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Abstract

Aging is an intrinsic and inevitable process, characterized by a
progressive decline in physiological functions. While unavoidable, it
is nonetheless modifiable, a fundamental principle of the longevity
approach. Unlike conventional anti-aging strategies, longevity tar-
gets the root causes of aging at the cellular level to sustainably main-
tain skin health and improve skin appearance. In this context, we
have developed a specific combination of Proxylane, Ginkgo biloba
leaf extract, and niacinamide, designed to target five key hallmarks
of skin aging.

To demonstrate its efficacy, we used a skin model reconstruct-
ed from aged donor cells, faithfully reproducing an aged phenotype.
Our study revealed that this combination effectively reversed the
aged phenotype. More specifically, it increased epidermal thickness,
drastically reduced the presence of senescent cells in the epidermis,
restored autophagy, and stimulated the expression of essential pro-
teins. These included collagens IV, VII, and perlecan, for strengthen-
ing the dermo-epidermal junction, as well as collagen |, elastin, and
fibrillin, for the dermal extracellular matrix. The combined treatment
showed superior results compared to each active ingredient taken
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individually, highlighting the value of simultaneously targeting multi-
ple pathwaysof aging.

These results clearly demonstrate in vitro the effectiveness of our
combination in mitigating age-related issues by addressing five key
hallmarks of aging, thus confirming its potential to further improve
skin visible aging signs as part of a comprehensive longevity strate-

gy.

Introduction

Aging, an intrinsic process characterized by a progressive decline
in physiological functions, is inevitable. But although unavoidable, it
is nonetheless modifiable. McCain et al. provided the first evidence
of this possibility of modifying aging in 1935, who demonstrated that
caloric restriction increased lifespan in animals [1]. However, extend-
ing lifespan without maintaining good health and optimal vitality is
not desirable. Thus, the very essence of longevity research lies in in-
fluencing lifespan while preserving good health for longer, a concept
known as healthy longevity.

Aging is intimately linked to the alteration of fundamental biolog-
ical mechanisms, commonly referred to as hallmarks of aging. These
mechanisms have a direct impact on molecular, cellular and tissu-
lar functions and are central to the aging process itself. By actively
acting on these biological markers, it becomes possible to influence
the aging trajectory and thus prolong the period during which an or-
ganism remains healthy [2,3]. To date, fourteen distinct markers of
aging have been identified: genomic instability, telomere shortening,
epigenetic alterations, loss of proteostasis, impaired macroautophagy,
dysregulation of nutrient sensing, mitochondrial dysfunction, cellular
senescence, changes in the extracellular matrix, stem cell depletion,
impaired intercellular communication, chronic inflammation and dys-
biosis, and psychological isolation [4].

The skin, like other organs of the body, is not immune to this
phenomenon. In response to internal factors (hormonal imbalances,
genetic predisposition, etc.) and External Factors (UV radiation, pol-
lution, etc.), it undergoes significant morphological changes. These
include a decrease in the thickness and barrier function of the epider-
mis, flattening of the dermo-epidermal junction (DEJ), and dermal
atrophy with degradation of the extracellular matrix and its structural
proteins such as collagen, elastin, and fibrillin. These changes lead to
a loss of skin texture and volume, altering the skin’s appearance and
manifesting as wrinkles, fine lines, and a loss of firmness and elastic-
ity [5-9].

For years, the “anti-aging” approach to dermo-cosmetic skincare
has focused on treating the visible signs of aging (wrinkles, fine lines,
xerosis, age spots, etc.). However, these visible signs are only a super-
ficial state, the consequence of invisible and deeper changes affecting
molecular, cellular and tissue functions. The concept of skin longevity
therefore aims to target the underlying causes of aging in order to
sustainably maintain skin health and improve skin appearance.
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Most of the pathways of aging described at the organismal level
must be directly applicable to the skin, although for some, such as
the recently added psychological isolation [4], the direct link is more
difficult to establish due to a lack of specific studies. However, there
is currently no clear consensus neither on the number of hallmarks
to consider in the skin nor the hallmarks that should be primarily
targeted; some authors consider seven hallmarks [10], while others
consider twelve hallmarks [11]. Furthermore, it is also important to
consider that the significance of these hallmarks will depend on the
targeted age. In young individuals, where there are no visible signs
of aging and where morphological skin changes are not yet present,
it is preferable to apply a preventive strategy by targeting hallmarks
associated with early signs, such as DNA damage, epigenetic modi-
fications, or metabolic alterations. Conversely, in older adults, where
signs of aging are clearly visible and morphological changes are well
established, it is more appropriate to target later biological mecha-
nisms such as cellular senescence [12]. Finally, it is also important to
note that all these markers are interconnected and that targeting one
of them can influence one or more others. Under these conditions, it
is difficult to precisely identify the most important hallmarks in skin
aging, and there is currently no clear consensus on the ideal number
of hallmarks to target simultaneously. Although some authors empha-
size the importance of multiple targeting [13], to our knowledge, pub-
lished data on this type of comprehensive approach are limited.

In this context of longevity, we were particularly interested in
developing a treatment for mature skin and hypothesized that it is
necessary all 3 categories of hallmarks (primary, antagonistic, and in-
tegrative) and to target at least 5 hallmarks. Primary markers drive the
aging process; antagonistic markers represent a response to primary
alterations, while integrative markers ultimately explain the aged phe-

notype [4].

In skin, numerous cellular dysfunctions accumulate over time
that culminate in mature skin. Explaining morphological alterations,
mature skin contains many senescent cells, and micro inflammation
is well established. This micro inflammation is partly linked to the
release of SASP (Senescence-Associated Secretory Phenotype) by se-
nescent cells, but also to environmental stressors [14]. Furthermore,
mature skin is also characterized by the presence of many degraded
or misfolded proteins and many altered or non-functional mitochon-
dria. These phenomena are linked to an alteration in autophagy and
mitophagy mechanisms [15-19]. Cellular metabolism is thus strongly
impacted, following these mitochondrial lesions, but also following
the decrease in the production of NAD+, an essential cofactor of the
electron transport chain [20,21]. To maintain healthy mature skin
and toimprove improve skin-aging signs it is important to target the
following hallmarks: cellular senescence, micro inflammation, mi-
tochondrial dysfunction, extracellular matrix alterations, and loss of
proteostasis.

We therefore designed a specific combination of active ingredi-
ents targeting these five essential biological dysregulated pathways
associated to aging. To do this, we selected three active ingredients:
Proxylane (PX, hydroxypropyltetrahydropyrantriol), Niacinamide
(vitamin B3), and a Ginkgo biloba leaf extract (SEN, SILAB). Prox-
ylane is a xylose-derived sugar (C-xylosid) developed by L’Oréal
[18]. Widely used in skincare, particularly for mature skin [22-24],
it promotes the synthesis of glycosaminoglycans (GAGs), especially
heparan sulfate [25-27], and improves the structure of the dermo-epi-
dermal junction (DEJ) by stimulating the synthesis of proteoglycans

and type VII collagen [28,29]. Proxylane is also described as pro-
moting epidermal repair by stimulating keratinocyte proliferation and
migration [30] and as promoting the synthesis of proteins and essen-
tial components of the extracellular matrix. Proxylane is therefore a
prime active ingredient for targeting hallmarks of extracellular matrix
(ECM) changes.

Niacinamide is a natural substrate of NAMPT (nicotinamide
phosphoribosyltransferase), an enzyme involved in NAD+ synthesis
[30,31]. Nicotinamide has also been shown to activate autophagy and
mitophagy [32,33] and reduce inflammation [32-34]. Thus, through
niacinamide, three of the four important markers of skin aging can be
targeted: loss of proteostasis, mitochondrial dysfunction, and micro
inflammation.

Ginkgo biloba leaf extract is obtained by enzymatic hydrolysis,
which enriches it with cyclitols. Ginkgo biloba is a tree that does not
age, which has piqued the curiosity of many scientists [35]. Ginkgo
biloba extracts are widely described in the literature for their effects
on senescence and inflammation [36], a finding confirmed with our
own extract (unpublished data). The use of this extract therefore al-
lows us to target a key hallmark of skin aging: cellular senescence.

The objective of this in vitro study was to demonstrate the potential
of targeting multiple aging biomarkers using proxylane, niacinamide,
and a Ginkgo biloba leaf extract, in order to target five hallmarks of
skin aging and reverse the aged phenotype of reconstructed skin at the
molecular, cellular and tissue levels, with the aim of improving skin
features of aging.

Materials and Methods
Culture and treatments

Primary cultures of human fibroblasts and keratinocytes were
established using healthy skin biopsy samples obtained from aged
donors (age: 57 and 42 years, respectively), as previously described
[37]. Human skin tissue was collected according to the principles of
the Declaration of Helsinki and its use was declared to the French
Research Ministry. The donors provided written informed consent
according to the 2014 French bioethics law (law number: 94-954 of
July 29, 1994).

First, a dermis equivalent was reconstructed by seeding human
aged dermal fibroblasts in a scaffold composed of collagen, glycos-
aminoglycans and chitosan (LabSkin matriX®, LabSkin Creations,
Lyon, France). After 10 days of culture under optimized cell culture
conditions for ECM neo-synthesis, as previously described [38], the
medium was changed and replaced by a culture medium containing
or not (control), 0.15% of Ginkgo biloba leaf extract (SEN), or 0.3%
Proxylane (PX) or 0.012% Niacinamide (B3) or the combination of
all, PX: SEN: B3 (0.3 : 0.15 : 0.012). Dermis equivalents were then
cultured for additional 11 days with renewal of medium and treat-
ments every 2-3 days.

At the end of the incubation period, culture medium was changed,
keratinocytes from aged donor were seeded on the top of each dermis
equivalent and the tissues were cultured for 1 day (without actives).
Culture medium was then changed, treatments were applied as de-
scribed previously and the tissues were cultured in immersion for 7
days with renewal of culture medium and treatment every 2 days.
The culture medium was refreshed; the tissues were placed at the air/
liquid interface and cultured for 7 days in the absence of treatment. At
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the end of the incubation period, the culture medium was replaced, the
treatments were applied systemically as described previously, and the
tissues were cultured for an additional 7 days. Reconstructed tissues
with cells from young donors (5 Yo) were cultured in parallel and
used as a control, and all conditions were performed in n=3. At the
end of the incubation, the tissues were fixed and embedded in paraffin
for histological and immunohistological analysis.

Histological analysis and epidermal thickness measure-
ment

To evaluate the global cutaneous structure of samples, Haematox-
ylin-phloxin-saffron (HPS) staining was performed. Paraffin sections
of 5 pm of each condition were cut. After dewaxing and rehydra-
tion, the samples were stained with HPS. After rinsing, the sections
were dehydrated before the mounting of the slides with a hydrophobic
mounting medium. Epidermal thickness was obtained with a Euclid-
ean distance map. Pixels corresponding to the epidermis were select-
ed from other pixels. Images were converted to 8-bit binary image.
Images corresponding to the area of interest were converted to a
16-bit distance map. To each epidermis pixel (nonzero) in the dis-
tance map binary image a value equal to its distance from the nearest
background pixel (zero) was assigned. The epidermis basal line was
selected and then applied on the distance map. The mean intensity of
the basal line corresponds to the mean distance between the basal line
and the stratum corneum. Data are expressed in um. For all data, the
statistical significance was assessed running one-way Student’s test,
and asterisks indicate statistically significant differences as follows:
*P <0.05, **P < 0.01 and ***P < 0.001.

In situ immunolabeling and images analysis

We analyzed paraffin-embedded sections using immunohisto-
chemistry (Collagen I and P16™%4*) or using immunofluorescence
(Collagen VII, Perlecan, Heparan sulfate, Elastin, Fibrillin-1 and
LC3B). Following heat-mediated antigen retrieval treatment (incuba-
tion for 15 min at 95°C in citrate buffer [Dako, Glostrup, Denmark]),
phosphate-buffered saline containing 4% of bovine serum albumin
was used to block non-specific binding. Subsequently, the sections
were incubated with the primary antibody of interest (anti-collagen
I and anti-elastin from Novotec, Bron, France; anti-collagen VII,
anti-P16, anti-LC3B from Santa Cruz Biotechnology, Santa Cruz,
CA, USA; anti-fibrillin-1, anti-perlecan from Sigma, Saint Louis,
USA; anti-Heparan sulfate from Cliniscience, Nanterre, France) di-
luted in phosphate-buffered saline containing 4% of bovine serum
albumin overnight at room temperature. After incubation, for im-
munohistochemistry analysis, sections were incubated for 1 h with
EnVisionTM anti-mouse/rabbit-HRP secondary antibody (EnVision+
System-HRP; Dako) and DAB+ substrate solution was applied to
the sections to reveal the color of the antibody staining. Next, slides
were counterstained by immersing them in 25% Harris Hematoxylin
counterstaining solution. As a negative control, incubation with the
primary antibody was replaced by incubation with the correspond-
ing immunoglobulin G class. For immunofluorescence analysis, after
incubation, the sections were incubated for 1 h with an AlexaFlu-
or-568-conjugated anti-mouse/rabbit secondary antibody (Molecular
Probes, Invitrogen, Carlsbad, CA, USA) and subjected to nuclear
counterstaining using 4',6-diamidino-2-phenylindole. As a negative
control, we prepared a condition in which the primary antibody was
replaced by the corresponding immunoglobulin G class.

Immunostained specimens were observed using a Zeiss Axio Ob-
server D1 microscope (Zeiss, Oberkochen, Germany). For the mark-
ers of interest, positively red stained-tissue areas were automatically
detected and segmented from other pixels. The surface area of interest
was measured automatically. Data were normalized by the DEJ length
and dermal area for dermal-epidermal markers and dermal markers,
respectively, and are expressed as percentage of density. For all data,
the statistical significance was assessed running one-way Student’s
test, and statistically significant differences are indicated by asterisks
as follows: *P < 0.05, **P < 0.01, ***P < 0.001 and ****P < (0.0001.

Results
Reproduction of an aged-skin phenotype

Significant morphological changes were observed in reconstructed
skins with cells from aged donors, compared to those reconstructed
with cells from young donors (Figure 1). In aged skins, the epider-
mis was thinner (-30%, Table 1) and the expression of P16™%4* pro-
tein was very strongly increased (x194, Table 1), indicating a high
proportion of senescent cells. Concurrently, a significant decrease
in the expression of LC3B protein was also observed (-96%, Table
1), indicating an accelerated decrease in the autophagy process. The
immunohistology analysis also revealed a decrease in Heparan sul-
fate in both the epidermis and dermis (-76%, Table 1), as well as a
clear decrease of collagen VII and Perlecan in the dermal-epidermal
junction area (-70% and -39% respectively, Table 1). A clear decrease
of elastic proteins elastin and fibrillin (-54% and -23% respectively,
Table 1) was also observed, as well as, to a lesser extent, a decrease in
collagen I (-10%, Table 1). All these modifications are coherent with
an aged phenotype including epidermal and dermal atrophy, alteration
of the dermo epidermal junction DEJ, and alteration of the ECM.

Figure 1: Aging-induced cutaneious structural changes - In situ immunolabeling.

Human full thickness skins were reconstructed using cells extracting from a young
donor (5 Yo) or from an aged donor (57 Yo). Histological observations were carried
out after Haematoxylin-phloxin-saffron (HPS) staining and the expression of P16IN-
K4A, LC3B, PGC-1a, Collagen VII, Perlecan, Collagen I, Elastin and Fibrillin were
evaluated through immunohistology and image analysis.

J

Effects of Gingko biloba leaf extract, proxylane and niacin-
amide

Ginkgo biloba leaf extract, tested at 0.15%, significantly inhibit-
ed P16™K4 expression (-37%, Figure 2B), thus indicating a decrease
in senescent cells. No significant effect was observed on the other
markers studied, except for a decrease in collagen VII expression.

J Clin Dermatol Ther ISSN:2378-8771, OpenAccess Journal

DOI: 10.24966/CDT-8771/100161

Volme 12 « Issue 1+ 1000161


mailto:http://doi.org/10.24966/CDT-8771/100159
http://doi.org/10.24966/CDT-8771/100161

Citation: Juchaux F, Menthiere SDe, Simonnet1 J-T, Aguilar L, Kovylkina N, et al. (2026) Targeting Multiple Hallmarks of Aging with Proxylane, Ginkgo biloba leaf
extract and Niacinamide Improves Healthspan by Reversing the Aged Skin Phenotype. J Clin Dermatol Ther 12: 161.

» Page4of6 -

Table 1: Aging-induced cutaneious structural changes - image analysis.

Human full thickness skins were reconstructed using cells coming from a young do-
nor (5 Yo) or from aged donor (57 Yo). Histological observations were carried out
after Haematoxylin-phloxin-saffron (HPS) staining and the expression of P16IN<#*,
LC3B, PGC-1a, Collagen VII, Perlecan, Collagen I, Elastin and Fibrillin was evalu-
ated through immunohistology and images analysis. Statistical significancy: P < 0.05,
**P<0.01, ***P < 0.001 and ****P < 0.0001.

Proxylane, tested at 0.3%, clearly and significantly stimulated epi-
dermal thickness (+29%, Figure 2A). In parallel, a reduction in the
proportion of senescent cells, visualized by a decrease in P16™K#A
expression, was also observed (-37%, Figure 2B). Additionally, PX
also stimulated the expression of heparan sulfate (+98%, Figure 2E)
as well as the expression of the DEJ (Dermal-Epidermal Junction)
markers collagen VII and perlecan (+59% and +47% respectively,
Figure 2D & 2F). Finally, Proxylane also stimulated the expression of
proteins constituting structural fibers: collagen I, elastin, and fibrillin
(+9%, +35%, and +13% respectively, Figures 2G-2I. Niacinamide,
tested at 0.012%, significantly inhibited P16™ 4" expression (-33%,
Figure 2B) while stimulating the expression of the autophagy marker
LC3B (+156%, Figure 2C). On the other hand, a significant improve-
ment in the expression of perlecan, elastin, and fibrillin was observed
(+29%, +48%, and +27% respectively, Figures 2D, 2H, 2I) without
modulating epidermal thickness or the expression of collagens I and
VII (Figure 2).

e

Figure 2: Effect of Ginkgo biloba leaf extract, Proxylane, Niacinamide and their
combination on morphological changes in aged-reconstructed skins.

Human full thickness skins were reconstructed using cells coming from aged donor
(57 Yo) and treated or not (Control) with 0.15% Ginkgo biloba leaf extract (SEN)
or 0.3% Proxylane (PX) or 0.012% Niacinamide (B3) or the combination of all
(SEN:PX:B3 0.15:0.3:0.012). Skin reconstructed with cells from young donor (5 Yo)
were cultured in parallel and used as control. Histological observations were carried
out after Haematoxylin-phloxin-saffron (HPS) staining and the expression of P16IN-
K4A, LC3B, PGC-1a, Heparan sulfate, Collagen VII, Perlecan, Collagen I, Elastin
and Fibrillin was evaluated through immunohistology and images analysis. Statistical
significancy: P < 0.05, **P < 0.01, ***P < 0.001 and ****P < 0.0001.

Effect of the combination of Gingko biloba leaf extract,
Proxylane and Niacinamide

By combining the 3 active ingredients, the overall skin structure
was very significantly improved. Epidermal thickness was clearly
increased (+31%, Figure 2A, Figure 3), senescent cells, expressing
the P16™%4* marker, were almost eliminated (-96%, Figures 2B, 3),
highlighting an additive effect between the 3 active ingredients, and
the expression of LC3B was increased, indicating a restauration of
autophagy process (+116%, Figure 2C & Figure 3).

An additive effect was also found in heparan sulfate and elastin
expression (+98% and +60% respectively, Figures 2E, 2H & Fig-
ure 3), while for collagens VII and I, a synergistic effect was found,
meaning that the effect of the mixture was significantly greater than
the effect of each of the active ingredients tested alone (+186% and
+19% respectively, Figures 2F, 2G & Figure 3). Finally, an increase
in the expression of perlecan and fibrillin was also demonstrated, but
in this case, the observed effect was equivalent to that of Proxylane or
Niacinamide (+28% and +24% respectively, Figures 2D, 21 & Figure
3).

p

Figure 3: Representative images of aged-reconstructed skins treated or not with
Ginkgo biloba leaf extract, Proxylane, Niacinamide and their combination on mor-
phological changes in aged-reconstructed skins - /n situ immunolabeling.

Discussion

Drawing inspiration from the strategies employed in the field of
geroscience and longevity, we applied the concept of longevity spe-
cifically to the skin. The aim of this study was to demonstrate, in the
context of mature skin, the necessity of targeting multiple hallmarks,
particularly cellular senescence, micro-inflammation, mitochondrial
dysfunction, extracellular matrix changes and loss of proteostasis, to
reset age-related disorders and to restore a stable physiological state,
similar to that observed in younger skin. In this way, by acting on
the root causes of skin aging, we should be able to restore skin struc-
ture, increasing thus its healthspan, and to ultimately improve its ap-
pearance. We therefore selected three active ingredients, Proxylane,
Niacinamide, and a Ginkgo biloba leaf extract, to address these five
hallmarks. We then evaluated them individually and in combination
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in a reconstructed human skin model designed to reproduce an aged
phenotype through the use of cells from older donors.

Firstly, this study allows us to correlate the importance of the hall-
marks we targeted with morphological changes in the skin. Indeed,
in reconstructed skin models using aged cells, a strong increase in
P16™K4 protein expression was observed, thus highlighting a high
proportion of senescent cells [36-38], while the expression of LC3B
protein was strongly inhibited. The loss of LC3B expression is cor-
related with a decrease in the autophagy process [39]. Finally, our
results also show a significant decrease in the expression of Heparan
sulfate, collagen I, elastin, and fibrillin, major proteins of the extracel-
lular matrix that play a role in the formation of structural fibers. The
alteration of these hallmarks leads to skin atrophy, which presents a
thinner epidermis, an altered dermal-epidermal junction (loss of col-
lagen VII), and dermal atrophy. All these elements thus underscore
the relevance of the tissue model used in our study. As our initial
objective was to demonstrate benefits of the combination of ingre-
dients on the tissue structure, we did not measure the evolution of
inflammatory markers, even though micro-inflammation is a major
hallmark.

In our study, we also confirmed the effect of Ginkgo biloba leaf
extract on p16 expression, a feature of senescent cells, which is con-
sistent with our internal data (data on file) and the work of Admar et
al. [32], describing the benefits of Ginkgo biloba extracts, particular-
ly Gingeklin, for treating inflammation and senescence-related dis-
orders. In our study, although the observed inhibition ofsenescence
feature remains clear (37% inhibition), it does not reverse the aged
phenotype. Indeed, no other modulation was observed on the other
parameters studied. An inhibition of collagen VII expression was
even observed, although this inhibition should be interpreted with
caution given the low basal expression level of collagen VII in aged
skin. These results reinforce our hypothesis that addressing a single
hallmark is not enough to effectively act on mature skin where the
phenotype is well established and the signs of aging are clearly visi-
ble,. These senescent cells secrete numerous inflammatory factors and
proteases (SASPs) that maintain micro-inflammation and contribute
to the degradation of major structural proteins in the extracellular ma-
trix [33,34].

Similarly, treatment with niacinamide alone did not properly
reverse the aged skin phenotype, even though a clear inhibition of
the proportion of senescent cells was observed and the expression
of LC3B, perlecan, elastin, and fibrillin was increased. Niacinamide
was selected because it is described as having beneficial effects on
micro-inflammation, loss of proteostasis, and mitochondrial dysfunc-
tion [28-30,33]. In our study, we did not measure the level of inflam-
mation, nor were we able to directly measure the effects on energy
metabolism. Nevertheless, by measuring the expression of LC3B, we
can highlight effects related to loss of proteostasis. Although we mea-
sured only an effect on two markers, the observed results remain con-
sistent with those described in the literature. Regardless, these results
demonstrate once again that niacinamide alone does not reverse the
aged skin phenotype.

In our study, Proxylane was the molecule that, when tested alone,
showed the best efficacy by inhibiting senescence and restoring the
expression of heparan sulfate, collagen VII, perlecan, elastin, fibril-
lin, and collagen I, and by increasing epidermal thickness. While the
effects on epidermal thickness as well as the effects on the expres-
sion of proteins of located at the dermal-epidermal junction or in the

dermal extracellular matrix were confirmed [22-25], those on senes-
cence were unexpected based on its published mode of action. Cur-
rently, we do not know whether this decrease in P16™%4A expression
observed with Proxylane is due to a direct or indirect effect. These re-
sults challenge our theory that it is necessary to target, at a minimum,
the following five hallmarks: cellular senescence, microinflammation,
mitochondrial dysfunction, extracellular matrix alterations, and loss
of proteostasis. Indeed, in this study, Proxylane appears to have no
effect on loss of proteostasis or mitochondrial dysfunction, while a
clear reversal of the phenotype was observed. However, it is import-
ant to remind that we initially selected Proxylane for its effects on the
extracellular matrix, but our internal data (data on file) also suggested
an effect on stem cell exhaustion, to which we can now add an ef-
fect on senescent cells. Thus, several hallmarks are indeed targeted
by Proxylane, even if they were not initially intended. Furthermore,
considering the interconnectedness of hallmarks, we can assume that
the effect on senescent cells contributes to limiting inflammation [34].

Furthermore, even though Proxylane showed significant effects, it
was only by combining the three active ingredients that we obtained
the best efficacy, mainly in terms of senescence, collagen VII, collagen
I, and elastin. Indeed, senescent cells expressing the P16™K4* marker
had almost disappeared after treatment with the trio, and the expres-
sion of collagen VII and collagen I was synergistically increased with
the trio. Collagen VII is considered an important biomarker in skin
healthspan [35].

The results of this study clearly demonstrate the benefits of our
combination in limiting age-related skin changes by targeting five
hallmarks of aging and thus confirm its value in a longevity strategy
aimed at improving aging signs of mature skin [36,39].

Unlike conventional anti-aging treatments, the objective of this
approach is to address the underlying causes of aging in order to
help the skin regain its structure and thus sustainably modulate its
appearance. Our study clearly demonstrates the benefits of combining
proxylane, niacinamide, and Ginkgo biloba leaf extract to improve
skin-aging features, by strengthening the skin’s structure. It should
be noted, however, that our study has limitations, the limited number
of biomarkers in each of the targeted hallmarks as it is an in vitro
study; clinical evidence in mature skin will be necessary to confirm
this promising results.

Conclusion

By targeting several root causes of aging this new combination of
Proxylane, Niacinamide, and Ginkgo biloba leaf extract, reverses the
phenotype of aged skin in an in vitro 3D modelto, thus demonstrating
its high potential to improve healthspan of mature skin.
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