in order to
determine whether 1,25 dihydroxyvita-
min D3 is able to help skin cells to repair
damages caused by external stresses
such as those induced by UV light expo-
sure.

It was shown that the level of appear-
ance of several senescence-associated
biomarkers, induced by UVB in human BJ
foreskin fibroblasts, strongly decreased

by a pre-treatment with calcitriol. The
results also support the proof-of-con-
cept that UVB-induced premature senes-
cence can be used in skin photoageing
research.

B Materials and Methods

1,25 dihydroxyvitamin D3 (calcitriol) was
purchased from sigma and used at the
concentration of 0,22 pg/ml in 0,05%
ethanol.

terest in a cosmetic point of view. Skin is submitted to intrinsic age-

Fighting senescence and the appearance of age signs is of particular in-

ing, linked to genetic characteristics of individuals (chronological age-
ing) and to extrinsic ageing. Extrinsic ageing is linked to environmental ex-
posure to stress which is mainly represented by UV-exposure. UV are re-
sponsible for the appearance of the ageing, by inducing DNA damage,
radical oxygen species production, and matrix remodeling.
An in vitro model of UV-induced premature senescence of human dermal
fibroblasts has been developed, presenting senescence markers, character-
istic of photo-ageing. Repeated short non toxic UV-exposures allow cells to
reach a senescent phenotype, closely related to replicative ageing. This
model has been recognized to evaluate and demonstrate anti-senescence

activities of cosmetic ingredients.

This article describes a clear protection after pre-treatment of cells with
the active metabolite of vitamine D3, the 1,25 dihydroxyvitamin-D3 (cal-
citriol) against UV-induced premature senescence. Using gene expression
arrays, some interesting insights and pathways are also identified that
may be involved in the protective effect.
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Cell culture, exposure to UVB and
detection of SA-B-galactosidase

BJ foreskin HDF (ATCC) at early cumula-
tive population doublings were cultured
in DMEM (Invitrogen, UK) containing 1%
fetal calf serum (FCS, Invitrogen, UK). BJ
HDFs at 50-60% of confluence were sub-
mitted to four repeated subcytotoxic ex-
posures to UVB at 125 mJ/ecm? with the
BIOSUN (Vilber Lourmat), with one stress
per day, for 4 days, as described in Fig. 1.

performed using the Cell Proliferation
ELISA, BrdU (Roche). This colorimetric
immunoassay is designed for the quan-
tification of cell proliferation, based on
the measurement of BrdU incorporation
during DNA synthesis. Measurement of
absorbance allows the assessment of
proliferation relative to controls.

The effect on cell proliferation was also
assessed on fibroblasts and keratinocytes
(Lonza, Belgium), without UV exposure.

tive stress, cell signaling, cell prolifera-
tion, DNA repair, transcription, apopto-
sis and inflammation (Eppendorf, Ger-
many). The array contains 240 genes, in-
cluding housekeeping genes and inter-
nal controls of the entire process (6).

Total RNA was extracted with the RNeasy
Mini Kit (Qiagen) and its concentration
was determined by spectrophotometry.
Reverse Transcription was performed with
a biotin-dNTP mixture. cDNA was then
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Fig. 1 Schematical procedure of UVB exposure and recovery period (SIPS-UVB model) of human dermal fibroblasts

Study of

markers

Untreated control cultures followed the
same schedule of medium changes with-
out UVB treatment. For a 24h pre-incu-
bation period and following every stress,
the culture medium was replaced by
medium containing 0,22 pg/ml calcitriol.
After the last UVB exposure, cells were
incubated in the presence of calcitriol
for 72 hours. At the end of the recovery
time, the SA-f-gal activity of the cells
was assessed by colorimetry (4). A phos-
phate-buffered saline solution was used
to cover cells during the UVB exposures,
in order to discard any filtering effect
from the molecule.

Detection of DNA damage

(pyrimidine dimers formation)
Cyclobutane pyrimidine dimers (CPDs)
were detected by immunofluorescence
using the TDM-2 monoclonal antibody,
according to the manufacturer'sinstruc-
tions (Medical and Biological Laborato-
ries Ltd, Japan), after the 72h of recov-
ery period.

Cell proliferation assay

After the recovery period, cell prolifera-
tion was assessed by BrdU incorporation.
BJ HDFs were seeded in a 96-well plate.
BrdU Proliferation measurement was
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In brief, cells were seeded in 96-well
plate and calcitriol was applied for 24h
and 72h on cell culture. BrdU prolifera-
tion assay was then performed. The con-
trols for these experiments were mito-
mycin (0,5 ng/ml), bFGF (5 ng/ml) and
KGF (20 ng/ml).

ROS production

The oxidant-sensitive probe H2DCFDA
(2", 7'-dichlorodihydrofluorescein diac-
etate, Molecular Probes) was used to de-
termine the intracellular levels of ROS in
cells.

72 hours after the last stress, cells were
seeded in 24-well plates containing 1 ml
of DMEM 10% FCS. The day after, cells
were washed with PBS and incubated for
1 hour in the same buffer containing 5
uM H2DCFDA dissolved in ethanol. After
washing, the fluorescence intensity was
measured using a micro-plate fluores-
cence reader.

Gene expression study using the
»DualChip Human Ageing«

The DualChip™ Human Aging has been
designed to efficiently target stress and
aging-related gene expression patterns
comprising apoptosis, growth factors,
extracellular matrix, DNA damage, oxida-

hybridized on the DualChip Human Ag-
ing. After staining, the array was scanned
using the Eppendorf SilverQuant scan-
ner and following SilverQuant software
recommendations. The SilverQuant Analy-
sis software is then used for spot finding
and quantification. Array images were
further quantified and normalized.

B Results

Calcitriol protects human BJ foreskin
fibroblasts against senescence-
associated beta-glactosidase activity

To determine whether 1,25 dihydroxy vi-
tamin D3 protects against UVB-induced
senescence, BJ HDFs were treated by re-
peated UVB exposures, leading to pre-
mature ageing. 0,22 ug/ml calcitriol was
included in the culture medium, 24 hours
before the stress, following every stress
and during the 72-hours recovery phase.
At the end of the recovery time, the per-
centage of SA-f3-gal positive cells was
measured by colorimetry. As illustrated
in Fig. 2, the percentage of cells express-
ing SA p-gal in HDFs after repeated UV
exposures was dramatically reduced in
the presence of calcitriol, reaching a val-
ue even lower to that of the non-irradi-
ated controls.
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Effect of calcitriol on skin fibroblasts

proliferation
% :: i The influence of calcitriol on BJ HDFs
S 3 proliferation was tested using a BrdU in-
E' 30 corporation assay. The results in Fig. 3
£ 25 - demonstrate that calcitriol significantly
5 20 - increased cellular proliferation as com-
g 15 1 pared to UVB-treated cells, restoring a
E 10 A cell proliferation rate similar to control,
5. 54 unexposed cell.
% g4 The direct effect of calcitriol on cell pro-
s CTL uve calcitriol liferation was also evaluated after appli-
® +UVB cation in the culture medium of fibrob-

lasts or primary keratinocytes (data not

shown) for 24h or 72h. The results showed
Fig. 2 Percentage of SA-f3-galactosidase positive cells after induction of SIPS by in Fig. 4 demonstrate that cellular pro-
repeated UVB exposure. After staining as described (4), 400 cells were counted per liferation is significantly decreased by
well and the number of positive cells for SA-f-gal staining was evaluated. Tripli- calcitriol.

cates were performed

Effect of calcitriol on ROS production
After 72h of recovery after the last UV
exposure, ROS production was measured
by the fluorescent probe H2DCFDA. Re-
sults showed in Fig. 5 indicate a strong
decrease of ROS production when cells
are treated with calcitriol.

Effect of calcitriol on DNA damage
repair after UVB exposure

We tested whether calcitriol could pre-
vent the appearence of UVB-induced
senescence by protecting the cells against
+UVB DNA damages. When the cells were pre-
incubated with calcitriol, 24h before UVB
exposure and after each exposure, im-
Fig. 3a Cell proliferation rate after 72 h recovery period of the UVB-induced SIPS, munofluoresence labeling of CPDs showed

CTL uve calcitriol

BrdU proliferatio rate relative to CT

evaluated by BrdU incorporation. Results are reported to the control, arbitrarily set that calcitriol seems to decrease the ap-
to 100%. Histograms represent the mean of three independent experiments with pearance of CPD, as compared to UVB
their relative standard deviation treated cells, without calcitriol (Fig. 6).

UV+calcitriol

Fig. 3b Pictures taken at the end of the recovery period of UVB-induced-SIPS. Cell morphology and number of control (CT) and
cells submitted to UVB exposure pretreated with calcitriol are similar, while in the UVB exposed cells condition, cell number is
decreased. Arrows indicates senescent cells, flattened and enlarged
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Gene expression analysis

Using the low-density array »DualChip™
Human Agingg, the influence of calcitri-
ol on gene expression after induction of
SIPS-UVB was studied. Results are pre-
sented in Table 1.

B Conclusion

SIPS, or cellular senescence induced pre-
maturely by exposure to sub-cytotoxic
H,0, or repeated UVB, is characterized by
the appearance of several biomarkers,
common to the replicative senescence.
Among others, cell cycle arrest is ob-
served as well as SA-f-gal activity or the
constant overproduction of reactive oxy-
gen species (ROS). The effect of calcitri-
ol was studied in UVB-induced SIPS of
human dermal fibroblasts, on the ap-
pearance of these biomarkers, after its
application before the first UVB expo-
sure, after each exposure and during the
recovery period.

Calcitriol, the active metabolite of vita-
mine D, is already known for its photo-
protective role in vitro on human ker-
atinocytes (7). It was shown that cal-
citriol has also an effect on the protec-
tion against appearance of senescence
induced by UVB exposure of human der-
mal fibroblasts. Indeed, it prevents the
appearance of SA-f-gal activity, a well-
known marker of senescence.
Senescent cells are also characterized by
cell growth arrest. The effect of calcitri-
ol on cell proliferation is very interesting.
Indeed, without stress, application of cal-
citriol induced cell growth arrest, while
when added during SIPS, it prevents the
cell proliferation arrest. This could prob-
ably be explained by a global effect on
senescence prevention. Calcitriol is known
to actin a biphasic way on keratinocytes
proliferation in vitro. Indeed, at high
concentration, it decreases proliferation,
while, at a lower concentration, it in-
creases proliferation (8). Moreover, the
results obtained demonstrate that cal-
citriol doesn't prevent cellular senescence
by increasing cell proliferation of non-
senescent cells.

Calcitriol also prevents the endogenous
overproduction of ROS, which is sus-
pected to be responsible of the mainte-
nance of the senescent state. Indeed,
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when dermal fibroblasts are submitted
to stress, such as UV exposure, ROS are
overproduced. The major intracellular
ROS intermediate is hydrogen peroxide.
It was shown that calcitriol treatments
prevented this overproduction, protect-
ing cells against further damage and
sustained endogenous metabolic stress.

A preliminary experiment showed its pro-
tective effect against the appearance of
specific UV-induced CPDs, confirming
results obtained by (9) that demonstrate
that pre-treatment of keratinocytes with
calcitriol prevents DNA damage induced
by UV exposure. These preliminary results
showed that calcitriol prevents appear-
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Fig. 4 Fibroblasts proliferation rate evaluated by BrdU incorporation. Results are
reported to the control, arbitrarily set to 100%
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Fig. 5 ROS production evaluated by fluorescence (DCFDA) detection after UVB in-
duced SIPS. Histograms present the results of triplicates
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Fig. 6 Pictures taken at the end of the recovery period of UVB-induced-SIPS. Im-
munofluorescence labeling of CPDs was performed

UVB+calcitriol
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Table 1 Results of gene expression changes from hybridization on Dual Chip Human aging low density array. Results are ex-
pressed as increase or decrease to control untreated test

Gene name Gene D General Function No"_n'
Ratio

Enhancer of polycomb homolog 2 (Drosophila) EPC2 / 1,5145

Amyloid beta (A4) precursor protein-binding, fam- | APBB1 Alzheimer’s disease 1,5552

ily B, member 1 (Fe65)

Prostaglandin-endoperoxide synthase 1 (prosta- | PTGS1 Arachidonic acid metabolism 3,0992

glandin G/H synthase and cyclooxygenase)

Keratin 19 KRT19 Cell Communication -1,5047

Collagen, type lll, alpha 1 (Ehlers-Danlos syn- | COL3A1 Cell Communication / Focal adhesion / ECM-recep- | 2,0493

drome type IV, autosomal dominant) tor interaction

Collagen, type VI, alpha 2 COLBA2 Cell Communication / Focal adhesion / ECM-recep- | 1,838
tor interaction

Thrombospondin 1 THBS1 Cell Communication / TGF-beta signaling pathway /| -1,9019
Focal adhesion / ECM-receptor interaction

Cyclin B1 CCNBAH Cell cycle 2,6879

Cyclin-dependent kinase inhibitor 1B (p27, Kip1) | COKN1B Cell cycle 1,6738

E2F transcription factor 1 E2F1 Cell cycle 2,1744

Proliferating cell nuclear antigen PCNA Cell cycle 1,6485

Polo-like kinase 1 (Drosophila) PLKA Cell cycle 4,2469

Retinoblastoma 1 (including osteosarcoma) RB1 Cell cycle 1,7762

Cyclin-dependent kinase 4 CDK4 Cell cycle / Tight junction / T cell receptor signal- | 1,5125
ing pathway

Collagen, type XV, alpha 1 COL15A1 Cell differentiation 1,4975
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Gene name GenelD General Function Norl:n.
Ratio
Histone 1, H4i HIST1H4I Chromosomal processing 2,4634
Kinesin family member 23 KIF23 Chromosomal processing 3,0136
Nuclear receptor subfamily1, group D, member 1 | NR1D1 Circadian rhythm 1,5811
Plasminogen activator tissue PLAT Complement and coagulation cascades 1,7446
Plasminogen activator,Urokinase PLAU Complement and coagulation cascades 1,6233
Tumor necrosis factor receptor superfamily, mem- | TNFRSF11B | Cytokine-cytokine receptor interaction -1,9444
ber 11b (osteoprotegerin)
Interleukin 11 IL11 Cytokine-cytokine receptor interaction / Jak-STAT | 2,0776
signaling pathway / Hematopoietic cell lineage
Poly (ADP-ribose) polymerase family, member 1 | PARP1 DNA repair / synthesis 1,6376
Topoisomerase (DNA) Il alpha 170kDa TOP2A DNA repair / synthesis 2,5339
Ubiquitin-conjugating enzyme E2 variant UBE2V1 DNA repair / synthesis -1,4969
Matrix metallopeptidase 11 (stromelysin 3) MMP11 Extracellular matrix -2,56255
Matrix metallopeptidase 3 (stromelysin 1, proge- | MMP3 Extracellular matrix -4,7008
latinase)
Insulin like growth factor 1 receptor IGF1R Focal adhesion / Adherens junction 1,6364
Insulin-like growth factor binding protein 2, 36kDa | IGFBP2 Growth factor and cytokines 1,6755
V-raf-1 murine leukemia viral oncogene homo- | RAF1 MAPK signaling pathway / Dorso-ventral axis forma- | 1,5035
log 1 tion / Focal adhesion / Gap junction / Natural killer
cell mediated cytotoxicity / Long-term potentiation
/ Long-term depression / Regulation of actin cyto-
skeleton / Insulin signaling pathway
Dihydrofolate reductase DHFR One carbon pool by folate / Folate biosynthesis 2,2105
Glucose-6-phosphate dehydrogenase G6PD Pentose phosphate pathway / Glutathione metab- | 1,6668
olism
Heme oxygenase (decycling) 1 HMOX1 Porphyrin and chlorophyll metabolism 1,8179
Proteasome (prosome, macropain) 26S subunit, | PSMD11 Proteasome 1,56185
non-ATPase, 11
Proteasome (prosome, macropain) 26S subunit, | PSMD12 Proteasome 1,6631
non-ATPase, 12
Eukaryotic translation initiation factor 3, subunit | EIF3S6 Protein biosynthesis 1,56971
6 48kDa
HLA-B associated transcript 1 BATA Protein metabolism 1,6512
HtrA serine peptidase 1 HTRA1 Proteolysis 2,65621
Ribonucleotide-reductase M1 polypeptide RRM1 Purine metabolism / Pyrimidine metabolism 2,0955
Polymerase (DNA directed), alpha 2 (70kD sub- | POLA2 Purine metabolism / Pyrimidine metabolism / DNA | 3,2895
unit) polymerase
Thymidine kinase 1, soluble TK1 Pyrimidine metabolism 1,709
Stomatin (EPB72)-like 2 STOML2 Receptor binding 1,7596
Sorcin SRl Signal transduction 1,6427
Inhibitor of DNA binding 2, dominant negative he- | ID2 TGF-beta signaling pathway 3,6731
lix-loop-helix protein
Early growth response 1 EGR1 Transcription factor activity 1,994
V-myb myeloblastosis viral oncogene homolog | MYBL2 Transcription factor activity 2,3506
(avian)-like 2
Fibromodulin FMOD Transforming growth factor beta receptor complex | 2,101
assembly
Ubiquitin-conjugating enzyme E2C UBE2C Ubiquitin mediated proteolysis 2,0697
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ance of CPDs, in a UVB-induced senes-
cence model of dermal fibroblast, con-
firming its photoprotective action.

The use of a specific, stress and ageing-
focused low-density DNA array allowed
us to identify potential mechanistic path-
ways of protection, such as the activa-
tion of the proteasome, the surexpres-
sion of genes involved in anti-oxidant
mechanism or the decrease of metallo-
protease synthesis, as well as increase of
collagen expression.

These results indicate that calcitriol could
be considered in vitro as a photo-pro-
tective agent acting against cellular
senescence. Use of safe mimetic vitamin
D3 molecules in cosmetic ingredients
could be considered as promising ap-
proach to slow the appearance of senes-
cence as a result of photo and chrono-
logical ageing.
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