~ International Journal of
Molecular Sciences

Article

SCA® Slows the Decline of Functional Parameters Associated
with Senescence in Skin Cells

Begoiia Castro 17, Naiara de Paz !, Salvador Gonzalez %*

check for
updates

Citation: Castro, B.; de Paz, N.;
Gonzélez, S.; Rodriguez-Luna, A.
SCA® Slows the Decline of
Functional Parameters Associated
with Senescence in Skin Cells. Int. |.
Mol. Sci. 2022, 23, 6538. https://
doi.org/10.3390/ijms23126538

Academic Editor: Maria

Luisa Balestrieri

Received: 28 April 2022
Accepted: 7 June 2022
Published: 10 June 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://

creativecommons.org/licenses /by /
4.0/).

and Azahara Rodriguez-Luna 34t

1 Histocell S.L., Bizkaia Science and Technology Park, 48160 Derio, Spain; bcastro@histocell.com (B.C.);
info@histocell.com (N.d.P.)

Department of Medicine and Medical Specialties, Faculty of Medicine, Alcald de Henares University,
28805 Madrid, Spain; salvagonrod@gmail.com

Cantabria Labs, Innovation and Development Department, 28043 Madrid, Spain

Department of Pharmacology, Faculty of Pharmacy, University of Seville, 41012 Seville, Spain

*  Correspondence: azahara.rodriguez@cantabrialabs.es

t These authors contributed equally to this work.

Abstract: The identification of compounds and natural ingredients that can counteract tissue stress
and dysfunction induced by aging in skin cells is warranted. Here, we investigated the activity of the
secretion from the snail Cryptomphalus aspersa (SCA®), an active compound with well-established
beneficial effects on skin integrity and aging. To determinate its senescence-regulation mechanisms,
we used a model where damage was induced by hydrogen peroxide (H,O,). The results showed
that SCA® positively modulated factors involved in cell senescence such as 3-galactosidase and
cell morphology, secretory efficiency markers (SIRT1/6 and carboxymethyl-lysine), and metabolic
and redox homeostasis (nTOR and ROS). This study demonstrated a novel compound that is
activity-modulating, reduces cell senescence, and increases longevity to maintain skin homeostasis
and functionality.

Keywords: skin aging; Cryptomphalus aspersa secretion (SCA®) ; cell senescence; mTOR; metabolic
homeostasis

1. Introduction

Human skin is exposed to two major factors: intrinsic features, such as genetic variabil-
ity and metabolic activity, and external stressors, which determine the “aged” phenotype [1].
The cumulative process of aging is remarkably complex and contextual, and stems from
both direct damage to cell and tissue structures by external agents and reactive metabolic
byproducts such as reactive oxygen species (ROS), and the progressive loss of homeostatic
surveillance and tissue repair mechanisms counteracting such damage [2].

During aging progression, the skin’s ability to repair cell and tissue damage and reduce
inflammation significantly declines, promoting a low-grade, pro-inflammatory state with
imbalanced inflammation and oxidative stress markers, known as “inflammaging” [3-5].
When sustained, this altered inflammatory environment contributes to the progression of
tissue damage and loss of metabolic homeostasis, triggering cell senescence, a term used to
refer to irreversible cell cycle arrest, cell morphology changes, epigenetic alterations, and
an aberrant secretory profile, among others [6-8].

DNA damage induced by oxidative stress, senescence-associated secretory phenotype
(SASP) expression, and impaired autophagy are all general features of senescent cells. SASP
is characterized by the upregulated secretion of several families of soluble and insoluble
factors, such as interleukins, chemokines, growth factors, proteases, and extracellular matrix
(ECM) insoluble factors [9]; the SASP secretome promotes certain tissue microenvironment
features, such as the inhibition of cell proliferation and enhanced inflammation (presumably
to facilitate senescent cell clearance) [6,10,11]. Recent data suggest that fibroblasts are the
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main factors determining skin aging, as a result of alterations to their proliferation levels
and dermal accumulation of SASP fibroblasts [12]. Fibroblasts are key elements of dermal
architecture and function, producing and arranging the components of the ECM, such as
collagen [3], elastin, and GAGs; the loss of the ECM architecture further contributes to
aging progression [3,12].

Hydrogen peroxide (H,O,) is a key source of DNA damage through ROS production in
cells, which is closely associated with cellular senescence. Senescent cells commonly display
increased cytosolic activity of 3-galactosidase ([3-gal), a senescence-associated biomarker
originally discovered by Dimri et al. [13]. Furthermore, the increase in cyclin-dependent
kinases and the presence of N6-carboxylmethyllysine (CML) arising from glycation re-
actions are senescent phenotypic traits [3]. In aged cells, the accumulation of advanced
glycation end products (AGEs) stems from the reduction in sugars and other molecules,
such as proteins or lipids, in the dermal ECM. Proteins such as collagen can be negatively
affected by this phenomenon, reducing structural support and elasticity and thus further
contributing to a senescence-like phenotype [14].

Increasing attention is also being placed on the potential role of melanocytes in contribut-
ing to skin aging processes. Melanocytes are a particular highly secretory cell population,
where cumulative mutations can trigger both proliferation and senescent arrest [15], affecting
proliferative potential and the differentiation of basal stratum keratinocytes [16]. Furthermore,
melanocytes have recently emerged as relevant immune system modulators [17] and can
contribute to SASP [18], classically attributed to hypodermal fibroblasts. Melanization is an
evolutionarily early hallmark of persistent inflammation, and inflammatory dysregulation of
the skin commonly entails altered melanization [19].

Among natural compounds and actives identified as having the potential to promote
skin homeostasis and counteract the aging-associated decline in skin integrity, a promising
source is a secretion from the snail Cryptomphalus aspersa (hereon, SCA®) [20]. SCA® has
shown significant activity in vitro and in vivo, both in protecting against damaging agents
and in reducing aging-associated decline of the skin [20-22]. Specifically, the secretion
composition features proteins of high and low molecular weight with fibroblast growth
factor (FGF)-like activity, antioxidant molecules (superoxide dismutase (SOD), glutathion S
transferase (GSH-T)), collagenase, hemocyanine, and other polypeptides, ECM building
blocks (proteoglycans, glycosaminoglycans, and hyaluronic acid), and calcium salts. SCA®
exerts a positive impact on different processes involved in skin homeostasis maintenance
and repair; fibroblast proteostasis, proliferation, and migration; ECM assembly; and ef-
fective wound healing [20,22-25]. However, in-depth characterization of the molecular
mechanisms associated with these activities across different cell types is needed to establish
ideal treatment protocols and possible synergies with other available compounds.

In this study, we described the impact of using SCA® to treat both fibroblasts and
B16-F10 melanoma cells that were induced to a senescent state through H,O,-mediated
oxidative stress, by systematically profiling different biomarkers of their metabolic stress,
proteostasis, and secretory capacity. We found that SCA® attenuated senescence-associated
parameters, such as 3-gal activity, and ROS levels in both fibroblasts and melanoma cells.
These results correlated with a full reversal of expression levels of different indicators
of secretory and metabolic homeostasis sensitive to senescent states, such as SIRT1/6,
procollagen, mammalian target of rapamycin (mTOR) kinase, and CML accumulation, a
marker of glycosylation, both an indicator of and a contributor to aging [26]. As will be
discussed below, our observations suggest that SCA® has the potential to help reduce tissue
function decline during aging by preserving specific outputs in senescent cells, such as
metabolism and lysosomal function, secretory efficiency, and proteostasis in both cell lines.
These findings support the design of therapeutic/preventive strategies to effectively act on
proliferative/regenerative skin niches.
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2. Results
2.1. Impact of SCA on B-Galactosidase Activity

The effect of SCA® treatment on general senescent phenotype of cultured human fi-
broblasts and mouse melanoma B16-F10 cells was analyzed. It has been reported that the ex-
posure of various cell types to sub-lethal concentrations of HO, induces senescence [27-29].
Thus, cells were first exposed to 0.5 mM H,O; for 2 h to induce oxidative stress-associated
premature senescence. Cells were subsequently washed and treated with either fresh
culture medium (control group) or SCA® (at a concentration of 100 pg/mL for fibrob-
lasts and 25 ug/mL in case of B16-F10 cells) for 96 h, at which time the percentage of
-galactosidase-positive cells was computed (Figure 1). Exposure to H,O, significantly
induced senescence in fibroblasts and melanocytes (p < 0.05). SCA® treatment reduced the
percentage of 3-galactosidase-positive cells by 67% and 70% in fibroblasts and melanocytes
cultures, respectively (** p < 0.01, * p < 0.05; Figure 1).
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Figure 1. Determination of senescence, 3-galactosidase staining. (A1,B1) Percentage of (3-galactosidase-
positive cells at different conditions (HyO, vs. HO, + SCA® »* p <0.005, * p < 0.05; HyO, vs. C* p < 0.05).
(A2,B2) Representative images of (3-galactosidase blue staining. A column corresponds to fibroblasts, and
B column corresponds to B16-F10 cells. (C: Control Cells; SCA®: control cells treated with SCA®, H,Oy:
Aged control cells, H,O, + SCA®: aged cells treated with SCA®). Scale bars: 200 um.
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2.2. Impact of SCA® on Intracellular ROS Levels

Intracellular ROS levels were determined by fluorescent 2/,7’-dichlorofluorescin di-
acetate (DCFH-DA) ROS-sensitive probe accumulation across the same conditions as
indicated above. As expected, an increase in DCFH-DA fluorescence (equivalent to ROS
accumulation) was observed in cells exposed to HyO,. On the contrary, cells treated with
SCA® experienced a significant decrease in DCFH-DA fluorescence compared with cells
not treated with SCA (by 72.5% and 72.6%, *** p < 0.0001, in fibroblasts and B16-F10 cells,
respectively (Figure 2)).
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Figure 2. SCA® treatment reduced ROS accumulation in senescent cells exposed to HyO,. Intracellu-
lar ROS levels. Arbitrary fluorescence units of DCFH-DA probe showing the presence of intracellular
ROS in senescent fibroblasts and B16-F10 cells (H,O,) and senescent fibroblasts and B16 cells treated
with SCA® (H,0, + SCA) (*** p < 0.0001).

2.3. Impact of SCA on Senescent-Related Cell Morphology

To assess whether SCA® treatment has an impact on senescence-related morpho-
logical changes, we examined a cytoskeleton with immunofluorescence after H,O, and
H,0,+SCA® treatments. Senescent fibroblasts are characterized by a flattening and en-
largement of the cell shape [30], which were observed in HyO;-exposed cells (Figure 3b).
However, cells subsequently treated with SCA® recovered basal cytoskeleton microtubule
elongation and size compared with senescent cells (Figure 3c).

Control H;O; H:O; +SCA®

Fibroblasts

Figure 3. SCA® treatment reversed morphological changes associated with senescence. Represen-
tative tubulin cytoskeleton images of control fibroblasts (a), fibroblasts treated with H,O; (b), and
fibroblasts treated with HyO, + SCA (c). Representative inverted fluorescence microscopy images
immunostained with anti-a-tubulin antibody appear in green, while nuclei that were stained with
Hoechst probe appear in blue. Scale bars: 200 pm.

2.4. Analysis of Senescence-Sensitive Proteins

We then assessed the expression levels of different proteins sensitive to senescence
induction by immunofluorescent staining upon exposure to H,O, in the presence or ab-
sence of SCA®. One of the most representative senescence markers is mTOR, which is
a crucial regulator of autophagy initiation and is involved in senescence through SASP
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regulation [31]. HyO,-induced senescence caused an increase in mTOR levels, while treat-
ment with SCA® reversed this effect and inhibited mTOR expression (Figure 4).

Control H,0,+SCA

..

Figure 4. SCA® treatment markedly inhibited mTOR activation triggered by H,O, exposure. Im-
munostaining of mTOR. Representative inverted fluorescence microscopy images immunostained
with anti-mTOR antibody appear in red, while nuclei stained with Hoechst probe appear in blue.
Fibroblasts (a—c) and B16-F10 cells (d—f) exposed to H,O; (b,e) and H,O,-exposed treated with SCA®
(c,f). Scale bars: 200 um.

In the same context, sirtuins are longevity-related proteins that play an important
role in DNA-damage repair and controlling inflammation and oxidative stress [32]. In this
study, we evaluated the expressions of SIRT1 and SIRT6 after treatments and observed that
H,0O; reduced SIRT1 and SIRT6 production. However, the subsequent incubation with
SCA® promoted the expressions of SIRT1 (Figure 5) and SIRT6 (Figure 6), reverting the
suppression induced by H,O; in senescent cells.

Control H,0, H,0,+SCA

Figure 5. Treatment with SCA® markedly induced SIRT1 expression in senescent cells. Represen-
tative fluorescence microscopy images after SIRT1 (red) immunostaining. Cells treated with H,O,
(b,e) showed decreased expression of SIRT1. Fibroblasts (a-c) and B16-F10 cells (d-f) were exposed
to H,O, and treated with SCA® (c,f). Scale bars: 200 um.
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Control H,0, H,0,+SCA

Figure 6. Treatment with SCA® significantly promoted SIRT6 expression in senescent cells. Rep-
resentative fluorescence microscopy images after SIRT6 (red) immunostaining. Green color shows
cytoskeleton staining with anti-a-tubulin, and nuclei were stained blue with Hoechst probe. Fibrob-
lasts (a—c) and B16-F10 cells (d—f) exposed to H,O, (b,e) and H,O,-exposed cells and treated with
SCA® (¢,f). Scale bars: 200 pum.

Advanced glycation end products (AGEs) also play important roles in skin aging.
Different AGEs, such as carboxymethyl-lysine (CML) and pentosidine, cause glycation re-
actions; thus, AGE accumulation leads to a modification of skin homeostasis and promotes
senescence phenotype [14]. To further investigate the impact of SCA® treatment on senes-
cent cell state, we analyzed the presence of CML after HyO, and HyO,+SCA treatments by
immunofluorescence. As images in Figure 7 show, H,O, induced an increase in CML in
fibroblasts and melanocytes, whereas a significant decrease in CML was observed in cells
treated with SCA® (Figure 7).

Control H,0,+SCA

Figure 7. SCA® significantly reduced CML immunostaining in HyO;-exposed cells. Representative
inverted fluorescence microscopy images immunostained with anti-CML antibody in red. Nuclei
were stained with Hoechst probe in blue. Fibroblasts (a—c) and B16-F10 cells (d—f) exposed to H,O,
(b,e) and H,O;-exposed cells and treated with SCA® (c,f). Scale bars: 200 pum.
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After exposure to HyOy, one of the most altered insoluble factors is collagen [33]. In
this study, we evaluated the effect of H,O, and H,0,+SCA® treatments on the expression
of procollagen-1. As observed in Figure 8, the expression of procollagen-1 was reduced in
cells exposed to HyO,. However, in cells treated with SCA after being exposed to H,O»,
the expression of this factor was restored to basal level (Figure 8).

Control H,0,+SCA

Figure 8. SCA® treatment promoted procollagen-1 production. Representative inverted fluores-
cence microscopy images immunostained with anti-procollagen antibody in red, localized mainly at
perinuclear level. Green color indicates cytoskeleton staining with anti-a-tubulin, and nuclei were
stained blue with Hoechst probe. Fibroblasts (a—c) and B16-F10 cells (d—f) exposed to H,O, (b,e) and
H,0O,-exposed cells and treated with SCA® (c,f). Scale bars: 200 pm.

3. Discussion

The identification of compounds modulating specific features of tissue and cell aging
(senostatic/senomorphics) or clearing senescent cells to slow the progression of tissue
homeostasis-decline (senolytics) is an intensive field of research [34]. Thus, characterization
is warranted of the cellular and molecular mechanisms by which certain active compounds
exert their beneficial action on the preservation and repair of skin structure and delay in
the aging process [35].

In this study, we investigated the specific impact of SCA® across phenotypic aspects
associated with acute oxidative-stress-induced cell senescence. We found that SCA® treat-
ment recovered cell morphology and normalized indicators of metabolic homeostasis
(ROS, SIRT1/6), secretion capacity (CML, procollagen), and proteostasis (as supported
by secretory homeostasis, as well as potential molecular indicators of lysosomal integrity
(mTOR and (-galactosidase levels)). These observations suggested that SCA® can con-
tribute to reduced skin aging progression by sustaining and improving the functionality of
aged/senescent skin cell populations, reducing tissue integrity decline, and thus the degen-
erative feedback loops at play in aging tissue. These results both confirm and highlight
activities and anti-aging benefits observed in recent studies of different C. aspersa secretion
preparations, which have demonstrated powerful activity on fibroblast and keratinocyte
proliferation and migration, increasing wound healing [36-39]. Thus, SCA® was proposed
as a regenerating ingredient, exhibiting a capability for rejuvenating the composition and
functionality of damaged and aging skin [37].

Though senescent cells are characterized by altered cell-cycle arrest, our study demon-
strated that the reversal of 3-galactosidase accumulation does not necessarily correlate
with cell cycle profiles indicative of blockade onto the GO stage (data not shown). Thus,
changes in these parameters should be carefully interpreted when assessing the impact of
different treatments and inferring underlying molecular mechanisms. In this particular
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case, we interpret the reversal of 3-galactosidase accumulation upon exposure to SCA® as
indicative of improved lysosomal integrity (in agreement with the mTOR levels) and pro-
teostasis in senescent cells, which in turn prevents tissue functional decline. Furthermore,
senescent cells accumulated by chronological skin aging reduced antioxidant capacity,
promoting oxidative processes and altering cell structure, which contribute to age-related
skin changes [38]. SCA® considerably reduced H,O;-induced oxidative stress and reversed
senescence phenotype.

mTOR signaling is a well-known marker of senescence through SASP regulation [39]
and cell structural changes promotion [40], among other mechanisms. Thus, over-activation
of mTOR promotes the induction of cellular senescence, while its repression blocks cellular
senescence, reduces SASP, and prolongs cell life span [41]. Therefore, the autophagy regu-
lator mTOR plays a central role in determining aging-associated processes [34]. Sirtuins are
other regulators slowing cell and organism aging [42-44], although the precise mechanisms
by which this is attained are unclear. Sirtuins can modulate cell metabolic state and pro-
teostasis at different levels [42,45-48], as well as counteract genome reprogramming [49,50].
Sirtuins were proven to exert an anti-aging effect on skin components, reducing inflam-
maging and promoting autophagy [51]. The treatment of senescent fibroblasts with SCA®
repressed mTOR and promoted SIRT1/6 expression, reducing the senescence process. It
would be interesting to further explore the specific contribution of sirtuins to the biological
effects of SCA®.

Advanced glycation end products (AGEs) can induce mTOR expression and cause
morphological changes characteristic of senescence phenotypes. AGE accumulation dis-
rupts the balance between the synthesis of ECM components and enzymes, altering skin
cell biology and thus skin structure. Furthermore, these sub-products can increase intra-
cellular ROS and pro-inflammatory cytokines, altering secretory activity [14]. Treatment
with SCA® reduced ROS production and the accumulation of AGEs such as CML, which
up-regulates glycation reactions. With respect to collagen production, Huang et al. demon-
strated that oxidative stress induced by low H,O, concentrations exposure can trigger
skin repair processes, thereby increasing type I procollagen expression [52]. Nevertheless,
Park et al. showed that H,O, reduces the mRNA expression of type I collagen [53], and
disrupts transforming growth factor beta transduction and subsequently inhibits collagen
biosynthesis, promoting skin aging [54]. We demonstrated that SCA® treatment increases
procollagen-1 secretion in senescent cells, reducing the aged phenotype provoked by H,O,.
Importantly, the deposition and maintenance of ECM, serviced by competent cells, is an
input as essential as circulating growth factors to ensure tissue repair and health [55-59],
and likely contributes to the curbing of tissue aging.

We also sought to investigate the specific impact of SCA® on melanocytic lineages.
Melanocytes have emerged as central elements in the complex cell-communication net-
works responsible for organizing skin architecture and function, but our understanding as
to how these cell populations experience aging and contribute to tissue decline is very lim-
ited. Altered melanization is a hallmark of aging. Our observations clearly demonstrated
that SCA promotes proteostasis and reduces oxidative stress in B16-F10 melanocytes. In
line with the results obtained in fibroblasts, SCA® does not affect cell cycle stopping in
B16-F10, but does inhibit mTOR and promote SIRT1/6 expression. SCA® also reduced
cell senescence in B16-F10 cells through glycation product modulation. These findings
demonstrated the role of SCA® in senescence modulation not only in fibroblasts, but also
in a melanocytic cell linage. The fact that SCA® can inhibit the senescence of melanoma cell
lines suggests a further anti-aging mechanism, including the normalization of melanogene-
sis. Further studies into the role of normal human-epidermal melanocytes in skin aging
processes would help shed further light on these implications.

Cellular senescence is the object of intensive research for the development of effective
anti-aging strategies. Though molecular crosstalk among the senescence mechanisms is
unclear, senescence reversal is a promising treatment to promote skin well-aging [60].
Our results position SCA® as an active compound contributing to skin repair and health
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and inhibiting aging by maintaining autophagy functions and tissue integrity, even in
the face of cell senescence. These insights are valuable to better understand SCA’s action
mechanisms, and to determine its role in anti-aging treatments and potential synergies
with other compounds in order to promote, for example, the proliferation and renewal
of skin stem cell populations. Further considerations and more detailed forthcoming
experimental approaches will be necessary to complete the understanding of SCA® activity
against senescence.

4. Materials and Methods
4.1. Cell Culture

Primary human dermal fibroblasts (HDFs) were isolated from human skin kindly
donated by patients that had undergone aesthetic surgery after signing an informed consent
form previously approved by the corresponding ethical committee (Ethics Committee
for Drug Research of Euskadi (Basque Country, Spain)) with the approval code E09-28.
Fibroblasts were obtained as previously described by Wang et al. and cultured in DMEM
(Sigma—-Aldrich D5796, St. Louis, (MO), USA) plus FBS 10%, 100 U/mL penicillinm and
100 mg/mL streptomycin (HyClone Laboratories, South Logan, (UT), USA), under the same
incubation conditions [61]. The B16-F10 mouse melanoma cell line was kindly provided
by Dr. Ana Alonso-Varona from the Department of Cell Biology and Histology, Faculty
of Medicine, University of the Basque Country (Leioa-Bizkaia, Spain). Both the HDFs
and melanocytes B16-F10 were cultured in Dulbecco’s modified Eagle medium (DMEM)
supplemented with 10% (v/v) fetal bovine serum (FBS). Cells were maintained at 37 °C,
5% humidity, and 5% CO; in an incubator (Heracell CO, incubator 150i, 41077201, Thermo
Fisher Scientific Inc., Waltham, (MA), USA).

4.2. Natural SCA® Extract and Cell Treatment

A standardized SCA® preparation was obtained and used as described by Cantabria
Labs, (Madrid, Spain) [62]. Cell cultures were supplemented with 100 ng/mL (fibrob-
lasts) or 25 ug/mL (B16-F10) of SCA® and maintained after cell determinations at differ-
ent times [36,37,39]. To evaluate the effects of SCA® on senescent cells, fibroblasts and
melanocytes were first exposed to H,O, (as described in the next section) to induce senes-
cence, and then supplemented with SCA® by adding this compound to the cell medium.

4.3. Senescence Induction

Fibroblasts and melanocytes were seeded in 24-well culture plates at a density of
10.000 cells per well, and grown overnight in DMEM supplemented with 10% of FBS. To
induce senescence, cells were exposed to 0.5 mM of H,O, in DMEM without FBS for 2 h.
After that, the culture medium was replaced, and fresh DMEM supplemented with 10% of
FBS with or without SCA® was added until measurements were performed.

4.4. Intracellular ROS Determination

Intracellular ROS levels were quantified using 2',7’-dichlorodihydrofluorescein di-
acetate (DCFH-DA; Molecular Probes, Oregon, (AZ), USA). Fibroblasts were seeded in
96-well tissue culture plates at a density of 4000 cells/well. After senescence induction
as previously described, the culture medium was replaced with or without SCA® treat-
ment and incubated for 18 h. After this period, the medium was removed and a fresh
medium with 10 uM DCFH-DA was added. Plates were incubated at 37 °C for 30 min
in the dark. The medium was then replaced with oxidizing media in the absence or pres-
ence of antioxidants. Fluorescence in the wells was measured every 5 min during 90 min
(Aex 485 nm/Aem 528 nm; Thermo Fisher Scientific Inc., Waltham, (MA), USA).

4.5. B-Galactosidase Staining

The positive blue staining of (3-galactosidase was used to estimate cellular senes-
cence. For senescence determination, cells were seeded in 24-well plates at a concentra-
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tion of 10,000 cells per well. 3-galactosidase staining was analyzed at 96 h after senes-
cence induction by 0.5 mM of H,O;, using a Senescence Cells Histochemical Staining Kit
(Sigma-Aldrich CS0030, St. Louis, (MO), USA)). Briefly, the culture medium was aspi-
rated from the wells, and the cells were washed twice with 1 mL of PBS. Then, 1.5 mL
of fixing buffer was added per well and incubated for 7 min at room temperature. After
washing twice with PBS, 1 mL of freshly prepared dying solution, prepared following
kit instructions, was added to the wells, and incubated overnight at 37 °C without CO,.
The plates were sealed with parafilm to avoid drying. Finally, the wells were washed
with PBS, and the cells were scored for 3-galactosidase-positive staining using light mi-
croscopy. Five representative images from each well were captured, total cell number
and [3-galactosidase-positive cells were obtained by using Image-]J software (Oracle Corpo-
ration, Santa Clara, (CA), USA), and the percentage of positive cells with respect to total
cells in each imaged was determined.

4.6. Immunofluorescence Analysis

For the immunostaining procedure, after senescence induction and incubation with
SCA® for 48 h, the wells were washed with PBS and incubated with 0.5 mL of paraformalde-
hyde (4%) in PBS for 15 min at room temperature. After washing twice with PBS, a Triton
X-100 (0.1%) solution with 2% of BSA in PBS was used to permeabilize the cells for 10 min
at 4 °C, and 25 mL of BSA (1%) in PBS for 1 h at room temperature was used to block
unspecific binding. Primary antibodies anti-a-tubulin (ab195887, 1:250, Abcam, Cambridge,
UK), anti-SIRT1 (19A7AB4, 0,5 pg/mL, Abcam, Cambridge, UK), anti- SIRT6 (MA5-24768,
1:100, Thermo Fisher Scientific Inc., Waltham, MA, USA), anti-mTOR (AHO1232, 1:500,
Thermo Fisher Scientific Inc., Waltham, MA, USA), anti-CML, N6-carboxylmethyl-lysine
(ab125145, 1:200, Abcam, Cambridge, UK), and anti-procollagen type I (PCIDG10, 1:200,
Sigma-Aldrich, St. Louis, MO, USA) (diluted with 1% BSA) were used to probe the tissues
at 4 °C overnight. Subsequently, the secondary red fluorescence antibody (Alexa Fluor 568,
1:200, Thermo Fisher Scientific Inc., Waltham, MA, USA) was used to reveal the specific
binding of the primary antibody. Finally, a nuclear counterstaining was performed with
Hoechst solution (Hoechst 33258, 1:2000, H1398, Invitrogen by Thermo Fisher Scientific
Inc., Waltham, MA, USA) for 20 min at room temperature.

4.7. Statistical Analysis

Data are represented as mean =+ standard error of the mean (SEM) from at least
three independent experiments. Quantitative determinations (3-galactosidase staining
and intracellular ROS determination) were compared by Student’s t-test, using GraphPad
Prism 5.00 (GraphPad Software, Inc., San Diego, CA, USA). Differences were interpreted as
significant when p < 0.05.

Author Contributions: Conceptualization, A.R.-L., S.G. and B.C.; methodology, B.C.; software, B.C.;
validation, B.C., N.d.P. and A.R.-L.; formal analysis, B.C. and A.R.-L.; investigation, B.C.; resources,
B.C,; data curation, B.C.; writing—original draft preparation, B.C. and A.R.-L.; writing—review and
editing, B.C., AR.-L.,, N.d.P. and S.G; visualization, B.C., AR.-L., N.d.P. and S.G.; supervision, A.R.-L.
and N.d.P.; project administration, A.R.-L. and N.d.P;; funding acquisition, A.R.-L. and N.d.P. All
authors have read and agreed to the published version of the manuscript.

Funding: Cantabria Labs and Histocell S.L funded this study.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Ethics Committee of Basque Country (CEIC E08/29)
for studies involving humans.

Informed Consent Statement: In all cases, human tissue material discarded after surgery was
obtained with written consent presented by clinicians to the patients, and it was treated anonymously.

Acknowledgments: Miguel Sanchez-Alvarez (CNIC, Madrid) provided assistance on manuscript
writing and editing.



Int. ]. Mol. Sci. 2022, 23, 6538 110f13

Conflicts of Interest: 5.G. is a consultant for Cantabria Labs, and A.R.-L. belongs to the Innovation
and Development Department at Cantabria Labs, which produced SCA® technology. The remaining
authors declare no conflict of interest.

References

1. Krutmann, J.; Schikowski, T.; Morita, A.; Berneburg, M. Environmentally-Induced (Extrinsic) Skin Aging: Exposomal Factors and
Underlying Mechanisms. J. Invest. Dermatol. 2021, 141, 1096-1103. [CrossRef] [PubMed]

2. Lopez-Otin, C.; Blasco, M.A ; Partridge, L.; Serrano, M.; Kroemer, G. The Hallmarks of Aging. Cell 2013, 153, 1194-1217. [CrossRef]
[PubMed]

3. Lee, Y.I; Choi, S.; Roh, W.S.; Lee, ].H.; Kim, T.G. Cellular Senescence and Inflammaging in the Skin Microenvironment. Int. J. Mol.
Sci. 2021, 22, 3849. [CrossRef] [PubMed]

4. Fulop, T.; Larbi, A.; Pawelec, G.; Khalil, A.; Cohen, A.A.; Hirokawa, K.; Witkowski, ].M.; Franceschi, C. Inmunology of Aging:
The Birth of Inflammaging. Clin. Rev. Allergy Immunol. 2021, 1-14. [CrossRef]

5. Serrano-Lépez, J.; Martin-Antonio, B. Inflammaging, an Imbalanced Immune Response That Needs to Be Restored for Cancer
Prevention and Treatment in the Elderly. Cells 2021, 10, 2562. [CrossRef] [PubMed]

6. Li, M,; You, L.; Xue, J.; Lu, Y. Ionizing Radiation-Induced Cellular Senescence in Normal, Non-Transformed Cells and the Involved
DNA Damage Response: A Mini Review. Front. Pharmacol. 2018, 9, 522. [CrossRef] [PubMed]

7. Cinat, D.; Coppes, R.P; Barazzuol, L. DNA Damage-Induced Inflammatory Microenvironment and Adult Stem Cell Response.
Front. Cell Dev. Biol. 2021, 9, 729136. [CrossRef]

8.  Ogrodnik, M. Cellular Aging beyond Cellular Senescence: Markers of Senescence Prior to Cell Cycle Arrest in Vitro and in Vivo.
Aging Cell 2021, 20, 1-19. [CrossRef]

9.  Pulido, T,; Velarde, M.C.; Alimirah, F. The Senescence-Associated Secretory Phenotype: Fueling a Wound That Never Heals. Mech.
Ageing Dev. 2021, 199, 111561. [CrossRef]

10. Coppé, ].-P,; Desprez, P-Y.; Krtolica, A.; Campisi, ]. The Senescence-Associated Secretory Phenotype: The Dark Side of Tumor
Suppression. Annu. Rev. Pathol. 2010, 5, 99-118. [CrossRef]

11.  Doles, J.; Storer, M.; Cozzuto, L.; Roma, G.; Keyes, WM. Age-Associated Inflammation Inhibits Epidermal Stem Cell Function.
Genes Dev. 2012, 26, 2144-2153. [CrossRef] [PubMed]

12. Wlaschek, M.; Maity, P.; Makrantonaki, E.; Scharffetter-Kochanek, K. Connective Tissue and Fibroblast Senescence in Skin Aging.
J. Invest. Dermatol. 2021, 141, 985-992. [CrossRef] [PubMed]

13. Dimri, G.P; Lee, X.; Basile, G.; Acosta, M.; Scott, G.; Roskelley, C.; Medrano, E.E.; Linskens, M.; Rubelj, L; Pereira-Smith, O.; et al.
A Biomarker That Identifies Senescent Human Cells in Culture and in Aging Skin in Vivo. Proc. Natl. Acad. Sci. USA 1995,
92,9363. [CrossRef] [PubMed]

14. Shin, S.; Son, D.; Kim, M.; Lee, S.; Roh, K.B.; Ryu, D.; Lee, J.; Jung, E.; Park, D. Ameliorating Effect of Akebia Quinata Fruit
Extracts on Skin Aging Induced by Advanced Glycation End Products. Nutrients 2015, 7, 9337. [CrossRef] [PubMed]

15. McNeal, A.S.; Belote, R.L.; Zeng, H.; Urquijo, M.; Barker, K,; Torres, R.; Curtin, M.; Shain, A.H.; Andtbacka, R.H.; Holmen, S; et al.
BRAF(V600E) Induces Reversible Mitotic Arrest in Human Melanocytes via Microrna-Mediated Suppression of AURKB. Elife
2021, 10, €70385. [CrossRef] [PubMed]

16.  Wang, ].X.; Fukunaga-Kalabis, M.; Herlyn, M. Crosstalk in Skin: Melanocytes, Keratinocytes, Stem Cells, and Melanoma. J. Cell
Commun. Signal. 2016, 10, 191-196. [CrossRef]

17. Plonka, PM.; Passeron, T.; Brenner, M.; Tobin, D.].; Shibahara, S.; Thomas, A.; Slominski, A.; Kadekaro, A.L.; Hershkovitz, D.;
Peters, E.; et al. What Are Melanocytes Really Doing All Day Long ... ? Exp. Dermatol. 2009, 18, 799-819. [CrossRef]

18. Sha, J.; Arbesman, J.; Harter, M.L. Premature Senescence in Human Melanocytes after Exposure to Solar UVR: An Exosome and
UV-MiRNA Connection. Pigment Cell Melanoma Res. 2020, 33, 671-684. [CrossRef]

19. Lavine, M.D.; Strand, M.R. Insect Hemocytes and Their Role in Immunity. Insect Biochem. Mol. Biol. 2002, 32, 1295-1309.
[CrossRef]

20. Brieva, A.; Philips, N.; Tejedor, R.; Guerrero, A.; Pivel, ].P.; Alonso-Lebrero, ].L.; Gonzalez, S. Molecular Basis for the Regenerative
Properties of a Secretion of the Mollusk Cryptomphalus Aspersa. Skin Pharmacol. Physiol. 2008, 21, 15-22. [CrossRef]

21.  Alameda, M.T.; Morel, E.; Parrado, C.; Gonzdlez, S.; Juarranz, A. Cryptomphalus Aspersa Mollusc Egg Extract Promotes
Regenerative Effects in Human Dermal Papilla Stem Cells. Int. J. Mol. Sci. 2017, 18, 463. [CrossRef] [PubMed]

22. Espada, J.; Matabuena, M.; Salazar, N.; Lucena, S.; Kourani, O.; Carrasco, E.; Calvo, M.; Rodriguez, C.; Reyes, E.; Gonzélez, S.; et al.
Cryptomphalus Aspersa Mollusc Eggs Extract Promotes Migration and Prevents Cutaneous Ageing in Keratinocytes and Dermal
Fibroblasts in Vitro. Int. ]. Cosmet. Sci. 2015, 37, 41-55. [CrossRef] [PubMed]

23. Addor, EAS. Topical Effects of SCA(®) (Cryptomphalus Aspersa Secretion) Associated with Regenerative and Antioxidant
Ingredients on Aged Skin: Evaluation by Confocal and Clinical Microscopy. Clin. Cosmet. Investig. Dermatol. 2019, 12, 133-140.
[CrossRef] [PubMed]

24. Garcia-Honduvilla, N.; Cifuentes, A.; Ortega, M.A.; Delgado, A.; Gonzalez, S.; Bujan, J.; Alvarez-Mon, M. High Sensitivity of
Human Adipose Stem Cells to Differentiate into Myofibroblasts in the Presence of C. Aspersa Egg Extract. Stem Cells Int. 2017,
2017,9142493. [CrossRef] [PubMed]

25. Draelos, Z.D. The Role of a Natural Mollusk Egg-Derived Ingredient in Facial Appearance. J. Drugs Dermatol. 2017, 16, 678—681.


http://doi.org/10.1016/j.jid.2020.12.011
http://www.ncbi.nlm.nih.gov/pubmed/33541724
http://doi.org/10.1016/j.cell.2013.05.039
http://www.ncbi.nlm.nih.gov/pubmed/23746838
http://doi.org/10.3390/ijms22083849
http://www.ncbi.nlm.nih.gov/pubmed/33917737
http://doi.org/10.1007/s12016-021-08899-6
http://doi.org/10.3390/cells10102562
http://www.ncbi.nlm.nih.gov/pubmed/34685542
http://doi.org/10.3389/fphar.2018.00522
http://www.ncbi.nlm.nih.gov/pubmed/29872395
http://doi.org/10.3389/fcell.2021.729136
http://doi.org/10.1111/acel.13338
http://doi.org/10.1016/j.mad.2021.111561
http://doi.org/10.1146/annurev-pathol-121808-102144
http://doi.org/10.1101/gad.192294.112
http://www.ncbi.nlm.nih.gov/pubmed/22972935
http://doi.org/10.1016/j.jid.2020.11.010
http://www.ncbi.nlm.nih.gov/pubmed/33563466
http://doi.org/10.1073/pnas.92.20.9363
http://www.ncbi.nlm.nih.gov/pubmed/7568133
http://doi.org/10.3390/nu7115478
http://www.ncbi.nlm.nih.gov/pubmed/26569300
http://doi.org/10.7554/eLife.70385
http://www.ncbi.nlm.nih.gov/pubmed/34812139
http://doi.org/10.1007/s12079-016-0349-3
http://doi.org/10.1111/j.1600-0625.2009.00912.x
http://doi.org/10.1111/pcmr.12888
http://doi.org/10.1016/S0965-1748(02)00092-9
http://doi.org/10.1159/000109084
http://doi.org/10.3390/ijms18020463
http://www.ncbi.nlm.nih.gov/pubmed/28230777
http://doi.org/10.1111/ics.12167
http://www.ncbi.nlm.nih.gov/pubmed/25256953
http://doi.org/10.2147/CCID.S191153
http://www.ncbi.nlm.nih.gov/pubmed/30858719
http://doi.org/10.1155/2017/9142493
http://www.ncbi.nlm.nih.gov/pubmed/29445405

Int. ]. Mol. Sci. 2022, 23, 6538 12 0f13

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.
45.

46.

47.

48.

49.

50.
51.

Uchitomi, R.; Hatazawa, Y.; Senoo, N.; Yoshioka, K.; Fujita, M.; Shimizu, T.; Miura, S.; Ono, Y.; Kamei, Y. Metabolomic Analysis of
Skeletal Muscle in Aged Mice. Sci. Rep. 2019, 9, 10425. [CrossRef]

Ortiz-espin, A.; Morel, E.; Juarranz, A.; Guerrero, A.; Gonzélez, S.; Jiménez, A.; Sevilla, F. An Extract from the Plant Deschampsia
Antarctica Protects Fibroblasts from Senescence Induced by Hydrogen Peroxide. Oxidative Med. Cell. Longev. 2017, 2017, 2694945.
[CrossRef]

Wang, Z.; Wei, D.; Xiao, H. Methods of Cellular Senescence Induction Using Oxidative Stress. Methods Mol. Biol. 2013,
1048, 135-144. [CrossRef]

Hernandez-Segura, A.; Brandenburg, S.; Demaria, M. Induction and Validation of Cellular Senescence in Primary Human Cells.
J. Vis. Exp. 2018, 136, 57782. [CrossRef]

Cho, K.A,; Sung, ].R.; Yoon, S.O.; Ji, H.P; Jung, W.L.; Kim, H.P; Kyung, TK.; Ik, S.J.; Sang, C.P. Morphological Adjustment of
Senescent Cells by Modulating Caveolin-1 Status. J. Biol. Chem. 2004, 279, 42270-42278. [CrossRef]

Zuo, S.Q.; Li, C; Liu, Y.L.; Tan, YH.; Wan, X,; Xu, T; Li, Q.; Wang, L.; Wu, Y.L.; Deng, EM.; et al. Cordycepin Inhibits Cell
Senescence by Ameliorating Lysosomal Dysfunction and Inducing Autophagy through the AMPK and MTOR-P70S6K Pathway.
FEBS Open Bio 2021, 11, 2705-2714. [CrossRef] [PubMed]

Grabowska, W,; Sikora, E.; Bielak-Zmijewska, A. Sirtuins, a Promising Target in Slowing down the Ageing Process. Biogerontology
2017, 18, 447. [CrossRef] [PubMed]

Choi, S.-I1.; Lee, J.-H.; Kim, ].-M.; Jung, T.-D.; Cho, B.-Y.; Choi, S.-H.; Lee, D.-W.; Kim, J.; Kim, J.-Y.; Lee, O.-H. Ulmus Macrocarpa
Hance Extracts Attenuated HyO, and UVB-Induced Skin Photo-Aging by Activating Antioxidant Enzymes and Inhibiting MAPK
Pathways. Int. ]. Mol. Sci. 2017, 18, 1200. [CrossRef] [PubMed]

Cavinato, M.; Madreiter-Sokolowski, C.T.; Biittner, S.; Schosserer, M.; Zwerschke, W.; Wedel, S.; Grillari, J.; Graier, W.E,;
Jansen-Diirr, P. Targeting Cellular Senescence Based on Interorganelle Communication, Multilevel Proteostasis, and Metabolic
Control. FEBS J. 2021, 288, 3834-3854. [CrossRef]

Kang, C. Senolytics and Senostatics: A Two-Pronged Approach to Target Cellular Senescence for Delaying Aging and Age-Related
Diseases. Mol. Cells 2019, 42, 821. [CrossRef]

Brieva, A.; Guerrero, A.; Pivel, ].P. Biochemical and Pharmacological Mechanisms Related to the Activity of Cryptomphalus
Aspersa (SCA) (Endocare ®) in Radiodermitis. Dermatol Cosmet 2001, 11, 71-75.

Draelos, Z.D. Revisiting the Skin Health and Beauty Pyramid: A Clinically Based Guide to Selecting Topical Skincare Products.
J. Drugs Dermatol. 2021, 20, 695-699. [CrossRef]

Marcheggiani, F.; Kordes, S.; Cirilli, I.; Orlando, P; Silvestri, S.; Vogelsang, A.; Moéller, N.; Blatt, T.; Weise, ]. M.; Damiani, E.; et al.
Anti-Ageing Effects of Ubiquinone and Ubiquinol in a Senescence Model of Human Dermal Fibroblasts. Free Radic. Biol. Med.
2021, 165, 282-288. [CrossRef]

Laberge, R.M.; Sun, Y.; Orjalo, A.V,; Patil, C.K,; Freund, A.; Zhou, L.; Curran, S.C.; Davalos, A.R.; Wilson-Edell, K.A ; Liu, S.; et al.
MTOR Regulates the Pro-Tumorigenic Senescence-Associated Secretory Phenotype by Promoting IL1A Translation. Nat. Cell Biol.
2015, 17, 1049. [CrossRef]

Csekes, E.; Rackova, L. Skin Aging, Cellular Senescence and Natural Polyphenols. Int. . Mol. Sci. 2021, 22, 2641. [CrossRef]
Harrison, D.E.; Strong, R.; Sharp, Z.D.; Nelson, ].E; Astle, C.M.; Flurkey, K.; Nadon, N.L.; Wilkinson, J.E.; Frenkel, K.; Carter, C.S,;
et al. Rapamycin Fed Late in Life Extends Lifespan in Genetically Heterogeneous Mice. Nature 2009, 460, 392-395. [CrossRef]
[PubMed]

Guarente, L. Calorie Restriction and SIR2 Genes-towards a Mechanism. Mech. Ageing Dev. 2005, 126, 923-928. [CrossRef]
[PubMed]

Taylor, J.R.; Wood, J.G.; Mizerak, E.; Hinthorn, S.; Liu, J.; Finn, M.; Gordon, S.; Zingas, L.; Chang, C.; Klein, M.A.; et al. Sirt6
Regulates Lifespan in Drosophila Melanogaster. Proc. Natl. Acad. Sci. USA 2022, 119, €2111176119. [CrossRef] [PubMed]
Watroba, M.; Szukiewicz, D. Sirtuins at the Service of Healthy Longevity. Front. Physiol. 2021, 12, 724506. [CrossRef] [PubMed]
Bordone, L.; Guarente, L. Calorie Restriction, SIRT1 and Metabolism: Understanding Longevity. Nat. Rev. Mol. Cell Biol. 2005,
6,298-305. [CrossRef]

Li, Y,; Xu, S.; Giles, A.; Nakamura, K.; Lee, ]JW.; Hou, X.; Donmez, G.; Li, J.; Luo, Z.; Walsh, K.; et al. Hepatic Overexpression of
SIRT1 in Mice Attenuates Endoplasmic Reticulum Stress and Insulin Resistance in the Liver. FASEB J. Off. Publ. Fed. Am. Soc. Exp.
Biol. 2011, 25, 1664-1679. [CrossRef]

Bian, C.; Zhang, H.; Gao, J.; Wang, Y.; Li, J.; Guo, D.; Wang, W.; Song, Y.; Weng, Y.; Ren, H. SIRT6 Regulates SREBP1c-Induced
Glucolipid Metabolism in Liver and Pancreas via the AMPKa-MTORC1 Pathway. Lab. Invest. 2021, 102, 474-484. [CrossRef]
Kim, A.; Koo, ]J.H.; Lee, ].M.; Joo, M.S.; Kim, T.H.; Kim, H.; Jun, D.W.; Kim, S.G. NRF2-Mediated SIRT3 Induction Protects
Hepatocytes from ER Stress-Induced Liver Injury. FASEB |. Off. Publ. Fed. Am. Soc. Exp. Biol. 2022, 36, €22170. [CrossRef]
Wagner, T.; Pérez-Martinez, L.; Schellhaas, R.; Barrientos-Moreno, M.; Oztiirk, M.; Prado, E; Butter, E; Luke, B. Chromatin
Modifiers and Recombination Factors Promote a Telomere Fold-Back Structure, That Is Lost during Replicative Senescence. PLoS
Genet. 2020, 16, €1008603. [CrossRef]

Géamez-Garcia, A.; Vazquez, B.N. Nuclear Sirtuins and the Aging of the Immune System. Genes (Basel) 2021, 12, 1856. [CrossRef]
Sung, J.Y;; Kim, S.G.; Kim, J.R.; Choi, H.C. SIRT1 Suppresses Cellular Senescence and Inflammatory Cytokine Release in Human
Dermal Fibroblasts by Promoting the Deacetylation of NF-KB and Activating Autophagy. Exp. Gerontol. 2021, 150, 111394.
[CrossRef] [PubMed]


http://doi.org/10.1038/s41598-019-46929-8
http://doi.org/10.1155/2017/2694945
http://doi.org/10.1007/978-1-62703-556-9_11
http://doi.org/10.3791/57782
http://doi.org/10.1074/jbc.M402352200
http://doi.org/10.1002/2211-5463.13263
http://www.ncbi.nlm.nih.gov/pubmed/34448542
http://doi.org/10.1007/s10522-017-9685-9
http://www.ncbi.nlm.nih.gov/pubmed/28258519
http://doi.org/10.3390/ijms18061200
http://www.ncbi.nlm.nih.gov/pubmed/28587261
http://doi.org/10.1111/febs.15631
http://doi.org/10.14348/MOLCELLS.2019.0298
http://doi.org/10.36849/JDD.2021.5883
http://doi.org/10.1016/j.freeradbiomed.2021.01.032
http://doi.org/10.1038/ncb3195
http://doi.org/10.3390/ijms222312641
http://doi.org/10.1038/nature08221
http://www.ncbi.nlm.nih.gov/pubmed/19587680
http://doi.org/10.1016/j.mad.2005.03.013
http://www.ncbi.nlm.nih.gov/pubmed/15941577
http://doi.org/10.1073/pnas.2111176119
http://www.ncbi.nlm.nih.gov/pubmed/35091469
http://doi.org/10.3389/fphys.2021.724506
http://www.ncbi.nlm.nih.gov/pubmed/34899370
http://doi.org/10.1038/nrm1616
http://doi.org/10.1096/fj.10-173492
http://doi.org/10.1038/s41374-021-00715-1
http://doi.org/10.1096/fj.202101470R
http://doi.org/10.1371/journal.pgen.1008603
http://doi.org/10.3390/genes12121856
http://doi.org/10.1016/j.exger.2021.111394
http://www.ncbi.nlm.nih.gov/pubmed/33965557

Int. ]. Mol. Sci. 2022, 23, 6538 13 0f 13

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Huang, Y.H.; Wu, PY.; Wen, K.C,; Lin, C.Y.; Chiang, H.M. Protective Effects and Mechanisms of Terminalia Catappa L. Methenolic
Extract on Hydrogen-Peroxide-Induced Oxidative Stress in Human Skin Fibroblasts. BMC Complement. Altern. Med. 2018, 18, 1-9.
[CrossRef] [PubMed]

Park, G.; Jang, D.S.; Oh, M.S. Juglans Mandshurica Leaf Extract Protects Skin Fibroblasts from Damage by Regulating the
Oxidative Defense System. Biochem. Biophys. Res. Commun. 2012, 421, 343-348. [CrossRef] [PubMed]

Bosch, R.; Philips, N.; Suarez-Pérez, J.A.; Juarranz, A.; Devmurari, A.; Chalensouk-Khaosaat, J.; Gonzalez, S. Mechanisms of
Photoaging and Cutaneous Photocarcinogenesis, and Photoprotective Strategies with Phytochemicals. Antioxidants 2015, 4, 248.
[CrossRef] [PubMed]

Amatangelo, M.D,; Bassi, D.E.; Klein-Szanto, A.J.P.; Cukierman, E. Stroma-Derived Three-Dimensional Matrices Are Necessary
and Sufficient to Promote Desmoplastic Differentiation of Normal Fibroblasts. Am. J. Pathol. 2005, 167, 475-488. [CrossRef]
Kaur, A.; Ecker, B.L.; Douglass, S.M.; Kugel, C.H., 3rd; Webster, M.R.; Almeida, F.V.; Somasundaram, R.; Hayden, J.; Ban, E.;
Ahmadzadeh, H.; et al. Remodeling of the Collagen Matrix in Aging Skin Promotes Melanoma Metastasis and Affects Immune
Cell Motility. Cancer Discov. 2019, 9, 64-81. [CrossRef]

Alexander, J.; Cukierman, E. Stromal Dynamic Reciprocity in Cancer: Intricacies of Fibroblastic-ECM Interactions. Curr. Opin.
Cell Biol. 2016, 42, 80-93. [CrossRef]

Kruglikov, L.L.; Zhang, Z.; Scherer, P.E. Skin Aging: Dermal Adipocytes Metabolically Reprogram Dermal Fibroblasts. Bioessays
2022, 44, €2100207. [CrossRef]

Kruglikov, I.L.; Scherer, P.E. Skin Aging as a Mechanical Phenomenon: The Main Weak Links. Nutr. Heal. Aging 2018, 4, 291-307.
[CrossRef]

Zhang, L.; Pitcher, L.E.; Prahalad, V.; Niedernhofer, L.J.; Robbins, P.D. Targeting Cellular Senescence with Senotherapeutics:
Senolytics and Senomorphics. FEBS J. 2022, 1742-464X. [CrossRef]

Wang, H.; Van Blitterswijk, C.A.; Bertrand-De Haas, M.; Schuurman, A.H.; Lamme, E.N. Improved Enzymatic Isolation of
Fibroblasts for the Creation of Autologous Skin Substitutes. Vitr. Cell. Dev. Biol.-Anim. 2004, 40, 268-277. [CrossRef] [PubMed]
Iglesias-De La Cruz, M.C.; Sanz-Rodriguez, F; Zamarrén, A.; Reyes, E.; Carrasco, E.; Gonzalez, S.; Juarranz, A. A Secretion of the
Mollusc Cryptomphalus Aspersa Promotes Proliferation, Migration and Survival of Keratinocytes and Dermal Fibroblasts in
Vitro. Int. J. Cosmet. Sci. 2012, 34, 183-189. [CrossRef] [PubMed]


http://doi.org/10.1186/s12906-018-2308-4
http://www.ncbi.nlm.nih.gov/pubmed/30285714
http://doi.org/10.1016/j.bbrc.2012.04.013
http://www.ncbi.nlm.nih.gov/pubmed/22708121
http://doi.org/10.3390/antiox4020248
http://www.ncbi.nlm.nih.gov/pubmed/26783703
http://doi.org/10.1016/S0002-9440(10)62991-4
http://doi.org/10.1158/2159-8290.CD-18-0193
http://doi.org/10.1016/j.ceb.2016.05.002
http://doi.org/10.1002/bies.202100207
http://doi.org/10.3233/NHA-170037
http://doi.org/10.1111/febs.16350
http://doi.org/10.1290/0408055.1
http://www.ncbi.nlm.nih.gov/pubmed/15723562
http://doi.org/10.1111/j.1468-2494.2011.00699.x
http://www.ncbi.nlm.nih.gov/pubmed/22171745

	Introduction 
	Results 
	Impact of SCA on -Galactosidase Activity 
	Impact of SCA® on Intracellular ROS Levels 
	Impact of SCA on Senescent-Related Cell Morphology 
	Analysis of Senescence-Sensitive Proteins 

	Discussion 
	Materials and Methods 
	Cell Culture 
	Natural SCA® Extract and Cell Treatment 
	Senescence Induction 
	Intracellular ROS Determination 
	-Galactosidase Staining 
	Immunofluorescence Analysis 
	Statistical Analysis 

	References

