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Abstract

The effect of a hydrophilic extract of the feRolypodium leucotomo@LE) has been investigated in terms of photoprotection against
UV-induced cell damage. PLE efficiently preserved human fibroblast survival and restored their proliferative capability when the cells
were exposed to UVA light. This effect was specific and dose-dependent. Photoprotection was not restricted to fibroblasts, as
demonstrated by its effect on survival and proliferation of the human keratinocyte cell line HaCat. Finally, treatment of the cells with PLE
prevented UV-induced morphological changes in human fibroblasts, namely disorganisation of F-actin-based cytoskeletal structures,
coalescence of the tubulin cytoskeleton and mislocalization of adhesion molecules such as cadherins and integrins. Our in vitro results
demonstrate the photoprotective effect of PLE on human cells and support its use in the preventive treatment of sunburning and skin
pathologies associated with UV-mediated damage.

O 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction radiation reacts in different ways, such as avoidance of the
UV source (phototaxis), screening under inert materials,

The effect of overexposure to ultraviolet radiation in the and specially the production of photoprotective compounds
development of skin diseases and melanoma has been that specifically screen UV radiation, such as mycosporine
clearly demonstrated in recent yedfis?], and thus the like amino acids, scytonemin secreted by cyanobacteria,
need for developing protective reagents is an active field of flavonoids secreted by plants and melanin expressed by
study. Protection should prevent the development of severe skin cells in animals and H&inarsus, agents that
burns, hyperpigmentation, photoallergy and phototoxicity, may induce skin damage in animals may also induce the
skin cancer and chronic skin damage, and premature aging. production of secondary metabolites entitled with photo-
There has been considerable controversy on the type of protective effect in organisms such as microorganisms ot
UV radiation involved in the injurious effects described higher pldhis
above. Although it was first conceived that UVB was most The beneficial effect of an extract of thé>drn
involved in these processes, the general consensus pointpodium leucotomos (PLE), minimizing photoaging
to a role of both UVA and UVB in the development of skin changes and preventing acute sunburn, has been described
cancer[3] and melanomd4]. [6,7]. PLE has also been reported to inhibit the formation

It is well stated that any live organism exposed to UV of reactive oxygen species induced by UBJigimd to

possess antiinflammatory properti®. In this report, we

_ , , __describe the in vitro photoprotective effect of the PLE, as it
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erties in vitro, as determined by reduction of the deleteri-
ous effect of UVA light on both cellular proliferation and
morphology.

2. Materials and methods
2.1. Cdlls and reagents

Fibroblasts were obtained from clinical samples of
healthy volunteers. The keratinocyte cell line HaCat was
obtained from the American Tissue Culture Collection
(ATCC). The following reference antioxidants, all of them
from Sigma (St. Louis, MO, USA), were employebdl-
acetylcysteine (NAC); trolox (a synthetic analog af
tocopherol); and ascorbic acid. The doses employed in this
study (se€Table 1) have been described in the literature in
assays similar to those reported herflif—13]. The mAb
TS2/16 @1 integrin chain), HUTS-21 (activate@1
chain), Lial/1 (tetraspanin CD151) and Chelo-3/2 (vim-
entin, an intermediate filament) have been described
previously [14,15]. Commercial mAb againstx-tubulin
and pan-cadherin were from Sigma and Santa Cruz Bio-
technology (Santa Cruz, CA, USA), respectively. Hydro-
philic extract of PLE was prepared according to the
following protocol: dry P. leucotomos leaves were ex-
tracted employing water as solvent at &5 allowing
recirculation of the solvent until a plateau of antioxidant
activity (determined by FRAH16]) and phenolics con-
centration (determined by the Folin—Ciocalteau method

Table 1
Effect of PLE and different antioxidants on the survival of ‘in vitro’
UVA-irradiated human fibroblasts

Compound Dose Survival
(%)
Untreated - 293
PLE 0.1 mg/ml 531
0.5 mg/ml 612
1 mg/ml 872
N-Acetylcysteine 0.005 M 528
0.01 M 62+-11
Trolox 6.25pg/ml 307
12.5pg/mi 29+5
25 pg/mi 33+6
50 pg/ml 50+1
Ascorbic acid 10° M 355
10 M 41+8
2x102 M 72+12

Survival was determined by the MTT method as described in Materials
and methods. Cells were treated with the indicated compounds at dose
indicated and subsequently irradiated with 1 J7cm UVA light. Data
correspond to the mearS.D. of three independent experiments per-
formed in triplicate.
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[17]) were reached, parameters usually achieved after 4 h
of processing. Finally, the extract was vacuum-concen-
trated and kept at°@ and light-shielded until use.

2.2. Irradiation

The ultraviolet irradiation systems used in this study
consisted of a 40 W UVA-emitting fluorescent tube (320—
400 nm) made by Sylvania (F490T12BL/HO) or a 40 W

Westinghouse (FS40) UVB-emitting lamp. The flux of
irradiance of the emitted light was measured by an IL-
1400A radiometer unit equipped with two separately
calibrated UVA- and UVB-detecting probes. Exposure
doses of UVA were delivered in J/ém (usually 1 Jfcm ),
and UVB doses were delivered in mJ/tm . Fibroblast
monolayers were washed twice and irradiated in the
presence of PLE or control compound at different doses
determined in each experiment. Fresh medium was then
added and the cells were incubated af@7n a 5% CQ
atmosphere until the samples were analyzed.

2.3. MTT assay

Cell survival was estimated by measuring the mito-
chondrial-dependent conversion of the tetrazolium salt,
MTT (Sigma), to a colored formazan product. Cells were
treated as indicated and MTT (0.5 mg/ml in phosphate-
buffered saline, PBS) was added to each well and incu-
bated for 2 h at 7. The medium was then carefully
aspirated, andl 20@cidified isopropanol was added to
solubilize the colored formazan product. Absorbance was
read at 550 nm on a scanning multiwell spectrophotometer
(Bio-Rad) after vigorous shaking of the plates for 5 min.

2.4. Proliferation assay

Fibroblasts or HaCat cells were seeded in 24-well tissue
plates under subconfluent conditions and were irradiated in
the presence or not of the different treatments indicated in
each case. Growing medium was substituted by fresh
Optimem medium supplemented with 0.5% fetal calf
serum (FCS), and H-thymidine (LCi/ml) was added.
Then, cells were incubated at 3Z for 24 h, washed twice
with ice-chilled PBS and fixed for 20 min at°€ with
chilled 10% trichloroacetic acid (TCA). TCA was removed
and the wells were washed twice with cold ethanol, air-
dried and the cells were solubilized with 2Q0 0.4 M
NaOH at 65°C for 10 min. After plate cooling, ful acetic
acid was added to each well and the content was trans-
ferred to scintillation vials in which it was mixed with 3 ml
scintillation fluid. Finally, radioactivity in each vial was
measured for 1 min in @ radiation counter.

2.5. Indirect immunofluorescence

Human fibroblasts were cultured on glass coverslips,



J.L. Alonso-Lebrero et al. / Journal of Photochemistry and Photobiology B: Biology 70 (2003) 31-37 33

irradiated in either the presence or absence of PLE extract

and fixed with 4% formaldehyde for 10 min at room
temperature. For intracellular staining, the cells were
permeabilized with 0.5% Triton X-100 for 5 min at room
temperature. The cells were incubated with the indicated
murine mAb for 30 min at 37C, washed twice in Tris-
buffered saline (TBS) and incubated with secondary
antibodies coupled to the fluorescent dye Alexa-488 (Mo-
lecular Probes, Eugene, OR, USA) or with Alexa-568-
phalloidin (Molecular Probes) for actin staining. Samples
were then mounted on glass slides, glued with Mowiol
(Calbiochem, La Jolla, CA, USA) and examined with a
Leica DMR photomicroscope (Leica, Mannheim, Ger-
many) with oil immersion objectives (68 was employed
for all images). Finally, images were processed in a Leica
Q550CW workstation (Leica Imaging Systems, Cam-
bridge, UK), equipped with Leica QFISH software V1.01.

3. Resaults

3.1. Treatment with an extract derived from P.
leucotomos preserves the proliferative capability of
irradiated human fibroblasts

To assess the photoprotective capability of PLE in vitro,
human fibroblasts from healthy donors were irradiated with
1 J/cnf UVA light in the presence or absence of PLE and
survival was measured by MTT as described in Materials
and methods. As control, cells were incubated with differ-
ent doses of other antioxidants such Msacetylcysteine
[18], trolox or ascorbic acid Table ). PLE induced a
significant increase in the level of fibroblast survival that
was dose-dependentgble 7). Control antioxidants, al-
though preserving survival above the untreated controls,
were not as efficient as 1 mg/ml PLE in enhancing cell
survival (Table ). These data were extended to UVA-
treated fibroblast growth through proliferation assays. As
shown in Fig. 1A, PLE-treated, UVA-irradiated cells
exhibited a partial capability to proliferate when compared
to untreated or NAC-treated cells. PLE had a negligible
effect on cell proliferation by itself (data not shown). In
addition, the protective effect of PLE on cell proliferation
was found to be dose-dependekig. 1B).

To determine the extent of the photoprotective effect of
PLE, the cells were incubated with 1 mg/ml PLE and
irradiated with different doses of UVA lighEig. 2 shows
that complete photoprotection is achieved up to 1 J/cm ,
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declining thereafter, although significant protection is Fig. 1. Effect of PLE on the proliferation of irradiated human fibroblasts.
observed up to 5 J/ct . On the other hand, purified Human fibroblasts were treated with 0.01 Macetylcysteine, 1 mg/ml
low-molecular-weight saccharides of PLE exerted no effect PLE or vehicle alone (A) or with the indicated doses of PLE (B) and then
under the same conditions (data not ShOWI’]). These resur{é’rradiated with 1 J/crh of UVA light (black bars) or left untreated (white

indicate that PLE exerts a UV dose-dependent photoprotec-

bars). Proliferation experiments were carried out as indicated in Materials
and methods. Results represent the meauD. of three experiments

tive effect on human cells that could be extended to longer performed in triplicate. The significance of the observations was de-

periods of time.

termined with Student’$-test.



34 J.L. Alonso-Lebrero et al. / Journal of Photochemistry and Photobiology B: Biology 70 (2003) 31-37

4000 14000
¥ UNTREATED
4 1mg/mlPLE ] Untreated
__ 3000 ~ / 12000 B 1 mg/ml PLE
£
S k{/
2 }\ € 10000
2 2000 - - \} ki
>
S T .g 8000
x N =
1000 N
g E" 6000 —
'._.
5 R . . - 5 4000
T T T T T T
0 1 2 3 4 5
IRRADIATION (J/em?) 2000 —
Fig. 2. Protective effect of PLE against UVA-induced damage on human
fibroblast proliferation. Human fibroblasts were treated with 1 mg/ml 0
PLE or vehicle alone and then irradiated with the indicated doses of UVA Q Q o
light. Proliferation experiments were carried out as indicated in Materials N N
and methods. Results represent the meabD. of three experiments IRRADIATION (J/cmz)

performed in triplicate.
Fig. 3. Effect of PLE in proliferation of irradiated human keratinocytes.
Human keratinocytes of the HaCat line were treated with 1 mg/ml PLE

3.2. Treatment with PLE preserves the proliferative or vehicle alone, then irradiated with the indicated doses of UVA light as
indicated. Proliferation experiments were carried out as indicated in

capability of irradiated human keratinocytes Materials and methods. Results represent the m&ab. of three
. . experiments performed in triplicate. The significance of the observations
To investigate whether the effect of PLE could also be was determined with Studenttstest.

extended to keratinocytes, which are the cells mainly
exposed to UV light, a human keratinocyte cell line,

HaCat, was employed in irradiation assays. First, the may result from differences in both the cell type or the fact
photoprotective effect of PLE was assessed in keratinocyte that the fibroblasts employed are freshly isolated primary
survival. PLE-treated cells were irradiated with both UVA cells, whereas HaCaT are transformed cells.

and UVB light. Due to the high resistance of these cells to

irradiation, doses of 10 and 15 J/&m UVA light were

employed Table 2andFig. 3). Separate samples were also 3.3. Effect of PLE on cytoskeleton organisation and
irradiated with 10 mJ/cf UVB light (see below). PLE subcellular localisation of adhesion molecules of human
partly preserved HaCat survival in response to both UVA fibroblasts

(Table 2 and UVB (30t3% survival of untreated cells vs.

52+8 and 75:6% of cells treated with 0.1 and 1 mg/ml UVA irradiation causes dramatic effects on the morphol-
PLE, respectively) as determined by MTT. To ascertain ogy of the ddalf520]. This extent has also been

the effect of PLE on cell proliferation, cells were treated investigated by indirect immunofluorescence. First, we
with 1 mg/ml PLE and subjected to irradiation with UVA established that PLE by itself did not cause any appreci-
light as described before. 1 mg/ml PLE also exerted a able change in the morphology of the cells (data not
protective effect on cell proliferation, although to a lower shown). As showrFimn 4A, exposure of human fi-

extent compared with normal fibroblastBig. 3), which broblasts to 1 J/ct UVA light induced changes in the
Table 2 shape of the cells and their cytoskeletal structures. Definite
able . . ..
Effect of PLE on cell survival of in vitro UVA-irradiated human HaCat cell—cell contac_ts were lacking, an.d F-actin St_ammg re_
vealed that straight, parallel stress fibers were disorganised

cells
, by UVA treatment, leaving only unaligned F-actin bundles
Compound Survival (%) . . .
UVA along the periphery of the cell. Most interestingly, treat-
ment of the cells with 1 mg/ml PLE blocked UVA-induced
gfge(gtidmg fonl 2’22 F-actin changes and allowed the cells to retain their stress
PLE (1 mg/ml) 0e-8 fibers. Changes were also evident in the tubulin cyto-

skeleton. Although the perinuclear position of the centro-

Survival was determined by the MTT method as described in Materials t affected. th icrotubul twork lost
and methods. Cells were treated with the indicated compounds and sSome was not a eC(_a U e mlc_ro ubule network los
subsequently irradiated with 10 J/8m UVA light. Data correspond to the coalescence and the individual microtubules were more

mean-S.D. of three independent experiments performed in triplicate. ~ evident. PLE also prevented this effect of UVA light. On
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Fig. 4. Effect of PLE on the cytoskeleton organization and adhesion molecule localization in human fibroblasts. Human fibroblasts were seeded in
subconfluent conditions, treated or not with 1 mg/ml PLE, irradiated with 1 3/cm UVA light as indicated, fixed and cytoskeletal structures (A) and
adhesion molecules (B) stained with specific antibodies or fluorescence-conjugated phalloidin.

the other hand, the effect on the intermediate filament induced the downregulation of this molecule, which was
network was not so obvious, irradiated cells exhibiting reversed by treatment of the cells with PLE.
similar immunofluorescence distribution pattern to that of
non irradiated cells or PLE-treated UVA-irradiated cells.
Changes were also observed in adhesion molecule4. Discussion
distribution patterns. E-cadherin staining is normally con-

fined to intercellular contacts, as shown kig. 4B (non In this report, we have demonstrated the ability of an
irradiated panel). Upon UVA treatment, dense patches of extract of theFeleucotomos to prevent UV-related
E-cadherin can be observed. PLE treatment restored damage at a cellular level in human cells.

cadherin localisation at intercellular cell—cell contacts. On We have first evaluated the screening capability of the

the other hand, the activat@d integrin chain, detected by PLE. Absorbance data demonstrated that the PLE absorbed
the antibody HUTS-21[14], showed a punctate pattern a negligible amount of UVA light (data not shown), thus

along the cell body consistent with focal adhesions struc- suggesting that the observed effect on cell cultures was not
tures, and UVA treatment induced a decrease Bih due to an actual reduction of the exposure of the cells to
clustering along the cell body that was preserved in the the UV light caused by its partial absorption by PLE.

cells treated with PLE. Finally, staining of the integrin- Proliferation has been chosen as a marker of cell
associated tetraspanin molecule CD151/PETA-3, a marker viability for several reasons, the main one being that UV

of cell-to-cell contactg21], showed that UVA-treatment light has been demonstrated to damage the cytoskeleton of
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the cell, which is clearly necessary for proliferation due to FRAP Ferric-reducing ability of plasma

its role in the formation of the mitotic spindle and MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltet-
cytokinesis. As shown herein, PLE was able to protect razolium bromide

human fibroblasts from UVA-induced damage, increasing TCA Trichloroacetic acid

the levels of proliferation well above vehicle-treated cells. TNF Tumor necrosis factor

This result concurs with other reports in which the extract LPA Lysophosphatidic acid

demonstrated clinical efficiency in the regeneration and
treatment of the skin during chronic diseases such as
psoriasis or atopic dermatit[6,7]. The effect was demon-
strated to be specific due to its dose-dependence, and
was established that the moiety responsible of the photo-
protective effect was not sugar-based, as glycidic fractions
of the extract did not retain the beneficial effect.
Photoprotection was firmly established in two different
human cell models, keratinocytes and fibroblasts, what

suggests that the specificity of the product is not limited by ﬁe}nchez-MN?délc'ia Sse:rvplo _?ﬁ Inmtl:]nologua, Hqsﬁltfl ?he IEI‘(
cell lineages, and suggests its employment for tissue rincesa, Maarid, spain. 1he autnors aiso wish 1o than

regeneration. On the other hand, it has been establishec@osano Castilla for expert technical assistance and M.

that UV light or endotoxin induce the synthesis and release |c§nte-Manzanares for editorial preparation of the manu-
of TNF-a by human keratinocyteg22]. These facts, cript.

together with its ability to inhibit TNFe induction upon

LPS treatment[9], suggests that PLE presents a dual

profile in the treatment of skin lesions, protecting the tissue References
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